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Preface

In transportation, safety is a key issue. Delft University of Technology understands the
importance of the subject because four conferences, on Maritime Safety & Environment/
Ship Production, on Aviation Safety and two on Safety of Transportation were organized
during the last five years.

On 18 - 20 February 1998, the Secend World Congress on Safety of Transportation
was hosted by the Delft Univcrsity ofTechnology. About 275 people from 29 countries and
all modes of transportation listcncd to 18 keynotes, discussed over 70 papers, participated in
6 Round Tables and a closing plenary discussion. Participants were coming from industry,
policy making, safety boards, research institutes and victim organisations.

Following the First World Congress on Safety of Transportation, the International
Transportation Safety Association [TSA was founded. Simultancously, an international non
governmental organisation was founded; the European Transport Safety Council ETSC.
This netwerk of experts participatcd in the organisation of the Second World Congress on
Safety of Transportation,

We feel honoured that this second congress has had the support of prominent
politicians from the USA and European countries. Wc are gratefull to our sponsors who
made th is congress on Safety of Transportation a succes. Their active substantive
participation was encouraging and reveiled market niches for knowlewdge development.
Their financial support made it possible to realize this second congress on a world scale .

The theme of thc congress 'Irnbalance between growth and safety?' proved to bc
appealing to policy makers as well as transportation market partners . In his letter to the
participants, Vice president Al Gore called the theme of the congress -improving safety as
we forecast continuing transportation growth- right on target. European Commissioner
Neil Kinnock mentioncd many reasens for ensuring that safety and growth are made
compatible.

Annemarie jorritsma, thc Dutch M in ister of Transportation and Public Works
rephrased the theme in a Shakcspcarcan marmer by stating : 'Imbalance between growth and
safety... that is thc question'. The co ngress showed also an increased involvem ent of societal
parties such as national and international victims organisations. The Second World Congress
has therefore given a further irnp ulsc to broaden the global nerwork for cooperation in
safety of transportation.

After the congress the eliairman of IT SA, Pieter van Vollenhoven, requested the
Delft University of Technology to take the lead in setting up a research centre for safety of
transportation, Such a centre should be the beginning of a nerwork of research institutes to
cooperate with Transportation Safety Boards in various countries. The foundation of this
centre wiil confinn the relations which are established between the Delft University of
Technology and the international community of Transportation Safety Boards.



XVlll

The scientific level of the contributions was high, parti cipants came from all over the
world, the number of participants grew, the themc was right on target, the soc ictal
parti cipation increased. The Sccond World Congress on Safety of Transprtation was
succesfull. The next congress wil l even be better.
We trust to meet you again on that occasion.

Sjoerd Hengst
C liairman 'if the Orgmlizillg Conunittee
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Editorial

During the congress the theme " Imbalance between growth and safety?" was e1aborated in
three ph ases to give the participants a modality orientation with a common learning
knowIedge.

The first day focussed on the international context in all modes of transportation.
The key note speakers from ITSA, ETSC, IMO and ICAO highlighted institutional
aspects, safety issues and concepts. Emphasis was on feedba ck systems for information and
knowledge exchange between modes on the regulatory and supervisory systems levels .
During parallel sessions issues in each of the modalities we re discussed regarding regulatory
and supervisory methods, social and economical aspects, enforcing regulations, data
handling and accident investigation.

The second day, the needs and requirements within each modality, with an emphasis
on an industrial view on safety issues wcrc covered . Key note speakers defined issues as
perceived from each modality. During specific parallel sessions for modalities, contributions
on human and technical factors we re presented. Parallel sessions covered new issues,
technologies and design methods, evolution of safety boards and risk decision making from
a user, manufacturer, institutional or social point of view. Each modality discussed its
priori ties and preferences during Round Table sessions. The comman elem ents and notions
between the modes were derived from the discussions and defined as lessans Iearned.

The third day focussed on learning, irrespective of modality, to investigate the
potenti alof an international research agenda. Key note speakers claborated on the feedback
and feedforward loops in the transportation systems with an emphasis on accident and
incide nt inv estigation exp eriences. In parallel sessions feedback and feedforward learning,
building partnerships , knowledge infrastructure and future trends in technology were
discussed . Politicians, journalists and victim organisations finally debated research topics and
notions presented by policy makers, legislatars, industry, researchers and the safety board
comm unity.

The issue of an imbalance between growth and safety was adressed again during the
dosing session. The need for a frog leap improvement of safety targets to keep in pace with
new and major dev elopments in transportation was noti ced by professor Klaas Smit. Safety
sho uld be included in operational practice to prevent that cost-marginal operational
conditions overrule other performance parameters. Quality must incorparate punctuality,
efficiency , safety and environmental aspects to balance decision making in all phases of the
transportation duin.

The tran sport of hazardous material by rail and shipping may serve as an example
how to manage safety during distribution and transportation in an integrated chain concept,
applying production safety as a reference. Investigation methods should be devcloped to

imprave transparancy of th e systems performance . Ac cident analysis should be
suppleme nted by incident reporting and analysis as early warnings of poor systems
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performance. To deal with substandard performance, identification of risky carriers in
aviation and substandard vesscls in maritime transport should be stimulated, to improve
safety performance. Human factors and ergonomic designs can be improved through
simulator applications and operator training facilities as being used in aviation and shipping.

Last but not least, victim care and family support activities should be encouraged to
deal with social aspects and safety perception of the public as weil as users in all modes of
transportation.
Five issues for further research and development emerged.

• lnvestigate a systems engineering approach to safety for each mode of
transportation. This should include hardware, software as weil as personnel. A system
encompasses transport equipment, infrastructure as wel as traffic control and deals
with all life cycle phases of the system.
• lnvestigate safety assurance systems, facilitating accident and incident analysis.
Technical, operational issues as weil as taetical and strategical aspects should bc
considered to make safety an objective, elaborated into quality programmes,
supported by management committment.
• Investigate a structured and integrated "design for safety" approach to develop
equipment and infrastructure, considering thc characteristics of the different modes.
Quantitative targets applying risk and safety modcls should be developed, based on
numerical input from accident and incident data bases. Decision making may then
be based on quantitative cost -benefit considerations.
• Investigate the possibility ro build partnerships between stakeholders and actors.
The role of independent Transportation Safety Boards may facilitate the collection
of infonnation and the exchange of experiences between national bodies, research
institutes, universities and othcr centers of knowiedge.
• Investigate the potentialof intermodal approaches with respect to safety
improvements. Which lessons can be leamed from other industrial branches with
high safety levels, e.g. process industry, power supply and offshore. Are their
approaches more general applicable with respect to chain concepts, design mcthods,
safety management systems and public perception.

New players appeared in the debate. At the Second World Congress a new international
trend emerged in the devclopmcnt of victim organisations. In the USA the NTSB received
additional legal mandate to organise family support for aviation crashes, in Scandinavia
maritime accidents have lead to self-organisation of victims and relatives, while in road
safety the European Federation of Road Traffic Victims FEVR has been founded. These
victim organisations represent a new category of stakeholders in the debate about safety of
transportation. Their voice will be frequently heard in the future on international
congresses. Their input is adding a new dimension to the interest ofsafety of transportation.

Sjoerd Hençst
Klaas Smit

JO/lil Stoop

Editors



Opening

*
*

THE VICE PRESIDENT
WA SHINGTON

February 13, 1998

International Transportation Safety Participants
Second World Congress
Safety of Transportation Conference
Delft University ofTechnology
The Netherlands

Dear Conference Participants:

Although 1cannot be with you today, I want to we1come you as you gather together to
discuss new developments and challenges to make transportation safer worldwide. I am
impressed by the stellar credentials ofthis conferenee's presenters and participants, and the depth
ofthe agenda. Not only will you share information about technological advances in all modes of
transportation, your discussion groups and panels will be essential to trans lating this knowledge
into concrete safety advances; and that translates into saving Jives throughout the world .

lam especially pleased that one ofyour keynote speakers is National Transportation
Safety Board Chairman Jim Hall. Jim is a personal friend and has done an exemplary job of
leading [he NTSB during the past several challenging years.

As you know, many opportunities face us as we move toward the 21st Century. To take
advantage of them, we must develop the technological and human factors expertise to implement
safer solutions to our expanding and changing global transportation needs . That's why the theme
ofthis Congress -- improving safety as we forecast continuing transportation growth -- is right on
target.

We must further our knowledge and understanding so that all ofus, no matter in what
corner ofthe world we Jive, help make sure that innovative ideas and improvements are shared
by everyone - including those in government, academia, industry and the private sector.
Together we can reach our common goal ofproviding transportation to more and more people
and, at the same time, improving the accident rate.

I encourage all ofyou to take full advantage ofthis occasion to implement positive
change. Please accept my best wishes for a productive and enthusiastic conference .

ZJ4
AI Gore

PRINTEO ON RECYCLED PAPER
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Opening Address

N eil Ki nno ck

Europeon Commissioner for Transport and Transeuropeon Networles

Opetlitlg

I regret that other work prevents me from joining you at this Second World Congress on
the Safety of Transpo rtation, bu t I 'rn grateful for this oppo rtunity to speak to you, beforc
yo u begin what I' m sure will be an interesting and challeng ing few days.

T he title of yo ur Congress directly addrcsscs the issue of weth er thore's an imbalancc
betw een growth and safety and I not e that its ph rased as a gucstion. I don 't intend to try to
prc- empt yo ur discussion s, but it might be useful if I bri efly out\ine the actio n which wc
are taki ng in the Europea n Un ion to try to strengthen safety in transport against the
background of the growing vo lume of movement.

Transport obviously is the lifeblood of modern eco nomies and economie growth is
both a cause and a result of the inc reasing transport activity. For all of the plain humane
reasons and because of basic eco nomie co nsiderations thcrcfore, transport safety has to bc
regarded as a pre -requisite of transport efficiency and sustainability. In the Commission and
in conjunction with thc Mcmbcr States we consequcnt\y seek to make safety a central
ingredient of all of the policy ini tiativcs to which it co uld apply. Last year, for instance, I
was plcased to launch a Europe-wide action program for promoting road safety which will
run until 2001 and follow a trip le strategy which involves first an up to date analysis and
improving the gathering and disscmination of inflammation and best practice on road safety.
Secondly undertaking promotional measures to try and stop accidcnts happening and
putting particular emphasis on the human factor, both to secure improvcments in bchaviour
and to try to crca te circ urnstances which are likely to reduce errors and thirdly actively
cncouraging changes in road infrastructurc and vehiclc design, w hich will rcduce thc
consequcnccs of accidcnts.

M eanwhile the re's a bo dy of law bein g applied and in preparatien to increase safety
levels in road traffic with prcvisions that vary from higher standards of maint enance to thc
int rodu etion of a digital tachograph . When 45.000 pcopl c are still dying in roa d accidents
in the Europea n Union every year, these and ot he r developmcnts are of co urse vital to
reduce the number of tragedies and to reduce the hu gc direct costs of abo ut 45 billion
EC U, aro und 49 billion do llars, w hich they generare evcry ycar.

In civil aviation the Europea n U nion has a relativc ly good record with 30% of thc
worlds air traffic movemcnts and j ust 10% of tota l accidents, T herc is however no
complacency. A Commission proposal for a law estab lishing safety assessrnent of Third
Countries aircraft using community airports wiJl probably be adopted by the Council of
Ministers before the end of the year. Our proposals for the establishment of a Europcan
aviation safety authority have been published and are being considered by the Member
States and other future initiatives will deal with thc co llcction and exc hange of information
on incidents in order to help efforts to improve the prevention of accidcnts.
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In shipping the Commission began to implement at common policy on safe seas in
1993 with the strategy that was due to last until 2001 . I'm pleased to say, however, that
good progress has been made and the program is almost completed. Compliance with
international legislation on training and qualification of sea ferrics, on the management of
shipping companies and on many other aspects of improvement on safety are now in force .
And wc've also ensured the application of latest technology for a safer flow of traffic.

Of course there's still more to do in our efforts to try to achieve the highest level of
safety for people vessels and the environment that the sea will allow . And that's why I
recently launched the Europe-wide campaign to promote quality shipping with maritime
safety as a central objective. Our purpose is the eventual elimination ofsubstandard shipping
which is amenace to everyone and of course a souree of grossly unfair competition to the
owners and the shippers who do fulfil safety requirements. In maritime transport as in every
other mode, our view is that there real1y can be no justification for compromising on safety.
The wel1-being of people, the security of the environment, the efficiency of movement and
the considerations of real cost produce a mixture of substantive political, moral, economie
and commercial reasons for ensuring that safety and growth are made compatible.

I'rn sure that people arrending th is conference share that conviction and want to
apply it in practice and I consequently wish you all a very fruitful meeting. Thank you for
listening.
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Opening of the Second World Congress on
"Safety of Transportation"

Karel F. Wakker
RectorMagllifiCl/s, Delft Universitv rif Tedinology, The Netherlands

Ladies and gentlemen,

Good morning and welcome at the start of the Second World Congress on Safety of
Transportation. In particular, I like to welcome Mr. DubbeId, Director Transport Safety of
the Ministry of Transport, Public Works and Water Management, Mr. van Vollenhoven,
Chairman of the International Transportation Safety Organisation, and Mr. de Croo,
Chairman of the European Transport Safety Council. Of course, I also welcome the other
speakers of th is congress; they will share with us their thoughts and experiences on various
relevant topics, and they will inform us about the latest developments and ideas in the world
of transportation. To all of you , I would like to say that we are proud that you have de cided
to attend this congress, which is organized by Delft University of Technology, in close
cooperation with the Erasmus University Rotterdam, the International Transportation
Safety Association and the Dutch TRAIL Research School for Transport, Infrastructure and
Logistics. We are very happy to host so many foreign guests at Delft.

Ladies and gentlemen, human mobility and transportation in general are vital
elements of our modern society and are of crucial importance to our economy. However,
at the same time, we realize that transportation poses sorne dangers to our society. It
contributes to the pollution of our environment and every year many accidents on the
roads, in the rivers and in the air result in substantial material darnage and a loss of many
lives. As you all know, our country wants to position itself as a "distributing country" and
"a gateway to Europe". To fulfill this mission, it is essential that all modes of transportation
are safe and of high quality. As it may be assumed that transportation will expand
significantly over the next decades in the growing Dutch economy, it becomes even more
important to minimize the negative aspects of transportation: the threads to om
environment and the safety issue. This brings us to the theme of th is congress: "Is there an
imbalance between growth and safety?"

Representatives of the various partners and stakeholders involved in the
transportation business will address this question . Of course, they will have different
perceptions of the topic of safety. Therefore , we think that it is very important to exchange
information and experiences between all those involved, from the builders of various
transportation vehicles to politicians and representatives of victim organizations. We think
that we should exploit all information available, both to reach a better understanding of the
various points of view and to be able to design, develop and operatc safer transportation
systems.



- ---- - ~~

Openillg 5

We all agree that safety is important. But we know that individuals perceive and
discuss "safety" from various points of view. The man in the street does not like the factor
"risk". He wants transportation systems which are one-hundred percent reliable and safe.
However, technicians know that each systern has a certain acccpted inherent risk and that
it sornetimes fails. They also know that these failures may sometimes be catastrophic and
may lead to casualties. As our transportation systems bccome larger and larger, the
conscquences of catastrophic failures bocome immense. Consider, for instance, the
introduetion ofthe ncw "super-jumbo" aircraft, designed to carry a thousand passengers or

so. Obviously, new ways of dealing with the safety-issue have to be introduced. On the one
hand, we have to learn to live with the factor "risk", and to accept that there is always a
chance of failure. On the other hand, we have to implernent new design procedures, which
significantly incrcase the reliability of thc transportation systern and which limit the
conscquences of a failure as far as possible. However, we should realize that safety can suffer

frorn a balancing of conflicting interests. A conflict between safety versus efficiency, costs,
environment and growth. That balancing takes placc in a rapidly changing world of
globalization, growth, privatization and technological devclopmcnts on the one hand, and
of increased cornplcxiry in international legislation, policy making and sparial planning
decision making on thc ether hand.

Given this context, it is clcar that it is no longer sufficient to learn from "proven
dcfects", but that we should take a pro-active approach in the development of safety of
transportation. We should devclop an integral approach to thc issue of safety, in which
notions such as "firsr time right", "zero defects" and "integral safety" are incorporated. In

industrial sectors, such as the chemical process industry, the offshore industry, shipbuilding,
aerospace engineering, car design, nuclear power supply and consumer products, this new
approach has lead to an incrcascd focus on the design of products and their use in
operational practice. The L1Ct that we may welcorne today speakers and guests from so many
different groups concerned with the safety issue, shows that there is indeed a solid basis for
a forum to discuss a pro-active approach in the development of safety of transportation.

Ladies and gentlemen, from its early days on, thc transportation sector has learned
its hard lessons from extensive and detailed accident investigation. Independent safety

boards in aviation, shipping and railroads play a kcy role as a monitoring instrument. In the
past, they have revealed the causcs of accidents, aiming at the prevention of thc repetition
of similar accidents, Their investigations have lead to major improvernents in the teehuical

components in all modes of transportation. Nowadays, safety boards also focus on
organization, management and legislation aspccts. Their rccomrnendations are passed on for
implementation to operators, lcgislators, manufacturcrs and other stakcholders of the
transportation business. I am happy to report that, in accordance with the international
developments, an intermodal Transportation Safety Board for Thc Netherlands is presently
under discussion in the Dutch Parhament. This board wiU also focus on the prevention of
accidents by the early warning of system deficiencies through incident analysis.

Delft University of Technology has a long and strong heritagc in many modes of
transportation. For more than 40 years, the National Railroad Accident Investigation

Council was staffed by Delft professors. Also, the Dutch Road Safety Council devclopcd its
model for road accident analysis in close cooperation with our university. We believe that
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modern technology will play a key role in improving the safety of transportation, and our
university wants to contribute to the development of safer transportation systems and
procedures. Recently, our university has selected ten themes on which we will concentrate
a significant part ofour research activities. One of these themes is: "Mobility of persons and
transportation of goods". As a result, last year two interdisciplinary research programs, one
on "Seamless multi-medal mobility" and one on "Freight transport automation " , have
startcd. In addition, wc have already for some years the Dutch "TRAIL Research School
for Transport, Infrastructurc and Logistics", which is one of the organizing partners of this
congress. We hope that our researchers may centribure substantially to the solution of a
number of critical problems in large-scale advanced transportation systems and to the
analysis of safety issues.

Ladies and gentlemen, our university is proud that we host a congress that addresses
issues which are very relevant to om society. I wish you a successful congress and many
stimulating and fruittul discussions . But I also hope that the program allows you to have
many social contacts, making ncw friends and intcnsifying old friendships, and that you wil1
find some time to stroll along the inner-city of Delft, a very special historical city that offers
a lot to om foreign guests.
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As a Sha kespea rean Minister of T ranspo rt migh t put it : " Imbalancc between growth and
safety.. . that is th e questio n." For the next three days, yo u, as expe rts from all over th e
world , will dclve into this subject. By listen ing to speakers, holding discussions and finally,
by contemplating var ious matters - thar is, if yo u can find the time. And I have the hon ou r

ofkicking off the enti re programme instea d of Minister Jorritsma, w ho regretfully co uld not
be present due to urgent Parliame nt business .

Ladies and gentlemen, wc find ourselves in a period of tremendons growth . Not
only is the earth becoming more and more populatcd, but prosperiry is growing steadi ly in
many parts of the world as we il. More people and more prosperity - that inevitably means
more transport. And it looks as though this trend will continue. It is expected that some
modes will even experience growth of 50 percent in the coming decades. So it is very
important to control this growth as muc h as possib le and ensurc safety. But we cannot adept
a wait-and-see attitude. Wc m ust anticipate developments in order to ensure the level of
safety in thc future as we ll. I call that "Sustainab le Safe Transport" .

Safety is not an absolu te noti on. The soc ial co ntext and cultura l background
detemline which risks are dcemcd acceptable . T hc only thing that is certain is that every
form of transport cntails risks. T ransport w ithout any risk of injury to persons or darnage to
means of transport, load , infrastructure or environment is an illusion. But w hat is
acce ptable? W ha t are the limits? T his is th e whole issue.

Safety poli cy bo ils down to obtaining and maintaining an accc ptable level of safety
w hich fits w ithin thc relevant soc ial and cultural co ntex t. H ere as we Il, the tradi tional costs

and pro fit pr inc iple applies. T he m easures taken must be in balance wi th th e sacrifices they
necessi tate . W he n mu ch can bc gaincd for a relat ivcly sma ll sacrifice , a high er level of safety
is realised,

The transport sector is growing. T he m eans o f transpor t the mselves are no t only
becoming larger - j ust loo k at th e mam m oth tan kers and ex tra long freig ht trains - traffic is
also becoming more intensive . We are seeing more and more lorries, ships and freigh t trains,
all going faster and faster. And that , of co urse , has co nsequences for transport safety.
Espe cially in a country such as the N etherlands. wi th its small surface area, high population
density and important transit function, it is impossible to isolate yourself from those
developments. So the Dureli Ministry of Transport and Public Works is working hard ,
despite growth in the transport sector, to further improve safety in transport where needed
and where possib le . And no matter what, we feel that the level of safety may not decline
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under any circ umstances .
This is quite achallenge. Fortunately, we have a whole arsenal of inst ruments at our

disposa l. But as yo u know, every meas ure has its price. Alternatives are weighed against each
other using risk analyses and formal safety assessment technologies.

For the sake of legal security and sustainability, safety rcgulations are laid down in
legislation, but I am fully aware that regulations alone can never be enough. The support
of the sector makes or breaks the success of the measures. And you can only receive that
support by discussing possible policy measures in broad consultation.

Not only on a national level, but definitely international as well. The transport of
today is, after all, not limited to the borders of a country. In fact, it often involves a chain
of different modes of transport. A po licy on a purely national level is ccrtainly not the
obvious choice. To the contrary. A major part of safety po licy wi ll have to be designed on
an international level. Transport by road, rail or inland waterways is a matter of regional
international po licy. But for aviation and ocean shipping, global policy is essential.

That policy is detennined in all sorts of international forums and organizations. I
should like to take advantage of this opportunity to express my appreciation for the
excellent work done by those organizations. It is a good thing that the many facets of
transport safety are being examined and studied so closely. This is also one of the many areas
in which our host for today, the Technical University of Delft, has a reputation to maintain.

Ladies and gentlemen, we are familiar with a classic package of measures to improve
the safety of transport. I can mention the technical requirements of the means of transport,
proficiency requirements and traffic regulations. These are excellent measures that work
weil. But with a view to the safety standard already achieved, attention to safety
management and human behaviour will be co me increasingly important.

While aviation is a relatively young branch of transport, policy in this domain has
developed farther than in ether modalities. But serious efTorts are currcntly being made to
catch up, which will benefit transport safety. A recent example is the establishment of the
"International Safety Management Code" for occan shipping.

As I've said: measures to increase safety in transport can only succeed if it receives
broad support. And this means discussing all the aspects and possibilities of safety policy.
Beyoud the borders, with all interested parties. Only then can the rules be properly uphcld.

But there is yet another track we can take to make proposed policy measures a
success. And that is the mechanism of the market effect. Policy measures have more chance
of success if different players in thc transport sector have a common interest and recognize
it as such. The conclusions of the MareForum '96 congress will serve as a reminder.

Ladies and gentlemen, growth in the transport sector has an indisputable influence
on safety policy. But the scale may not tip, and I arn convineed that that is not necessary.
This congress will help to find the answers. I hope th is congress will serve to inform and
inspire you. A congress with concrete results, in the fonn of many useful recommendations
which can safeguard the proper balance. I thank you for your attention.
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May I, as chairrnan of the International Transportation Safety Association, begin by
expressing my gratitude to Delft University of Technology for erganizing this Second
World Congress on Transportation Safety, and for again making such an effort to ensure its
success . I can weil imagine that sornc people here at the university were far from convineed
of the nced to organize another congress. For cost-savings are what matter these days. And
the market economy. So why on carth should we put transportation safety in the spotlight?
And if we have to have a conference on the subject, why not take a sector-by-sector
approach? Focus on the shipping or the aviation sector, for instance?

But Mr. Chairman, I believe that it is precisely because the market is now at the
whcel, and because the government is increasingly taking a back scat, that the spotlight
should be put on safety - safety in general, and transportation safety in particular. For we
have learned from the past that safety can very easily be overlooked when other interests,
especially economie interests, are at stake. And this applics, of course, to the entire transport
sector.

I am thinking here of the airlines on the FAA "black list". And the Challenger Space
Shuttle crash - a crash that could have been avoided, for it had long been established that
the O-rings were not up to standard, lndeed, according to the report on this accident, I
quote: "We can lower our standards a little bit, bccause we got away with it last time.... you
gor away with it, but it should not be done over and over again like that."

I arn thinking of the dangerously overloaded trucks on our roads and the outdated
safety systems still used on the railways, What should be given priority? New lines for high
speed trains, or new safety systems on the existing network?

And what about the immense container ships that sail at high speed, in poor weathcr
conditions, through the overcrowded Channcl?

Though I am not implying that safety is no longer a concern, the need to maintain
a competitive position often leads transport operators to "lower their standards a little bit"
- if they can get away with it. What we should not forget is that most accidents, as weil as
the most serious accidcnts, occur in the transport sector. Indeed, natural disasters apart, the
transport sector accounts for around sixty percent of the major disasters that occur in the
world evcry year. Let me give you a few facts and figures for your consideration. Natura!
disasters, such as earthquakes and floods, claim the lives of20 to 30 thousand people all over
the world each year. Over the sarnc period, the roads in the United States and the European
Union claim about 90 ,000 lives, and nearly three million people are injured in road
accidents. In other words, though transport has given the world much that is good, the coin
also has areverse side.
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As for the intersecteral versus secte ral debate , many pcople working in transport
regard th e intersectoral approach as unnecessary. Indeed , there are those w ho are totally
opposed to it. For what o n ear th can, say, aviation learn from road or rail transport, or fro m
shipping? Fortunately, it has begun to dawn on people in th c various sectors that th ey have
much to learn from cach other. Take injury pr evention. for exam ple . The aircraft industry
has greatly benefited from th e results of tests carried out in cars with , for instance, crash
dumrnics and scat anc horing. The knowlcdge of th e effects o f alco hol co nsum ptio n on
human beh aviour is another exam ple.

The aviation sector itselfhas much to offer too, namely a wealth of exp eri en ce with ,
for example, black boxes, medi cal tests, information processing and guidance systems. An d
now the research world is cndorsing the need to exc hange information and pro mote an
interseetoral approach . We need no better evide nce than thi s Secend World Congress o n
Transportation Safety. But what, if anything, did the first congress achieve ?

Mr. C hairma n , th is is a qu estion I should very much likc to answcr. Let me assure
yo u th at I have witnessed at first hand th e Iasting impac t ofyo u r first co ngress, both at home
and abroad , For it laid th e basis for th e establishmen t of the International Transportation
Safety Association, in which all multi-modal and sorn e single modal Transportation Safety
Bo ards work together. Indeed , it was as a direct rcsult of your co ngress thar the agreeme nt
setting up th e ITSA was signe d in O ctob er 1993 .

Plan s for a Dutch Transportation Safety Bo ard are also progressing weil. Thou gh th e
establishment of such a bo ard was already under discussion , it was in response to your
congress th at, in 1993, the Lower House of Parhament fonnally requested the govern me nt
to "prepare a bill establishing a national Transportation Safety Board ". Now, five years later,
that bill is before th e Lower House. If, as is expected , th e Upper H ous e also approves th e
proposals, this year will see the establishment ofour own multi-modal Transportation Safety
Board, the sixth body of its kind in the world.

These tw o initiatives represent an immense lcap forw ard in improvin g th e safety of
transport systems . And both came abo ut th anks to your first co ngress. That is w ha t I call a
real achievement.

Mr. C hairm an, ladie s and gentlemen, I should now like to turn my att ention to th e
subject of safety in gen era!. Regulation , monitoring and tcchnologï cal inn ovation 
activities in th ese fields have long been the mainstays of our efforts to ensure grea ter safety.
But now two new trends hav e emerge d.

The first of these is what I would call the notion of "sha red responsibil iry" for safety .
That it is no t only th e go vern ment, but soc iety too that is rcspon sible for ensuring safety.
The seco nd is th e growing trend for soc iety to demand of th e government truly
independent investigations into th e causes of accidents.

Thc notion of shared responsibility has its roots in crime prevention . For it is in th is
field in parti cular th at the go ve rn me nt has gradually corne to realize th at it can no lon ger
bear th e sole responsibility for gu aranteein g people's safety. In th e past, peopl e tho ug ht 
rightly or wrongly - that it was up to th e gov ernment to keep us safe. Now, however , th ey
are beginning to rcalisc that everyo ne in society has a part to play. Safety, in othe r words is
a sha red responsibili ty. And thi s leads to on e very important qu estion. When it co mes to
safety, w ha t can we cx pect of, first , th e govern me nt, and , second , soc iety?
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In the Netherlands. the government and the commercial sector work together in the
National Crime Prevention Platform to make concrete agreements on ways of dealing with
crime. These agreements sometimes take the form of a public-private partnership. They
may, howevcr, lead to legislation, such as thc Disclosure ofUnusual Transaetions Act, under
which banks and other financial institutions work together with government agencies to
stamp out money laundering.

I firmly believe that this new approach to safety will be adopted in other fields too.
In fact, I have already cornc across an example - in the report of the White House
COlllmission on Aviation Safety and Security. This Commission was set up by President
Clinton in the aftermath of the fatal TWA-SOO crash near New York on 17 July 1996.
Chaired by the Vice-President, Al Gore, it was asked, according to the final report of
February 1997: " .... .for an initial report on aviation security in 45 days, focusing on
detecting sophisticated explosives." One of its recommendations was, I quote: "We are
proposing that government and industry come together in a new partnership... This
partnership is in fact our first recommendation." It was for this reasou that I, as chairman
of the ITSA, asked Vice-President Gore to inform this congress how the United States plans
to carry out this recomrncndation.

I arn convineed that public-private partnerships of th is kind are set to play a very
important role in efforts to ensurc grcatcr safety in the future. We should, however, act with
caution. For too many agreements and regulations might givc risc to confusion. Indeed, we
might find that we are no longer sure who was responsible for what. This makes the need
for independent investigations even more urgent.

Serious accidents invariably lead to the cry for an independent investigation into the
causes - from the media, the general public, the victims and their families, members of
parliament and the government. In other words, no one would question the need for
independent investigations. But how "independent" are they in practice?

Fortunatelv, disasters do not occur very frequently. As aresuit, howcver, few
countries have a permanent conunittee solely responsible for investigating thcir causes. To
establish such a body has long been considered a waste of time, since the mernbers would
soon lose their expertise through lack of work. In many countries therefore, committees of
investigation are set up - if at all - on an ad hoc basis. Thcy usually cernprise people from
the sector concerned who are involved, for example, in drafting rcgulations or monitoring
cOlllpliance. They are mainly chaired by an independent person, such as a judge.

Experience has shown, howcvcr, that much is at stake for the members of these
committecs. Conflicts of interest are often inevitablc. Appointing an independent chair has
proved, in many cases, to bc no guarantce that the invcstigation itsclf will be independent.
As a result, society is often left with the uneasy feeling that not every stone has been turned,
and thar the full truth has not been rcvcaled - even whcre this is not the case. The mcre
suggestion that the committee is not impartial, or that there is a conflict of interests, is
enough to raise doubts about the outcorne of the investigation. The resulting
recommendations will be met with scepticism from the outsct, even if they are excellent.

For many years, the sole exception was the National Transportation Safety Board,
established in the United Statcs in 1967 to conduct investigations into all transport
accidcnts. Whether an accident occurs in aviation or shipping, on the roads or the railways,
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or involving a pipeline, it is up to the Board to investigate its causes . The origins of the
NTSB lie in the aviation provisions of the Chicago Convention of 1944. Under the
provisions of Annex 13, which was added in 1951, investigations into the causes of
accidcnts should be held independently of investigations to establish which party was at
fault, The purpose of these investigations was to identify the lessons to be learned for the
future . For the record, the Chicago Convention merely specified that "an investigation"
should be conducted. It was not until 1981 that Annex 13 was amended to spccify that the
investigation should be "independent".

In 1994, the European Union took matters a step further, A directive was issued,
providing for the establishment of a permanent, independent organization to conduct
investigations into aviation accidents. But the NTSB was the pioneer. Frorn the start ,
independent investigations were guaranteed, since the Board was to be a permanent,
autonomous organization. It was also unique, since its remit covered not only aviation, but
accidents throughout the transport sector, including pipelines. It was the aim of the
American Congress to ensure a higher profile for the issue of safety than could have been
gained by establishing separate organizations for each transport sector. And, since the
organization was independent, conf1icts of interest could be avoided.

We have learned many usefullessons from the American experience. Firstly, because
the NTSB is an independent organization, its findings are recognized as impartial. And, as
a direct result, its recommendations carry considerable weight. Indeed, 80 percent of these
recommendations are carried out. Secondly, American experience has shown that the same
procedures apply, whatever the accident. These two factors led to the establishment, in
Sweden and Finland, of Accident Investigation Boards, responsible for investigations into
all major accidents, also outside the transport sector. A third very usefullesson was the cross
sectoral approach adopted by the Americans. lts success led to the establishment of multi
modal Transportation Safety Boards in Canada, Ncw Zealand, and now the Netherlands.

But a permanent, independent organization not only guaranteed independent
investigations. It also proved vital in a number of other ways too, namely in monitoring the
follow-up to its recommendations, and in carrying out studies of incidents, on the principle
that prevention is better than cure.

If no one keeps an eye on wh at happens to recommendations, there is always a
chance that they will disappear into a drawer, never to be seen again. The American answer
to th is problem was to compile a "Most Wanted" list. This list contains the major
rccornmendations, not or not yet complied with. Fortunatcly, there is a growing awareness
th at mcasures should be taken beforc, and not after, the next accident happens. It is highly
regrettable that the public tends only to be interested in safety after a disaster has occurred.
The Safety Boards firmly believe, however, that prevention is the key, and that safety
related studies can prevent accidents occurring. Only if Safety Boards are permanent they
can act, by mcans of these studies, as early warning systcms . Only then they can alert us to
possible threats to safety in our transport systems. Anierica's National Transportation Safety
Board, has, in brief, taught us many valuable \essons.
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As I pointed out earlier, the ITSA is an organization 111 which multi-medal and single
1110dal Safety Boards work together. lt not only provides a broad range of services for its
mernbers, but is also making a concerted effort to promote independent investigations into
serious accidents, wherever they occur.

The members of the lTSA can weil understand the dissatisfaction and sense of
helplessness feit by the victims of accidents and their families on finding thar investigations
which were supposed to be independent were, in fact, nothing of the sort. We should of
course realize that government authorities are very closely involved in drafting safety
regulations and monitoring compliance with them. And this mcans that the same aurhorities
are not always too keen on truly independent investigations, Indccd, most Safety Boards
were set up only after Parliament had intervened. There has, ho wever, been something of
a brcakthrough in the aviation world, with the new ICAO and EU regulations.

For my part, I urged the Europcan Transporr-Commissioncr Mr. Neil Kil1IlOCk to

extend the new EU directive to cover all transport accidents. Why, I argued, should
independent investigations only apply to aircraft accidents? Aren't the frequency and
consequences of accidents at sca and on our roads and railways reasou enough to warrant
the sarne treatment? It was Mr. Kinnock's view that unfortunately there would be too little
SUpport for such a course of action in the short term. But, by mobilizing members of
parliament, victim support associations and journalists, the ITSA hopes to rally the support
needed in the not-too-distant future.

Now that shipping, with the latest IMO proposals. is moving in the direction of
independent investigations; now that the European Union, in its multi-year road safety
programme, has not discounted thc possibility of independent investigations into road
accidents; now surely is the time for members of the European Parliarnent to summon up
the political courage to call for the provisions of the aviation directive to apply to all
transport accidents.

Mr. Chairman, ladies and gentlemen, as chairman of the ITSA, and as co-founder
of the European Transport Safety Council, I sincerely hope that this congress will result in
a new European directive - one that provides for independent investigations throughout the
transport sector.

Founding members of the ITSA:
NTSB (U.s.A.)
TSB (Canada)
SHK (Sweden)

RVV (The Netherlands)
SOR. (The Netherlands)
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Fonner Transport Ministerfor Belgiun:

The transport of gooels and people is an intemational industry and efforts to remo ve trade barriers
in the interests of competition open up both opportunitie s as weil as serious challenges for safety.
Consumer demand for safety in transport is growing, especially amongst the car buying public
who, according to surveys, regard safety as an increasingly important part of buying decisions.
Safety is rapiclly becoming a marketabie item. It is a growth industry, At the same time, growth in
travel brings with it new and increased eJl."posure to risk of accident and injury necessitating new
safety measures by those wh o are responsibIe for the traffic system.

Of all the transport modes, the greatest risks are faced by road users. R oad accidents
represent the highest societal cost of road transport - more than either congestion or pollution 
estimated at twice the EU budget for all of its activity. For the other modes, passenger transport
tragedies continue to be a matter of public concem . In the European Union, the free, safe and
sustainable movement of gooels and people is at the heart of the Europ ean Community and the
need to secure an appropriate balance between the mobility, safety and environmental aspects of
transport policy is a key objective. The EU has Treaty obligations to take action on transport safety
wh erever appropriate and to secure a high level of proteetion in the standardisation process. The
European Uni on has a key role to play in seeking the highest practicabIe standarels of safety at
intem ationallevel, both in the Single Market and further afield.

Many people have a view abo ut what measures would improve transport safety, but
ETSC's starting point is that we should approach the subject in a systematic marmer on the basis
of the substantial scientific research and exp erience accumulated over the last thirty years. T he use
of scarce public resource to address the en0l1110US costs of transport accidents demand that any
expenditure is allocated as effectively as possible. In ETSC's view, only a data-led approach to
transport safety is capable of delivering dus. For the developing EU C orn mon Transport Policy
this means:

• establishing EU accident , casualty and exposure databases for all of the transport modes to
allow monitoring oftransport policy dcvelopments and to identify key future safety actions;
• defining target levels of safety for each transport mode and to adopt a systems approach
in defining demonstrably effective safety strategies;
• building core inform ation systems to encourage the dissemination of best practice from
the wealth of intemational research and experience at EU level, so avoiding duplication
and re-in vention of the wh eel.
Commo n action on transport safety at intemationallevel has very large potential to reduce

risks for EU citizens at home and abroad. Vigorou s action is now needed to develop these building
block initiatives to ensure that this can be as effective as possible.
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IMO's Role in Setting Standards for Safe
and Environrnentally Sound Marine

Transportation

Pieter Bergmeyer
Fonner Chairman cif [MO's Marine Environment Proteetion Conunittee

Ladies and Gentlemen,
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1 Ref to unfortunate absence of Admiral Matsopoulos of IMO
2 Ref to my MEPL Chairmanship vis :j: vis dr. Pattofatto the Chairman of the Maritime
Safety Committee

I feel privileged and honoured that I may address this important Second World Congress
on Safety of Transportation, and it gives me real pleasure that I may inform you about an
Organisation I worked with for some 25 years, the Intern ational Maritime Organisation,
and in partienlar that I may inform yo u abo ut the efforts of this Organisation in fulfilling its
mission, which is often quoted as "Safer ships on Cleaner Seas",

The International Maritime Organisation, known as IMO, is a specialised agency of
the United Nations having unique responsibility and competence in the field of ensuring
safe and environmentally sound marine transport. At present the Organisation has 155
Member States and 55 non-governmental international organisations having consultative
status.

At IMO's headquarters in London, the Secretary General, Mr. William A. O'Neil
and his staff Of about 300 men and women of all world nationalities provide a really
Outstanding service for this Organisation and its Member States.

Fifty years ago, in 1948, the IM O convention was established and ten years
thereafter, in 1958, this convention entered into force and IMO started its work.

IMO has been successful over the years, in the past decades despite the large growth
of marine transport and traffic density of shipping accidents still happen, and marine
pollution still takes place safety in shipping has improved tremendously and marine
pollution from ships has been reduced drastically. If you compare fig. '80 or '40's. Despite
these facrs, 1 must say, I still hear criticism from various sides on what IMO is doing.

Some say IMO is too slowand should do more, make safety and pollution
prevention rules more stringent, apply the precautionary approach and IMO fails to ensure
full implementation of its standards, mies and regulations.

Others say IMO is too fast, too many changes in too many complex regulations,
which are difficult to understand and it is impossible to cope with these changes timely,
impossible to implement them fully.
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For a be tte r und erstanding of w hat I arn abo ut to say, it is j ust as we il to darify rhe
issue on what IM O can do and, in parti cuIar, what it cannot do . To illustrate that point we
sho uld be clear as to what IMO is and how it works.

Depending on oneis point of view, one can regard IM O either as Conve ntion or as
a Forum of N ations. Both views are correct, altho ugh those who have a legal inclination
would prefer the former. One obtains membership of IM O by becomin g party to the
Conve ntio n and is subsequently bound by its provi sion s.
H ow ever, th e secoud view that IMO is a Forum in w hich nations meet to discuss mari time
matters of conce rn , pro ves to bc mor e practical. If the co nce rn is shared by a sufficie nt
number of members, it is likely that speedy action will follow. If there is no sufficient
support, either a compromise is found or the proposal is not carried.

Over the years many proposals have been supported, resulting in mor e than thirty
C onventions and hundrcds of R esolutions that IM O has adoptcd and that spe ll out the
details of those Conventie ns in o rder to mak e thcm mor e user friendly to nations that are
parti es to thos e C onve ntions.

In doing that IM O did, wh at in acco rdance with its own co nstitut io n, it undert ook
ra do: " ra provid e a machinery for co-operarion among governments in the field of
govern me ntal regulations and pract ices relatin g to technical matt ers of all kinds affecting
shipping engaged in int ernational trade; to enco urage and facilitate the genera l adoption of
the highest pracricable stan dards in matte rs co nce rni ng maritime safety, efficiency of
navigation and preve ntio n of marin e pollution from ships" .

A friend of min e once explained to me that the kcywords here are the first quored
words " to provide that machinery" because the co mparison wi th machinery builders in the
technical sense of its meaning is ext reme ly appropriate,

Engin e or machinery builders built th eir product on the basis of science and practical
expe rience , adjusting that product as the d ient wishes. First by en hanci ng thc existing, and
if this is no longer feasible, by providing a new product . If experience with the product
sho ws a wea kness, pron e to failu re , measures are pu t in hand to overco me th ese weaknesses
in design . A thing to bear in mind here is that if an engine is installed , it is the re for better
or worse. Should it at a later stage appear that there are better engines on the ma rket it is
not an easy thing then to re-engin e.

An other thing to be borne in mind is that th e engi ne builder will pro vide guidance
on how to treat, lubri cate , fuel and maintain the machinery but he will leave it to the
purchascr to implcme nt th is guidance. The machine builder w ill also, if it is a large
manu facturcr, pro vide service facilities or expe rts world-widc to back-up his sales.

However, w hat the machine builder will not do as a matter of ro utine, is enforce his
advice. If the buycr chooses to abuse his pu rchasc, th is is in essence the buver's prerogative.

Cornparison with IM O 's wo rk is strik ing!! Like the mac hine builder IM O bases its
wo rk on a judicious mixture of scientific facts and experience, always preparcd to adjust thc
rules w he re experience has shown that change is necessary. Providing a vast array of
guidelines on the implcm entation of the m ies in terms of codes, recommcndation s,
specificatio ns and exp lanations whcre ambiguities occ ur.

It is important to no te that ships are built and operared under those mies. Should
there be reason to im pro ve thc mi es o r make them more stringent, it is not easy or



practi cabi c to change ships acco rdingly. Thereforc one will frequently see in IMO that a
distinction is made bet ween " new" ships, bein g bu ilt after thc new requirements ente r into
force, and "cxisting" ships, bein g those that ex isted before th at dat e.

In the co mparison th e clicnts of IMO are the govern me nts that allow ships to sail
un der th eir flags. It is necessary to be clear abo ut th is. T he clients are not shipowners,
seafare rs, shippe rs, charte re rs. managers or other individuals dealin g with ships, but
gove rn m ents. It is those gove rn ments th at are responsible for ensuring co mpliance with the
ma ny mies ema na ting fro m th e meeting of IMO. Rules th ar th ey as IM O M ember Stat es
co nceive and ado pt in rhe first place. If IMO is accused of being "slow", it is in actual fact
those governments th at are slow. If ships, th eir operato rs, personnel or cargo es are found
not to be in co mpliance with IM O provision s, it is th e govern me nts that for one reason or
ano the r arc not getting th e message through to th e ship s under th eir flags.

All [ am saying with th is is th at , co ntrary to what is often believed , IMO has no
executive power. It is a mi s-con cepti on to think th at IMO as suc h has th e pow er to enfo rce
its mies and regulations. IMO's C onve ntio ns put the o nus of compliance with th eir
pro vision s on th e flag States, Part ies to th ose Conve nt io ns. Let me say here th at port State
Centra l, th e pow er give n to port States under IMO's Conventio ns to exe rcise co ntrol on
foreign flag ships entering th eir ports so as to ensur e that th ese ships will receive no more
favourable treat rnent and are also up to th e interna tio nal standards in force for safety and
POllution persecution. that th is port State Control is a secondary harrie r to enforce
co mpliancc with the mies in for ce. The primary obligati on to ensure thi s is with the flag
State. It is part icu larly un fortunate that may flag States nowadays show a Iack of direct
involvemcnt and are unable to fulfil th eir obligatio ns under the IM O Conventio n.

T hese probl ems are cxace rbated due to th e long lasring low shipping market and th e
financial co nstraints under which th e shipowners have to e pera re. In the ir efforts to

minimise th eir costs it is un derstandable that th ey seek a solut io n in findin g th e chca pest
crews and the chea pes t rcgistry . In addition they are shied awa y from orde ring ncw ships
due to the poor returns on the in vestm ents caused by over-tonnage . T his in turn leads to
the agei ng of th e world flcet , whic h in itself is reaso u for scrious co ncern , as casualry
statistics clea rly indicate that olde r ships are more prone to accide nts than younger ones.

Fortuuarely. M ember States wi thin IM O are increasing ly aware of these problems
and w heels are set in motio n to recrify th e siruacion . Action has been taken for co mi ng to
more pro-acti vo m easures rath er th an reactive mcasurcs triggered pr essure, to improv e th e
ru le-making process and to imp ro ve impleme nta tion of IM O 's standar ds, mi es and
regulatio ns.

As aregard the latter . a special Sub-Conu n ittee on Flag State Im plemeutation has
been estab lished. G uidelines fo r assisting flag Statcs in fulfilling the ir ob ligations have been
developed. It has also been made mandatory under th e SOLAS Convention (Safety Of
Lives At Sea) that organisatio ns, such as C lassificatio n Societies, wh ich are entr usred by flag
State Administrations with the responsibility for carryi ng out surveys and inspections, shall
comply with G uidel ines ado pted by IM O (Rcsolutio n A.73 9 (18)). Also "E nhanced
Programmes" for survey and inspeet ion of oil tankers and bul k carriers are made mandatory.

New measures for improving th e safety of R o-Ro ferries have been adopted and
very recen tly, in N ovember last year, a SOLAS Conference under auspices of IMO ado pted
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new measur es for improving th e safety of bulk carriers in th e form of a new C hapter of the
Convent io n.

But mayb e more importan t, is IMO's shift in emphasis from efforts to improve ships
hardware to efforts for improving th e so called " huma n eleme nt issues" in safety and
pollution pr evention.

In th is regard, firstly I would mention th e recently revised Conventio n o n Standards
for T raining Certification and W atch keeping of ships personnel, in w hich Convention a
po sitive rul e is assign ed to IMO in th e implementation process. I admit, not an easy nut to
crack, but a necessity on which w e work very hard .

In addition , so as to promote the responsible mana gement ofships, and th us ensuring
a better implementation o f safety and environmental standa rds, th e " Inte rna tio na l
Management Code for the Safe Operation of Ships and for Pollution Prevention" , th e so
called ISM Code, has been made mandatory under th e SOLAS C onvention . Unfortunately,
I must say here that time runs out to meet the 1 July 1998 co mpliance deadline for many
"Phase 1" ships, being all passenger ship s, oil , che mical and gas tankers and bul k carriers
ov er 500 gross tons . Under th e ISM C ode, th ese ships must have th eir "Safety M anagem ent
Certificate" and th eir co mpanies the " Doc uments of Compliance". Ships that fail to have
th ese certificates, run th e risk o f detention by Port States .

I shall refrain from go ing into any det ail on th ese important issues, but I noticed in
your programme for th e Parallel Sessions thi s afremcon th at interestin g lectures wi ll be
given for shipping, both on an int egrated managem ent system as meant under the ISM
Code, as w eil as on the int egration of eco no mies and safety policy. At present there are
economie reasons to invest in qu aliry shipping .
But let m e turn now to IMO's products, th e rul es and regulations.

Is th e adequacy of th ese regulations qu eried? Yes it is! [ have to say.
Is IMO co nside ring to change th em? Yes we are !
Is thi s hastily don e without care fully scru tinising th e need for and th e effect of any

changes? No, it is not! Surely, it is acknowledged that th ere are inevi table weaknesses in the
rul e-making system of [M O . T he rul es are of necessity th e end result o f co mpromises
reach ed between M ember States. These M ember States can have divergent objec tives
depending on th e variou s inter ests they may have in shipping and on th e ex tend to which
th ey would be effected as typi cal maritime, port or coa stal Stat e.

It is also realised that reactive measures , triggered by disaster and taken under
political pr essure, this has been done in th e past, are usually not the optimum for preventing
a rep etition of th e disaster. Unfortunately tanker acc ide nts often attract disproportion al
attention of the mass-medi a, Wc all know that "shipping is no news unless it is bad news" !!

One should however resist political pressur e for hasry decisions and o ne sho uld
care fully balance th e qu ality and effective ness of an ant icipated measure, against haste. And
th at is w hat we in [MO are bound to do now.

W e also know th at inte rna tio nal rules and regulat ions airned at safety in shipping and
th e proteetion of th e marine envi ro nment must, if eve r to fulfil the ir pu rpose, meet at least
th e follow ing cri teria, befo re bein g prornulgated .

• th e necessity for havin g a rul e should be acknowledged and rhe need , the technical
feasibility and economical viability sho uld be dernonstrated:
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• environmcntal rul es should solve and not just shift a problem;
and , m ost important,

• rul es sho uld be understood by th e operator and be co ntro llabIe in an obj ective wa y
by a third par ty.

Let me co nfess: a number of th e curren t rul es and regulatio ns do not m eet th ese criteria in
all respect. So w hat are th e remedi al aet io ns w e took in IMO and in which direction are
we go ing to meet future challenges?

Firstly, w e changed th e method of work of IMO's parent bodies, th e Maritime
Safcty Commi ttce (M SC) and th e Marine Env iro nmen t Prot eetion Conuni ttee (MEPC),
we reorganised the struc tu re of th eir Sub-commi ttees and ado pted new "Guide lines on th e
O rganisa tio n and M eth od of W ork of th e Com mi ttees and their Subsidiary Bodies",

A very important elem ent in th cse Guidelines, which apply in full sinc e last year and
which are stric tly adhe red to , is that "when ncw subj ccts for inclusio n in the work
programmes or amendments to existing IMO-instruments are proposed , th e need for suc h
measures and th eir rela tion to th c objectives of IM O are to be demonstrated and
substantiated in a documen t. In det ermining th e sco pe of th e measure and w he n analysing
th e issues involv ed, due regard shall be givcn to th e costs to th e maritimc industry, to th e
legislative and administrative burdens inv olved and to th e ben efits which would accrue
from the measur e, so as to provid e a very clea r perception of th e entire sco pe of th e
measure , thus enabling th e Conu n ittee to make a we il in formed decision " .

We feIt the rule- making process can only be qu alified as being "weil inform ed " ,
w hc n all necessary data are made available to [M O and a full appraisal has been made. Only
th en "well balanced co mprom ises" can be found!! An othe r instrument for improvin g
[M O 's ru le- making process is called: "Forrna l Safety Assessment" . Let me ex plain thi s.

In the M arit im e industry, we have long been assessing risk associated wit h safety. For
the mos t part, tho ugh , our assessments have been im plicit , hidden within o ur decision
mak ing pro cesses. But as the complex ity and rate of technologi cal growth of our industry
inc reases , wc need to recogni sc, adopt and adapt many of th e tools that have been
developed to manage risk in a m ore forrnal and struc tured way.

Bo th MSC and M EP C are co nsidering th e development of a new approach to
regulating safety and polluti on prevention . This approach is kn own as "Forma l Safety
Assessment", referred to as "FSA". In essence, FSA is meant to be a formal, struc tu red and
systcma tic methodology, aimed at conside ring th e ship 's safety in its entirety, including
protec tio n of human health and life , proteetion of pr op er ty and thc marine environment,
all this by use of risk assessment techniques.

A complete FSA applica tion sho uld co mpromise 5 main steps, i.e . (1) the
ide nt ificatio n of hazards, (2) th e assessment of risks assoc iated with th ose hazards, (3) ways
of managin g th e risks identified, (4) a cos t ben efit assessment ofthe options identified in th e
thi rd step, and (5) decisions on w hich option s to selec t.

Last year both Conuni ttees ado pted " Inte rim G uide lines" for th e app licatio n of FSA.
And although muc h is still to be don e by th e Joint MS C/M EPC Working Group on FSA,
[ arn mentioning thi s now since [ arn convi need that th e applicatio n of FSA in [MO's rul e
l1laking pro cess will have a significant impact on future [M O legislation .

In co ncl usio n let me say thi s. It is essential that [M O 's rul e-making process is clear,
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weIl structured and based on facts and data derived from sound research. We should come

to a holistic approach to marine safety and environmental protection, in which all risks are
properly analysed. Shipping, being truly international by nature, needs intcrnationally
agreed rules and standards,

It is most important that any actioris taken are taken by IMO, bccausc only th is
ensures that everything done meets with international approval , One should bear in mind
that the alternative to orderly intcmationally agrecd rules would be a chaotic web of various

nationa! or regional requirements, creating mass inefficiency and commercial distortion , and
that is detrimental to both, the safety of shipping and the proteetion of the marine
environment.

In short: the best way to cnhance safety and proreetion of the environment againsr

pollution from ships, is through measures adopted in [MO, and although we have not yet
reached our ultimate goals, [MO is on the right track and deserves full support.
Thank you for your kind attention.
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1. Introduetion

Aviation Safety

Vi ctor M. Aguado

President of thc A ir Navigation Commission ofthc

Int ernational Ci vi/ Aviation Organismtion

2 1

I wish to extend my congratulations to the organizing com mittee of this Second Congress
on "Safety of T ransportation" . In my view , it is very timcly to address the dialeetics of
gro wrh ve rsus safety, as we find ourselves at the threshold of the 21st centu ry and, in a
period wh en our econornies are expanding.

I therefor e wish to extend my congratulations for the initi ative and gratitude for the
hospitality to the Delft University of Technology that is hosting these meetings, as weil as
to the Erasm us University of R otterd am , the Int ern ation al T ranspo rtatio n Safety
Association and th e TRAlL R esearch School for Transport, lnfrastru cture and Logistics.

At th e same tim e, thi s Second Congress on Safety of T ransportatio n is undoubtedly
a grca t way to mark the 155th anniversary ofthe University, to w hom, on behalfofthe Air
Navigation Commissio n of ICA O , I wish a brilliant future. T he gathe ring of this
Outstandi ng cast of participants, qu alified and co mmitte d, wil! ensure that this C ongress wi ll
have a maj or impact on the qu aliry of life of our soc ieties.

2. An industry with a recent history

As we are about to close out the 20th century, the world app ears to us to be smaller and
smaller, not onl y because of the exp!osion of thc relevision networks and teleinformation
industry, but also because of the everyday natu re of our int ercontinental travel today. We
m ust not lose sight of the fact that , only a few years ago , in 1935 , the DC-3 tlew for the
first tim e, an aeroplane with 21 passengers on boa rd and a cruising speed of300 km/h, thus
takin g the first steps in international commercial aviati on.

In the 50' s, the app caran ce of j et aircraft made a giant leap, making it possible to
travel on aircraft with a cruising spee d higher than 800 km/h and a capacity of more than
100 passengers. The next important step cam e in the 70 's with wid e-bod y aircrafi.

Each of these landmarks co ntributed to the exp ansion of air transport, whi ch it had,
at all times, to address gro wing dem and and maintain , if not improve, the safety numbers.
In a very brief period of time , that from 1950 to the present day the industry has multiplied:

• the number of passengers by 50;
• the number of passenger-kilometers by 90.
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3. Size and growth of the industry

Plenary K eynotes

With recent dat a co rrespo nding to airlines registered in th e 185 M ember States of IC AO :
• w e are approac hing to 1.5 billi on passen gers transported by th e world's airlines in
1997;
• and 25 milli on tons of freight.

W c must be awa re th at o the r high -speed m eans of transport wiU find a nich e in th e ma rke t,
will undoubtedly compe te with aviation and will captu re part of th e demand. O n th e other
hand, th e new communications technologies th at are increa singly more efficient and less
expe nsive will make it possible through te!econferen cin g to do away wi th longjourneys and
bu siness me etings making some o f th e trave! unnecessary.

But in an economy that is more and m ore glob alized , th e exc hange of goods is
essen tial. We can take de cisions by videoconferencing, but go ods have to be transpo rtcd .
W c can admire a tourist destination in th e Int ernet or o n a C D- ROM , but to urism is a
living expe rie nce, not a virtual one. The tourism industry is today th e largest world-wide
industry that ge nerates th e largest number of jobs and o ne of th e largest expo rt activities,
behind only the oil and the car manufacturing industries. According to th e World To ur ism
Organization th e total volume of international tourists for th e yea r 2020 will reach three
tim es th e volume reach ed in 1995 with a five-fold increase in th ei r economie im pact.

Today with some prcliminary data for 1997, in terms of " revcnuc passen ger-miles" ,
th e world scheduled international revenue traffic has !,'Town at a rate of 8% and dorn estic
traffic at 6%. With regard to freight, in "revenue ton-rniles" , th e growth in 1997, co mpared
to th e 1996 data, was 10%. The pressure of the demand is perceived in th e airports and air
traffic control systems. The data for the European continen t during th e third qu arter of
1997 indicate longer dclays in take -off than in the same period o f 199 6. Certainly, th e
efforts of th e European age nc ies are achieving increases in the capac ity of the system, bu t is
it eno ug h?

If demand co ntinues to grow, unless th ere are drastic changes in th e airport and air
traffic management infrastructures and their procedures, these dclay s could continue in th e
future if safety is not be compromised . The systemati c insistence on th e part o f ope rators to
obtain from airports and control eentres a high er rare of operatio ns must be rigorously
validated with th e safety standards, eve n in the understanding that applying rigour would
result sometimes in undesirab le delays. But this "boom" that we are ex perie nci ng at th e end
of thi s de cade, it also extends to aero plane manufacturers who are surpassing th ose sales
records that were establishe d in 1989 , almos t a decade ago.

The world's rwo main manufacturers of large com mercial airc raft Airbus and
Boeing, were annou ncing during 1997 "orders and cornmitments" amounting to more th an
1200 aircraft. Their production capacity was limited to 570 aircraft. The ne ed to increase
th e rate of production to meet demand, th is is to double th e production of pr evious years,
is not proving to be a simple exercise. In thi s race to increase production, it is necessary to

emphasize and ensure th e quality of the aeronautical products and therefore th e safety of
flight. The increase in the quality and safety assurance activity by th e aero nautical authorities
in th e operations of airlines, the co ntro l eentres and airpo rts, as well as in th e aircraft
manufacturing processes, must be welcomed at thi s criti cal time o f grow th.
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4. But, are there threats to that growth?

On the one hand, wi th regard to the supply of air transport, ro ute and airport co ngestion
is undoubted ly a Iimita tion. Europc's sympto ms at the end of the 80's are starting to appea r
in other regions of the world. But let us look at th e ot he r side, th at of the demand . A
different type of Iimitation may appea r: th e growi ng co ncern of public opinion about the
safety levels of aviatio n , especially afte r major accidents. W e can say th at air transport is one
of the safest mo des of transport in th e world. The stro ng technical reg ulatio n of equipme nt,
systems, Iicen ses and ope ratio ns has played a rol e of param ount importance. The accident
rare of co mmercial aviatio n had a spec tacular drop during th e 60 's and 70's, decreasing by
a facto r of 10 . T he conce rn lies in noting that in th e last 20 yea rs th e accide nt rate,
prev io usly on th e dccrease, has asympto tically approach ed a kind of slow mo ving minimum
limit. U sing data, still pr eliminary, for th e year 1997 and referrin g to world scheduled
revenue traffic, th ere have been 26 accidents with fatal co nseque nces for th e passen gers or
the crew, as compared to 25 accide nts in th e previou s two yea rs. T he number of fatalities
in 1997 was of 850 victims as co mpose d w ith 125 6 fatalities in 1996.

Even th ou gh traffic has grown at th e abo ve- me nt io ne d rates, th e absolute number
of fatal cvents retain almost co nstant levels. T herefore, the accident rates have decreased
reaching values of 1.34 fatal cve nts pe r milli o n opera tio ns. When we look at th e ratios of
fatalitics per passenger carried, or per passen ger- kilometer performed , the re is also a slight
downward tendency, but with the exception of 1996 in w hich a series of major accide nts
involving large-capacity aircraft took place. Undou bt edly, 1997 was muc h better worldwide
than 1996 (exceptio n in the Asia- Pacific region), but I must clarify th at, as I mention ed
earlier, the sma ll downward tenden cy tha t co uld be observed in very specific periods is very
far from the drastic impro vem en ts in th ese rat ios th at we re observed du rin g th e 60's and
70's w hen the accident rates were reduced by an order of magnitude. If it is tru c that
accident rates are maint ained co nstant and traffic co ntinues to grow as for ecast, th e abso lute
nu mb er of accide nts and victi ms of th ose accide nts wi ll have a tenden cy to in crease.

Pu bl ic opinio n has acce pted th e very low accident rates of air transport and it
concentrates its atte ntio n o n th e abso lute number of suc h accide nts and the nu mb er of
vic tims result ing from each of th em . The low aviation accide nt rare in relation to other
mod es is not a sufficient argume nt for th e flying public. The mere idea of having a serious
accide nt eve ry 10 days in th e yea r 2005 is not easy to acce pt. There is no choice, safety
levels have to be increased.

O n th e othe r hand , w he n safety is analyzed from a geographical perspective in th e
different co nti ne nts, th e accide nt rates difTer by o rde rs of magnitude. But safety in civil
aviation must be a global co nce pt and not limited to states, regions or co ntine nts. T he
question comes: do we have a robust system by whic h we ensure globa l safety?

5. The system. that ensures safety

The system that has ensured the safety of interna tio nal civil aviatio n is based on the C hicago
Convention. IC AO , as an inte rnatio nal organ izatio n, is assigned th e objective of developing
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th e principles and techniques of intern ational air navigation. For thi s purpose, the
O rganization adopts internation al standards. It also approves R egional Air N avigation Plans

wher e th e infrastru cture required is contem plated.
Each Contrac ting State undertakes to achieve th e high est level o f unifo rmity

possib le, notifying, w he re it co nside rs compliance im possible, the differences with respect

to the international Standards and Pro cedures. It is in Ar tiele 1 th at it is recognized that
every State has co m plete and exclusive sovcreignty ove r th e airspace above its terri to ry.
Basically, States, as regulatory entities and aeronauti cal autho rities, under tak e to follow the

international standa rds or to noti fy the ir differen ces.
But a recent analysis indica tes that in the last 10 years, only 25% of Statcs have

inform ed lCAO, on avc rage, of co m pliance with or, as the case may be, of differen ces w ith
respect to the Standa rds ado ptcd in th e 18 Armexe s to th c Convention. Fro m th ese data, it

is not possiblc to state with certainty what is th e degree of implem entation o f and
co m pliance with lCAO Standards in th e respective M ember States.

W hat happ en s in th e case by w hic h th ere is no co m pliance with th e Stan dard and
also no differe nces are notified ? Simply, th e int ernat ional co mm unity is for mally unaware

o f suc h a situa tio n , eve n th ough it may be known by other means . But are w e fulfillin g our
responsibi lity vis-à-vis our citi zens , those w ho fly all ove r the world , if w c wer e to m aintain
th is situa tio n?

6. The change of scene

In 1944, 52 States were able to reach a co nsensus defending eac h State 's co m plete
responsibili ty and dependabili ty to be able to ge ne rate legislation and th e co rrespondi ng

regulati ons incorporating intern ational standards and to oversec co m pliance the rewith .
The same spirit is still valid today, although th e scene has changed substanrially.
a) The number of Member States has increased from 52 to 185. Some of th e States that

joine d during th is peri od w ere recentl y crea ted .
b) The air ope rato r, th e airline is a globalized enterp rise . is no longer a self-contained entity

in a national co ntext both in terrns ofowners hip and its co mmercial stra tegies. Globalization
has occurred.
c) T he progressive comm erc ializatio n o f bo th airport and AT C service provid ers has led to

new players appea ring in th e syste m.
d) The gradual implem entation of th e Comm unicatio ns N avigation Su rve illance ATM

syste ms based on satellites, may induce to change th e rol e to be played by Stares but not

th eir responsibilities.
In order to ensure the safety of the system con tinuo usly in the airspace above th eir

territory (as laid down in Artiele 1 of th e C o nvention) , mechanisms should be develop ed

at th e global level that allo w States to fulfill th eir responsibility. R egular safety audits of
service provid er entities and th e publication of th e resul ts th er eof should be a co nsideration
for a future co m mon praetree. Basically, th e syste m th at ensures safety at differ ent levels,

from th e State level to th e sma llest of th e servi ce providers level, should rernain to be robust.
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7. The Safety Oversight Prograrnrne
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Following that line, in June 1995 , the Counci l of ICAO appro ved the Safety O versight
Progamme, T he programme is aimed at ensuring the effective implementa tio n by States of
the safety- related Standa rds in the areas of personnel licensing and training, opera tio n of
aircraft and airworthiness. T he present lCA O Safety Oversight Programme co nsists of
assessmc nts of States by lCAO, on a voluntary basis, with the obj ective of offering follow
up advice and tec hnical assistance as necessary to enable Statcs to implem ent internation al
standards. As of 15 February 1998, the total number of States that had requested an
assessment un der the ICAO Safety O versight Programme was eighry- two, of w hic h fifty
nine had been assesscd by an ICA O team . The essential characteristics of the current
program me are vo luntary, at the initiative of the State , co nfide ntial in its process, and
addressing the responsibilitie s of th e State to carry out th e oversight functions,

T he preliminary results canno t be co nside red as a rand om sample of the 185 States.
Nevert hcless, im portant lessons have already been learn ed: from those results, it can be
concluded that a vast majort ry of States, assessed, in spite of their best intentions and efforts,
are facing serious difficulties in fulfilling their safety oversight obli gations.

8. DGCAs

As a furth er step, on 10-1 2 November 1997, the first- ever world conference of ICAO
devot ed exclusively to the issue of air safety brought rogether Directors Gen eral of Civil
Aviation and Administrators of C ivil Aviation Authorities from 148 out of 185 Contracting
States and representatives of 14 intern ational organizations. The discussion s focused on the
lCA O Safety Oversight Programme, and the ways and means to enhance it. The dynami cs
of the meetin g went beyoud all expectations, reach ing what can be co nsidered histori e
results. Many wcrc the recommendations of the C onference. I do not pretend to cover all
today, but three of th crn sho uld be outlined:
1) R egular, mandato ry, systematic and harmoni zed safety audits be introduced , w hich
sho uld include all Contracting States and whi ch sho uld be carried out by ICAO.
2) Grea ter transparen cy and increased disclosure of the result s of the audits be impl em ented.
3) Thc ICAO Safety Oversight Programme be expanded, at the appropriate time, to all
areas of civil aviatio n which have an impa ct on safety, initi ally to include air traffic services,
aerodromes and suppo rt faciliti es and services.

As yo u see, we have important guidelines resulting from the un anirn ou s suppo rt o f
148 States posing a big challenge to the Int ern ational C omm unity. We know "what to do " ;
the problern rests now on "how to do it" and "how to pay for it" .

9. Final rernarks

As final remarks, let me share with you my reaction to important stateme nts from different
Statcs and intern ation al organizations in which sorne apparently ambitious objectiv es are



26

~-.-- -

Plenary Keynotes

ide ntified to increase, even more, th e safety of air transport, by reducing the accident rates
by 50% by the year 2004 and 80% in alO year peri od.

Even tho ugh certain ly these are ambi tio us state me nts, I mu st confess ro you my
op tim istic pe rce ption and my co nvic tio n th at th e objectives can be achieved. I shall teil you
w hy:

1. N ew aeroplanes and new engi nes will be introduced in th e market that wi ll strengthen
the reliabiliry of operat io ns;

2 . N ew navigation systems th at provide more information and high er precision , suc h as the
C NS / ATM Systems based o n satellites, will be co mmon;

3. Universal carriage of transpo nders that strengthe n th e iden tification and surveillance
fun ctions, will be requi red;

4. Universal carriage of ACAS and EG PW S th at wam th e pilot of an imminen t eme rgency
vis-à- vis other traffic or terrain is cur ren tly bein g analyzed;

5. Greater emphasis on human factors is being ex tende d to all reguIat ory activities;
But at th e same tim e, to reac h th e objectives we certainly need some thing e1se:
I. Greater commitment by States to discharge th eir Safety Oversight responsibilities;
2. Extensive coope ratio n among States, so th at th ose facing difficulties could be helped .
Safety in aviation is a globa l issue
And above all:

3. A continuous desire to be shared by all stake ho lders: States, airli nes, pilots, manufacturers
and service providers to have a globa l strategy and a co mmon goa l ro keep the air transport
even safer.
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The Multi-Loop Safety Improvement Model

Klaas Smit
Faculty cfAerospace Engineering

Delft University cfTethnology, T he Ne therlands

1. Growing public safety awareness

D espit e cont inuously improving relativ e safety records, expressed in number of fatalities per
unit of produ ction in variou s mod alit ies o f transportation and w ithin industry, public
consciousness o n risk and safety is growing. It is caused by th e fact tha t passen gercapacity
per transportation unit is inc reasing . The resulting weighr and the growing speed of
transportation units are causing much grea te r co l!osio n forces, resulting damages and
casualities.

D ue to globalisatio n in industry, pro du ction of goods and products are becoming
more geographical!y concentrated, resu lting in larger transportation vo lumes over longer
distances. Da ngerous goods also need transportation often via subseque nt mod alities and
transferpo ints. Ca lam ities may therefore cause risk , not onl y to th e transportunit ope rators,
but also to th e public.

Transportatio n demand in densily populated urb anised areas is high. As urbanised
areas are showing astrong growth, public is expose d to grea ter effects as risk is involved .
Feelings of un safety or public unsafety perception, is ex po ne ntia l!y increasing wi th the
numbe r of fatalities with a major accide nt and wil! not decrease during th e co urse of time.
R educin g th e probabili ty factor of risk is not anym orc co nvinc ing enoug h, but nevertheless
of utmost importance.

As the co mplex ity of transpo rta tio n units and its rela ted infras tructure is increasing
due to inc rease d capaciry, speed and frequcn cy, th e probability of eve nts w hich may lead to
an acci de nt must be furth er reduced . In most of the transportation mod alities th e relative
number of fatal acciden ts is not growing, howevcr absolute nurnber of fataliti es are
increasing. Therefore th e inherent safety improvemen t eauno r longer co mpensate for th e
cOntinuo us growth of the transportation vo lume.

2. Safety as a contributer to improved economie results

Traditional instruments to ens ure necessary safetylevels so far, have been mainly
governmental laws and rul es, agreed up on via national or supra-nario nul organisa tions.
T hese instruments are necessary but not sufficient to ensure safety .

In che mical process industry for inst ance, after some severe disasters in th e past,
safety has beco me a strategie issue of first pri ority, because a major acci de nt wil! j eop ardi se
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the reputation and eve n co nti nuation of the co mpany, because ofpublic opio n and pressure .
After in trodue tio n of systematic safety- improveme nt programs, it was shown that not only
safety records we re improving, but also production perform ance, leading even to
costreductio n on the longer term. It means thar systematic attention to ensure and improve
safetylevcls, will also pay off in imp rovem en ts in ether areas, resulting in increased
per formance and costreduc tio n.

T hese effects however, are not only resulting from th e int roduetion of safety
programs. The same effects are, to a lesser extcnt, observed by introduetion of syste rnatic
enviro nme ntaI prot eetion and qu aIity assurance programs. T his systematic attention for
safety, suppo rted by struc ture d programs, are charac terised by attentio n for the causal chain
of accidents and in cidents and eliminatie n of the root causes during the system lifecycle.
This wiIl be discussed int o some more detail.

3. Prevention of accidents by eliminating incidentcauses

Korenromp [1] presented a gro uping of safety measures, to in crease safety by decreasing
risk, of five different categories:
1. Survivability of a disaster
2. Escape from a disaster
3. Fighting deve!oping hazards
4. Suppression of hazards
5. Pure prevention.

T his range shows from 1 to 5 decreasing effects and less cost to redu ce risk and
prob ability of pot ential hazardous eve nt. An accide nt occ urs w he n the fight against a hazard
is not succes full. An incid ent is defined as an eve nt, w hich may resuIt int o a hazard, or
event ually into a disaster. Such incidents happ en with in the gro uping above, betw een pure
prevention and suppression of hazards or between suppression of hazards en fighting
developing hazards.

Accidents are analyscd carefuIly, in order to idcntify thc primary causes. In some
modes of transportation systematic accide ntinvestigation methods have been develop ed and
accident databases are maintained in order to feed back th e lessons lcarn ed to amandmc nts
of (inter) national laws, ruIes and regulations. This is a very lon g term feedb ack loop . As
accidentrates are low, accidentcauses are of a multitudc character and somcrimes prirnary
causes calm ot be established un amb igu ou sly, the feed back loop is of co urse of grea t value,
but not very effective in overall accid ent prevention.

Incidents as pot enri al hazards, are obviously happ ening mu ch more freq uently as
co mpared to accidents, reflectin g mu ch more the mul titude character of pot enrial
acc ide ntca uses. The chain: incid ent-recording, -repor ting, - evaluation, - analysis and 
improvementactions is therefor e a powerfuI instrument in accide nt prevention .

Incidentanalysis and resulting improveme ntactio ns can be treated in the first instanee
co nfide ntially within a department of the organisatio n of an transportop erator (e.g.
ope ratio ns- or maintenance department), or within a co mpany. In ano nimous form, these
incid entrepor ts may be fed back to the engi nee ring and manu facturing co mpanies of the
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transportsystern, o r may be co llec ted in databases and disseminated between nation al and
in ternatio nal organisatio ns.

T he feed back loop , estab lishe d th is way, is user-driven in stead of a govern ment
drive n approach, is sho rt term and br oad-based in terrus of potenrial acci de ntcauses . It
however requires first of all a parti cul ar managem entattitude and - commitment to introduce
an inc ide nt-elimination program and a cultural change o f a co mpany organisation, in orde r
to record and report incid ents and to analyse these for root causes.

The next step is to report anonimously the incid ent reports to manufacturing- and
engineering co rn pan ies . R eporting to national of international organisations is even a step
furth er. Howcver in some branches, these short term incident feed back loops have only be
partiall1y established. The anonimity must be ensured by safeguarding the adrnittance for
enquiries into th e database. A very important aspect is an adequate database structure and

an un arnbi gious definition of the data-elernents .

4. Ensuring safety hy systerns engineering approach

Ensuring system-sa fety levels and co ntinuously improving safety by reducing risks, requires
a systems approac h.

This alrea dy starts with th e transportation system definitio n and -specification for a
sysrem to be desingned. A system is not o nly to be conside red as th e final transportat ion
rnea n , but also includes its manufacturing system and its future maintenance or product
suppo rt system. It also embraces th e safety of th e passen gers and co ntairne nt of go ods to be
transported and includes its transfer o f Ioads from and into e the r means of transp ortation ,
Systemsafety is also to be co nside red with its relati on to rhe infrastructure it is dep ending
on, e.g. traffi c guidance sytems, harbours or airports. During th e system de finitio nstage, an
initi al risk analysis may already be conducted and possibly approve d, leading to amandment
of parti cular specifications. During th is phase use might bc made of above describ ed
acc ide nt - and incident databases.

In the design- and engineeringphase, at various stages risk- and safetyanalysis and th e
application of proven techniques like: hazard- , fault tr ee-, accident prevention-, failure
mod e effect en criticaliry- , reliability- and mainrainability analyses are required and
co nduc ted and the results considered during design reviews. In so m e branches,
systemdesign is subject to ce rtificatio n as part of a design certificatio n program. Also the
design and engineering organisation may require a qualiry certification in order to comply
with quality assurance requirem ents which also satisfies quite a nu mber of safety assurance
eleme nts. During this phase, use mi ght be made of accident- and incident dat abases.

In the manufacturingstage inherent systernsafery levels need to be ensured by a
qllality assurance program, for those systernaspects which are critical to realise inherent
systemsafety. This also may require certifi cation of the manufacturing o rganisation . In so rne
branch es, like aircraftindustry , th e resulting products may be subj ect to typ ecertification, by
proving its inherent rcliabili ry and safety under (seve re) op erating co nditio ns and eac h unit
is ce rtified befere entering serv ice.

In th e operations ph ase, th e operational organisation may be certified in order to
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the reputation and even continuatien of th e company, because ofpublic opion and pressure.
After introduetion of systematic safety-improvement programs, it was shown that not only
safety records were improving, but also production performance, leading even to
costreduction on the longer term. It means that systematic attention to ensure and improve
safetylevels, will also pay off in improvements in other areas, resulting in increased
performance and costreduc tion.

T hese effec ts however, are not only resu lting from the in troduetion of safety
programs. T he same effec ts are, to a lesser ex tent, observed by introduc tion of systematic
envi ro nme ntal pr ot eetion and quality assura nce pro grams. T his systematic attention for
safety, supported by struc tured programs, are charac terise d by attention for the causal chain
of acciden ts and inc idents and elimi natio n of th e root causcs during th e system lifecycle.
T his will be discussed into some more detail.

3. Prevention of accidents by eliminating incidentcauses

Korenromp [1] pr esenr ed a gro uping of safety measures, to increase safety by decreasing
risk, of five di fferent categories:
1. Survivabi lity of a disaster
2. Escape from a disaster
3 . Fighting developing hazards
4. Suppression of hazards
5. Pur e prevention.

This range shows from 1 to 5 decreasing effects and less cost to reduce risk and
probabi lity of potenrial hazardous eve nt. An accident occ urs whe n the fight against a hazard
is not succes full. An incide nt is defi ned as an eve nt, w hic h may result into a hazard , or
eve ntua lly into a disaster. Such incidents happ en w ithin th e gro upi ng above, between pure
prevention and suppression of hazards or betw een sup pression of hazards en fighting
developing hazards.

Accidents are analysed carefully, in order to ide ntify the prim ary causes. In some
modes of transportation systema tic accidcn tinvestigatio n method s have been developed and
accide nt databases are maintained in o rder to feed back th e lessons lcarn ed to ama nd ments
of (inte r) national laws, rul es and regulations. This is a vcry lon g term feedback loop. As
accide ntra tes are low, acc idc ntcauses are of a multitude charactcr and some times primary
causes canno t be establishc d un am bigu ou sly, th e feed back loop is of co urse of grea t valuc,
but not very effective in overall accident prevention .

Inciden ts as pot enri al hazards, are obv iously happeni ng much more freq uently as
compared to accide nts, reflectin g much m ore the m ulti tudc character of potenrial
accidentcauses, T he chai n: inci dent- rccording, - reporting, -evaluatio n, - analysis and 
improvementactions is the refore a powerful instru ment in accident prevention.

Incidentanalysis and resulting improvemen tact ions can be treated in the first instanee
co nfide ntially wi thin a department of th e orga nisation of an transportoperator (e.g .
operations- or maintenance depar tme nt), or within a co rnpany. In anonimous form, these
inci dentrepo rts may be fed back to the engineering and manu factu ring companies of the
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transportsystem, or may be collected in databases and disseminated between nation al and
internatio nal organisatio ns.

T he feed back loop , establishe d thi s way, is user-driven in stead of a govern me nt
driven approach, is sho rt term and broad-based in terms of pot ential accidentcauses. It
how ever requires first of all a partienl ar managem entattitude and - commitment to introduce
an inci de nt-elim ination program and a cultural change of a co mpany o rganisatio n, in o rder
to record and report incidents and to analyse th ese for root causes.

T he next step is to rep ort ano nimously the incident rep orts to rnanu facturing- and
engineering co mpanies. R eporting to national of international organisations is even a step
furth er , However in some branch es, these short term incident feed back loops have only be
parti allly establishcd. The anonimity must be ensured by safeguarding th e admittance for
enquiries into th e dat abase. A very impo rtant aspect is an adequate database stru cture and
an un ambigious definition of the data-elements.

4. Ensuring safety by systems engineering approach

Ensuri ng system-safety levels and co ntinuo usly imp roving safety by reducin g risks, requires
a systems approach.

T his already starts w ith th e transportation system definitio n and -specification for a
system to be desingned. A system is not only to be co nside red as th e final transpor tation
rnean, but also includes its manu facturing system and its futu re maintenance or product
support systern . It also ern braccs th e safety of th e passen gers and co ntairnent o f goods to be
transpo rted and includes its transfer of loads fro m and into othe r means of transportation .
Systemsafety is also to be co nsidered with its relation to th e infrastruc ture it is depending
on, e.g. traffic guidance sytems , harbours or airpo rts. During th e systcm dcfinitionstage, an
initial risk analysis may already be co nduc ted and possibly approvcd , leading to ama ndrnen t
of partic ular spec ifications. During th is phase use might be made of abo ve described
accide nt- and incid ent databases.

In th e design- and eng ineeringphase, at various stages risk- and saferyanalysis and th e
application of proven techniques like: hazard- , Gult trcc- , accident pr evention- , failur e
mod e effect en criticality-, reliability- and maintain ability analyses are required and
co nduc ted and the results co nsidered during de sign revi ews. In some bran ch es,
systemdesign is subj ect to certificatio n as part of a design certifi cation program. Also th e
design and engineering organisation may require a qu ality certification in order to co mply
with qu ality assurance requirem ents which also satisfies quite a number of safety assurance
eleme nts. During thi s ph ase, use might be made of accident- and incide nt databases.

In th e manufaccuringstage inherent systemsafety levels need to be ensured by a
quality assurance program, for those systemaspec ts wh ich are critical to realise inhe rent
systemsafety. T his also may rcquire ce rtificatio n of th e manu fàcturing organisation. In some
branch es, like airc raftindustry, th c resulting products may be subject to typecertification, by
provin g its inherent reliability and safety under (severe) ope raring co nditions and eac h unit
is certi ficd befo re entering serv ice.

In th e operatio ns ph ase, th e ope rational organisation may be ce rtified in orde r to
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ensure ope ratio nal safety and also the individual systemoperators, by certifiying their
capability to opera te a sysrcrn or even a part ien lar systemtype or - m odel. Especially the
abiliry of an individ ual operator being capable to pract ice emergency procedures, in order
to act ade quately during hazardou s situations, need to be ensured by periodic tra ining and
checks.

Also infrastru ctu ral systems, organisatio ns and personne\ to support operations or
ope rators, like traffic co nt ro l and facilities like harbou rs and airports, might be subject to
certifica tio n against qu ality and th erefore inherent safety requirements.

T his also applies to maint en ance organisations, in flue nc ing th e inherent safety of
primary transportation- and its suppo rting systems . It is essential to ensure inherent system
safety by satisfying requircments w ith respect to th e main tcn ance organisation, procedures,
pro cesses, instru cti on s, tooling, facilirics. spa re parts, documentation, personne\ and
training.

M ainten ance plays a vital ro le in ensuring safety, because th e level of (preventive)
maintcn ance arid inherent systemsa fety shows a distant , but essentia l re lation. As

ma intena nce budgets are co nt inuously subject to reduction, is not co nside red a co re-activity
and th erefore gradually co ntrac ted out, spec ial Care is required in ensuring the required
maint enance quality.

AIso shippers and integrators have to comply to rcquiremen ts for co ntainment of
dangerous goods. T hese goods aften wi ll be ro u ted through a trans po rtatio nc hain consisting
of: the manufacturer of the goods, via road to air, or via road or rail to ship, from air via
road to a distributer or consumer, respectivily from ship via rail o r raad, to the distributer
or co nsumer of th e goods. T he complete duin of transportatio n and transfer of dangerous
goods sho uld be monitored by tele rnatics. its safe functioning to be demonstrated, all
incidents to be recorded and its causes need to be traceable .

It rnea ns tha t requirernents and ru les may be app lied to all involved parties in a
transportation system, applicable to all system lifecyd e phases, in order to ensure
systcmsafery requirernen ts. It also shows th at safety and qua lity assura nce are strongly
rclatcd , if th ese requirem ents are applied to process- and orga nisatio nal co nditions.

5 . Assurance systerns

Companies are, depending on th e kind of operation and th e possible effects o n th e public
and soc iety, subject to rcgul ation s for safety , health and env iro nme nt. For ensuring produ ct
quality, co m panies have in trodu ced, for compe titive reason s, qu aliry assurance systems.
These assurance systems are referred to as Qualiry, H ealth , Safety and Env iro nment (QHSE)
systems.

Also Ko renromp [1] draw s atte ntion to the para llel be tween safety and qualiry
assurance. For eac h insura nce syste rn follow ing co mmon characterisrics or development
phases can be distinguishe d:

• identification of devia tio ns in the final product o r service (incidcnts or calamiries) ,
th is co ncerns productinspectio n or service review
• identification of dcvia tio ns in th e processes providing the product or serv ice
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(process- parameter deviations), which have led to systems like statistical process
co ntro l (SPC), thus avo iding incidents or calamities
• identi fication of deviations of o rganisation and procedures co nt rolling the abave
me ntio ned processes, thus avo iding process-p aram eter deviations, to be verified by
regular audits
• tot al assurance man agem ent systems (like Total Quality M anagem ent, TQM),
where responsibiliti es to realise the required QHSE targets, are int egrated in to the
lines of reposibili ty and owne rship is dev elop ed from sho pfloor to managem ent
levels within an organisation .

T hese systems have als0 in cornmon that deviations (including incidents and calamities) are
reco rdcd, rcported, evaluated agaist the standards and requirern ents, analysed for root causes
and improv em ent aetions dcvcloped, impl emcnted. Sub sequ entl y, the effects are evaluated
again.

T his calls for a marc intcgratcd approach for QHSE rcquircm cnts and assurance
systems in organisatio ns. It can be co nsidcred as a user-driven approac h. It also suppo rts
recor din g and analysis of incidents, assigns responsibilities for QHSE aspects to everybo dy
in the organ isatio n, and it covers all system lifecycle ph ases. It also co ntributes to increased
operationaI performance and costreduc tio n, as a result of elimi net io n of disturbances caused
by devia tio ns, inc ide nts and calami ties.

6. Feedback loops

It is relevant to co nsider the establishme nt of sho rt feed back loops within the organisatio n
of operators, maint ainers and infrastru cture pro vid ers by reco rding , repo rting , evaluation,
analysis and implem enting improvcm entactions of inciden ts and deviatio ns, These feed back
loops may be called " intra- user feed back loops" .

T he result s of these intra-us er feed back loop s within co mpanies , may be exc hange d
by meetings within branch organisatio ns of op erat ors, maintain ers and infrastru cture
povid ers. T his may be referr ed to as " inter- user feed back loops" . In this context , databases
for co lleerion and exc hange of incidents may be considered.

In transportation of dan gcrou s goods, shippers and inte grators are requircd to
registrate the identity of these goods and have to record and report incidents and calarm ties
of the co ntainme nt for these goods. For this purpose, use will be made of the developments
in telem atics for tracing goods throughout the transportation-transfer chain. Ca uses of
incid ents and calamitics will therefore becorn e better traceable. T his requires "m utimodal
exc hange of in cidents and calarni tics" within multimodal transportebains of dangerous
goeds. T he dcvelop rnent of a database for incidents and calamities is of imp ortance.

T he next loop is the feed back of incidents and calamities from vario us users to
system manufacturers. This co nce rns mainly th e design of the system, as designed and
assembied by the prime manufacturer , respectively his vendors and subcontracto rs. The
man u6cturer may co nside r all incidents and accide nts and pro vide the users with mandatory
(in case of safety) or optional modification s in orde r to increase the inhe rent safety of the
systern. T his loop is called the "user- rnanufacturer loop " . In aviatio n, also the nation al
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authorities from the country of the ma nufacturer are involved in th is loop as f.1r as safety
aspects of the transportsystems are involved.

The traditional loop is the "long term accident loop" , co mprising of ex tension of
laws and mies issued by governments and regulatory bodies, rcsulting from
recommendations of accident investigation bo ards, so metimes supported by research
organisations. This loop may sometimes be enforced by societal pressure groups or even by
politics and parliaments.

The characteristics of th is valuable and proven loop are the long term of aetions
taken from accident causes to laws and m ies and the relatively limitcd basis of accide nts
which primary causes often cannot be determined unambiguously.
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Figure 1. T he loop mod el.

7. Conclusions

The proven long term safety improvement loop, consisting of enforcing safety and reducin g
risks by laws and mi es, is characterised by its lo ng term, its limited basis of elimination
hazardous events out of a multitude of possible events which ma y lead to accid ents and its
limitations to identify primary causes of accidents.

D ue to growing number of fatalities by single accidents, resulting from higher
capacities, speeds and weight of transportation units, increased exposure of the public in
urbanised areas and therefore a grea ter public atte ntion . ensur ing safety is considered more
and more as a primary co mpany objective of transport operators.
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Experien ce in industry shows, that attentio n for safety improv ement results in
increascd performance and and productivity; it contributcs to econo mie rcsults ,
As inc ide nts as potential hazard on s eve nts, which may have lead to acc ide nts, are happ ening
rnuch more frcq ue nt ly as corn parcd to acci de nts, they reflcct much more th e multitude
cha racter of potenrial acci de ntca uses. The chain: inci de nt- recording, -rcp orting, 
evalua tio n, - analysis and -i mprovem entaction s th erefo re necd to be establis he d. T his
requires management co mmitment and a change in co mpa ny cu lture.

Introdu et ion of suc h a system may be deri ved from, co mbined or integrated wi th
other assura nce systems, like qu aliry- , hcalth- and env iro nmental assura nce systems, thus
reinfo rcing each other.

Introduetion o f incid ent analyses and the rcsulting safety improvements me ans
establishing short term feed back loops, within and through tran sportation com pany
departments, between co mpanies within a branch and between ope rating co mpanies and
the transportation systcm and suppo rting infrastruc ture manufacturers.

In this way, th ese short term loop s may reinforce the tradition al lon g term feed
bac kloop of acc ident ana lysis and resulting arnandme nts of laws and mi es.
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Facts and Figures across the Modes

Jeanne Breen

Executiue Directer, European Transport Safety Council

1. Introduetion

The main airn of th e European Transport Safety C OUIlCil (ET SC) is to iden tify and
promote, from an impartial point of view, effective counterme asures to transpo rt accidents
with du e consideration to practicality, public acceptability and cost. ETSC brings together
27 international and national organisations and a large network of indep endent transport
safety experts from across th e EU in pursuit of this obj ective. The organisatio n was set up
in response to th e in creasing nu mb er of decisions being taken on transport safety as aresuit
of the establishme nt of the Single European Market. The key concern was that inc reasing
mobility as a result of EU Iiberalisation poli ces should not be at th e expense of safety and
th at harmonisation efforts to remove barriers to trade sho uld not lead to low safety
stand ards .

Travel is so much a part of modern life that virtual1y everybody has an opinion about
how to improve its safety, but ETS C's starting point is to approach th e subject in a
systema tic m anner on the basis of the substantial scientific research and expe rience
accumulated over the last 30 years. In the five years since it formed, ETSC has dem onstrated
to poli cymakers that a substanti al international consensus exists am ongst profession al expe rts
abo ut priorities for effective activity to reduce transport deaths and injuries in th e EU .

My purpose in th is presentation is to highlight areas where th e greatest opportunities
lie for reducin g transport accide nt casualties and th eir soc io- eco no mie cost. I wil1 outline
bri efly th e typ e of approach whicb ETSC beli eves offers th e best hope of keeping safety
poli cies focused on th e most important and most promising lines of action . To il1ustrate th is
I wil1 use mainly Eur opean information from ETSC studies carried out during th e last five
years.

2 . Risk of death in transport accidents

C onsiderable effort is being made at internation al level to produce accide nt and casualty
databases, wbich should eventual1y allow more sopbisticated international co mparisons of
risks of death and injury than are possible at present across th e modes, than are possible at
present. ET SC bas mad e rough and ready estim ates of tbe som e of the risks associat ed witb
transport at EU level, to wbich I wil1 refer later, but it is often more useful to look at
nationaI acciden t analysis for certain typ es of comparison.

An ana lysis of accidental deaths in Britain over a ten yea r period indi cates th at
transport is th e leading cause co ntributing 40 per cent of th e total (Evans, 1997).
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Tablc 1. Accidental dcaths Great Ilritain 1982-1992.
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Accident type
Transport
Home
Work
Elsewhere
TOTAL

So uree: Eva ns, 1997

Average deat hs per year
5508
4991

447
2902

134848

Percent
40%
36%

3%
21%

100%

Measured by deaths per 100 million hours of exposure to the activity, passenger travel has
a higher death rare than cithcr occ upational activity or being at home.

Tablc 2. Dcath rare per 100 million hou rs in Gr eat Britain by type of activity,

PASSENGER TRAVEL

EMPLOYMENT

HOME

Sou ree : Evan s, 1997

Type of activity
Bus or coach
Train
Ship
Air
Car
Pedestrian
Pedal cycle
Two whecled motor vehicle

All work
Banking and financ e
Chemical industry
Construction work
All railway work
Extraction of ores

All ages
Under 75 years old
Over 75 years

Dcaths per 100 m hours
0.10
4.80

12.00
15.00
15.00
20.00
60.00

300 .00

0.84
0.17
1.01
4.70
5.50

12.30

2.60
1.30

21.00

In EU countries private car transport accounts for over 80 percent of passenger
kilometres travelled and 45,000 road deaths represent over 90 percent of all transport deaths .
ETSC estimated, in a recent study, that the socio -economie cost of transport accidents
amounted to around 166 billion ecu in 1995 (ETSC, 1997a) .
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T able 3 . Socio-economie costs of transport accidents in the European Un ion in 1995 .

M O D E

R oad

R ail
A ir

Water

Total socio- economie costs
per fatality x million ECU

3.6
2.1
2.7
9.8

Estimated number of
fatalities in 1995
45 ,000
1,300

186
180

Total socio-ec onomie
costs x billion ECU
162.00

2.74
0.50
1.78

Sourcc : ETSC 1997a

R oad acci dents represented 97 per cent of th e total costs of aecidents oeeurring in
all th e transport m odes . Road aeeidents represent th e high est soeietal eost of road transport
estima ted at aro und 162 billion whieh is about twi ee th e EU budget for all of its aet ivity.

Table 4. EU death rates per billion vehicle kms in 1994.
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Sourcc: FERSl, 1996

Table 5. Farality rates per billion vehicle kilornetre in differen t conrinc uts in 1994.
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5

o

Sourcc: FERSI. 1996

USA A ustra1ia EU

Within th c European Union, there is a sevenfold differen ee in th e risk of road death
amo ngst th e best and worst performing M ember States and many eitizens faee mu eh high er
and un famili ar levels of risk when travellin g abroad as part of th eir work or leisur e aetivity
than th ey would at home. Increases in EU traffic resulting from the recovery of national
economies and cross- bo rder Sin gle M arket activity which will sho rtly include new EU
participants, will only exaeerbate th ese problem s for all M ember States. Table 5 shows that
there are also large differences in th e safety of traffie systems in differen t eo ntine nts which
have sim ilar levels of motori sation.
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Many countries have still to reach peak levels of motorisation and the World H ealth
Organisation has forecast that road accidents wi ll be the sixt h largest killer in 2020 and the
third largest cause ofyears oflife lost (W HO, 1996).

T able 6. Change in rank order of road accidents globa lly as a lcading cause of dcath.

Road accidents
Number of deaths (millions)
Rank order of leading causes of death
Rank order of years of life lost

Sourcc: WHO. 1996

3. Most important trans p or t safety problems

1990
1
9th
9th

2020
2.350
6th
3rd

Thc international best practice reviews which ETSC has carried out during the last four
years indicate that despite differences in levels of motorisation, elimate and so on, the sarne
key road safety problems occur in most European countries, differing on ly in extent . The
key problems are as follows:

• Excess and inappropriarc speed is widespread
The lack of compliance with speed limits is widespread across the EU. Surveys in various
Member States show that around (Wo thirds of drivers exceed the speed limit on urban 50
krn/h roads and half exceed the limit on single rural roads (ETSC, 1995a) . In urban and
residential areas, the safety of high risk groups such as pedestrians, older road users and
children is too often given much low er priority than the mobility of vehicle users.

Various Member Staces have demonstrated, with dramatic results, how drivers'
choice of speeds can be influenced by the way in which roads and their surroundings are
engineercd, by imposing and enforcing speed limits and by educating and informing drivers.
For example, recent work in Denmark and Germany shows that between 15 and 80 per
cent reduetions in casua lties are possible through area -wide engineering treatment in
residential areas, The U.K. has also reported recently over 70 per cent savings in casualties

in some localities through use of speed camera equipmcnt, but such activiry does not seem
to be widespread yet in any one Member State.

ETSC estimates that ma naging speed to produce a reduction in average speeds ofjust
5 km/h could prevent over 11,000 deaths and 180,000 injury accidents annually across the
EU.

• Many accidents resu lt from excess alco ho l
Dcspite thc significant reductions experienced by different countrics over the last 10 years,
many accidents still result from drinking and driving.

While less than 5 per cent of drivers drive with excess alcohol, they are responsiblc
for at least 20 per cent of the serious and fatal traffic injuries. In the EU i"i this means sorne
9,000 fatalitic s per year (ETSC, 1995b). A minor reduction in drinking and driving would
make a large contribution to the improvemcnt of road safety.
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M ost EU co unt ries still have a blood alco ho l limit of .80 pro mille in spite of the
accident and beh avioural research that ind icate thi s lim it is far too high. Germany and the
U. K. still require reaso nable cause for suspicion be fore breath-testin g. Denrnark, Ireland and
Ge rma ny do not acce pt th e resul ts of evi de ntiary breath-testin g in th e co urts, altho ugh this
is to change in Ge rma ny sho rtly. All of th is crea tes difficulties for the po lice and leads to
lim ited enforcement activiry, and to dri vers' perception s th at th e risk of detectio n is low. It
is interesting to note that 78 per cent of EU dri vers would support a low EU -wide lim it
.SO pro mille (SARTRE 1993).

• The acci dent risk of yo ung novi ce drivers is too high
R oad acci de nts are th e main causc o f dcath of yo u ng peopl e. M ost of th e 15,000 15-24 ycar
olds killed in EU traffic die in the first year after obtaining a dri vin g licen ce (ETSC 1996d).
It is difficul t to avo id th e conclusio n th at training regim cs have failed th e yo ung driver.
There has been a general tendc ncy to think that training wil! solve th e problem, bu t un til
suc h tim e as a scientific base is establishe d for th e dcvclopmcnt of training and testi ng
co unrerrneas ures , wc sho uld look to dem onstrably effectivo stra tcgies to reduce this tragic

waste o f yo ung life.

• N on- use o f protect ive cq uipment suc h as scat beits and crash helmets
Despite legislation on scat belt use in mos t co unrries usage rates vary co nsiderably. Reported
front scat wearing rates in EU co un tries vary between 20 per cent (Greece) and 92 per cent
(Germany), bu t seve ral co un tries do not monitor usage, and the lower end ofthe range may
be lower still. R ear scat wearing rates across th e EU vary between 9 per cent (Greece) and
80 per cen t (Sweden). Wearing rates in acc ide nts are generally much lower than those
observed from the roadside in normal traffic.

ETSC has estimated thar if the lower wearing rates were brought up to the best rare
w hic h has been achieved in tem ationally at any one time, then aro und 7,000 lives could bc
saved annually in EU co unt ries (ETSC 1996b).

Eighty per ce nt of th e 7000 motorcyclists and moped riders killed ann ually in the
EU sustai n fatal head inj uries. C rash helmet s have th e potential to red uce the incidence of
fatal head inj u ries by 50 per ce nt. T his area is not ye t th e subject o f any E U Directive o n
safety standards.

• Untreated high risk acci de nt sites w here lo w- cost rern edi al m easures co uld be
impleme nred
Low cost road engineering m easures (LC M) can be impleme nted qui ckly, and offer high
ratios of be nefit to cost, for cxa mplc, srn all changes in j u nctio n operation, road lay- o ut,
ligh tin g, signs and markings. T hey can be applied at high risk sing le sites, along a section of
ro ute or over a who le area . T hey are cur rently bei ng implemented widely and
systematically to great effec t in some M ember States, but not suffic iently in others (ETSC,

1996c).

• Insufficient crash pro teetio n provided by ve hicles and infrastructure
Accident ana lysis shows that if all cars were design ed to give crash proteetio n equal to the



best in their c1ass then 50 per cent of fatal and disabling inj ur ies co uld be avoi ded (ET SC ,
1996a).

Over the last few years, th e legislative process at EU level has become mor e sensitive
to safety needs and Directives are set to introduce new front and side impact crash test
procedures in new typ es of cars later this year. These legislativ e standards are world leaders,
however, the pot ential for further improvem ents is very large. For example, a requirem ent
to make fro nt ends of cars safer for pedestrians and pedal cyclists co uld save some up to
27,000 death s and severe injuries annually. A further example is provided by front un derrun
guard proteetio n w hic h if mand atorily fitted to all heavy co mme rcial vehicles, co uld save
over 1000 lives every year.

At the same time, market forces stimulated by objective , co nsume r informa tion are
leadin g to mu ch faseer improvernents in crash protection. The devc\opment of EuroNCAP,
the new car crash test programme for consume r inform ation, is a major and exci ting step
forward in Euro pe, altho ugh N CAP programmes have been in existence in the United
Statcs and Australia for severa l years.

T he design and siting of street furniture also has a key role to play in reducing injury
in the eve nt of a roadside collision.
ETSC believes that significant reduc tio ns in death s and serio us injuries are dependent on
the extent to w hich these six problems, in particular, are adequately addressed. Our surveys
over the last five years have found that many appropriate solutio ns exist bu t still too few are
being implem ented , eve n whe n mcasures are highly cost-effective and pu blicly acceptable.
So how can the gap be tween w hat is kn ow n to work and what is actually practised be
narrowed?
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4. Transport safety strategies with numerical targets

There is increasing recogni tion , at least amongst safety professionals, that the traffic system
has to adapt to the needs, mistakes and vulne rabilities of users rathe r than depending upon
the ind ividual to get it right. T hirty years of research and experience have shown the
limi tatio ns of over- reliance on the latter approach and have pointed to the need for a range
of strategies to address the safety of the who le traffic system. Such strategies include:

T able 7. Stratcgie s to addrcss traffic systcIll safety.

• Establishing data systems
• ldentifying accident and casualty problems
• Establishing numerical targe ts
• Managing exposure to risk
by starring to make the safest modes the most attractive to the travelIer
by land use planning

• Prevenring accidents
by modifying user behaviour th rou gh : -i nterventions for all users 111 the form of
atti tude forma tio n, educa tion, training and enfo rce me nt;



40 Plenarv Kcynotcs

-rnodification of the layout and appearance of roads to influence behaviour for th e
benefit of all users
-rnodificarion of the vehicle to assist drivers in adopting safer behaviour
- modification of the vehicle and infrastructure to reduce the risk of engineering
failure or user error
• Reducing injury by improving th e design of vehicles in terms both of occupant
proteetion and their propensity to injure the more vulnerable road users th ey strike ,
and by adapting the roads and the roadsides so that collisions with roadside ob stacles
are less like ly and less injurious.
• Reducing the consequences of injury by the development and implementation of
improved trauma care systems.

• Research and monitori ng

ETSC .1997b

Since th e late 1980s, several countries in Europe, thc United States and Au stralia have
reco gni sed that strategie safety plans with numerical targets are a useful tooi to increase th e
politi cal priori ty and resource give n to casualry reduction . Targets lead to better
programmes and to better use o f scarce public funds becau se they bring abo ut th e ranking
o f m easures according to casua lry reduction value and provid e a focus for th e efforts of all
age nc ies invol ved in casua lry reduction. It is unlikely to be a co inc ide nce th at th e five EU
co untries with th e lowest fatal casualry rates have all had target ed programmes since th e
1980s, some since th e 1970s w he reas those with th e high est rates have not.

This data-l ed , whole-system approach is bein g uscd inc reasing ly in road transport
and is equally applicable to the transport modes. At internation al level, ET SC has pro posed
th at th e European Union sets numerical targets to pro vid e th e focus for all its actio n
programmes.

Table 8. ETSC's suggestio n for target levels of safety for cach of the modes.

RüAD:

SEA:

AIR:

Ta reduce annual deaths from 45,000 to at least 25,000 by the year
2010 (ET SC,1997b)

Achieve au annual average of no more than 140 deaths in Euro pea n
w aters bet we en now and th e year 20 10 (ET SC, 1997 c).

Achi eve au annual average of na more 150 death s acro ss th e EU by
th e yea r 2010.

R oad traffic and casualry trends indicate that a target of reducing annual dea ths fro m th e
curre nt level of 45,000 to 25,000 by th e yea r 2010 would be challenging but achievable.

ETSC bel ieves that a reaso nable target for both air and sea travel is to main tain the
current level of safety. Expresscd numerically that means no more th an an an nual ave ragc
of 140 maritime death s at sea and 150 aviation deaths across th e EU by th e yea r 2010.
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Substantial increases in traffic are forecast across the modes for the next twenty years
bringing increased exposure to risk of accident and injury. New action is nceded to address
the key safety problems in all transport modes at national and international level to achieve
safe mobility in th e case of wad transport and to maintain current level s of safety for all
other modes .
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Safety Board Methodology

James P. Kahan

RAND Europc, Landbergstraat 6, 2628 CE Deift, 'ïï« N ethetlands

Abstract. T ransport arion safety boards are bodi cs chargc d with investigatin g
transport ation accidents and iucidents and makin g recommend ations to imp rove
transportation safety. The mcth ods of safety boards can bc character ised by five
pro cesses: initi ation , fact-finding. safety deficieucy identifi cation , recommendation , and
feedba ck . Traciu g th e histo ry of safety boards rcvcals au cvo lution of their
developmcnt , where spec ific stages can be idcntificd which: give the board an
independent status to assurc the objectivity of its fi ndings, change the focus of the
baard's iuv csrigario us from findin g fault ( 0 dct crmining eausarion. cx tc nd thc remit of

board s from m od alit y- specific to multi-mod ality, separate safety deficien cy
idcntification as aspec ific process and major boa rd objcc tivc, and look to safety stud ies
of multiple cve nts instead of investigations of single cvc nts as the major souree of
recommendations. A ncw stage in this evo lution appears to be emerging, as sorne safety
boards are expandi ng their rolcs to assume responsibility for cornmun ication wi th the
public (media, victim gro ups) as co-ordinators of informat ion and guarantors of due
atten tion to pu blic necds.

1. Introd ueti on

The tran sportation of persons and goods is an inherently risky bu siness; fortunately, it
becomes less risky as tim e progresses. Accidents have and will co ntinue to occ ur. When
accidents occ ur, there is a swe ll of a need to know what happ ened, This need can be
motivated by many factors, including wanring to identify and co rrect the causes of
accidents, deter and punish behaviour that contributes to accidcnts, or provide closure to a
painful event. Over the years, boards of experts have taken on thc task of studying accidcnts
and - later - near-accidents or ot her events tin t could lead to accidents , Such boards have
variously been called accident investigation boards, oversight boards, or - more recently and
as is terrned here - safety boards. To assist the Dureli govcrnmc nt [11 in considering the
informational ne eds and organisational design of a potential mu lti-medal national safety
board (called the TOR from th e acronym of its Dutch name Transportongcvallcnraad),
RAND Europe, rogether with Faculty of Systems Engin eerin g, Poli cy An alysis and
Management of the Delft University of Technology examined the developmcnt of
transportation safety and looked in detail at prescnt-day Dutch and e the r national safety
boards.

From om analysis eme rged a gencric safety board model , or template of the working
proccsses of a board , by which all of the bo ards we examined can be characterized [2,3].
This model identifi es and links five processes: init iation, fact- finding, safety deficiency
identifi cation , recommendation, and feedback . When wc appli cd th is template to the
development of safety boards, a pattem eme rged, as boards grew from arrns of the



2 . Five processes

govern ment charged with identifying th e parties responsible for (typically aviation)
accidents to independent entities charged with the missions of assuring and improving the
safety of transportation and com municating suc h assurance to th e public.
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The five processes of a safety board move th e board from th e decision to undertake an
investigatio n of one or m or e accide nts or incidents (nea r-accide nts), through th c
fonn ulation of recommendations to prevent or mitigate fut ure acc ide nts, to assessing th e
effec ts of th ose recommendations. Accompan ying th ese aetio ns are o ng oing
co mm unications with the involved parties . N ot all boards cxercisc all five of the processes;
as wc shall see bclow, part of th e evolu tion of boards is to co nsiste ntly and explicitly employ
all five .

T he initiatio n process is th e mechanism used by a board to decide w hen to take
action. A board obtains information abo ut spec ific transpor tation accide nts and incide nts, as

we ll summary statistical information on transportation conditions and events, th e results of
research relevant to transp ortation safety, and information about public concerns about
~afety. For spec ific eve nts, boards set guide lines to help to de te rmi ne w hich eve nts merit an
Intensive investigatio n. In the case of aviation accide nts and inc ide nts, the Int ernatio nal
Civil Aviation Organization (lCAO ) guide lines are a world standard; simi larly, th e
Int ernation al Maritime Organi zati on (lMO) has supplied guide lines for marit irne
inves tigatio ns. By co ntrast, th ere are no uniform int ernational standards for investigat ing
road, rail, o r pipeline transportation acc ide nts. When th ere is a series of similar eve nts or a
belief that th ere may be a gene ral threat to transportation safety, a board may dec ide to
cond uct a (proactive or retrospectivc) safety study of that series or threat, To date, only the
United States N ation al T ranspo rtatio n Safety Board (NTSB) and th e Ca nadian T SB have
systematic programmes of safety studi es.

. T he fact-fi nding process is th e tradition ally thought-o f task of safety boa rds. Exp ert
\I1vestigators assembie all the relevant data bea ring o n an eve nt or events, in order to
reconstruct th e an tecedents of accide nts or inci de nts. The fàct- findi ng is co mprehe nsive in
that expe rtise rangin g from m etallurgy to hurnan facto rs are brou ght into play - no stone is
left unturned (at least statistically if not literally) in a major investigation . Faet-finding
Investigations may be categorised int o one of threc main types:

• A rcactÎlJc cvent investigatiou of an accide nt or inc ide nt. T his is the more trad itio nal
task of accide nt inves tiga tion boards, and still co nsti tu tes th e major propo rtio n of
cffort of most boards. Eve nt investigations, first in shipping and later in aviatio n ,
were th e starting point o f virtually all cur rent multi-mod al safety boards.
• A rctrospea ive seifcty stud» to at te rnpt to determine th e co mmon factors in a series of
events. T his can be an investigatio n of a set of individual eve nts, a sratistica lly-based
study, or some co mbinatio n of the two . R etrospective safety stud ies have been used
to idcntify flaws in man-machine systems , technical defects in mach inery, un safe sites
and risky carriers. O n a more positive 110te, retr ospective safety studies have
established the worth of safety improvem ent devices and policies.
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• A proactive safetystudv, in which a board plans a research study that includes primary
data collection of events as they occur. Such a study may feature the collection of
data not ordinarilv obtained in an event, or an intensive scrutiny of a sampling of
numerous (e.g. road accident) events, where that sample is based on prcdetermined
characteristics of the situation that might be systemically related. For example,
proactive safety studies have examined the role of driver fatigue in road and rail
accidents. While there have been relatively fcw proactive safety studies to date, there
is an increasing tendency to consider them.

The safety deficiency identification process takes the faets at hand - be they from single
events or from safety studies - and determines systemic threats to transport safety. This
process - only recently rccognised in the safety lirerature as separate from fact-finding - is
still as much of an art as a science, employing a variety of methods ranging from modern
scientific tools such as pattern recognition, multivariatc regression, or modelling to

qualitative drawing on thc expericncc and judgcmcnt of experts in thc field [41. The current
frontier of knowledge in safety science is the developmcnt of improved safety deficiency
identification methods and techniques. Central in th is development is the "borrowing" of
investigative methods from one transportation mode (e.g. air) by another (e.g. rail) .

The recomrnendation process formulates effeetive steps to prevent the occurrcnce
or mitigate the harms of accidents. While the need to implement some recommendations
follows directly from the facts of an accident (e.g. make sure that the batch doors of a DC
IO or a ferry boat calmot open onee underway), others - especial1y those whieh impose
large economie costs or might discriminare against sorne carriers - might not readily be
accepted even though they would increase safety 15]. Thercforc, many boards carcfully
frame thcir recommendations 50 that thcy are economically and politically acceptable. The
recommendation process can - depending on the relationship of the board to the other
stakeholders - includc eonsiderations of how the proposed aetions might best be
implcmented.

The feedback process maintains contact between the work of the board and the
external public world, including government, carriers, site operators, passengers and freight
owners, accident victims and their families, and the general public. The most expansive
feedback process is the one maintained by thc United Stares NTSB, whieh consists a
systematic monitoring of all of its rccommendations, both in terms of the actions taken in
response to the recommendations and the cffects of these aetions on transportation safety.
Other parts of a feedback process can be in the form of an outroach program of publie
awareness, not only of the work of the board but of progress in transportation safety. The
Canadian TSB publishes quarterly magazines for aviation, rail, water, and pipcline
transportation to inerease public awareness of its work. Again, the u.s. NTSB is fameus is
its ongoing list of the "dirty dozen" threats to transportation safety which would be
arneliorated we re its recommendations implemenred. The feedback process often leads to
ncw information for the board which can generare further safety studies. Because of the
central role of safety boards in supervising the information gathering after an accident, thcre
is a movement towards giving such boards thc role of central information souree
immediately after an accident - in partienlar co-ordinating assistance for victims and
information and carc provision for families of victims 16].



Figure 1 displays a schema tic of th e five pro cesses as th ey are performed in a
co ntemporary safety board. Befere a board co mes into act io n . it is inform ed by differen t
sources in th e outside world , including acc idc nts and incidents reported to it, statistica]
repo rti ng of acc ide nts and other safery- related data, safety and othe r research, and public
opinion. Each of these in puts plays a potenrial ro le in the ini tianon pro cess of th e board .
Altho ugh th e m od el is presented as a logi caI flow from initi ation through feedback , th e real
world is not so linear. A fact- finding investigation can lead to a perceived possible need for
the study of more eve nts, w hich necess ita tes a return to th e initia tio n process. In looking
for systemic safety deficien cies or effective recommendation s, kn owledge gaps in the facts
at hand may be detected , leading to fiirth er work within th e face- finding process. The
feedback process, especially as it involves commun icati ng wi th th e different stake ho lders ,
can occur in parallel with all o f thc other processes.
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3. The evolution of safety boards

Viewing the history of safety board s in th e light of th is five- process mod el reveals an
evo lutio n of safety board s. The original accide nt inv estigation boards w ere modaliry
specific (first mari time, the n aviatio n) quasi-j udicia] arms o f th e transporratio n ministry or
correspondi ng governmenta l age ncy charged wi th conducti ng investigations to de te rmi ne
respon sibility for acc ide nts. In terrus of Figure 1, th ey only initiared inves tigatio ns after an
accident and reporte d th e result s of th eir fact-fi ndi ng . T he re was no safety de ficiency
analysis, fcw rccommcn dation s for safety improvem ent, and littl e public visibility. A
Contelllpo rary safety board is an independe n t, often multi-medal organisatio n cha rged with
maintaining pub lic co nfide nce in transportarion safety throug h thc intro due tio n and
promulgat io n of em pirically- based rccommendatio ns tha t address syste rnic deficien cies in
transpo rtatio n safety. Betw een th ese two co ntrasting pictures of a safety board , w e have
observcd boards at different stages on thi s evolu tio nary path , respo nding to the needs of the
times and the cx pc rienccs of th eir pred ecessors.

Independenee. M ost transportation safety boards began as anns of th e govern me nt (or
possibly as agents of th e transportation industry), charge d with determining responsibili ty
for acc ide nts. T his was rapidl y realised to be probl ernatic whe n th e bo ard's "ow ner" was
one of the responsib le partics . That is, non independ en ce int roduced an inhe rent potential
conflict of interest th at all too o ften was rea lised. The response was to give th e board an
inde pe nde nt status in orde r to assure th e objectivity of its findings. In othe r w ords, board s
Were separated from th eir parent min istr ies or owne rs so that th ey co uld inves tigate w ith
eq ual impartiality any acto r co nt rib uting to an accide nt. While govern ments have from time
to time painfully feit th e co nseque nces o f thi s independen ce , its necessity is almos t
universally recognised.

While all boards have some form o f independen ce, thi s can differ from country to
co untry. T he U .S. NTSB and Ca nadian TSB find th eir independen ee in their legislative
manda te; th ey do no t answer to any m in istry or de pa rtmen t. but directl y to
Congress/ I'a rliament (with adrninistrativc oversight but no co ntro l from th e executive
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branch of government). The Finnish board is supervised by the Ministry ofJustice; in this
way it is free from the influence of the Ministry of Transportation. Other multi-modal
boards find their freedom in the legislation establishing the board; still others, although
nominally responsible to a Ministry of Transportation, have a tradition sufficiently well
established so that effective independenee is maintained.

No [ault, The next step in the evolutionary path comes from the recognition that an
investigation into responsibility for an accident will produce evasive behaviour on the part
ofactors who believe that they might (rightly or wrongly) be found at fault. Ifa board wants
to find out how an accident occurred, it needs to abandon the goal punishing the actors
contributing to its occurrence. That is, if the objective of the investigation is to fully
understand what happened, then there must be some form of "protection" that will allow
parties to contribute knowledge to that understanding even if that knowledge is sclf
damaging. The move away from finding fault is sometimes accomplished by legislation
assuring that information obtained by the board cannot be used as evidence in a fault
finding proceeding. Full recognition of the need of a safety board to avoid fault-finding was
perhaps first signalled by the fonnalmission statement of ICAO [7] ro determine the most
probable cause of an accident. To this date, most but not all safety boards have fully moved
away from fault-finding and the sanctioning of guilty parties; there remain brroups who
believe that the investigative power of safety boards should be used to resolve issues of
punishment and restitution for losses, as weil as providing a deterrent force against unsafe
behaviours. However, almost all boards inaugurated in the past fifty years have had some
form of ability to protect infonnation sourees from self-incrimination.

Multi-modatitv. An important stage in the evolutionary path is the establishment of a
transportation safety board whose remit is across modes of transport. Presently, independent
multi-modal boards exist in the United States, Canada, Ncw Zealand, Sweden, Finland, and
Russia; the Netherlands is likely to inaugurate its board soon. Most of these multi-modal
boards can trace their heritage to aviation safety boards, with other modalities added in at
this stage. The Dutch TOR - which will combine previously separate single-mode boards
to create the multi-modal board - is unique. Interestingly, although there were maritime
and inland waterway boards before the invention of the aeroplane, these boards did not
form the basis of either aviation accident investigation boards or multi-medal boards. The
move to muiti-modality was typically triggered by the recognition that the improvements
in aviation safety needed to be extended to other modalities, not by any notion of
economies of scale of investigating different modalities. More recently, there is overt
recognition of the additional benefit of cross-modality and common-modality
conceptualisations of accident prevention. Multi-modal boards do not necessarily cover all
modes of transportation and are not limited to transportation. For example, the Canadian
TSB and Finnish boards do not investigate road accidents; the Swedish board has the power
to do so, but has not yet conducted a road accident investigation. The U.S. and Canadian
boards investigate pipeline accidents, but the Dutch TOR - as presently structured - will
not. The Swedish board also investigates major accidents at certain fixed sites (primarily
dealing with infrastructure) as weil as transportation.
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Figure 1. Processes in a contcmporary Transportation Safety Board,

A systemic perspective. This evo lutio nary step is a cruc ial co ncc ptual change of focus
from identifYing the mo st probable cause of an accident to identifying systemi c safety
deficiencies. T hat is, the purposc of an inv estigation is changc d, so that th e orientatio n of
facr find ing is towards finding factors that might produce future accide nts rath er than
detecting the cause of the accide nt under inv cstigation. While all transportation accide nt
inv estigation boards look for systemic safety deficiencies, the realisation that the focus must



48 Plenary Keynotes

be expli cit and is different from a focus on most probable cause leads to a better abiliry to
mak e recommendations that will improve safety. In the investigation of many - perh aps
most - accidents, thi s has little effect on the fact- finding process, but has pot entially majo r
implications on choice of which facts to pursue. As soon as it is determined that certain
causal ante eedcuts of an accident are not systemic, but rather un controllable. int erest in
dccper analysis of those anrecedents diminishes. ln stead, a broader investigative net is cast,
and systemic pot enri al causes are exarnined in depth. M ost probable cause is replaccd by
must controllable cause. This stage has not yet been universally adopted, eve n by multi
modal boards. The United States NTSB, principally through the work of the O ffice of
Safety R ecommendations, has lon g impli citly aim ed at the idenrification of systemic safety
deficiencies. This office performs its own work sim ultaneously with and parallel to the fact
finding departments of the NTSB. The systemic oricntation is explicitly stared only in the
Canadian TSB and in the forthcoming Dutch TOR.

Safety studies. This transition may be said to represent thc change from an accident
investigation bo ard to a tru e safety bo ard. It fol!ows as a logical consequencc of the change
in orientation from probable cause to systemic, controllable cause . If the obj ective is to
investigate accidents and incidents in orde r to find systern ic causes, then there is a need to
exarnine multiple eve nts to determine that the causes are indeed systemic. The U .S. N T SB
has implicitly recognised th is need; visitors to their headquarters can see a sign on a wall,
"Accident investigations are reactive . Safety studies are pro activc. " Thc Ca nadian TS B lus
more expli citly stared [8]: " In its first five years of ope ration, the Board carrie d ou t eno ugh
studies and other analyses of significant safety issues to detcrmine that a larger po rtion of its
efforts sho uld be devot ed to th e identifi cation of safety deficien cies through the aria lysis of
other than single events" .

There are tw o ways in whi ch the safety study stage is achieved. T he first is the
examinatio n of mul tipl e eve nts to determine recurring causes. T he seco ud - and more
radical - step is the proactiv e search fo r accidc nts and incidents w ith hypotheses in mind.
Thus, th e U.S. NTS13 has "go teams" of inv estigators ready to exarnine in detail accide nts
with preselected characreristics; these accidents might not bc exarn ine d in detail exce pt for
the sampling fram e created for thc safety study, Sim ilarly, the Ca nadian TS B has come to
realise that their grea test impact is through recornmendations result ing from safety studies.

4. Future developments

SoIidifyillg recent progress. The cvolutionary path of safety boards is not inevitable, but it does
seem to be a good prognosis of the futu re. Each step in th e evo lu tio n represents a potenrial
improvem ent in transportation safety, as the indepe nde ncc, availabiliry of information, and
scope of invc stigarion are broadened while th e focus of the investigation is narrowed to
systcmic safety deficien cies whi ch l1Iay be co ntro l!ed. Howcver, each step in thc
evolutionary path represent s a break from established tradition . and there are always thosc
w ho perceive threats to th eir "rice bowl" (to put it negatively) or pro ven effective work
processes (to put it positively). This is perh aps parti cularly tru c for agencies wit h good



records; it is not unreasonable to believe that having to change one's methods to correspond
with ethers' w hose records are less- well proven wi ll weaken the field. After all, "if it ain't
broke, dou 't fix it ."

However, the investigation and improvement of transportation safety, while not
broken, can be improved; nobody serio usly quarreIs with th is po int. The evolutionary path,
Iike its analogical parent evolution by natural selection. does not represent a deliberate
attempt to modify accident investigation, but is instead an adaptation that makes the field
better able to make recornmendations that will make a difference. An understanding of the
evolutionary path from accident investigation board to safety board should alleviate the fears
of the doubters. Thus, the need for independenee is fully accepted and the need to get away
from (lult finding is largely accepted, even though ministries occasionally have trouble with
the formcr and prosecutorial agenc ies (e.g. th e U .S. Environmental Proteetion Agency, the
Duteli Maritime Safety Board) or plaintiffs' lawyers have occasional problems with the
Ïatter. It is the last three steps thar are less farniliar and therefore less comfortable, and it is
these that we will briefly disc uss.

Where there are not yet multi-modal boards, the modal cornmunities (e.g. aviation,
maritime) are mistrustful, bccause they fear a dilution of their irnportance, a diminution of
their resources, and a dominatien by people not familiar with their way of work. However,
these fears have not been realised in current mu lti-medal boards . Indeed , the merging of
nlOdalities has led to the establishment of better-funded technical facilities, including
metallurgical laboratories and computer simulation software. Single-mode expertise
continues to be supported, and can draw on these extra resources when needed.

The refocus from probable cause to safety deficiency identification is an idea whose
time is here. Although the formal steps have not been taken - for exarnple, ICAO still
nominally requires an investigation to determine the most probable causc - the
transportation safety lirerature incrcasingly reflects awareness of the need to focus on
preventing tornorrow's accident instead of determining the cause of yesterday's.
Contemporary accident investigation reports include a streng component of safety
deficiency identification, even if it is imp licit instead of explicit. What is needed is an
~xplicit change of mission, ratificd by the appropriatc modifications to national and
1I1ternational guidelines.

Prospective safety studies are a relatively novel concept for many accident
investigation bodies. Such studies appear on the surface to be primarily suitable for road
transportation, where there are many small accidents as opposed to a few large ones.
Because accidents in other modalities are (fortunately) rare, it is not feasible to plan in
advance to study them.

But proactive lessons can be learned if phenomena other than accidcnts are used to
form the basis of rhe sampling frame. In aviation, for example, [CAO guidelines require
some invcstigation of virtually all aviation events; these events could be the basis of a
prospective investigation.
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77/c next cvolutionarv step. It is interesting to conjecture that the next step in the
evolution of safety boards will be towards the role of public safety assuror, Safety boards
already function as central gatherers of information, and it is a short step to transferm them
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into central information disseminators as weil. As mentioned above , the U .S. study
fol1owing the TWA 800 disaster strongly urged the U .S. NTSB to take on a role as a
clearinghouse for informing the public and victims' relatives following a disaster. as weil as
seeing that the appropriare arneliorative steps are taken to reduce the tragic consequences
of any accident. It is not difficult to see safety boards as transportation ombudsmen , the
principal advocate for the safety of transportation and the appropriare care of victims of
accidents. As with the previous evolutionary steps , there will be opponents to this change,
but if th is new role for safety boards fills a public need, it will most likely evolve into being.
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I arn pleased to be here and participate in a congress on transportation safety. Interest in the
subject is obviously high wh en so many individuals have corne here from all over Europe
and overseas . I be lieve that wc are particularly fortunate in having the continuity that comes
from returning to Delft where so much important safety information was exchanged at the
First Congress in 1992.

It is well known that Canada has a particular geography - 10 million krns? - with a
widely distributed population of 30 mi llion people who expect and desire a very extended
but safe transportation systern . For more than 100 years transportation has defined Canada.
Those expectations and concerns led to the Canadian Transportation Accident Investigation
and Safety Board which began operations in 1990. It is commonly known by its shorter
applied title, the Transportation Safety Board of Canada or simply the Transportation Safety
Board.

The TSB was not the result of a sudden insp iration. Canada first recognized the need
for some kind of transportation accident investigation agency weil over twenty years ago.
However, public acceptance of the idea came slowly. Acceptance of the notion developed
first in aviation where the public dernand for information following major accidents is
generally most vigorously stated.

In the time between the general recognition tint a transportation accident
investigation agency was needed and the time when specific proposals were put forward to
Parliament, there was a great deal of discussion and study, Many issues were considered and
it quickly became apparent that there was no clearly superior concept and that many
1I1terests would have to be considered and balanced. Among the questions that we
considered were: Should the agency be court-like? Should it have the authority to order
changes? Should there be privilege attached to some of the information that it would
obtain? Wint modes of transportation would its mandate cover? Should it be independent,
and so on. Over time three factors came to dominate Canadian thinking. First, that the
body should be as independent as possib le. Second, that it should be structured to gather
information quickly so that safety problems could be addressed and risks to the public could
be identified in the shortest possible time. Third that the mandate should extend beyond
individual accidents where that would help identify systemic safety problems.

The first Parliamentary initiativc was when a rncmbcr of Parhament introduced the
concept of a transportation accident investigation authority separate from the regulator.
Then there was a proposal for a Commissioncr ofTransport Accident Investigation but that
didn't become law. A short time later, in 1978, there was a major aircraft accident in
Western Canada that raised public concerns about both the safety of air travel in Canada and
the objectivity of the govcrnmcnt's accident investigation practices. A formal commission
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of inquiry was establishcd to look at air transportation and accident investigation. Many of
the issues th at had been under conside ratio n for seve ral yea rs we re exa mine d publicly by
th e Commissio n.

The Commissio ne r recommended th e creation of an indep endent safety board to

investigate aviation accidents and incidents . It proposed th c provision of privil ege to certain
types of information to encourage people to com c forward quickly, freely and without fear
of any form of pen alty. It accepted th e notion of idcntifying safety defi cicncies which would
tend to be systcmic and which necd not relare to cause. The Ca nadian Aviation Safety

Board came into bein g in 1984 and began its work to th e satisfactio n of Ca nadians.
N ot long after th e government, in which I was a Minister , decided to apply th e

principles of th e Ca nadian Aviation Safety Board to othe r modes of tran sportation. T he
intent was to have a measur ed and ratiorial analysis to produce legislation for a new

tran sportation safety board with a wider mandate. The investigation principles of th c
aviation safety bo ard were bclieved to be sound. However, plans for a calm debate were
swe pt aside by co ntroversy. A D C-S registered in th e United Stares, which was bri nging

248 peacekeep ers home from th e middle east for C hristmas 1985 crashe d on take-off after
a stop for fuel at Gander, N ewfoundland. The investigation began normally and th e Board
held a short public inquiry. All was proceeding as expec ted when disagre em ent develop ed
among the Bo ard Members. There were ten members and o ne fàction became dissatisfied
with the leadership of the Chairman and began to distrust the staff. What followed was a
power struggle within the Board that spilled over into public view. Seeds of doubt we re
sown to discredit th e C hairma n and investigators. Arguments that co uld have taken place
rationally within th e Board we re exposed to th e medi a who took full advantage of th e
opportunity to expose th e allegations of sloppiness, dishon esty, co ver- up, co nspiracy and
anything e1se that seem ed of interest to Ca nadians.

In th e midst of all this I was appointed as Minister of Transport. I remomber that it
was a difficult tim e. Public confidence in th e safety of th e transportation was bein g ero de d
by th e endless strea m of allegations. There was a need to verify that th e principles in the
Aviation Safety Board legislation were still appli cable to a multi-mod al transportation safety
bo ard. There was a need for rational debate in an emotionally charged clim ate. With a grea t
deal of co ncentratio n and very littl e tim e we confirm ed that th e principles for investigation
we re so und. We found tint the Bo ard of ten members was too large. We found that th e
Chairman needed more aut hority to direct thc work of the agency without compromising
the independence of the Board Members in their making of findinb'S and recommendations.

I gave a great deal of my attentio n to the devclopment of the legislation . It dealt w ith
creatio n of a sma ll agency to investigate transportation accidents and incidents, but it had
the potential to disrupt mu ch of th e co mmercial and political activity o f th e co untry unl ess
we got it right. We saw that with th e DC-8 accident at Gander, N ewfoundland, which I
have just describ ed . T he "Gander" debate was laid at the feet of the govern me nt ministers
respo nsible and cons umed co nsiderable time in Parliamcnt It produced no uscful o utco me
and caused an unwarranted loss of public confiden ce in the safety of th e nation al
transportation system. The new Iegislation passed Parliarncnt and th e TSB began its j ob of
investigatin g transportation accidents and incidcnts and it gave the public reaso n to resto re
its faith in the tran sportation accident investigation process. I moved on to be th e Minister



for other Departments and eventually chose to leavc active poli tics. A short time later I was
asked to go to Paris for three years as the Canadian Ambassador to France. The new
legislation had been in place for six years by the time I returned to Canada. I had mixed
feelings of surprise and pleasure when I was asked if I would become Chairman of the
Transportation Safety Board as soon as I returncd to Canada. I was also pleased that I had
taken so much care in the formulation of the principles that would be put into the
legislation of the Board.

With the experience of almest eight years of operatien we are pleased with the
Board and its work. There are some amendments to the Boord's legislation bcforc our
Parliament right now, but they are minor and are to respond to some government
initiatives, to tidy up some adrninistrative matters, and to enhance operaring practices and

independence. Nevertheless, the time has co me to bring some careful!y thought thraugh
change to the Board's operating sryle.

The Board has steadily carned its reputation with Canadians and the time has co me
to make it better known. First, because the findings and recommendations of the Board wil!

be more quickly accepted and have more credibility if the agency is better understood.
Second, because Canada has made major changes to its transportation system in the past few
years, These changes bring new opportunities of commercial development but they also

bring new management and financing arrangements and possibly new areas of risk. As an
idea of the magnitude of the changes. Air Canada, which is the natien's largest air carrier
has been sold by the government to private ownership. The Canadian National Railway,
the natien's largest railway has moved from government to private ownership. Most of the
country's airports have passed from the Department of Transport to local operating
authorities. All the air navigation aids and the operatien of the air traffic control system have
been sold to a non-government and not-for-profit corporatien. Ports and harbours are
being passed to local opcration. The degree of economie rcgulation has been significantly
reduced. The point is that there have been many profound changes to the system. They
were looked at by the government and assessed for safety before the changes were made.
In the work of the TSl3 we have not seen anything inherently unsafe in the new
arrangements. Howcver, if there are major accidents the new arrangements will be
questioned by the public and by weil organized interest groups. The TS13 will be cxpccted
to conduct a quick and objective analysis of such accidents. It will necd the full support of
the public to have its recommendations accepted. It will need to be somewhat better
known and understood to be sure of such support.

I have referred to the TS13 as a multi-modal accident investigation and safety
organization. But while we consider all modes of transport of equal importance, over half
of our investigations are in the air mode. We also have the mandate for mantime
investigations. Finally, we investigate railway accidents and incidents, and we investigate oil
and gas pipeline accident investigations. In North Anierica. the United States and Canada
borh consider the movement of oil and gas as a form of transportation. There is one other
obvious form of transportarion that I have not mentioncd, which is raad transport. That is
the mode in which over 90% of transportation fatalities occur. In the Canadian fcderation,
most road transport is within the jurisdiction of the pravinces and most of what is not
within their jurisdiction has been delegared to them. The question of federal investigation
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of at least some road accidents is often debated, but Jike other issues involving our
constitution, it is not Jikely to be changed significantly in the near future.

Now, I would like to touch sJightly on some technology issues. The transportation
industry is evolving rapidly and investigators need to be able to analyse the latest applications
of technology. New materials are being introduced and there is limited inforrnation about
the life span, aging characteristics and failure modes of some of these materiais. Computer
hardware and software is being used more extensively in all modes of transport. Many new
aircraft have no mechanical conneetion between the pilot and the control surfaces.
Computer signals move the controls and much remains to be learned about how such
systems fail and how the failures can be analysed . While many of these systems are complex
and difficult to analyse, there is also a bright side. First, these new systems and matcrials tend
to be more reliable than their predecessors. Second, much of the new technology is
available to investigators. Such things as laser theodolites, infra -red photography, and data
recorders are regularly used tools of investigators . In Canada, we have do ne some
pioneering work in the analysis of flight data recorder information. We can analyse
information by computer in a few days when just a few years ago the sarne process would
have taken months. Now, that information can be transfonned into animations that make
the analysis much easier to understand. While we did the original work on the computer
analysis of the recorders we now work on a cooperative basis with several countries to
determine new requirements. Wc share the analytica! software and we share the costs. We
believe that recorder analysis is important for all modes of transport. We have developed a
draft statement of requirements that lists the features to be recorded to give a similar level
of confidence in the data, regardless of mode. Wc have done that from our own perspective
and recognize that the same philosophy needs to be applied to road transport to make the
package complete. We have starred consultation on the paper and hope to have something
to propose to the regulatory authorities in the coming months.

For Canada, the most privileged mechanism to share information with other
countries is the International Transportation Safety Association or ITSA. The accident
investigation agencies of several nations belong to the organization to promote the free
sharing of safety information. It is one of the pJaces where we can take test our ideas and
compare our initiatives. We all believe in the importance of independenee and objectivity.
This congress is proceeding in the spirit of IT SA and all of us who are memhers hope that
other nations who want to advancc independent, objcctive transportation accident
investigation will consider membership in the ITSA.

To conclude, safety in transportation remains, as I said at the beginning, one of the
most sensitive issue for the Canadian population. We know in our country that we will
travel frequently and for long periods. Therefore, safety remains unconditional and that
explains why Canadians are so dernanding for safety regulations and their strict application.
That also explains why they want a very independent safety board to analyse objectively and
quickly any safety failures in the transportation network.
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Abstract . Whcn a passcnger board s a plane he does not know wh eth er he is cho osing
a safe or a risky airline. However there might be some sa rt of signa!. Wc can already
find some evidence in th e lirerature regarding how profits influenc e the level of safety,
tho ugh the signa! might be also fou nd thro ugh the price mechanism. In this paper Wc
try to test if chcaper or less profi tablc airlines mcans a grcatcr risk of accid ent . The data
utili sed to that end is a panel of 31 airlines during the peri od 1970-1 995 . All AEA
members are included plus some other international carrie rs that will be used as a
cont ro l gro up. Data abo ut accidcnts is collected from The Wo rld Directory of Airliner
C rashes and is fully avai lable for the whole period, while data regarding level of
activit ies, cas ts and revenues come from AEA Ycarbook s and IATA (WATS ) and ICAO
(Financ ial Data) publi cation s, though for the peri od 1984-1995.
Preliminary results using Poi sson estimates and co ntrolling for different levels of
expos ure, suggest a ncgarivc and robu st relario nship between numbcr of fatalirics and
profi ts. This impli es that in a pe riod cha racte riscd by tight cont rols, airlines have
managed to escape the civil aviation co nt rols on safety or that these have proved co be
imperfect. With respect to priccs rcsults are nor conclusive.

1. Introduction

When a passenger doeides to use the air transpo rt mode he does not know whe ther he is
chOosing a safe or a risky airline . H owever there might be some sort of signa l that would
allow hirn to get more info rma tio n and infer the sort of carrier he has chose n.

In the lirerature we may find sevcral rcfe renccs to the profit variable as an ind icator
of thc level! of safety with which air carriers operate (Gol be, 1986; R ose, 1989 and R ose,
1990). T he works by R ose make use of US air carriers data and suppo rt the hypothesis that
operators wi th greatcr profit margins wou ld be safer, and hence airlines profit s sho uld be
c10sely supervised by civil aviatio n aut hori ties. N ever theless, It might be possib le that the
price mec hanism would be providing a sim ilar signa \. In such a case passengers would have
another cleme nt, cer tainly mor e availabIe for them than airlines profit s, with w hich to form
beliefs about the level of safety for an airline.

The purpose of this paper is to check w hether the price signal is available and to
confinn previous results of thc literature rega rding the profi t-safety link by using European
carriers data .
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2. The data set
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T he data set ut ilised is integrated by a gro up of 31 airlines that includes all AEA members
and 10 non European airlines that are utilised as a co ntro l gro up. Da ta on accidents co me
fro m the World Directory of Airlines Cras hes (1996) and are incorporated to the data base
for the 1970-95 period. Da ta regardi ng revenu es and levels of activities for European
airlines have been found on several Yearbooks and Statistical Appendices published by AEA
and are available for the period 1984-1995. Information concerning non-European carriers
has been obtained from the World Air T ransport Statistics that IATA publishes yearly for
the period 1985-1995. Finally costs data we re colleered from the publication Financial Data
that lCA O edits also yearly.

Data on revenues and costs are found on original sourees already co nve rted to US
do llars and are deflated by using the GD P deflator for the U S eco no my [1]. N evertheless
and alternative ly, we co uld de duce inflation by using national inflation indexes for each
company, however the in ternational natu re of airline service and hence, the international
nature of airline costs make us to chose the above ment ion de flator.

3. Descriptive analysis

A first approac h to thc data set is give n by Figures 1 to 6, w here we gro up European airlines
on one side and non-Europ eau on the ot he r. W ith respect to the European group and the
number of accide nts variabie, it stands out THY (T urkis h Airlin es) followed very closely by
the spanish, the french and the hungarian flag co mpanies. In term s of number of fatalities it
is again the turkish company w hic h gets away from th e others. It sho uld be po inted out the
very low number of fatalities that Air France experiences in spite of having suffered 10
accidents. It is also important to emphasise that there are four companies with zero accidents
(Air Ma lta, Finnair, Icelandair and Luxair), and ot her cases with zero victims in spite of
having experienced some accidents (Aer Lingus, Sabe na and SAS).

Wi th regards to non-Eu rop ean co mpanies it is outstand ing the situation of the
australian co mpany Qantas that has not had any accide nt on its rece nt history. By nu mber
of accide nts TWA (Tra ns W orld Airlin es) stand s out, thou gh the j apanese flag co mpany is
the e ne wi th the highest number of fatalities. N evertheless a more rigorous analysis that
would take into acco unt differential featu res of airlines is required in orde r to get a
co nclusio n regarding the level of safety wi th w hich these ope rate .

T he analysis of trends shows that for both gro ups of co mpanies there is an
stabi lisatio n phe no menon on last years , however for AEA members there seems to be a
more erratic behav io ur. O n the contrary non-Europeans rates move softer around its trend.
Finally w he n one co mpare rares by gro ups it happ ens that Europeans seem to be riskier.
Again a dec per analysis is req uired befor e reac hing a final co nclusion, such a task is
pcrformcd on sectio n 4.



R egarding estimation procedures w e seek to analyze the nature of th e relationship between
safety and airlines fares and profits. Safety can be measured in different ways, among th em
We have chosen in this seetion number of fatalities . W ith respect to fares these are
approxima ted by ave rage revenues w hile profits are int roduce d as operaring margins. To do
this we use the panel data set describe d above and estima te several poisso n models by
pooling data [5], so the number of faralit ies in a period are explained by several factors that
are introdllced as ave rages for th e period conside red.

For the econometrie analysis we take the period in w hic h all relevan t variables are
available, th is is 1984-1 995 (for non-Europeau airlines the pe riod starts on 1985). We have
teste d for the poisson distribution of nu mb er of fatalities and it happ ens that it act ually
behaves as a poisson variabIe. As we are interested in the effec t of prices and profit margins
on safety we have to estimate two types of mo deIs:
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1. We estimare a model for the variab le number of fatalities per company using the factor
passengers -km as th e exposure variab Ie. As a first step and in order to analyse the impact of
(lres upon safety we make use of ave rage revenues (yield) and tot al ope rating costs as the
main regressors. Secondly, we search for the so called profit-safety link. R esults from these
estimations are reported on Table 1.

2. We repeat the sarne process but using the variab le number of landi ngs as the exposure
factor. Estimates for th ese m od eIs are repo rted o n Table 2.

Additionally for both types of m odeIs we make the estimation for the whole group
of companies and th en we separa te for European and non-Europ eau in or de r to test for the
rob llstness of results. R elevant variables for eco no me trie modellin g are presented on the
following tabIe:

NFPC
ARE
OCOST
OPEMAR
AVEDIS
TYPEDUM

PASKM
NLAND

Number of fatalities per co mpany*.
Average revenue in terms of passengers-km ($ cents) .
To tal ope rating cos ts (tho usand dollars).
O perating margin defin ed as (p-c) / p ($ cents).
Ave rage distance by flight .
D ummy variabie th at takes value one for Eu ropean co mpanies and
zero o the rwise.
Passengers - Km (tho usand) .
Number of landings (thousand) .

* If the carrier has not had any accident it wil! appear as having also no fatalities.

R esult s from Tables 1 and 2 are captu ring a negative and robust relationship betw een profits
and number of fatalities . T his means that less profit able airlines are, for all grOllpS, always
riskier. However variabie ARE is not behaving as expec ted. O nly for European airlines we
have fOllnd thar th ose carrie rs w ith lower yields are expe rienc ing more fataliries. T his result



60 Scssion 1: Contex t aud Policv

should be interpreted in th e sense that having co ntro lled by tot al costs and othe r factors,
cheaper European airlines would be riskier. H o wever thi s can not be co nside red as a signal
by passen gers as th ey are not able to discern , as econo me trics does, if lower prices are due
to improvements on efficien cy or safety costs cuts.

Table 1. Paramet er cstimates for the rate of faralirics per passenger-km (tho usands).

Variables All companies European companies Non-european companies

ARE 0.34S· -0 .0 77 ' - 0 .863 ' -

OCOST -0 .08S · -0 .78 1' - 0 .137'

OPEMAR -1.4 0 8 ' - -2 .28 S· - -1 1.4 9 1 '

AVEDIS 0 .001' 0 .001' 8.Se-04· S.6e-04· 8 .Se-OS 0 .002 '

TYPEDUM -0. 680' -0 .174 '

CONSTANT -17 .6 9 7 ' - I S.S76 · -12 .24 9 ' -lS .076 · -20 .011 ' -2 0 .17 S·

Goodness Chi'(191 = Chi'(20) = Chi'(12) = Chi'(13) = Chi'(4) = Chi'(S ) =
of fit 1994.S 2249 .S 744.2 10S8.3 372 .9 900.7

*:Slgmficant at 5%

Table 2. Parameter estimates for thc ratcs of fatalities per landing.

Variables All companies European companies Non -european companies

ARE 0.3S4 • -0 .164 ' 0 .910' -

OCOST -0. 0 23 " -0. 6 34' - 0 .160 '

OPEMAR -0 .772 ' - -1 .6 78 ' -13. 73 0 '

AVEDIS 0 .002 ' 0 .002' 1 .Se-04· 0 .001' 0 .001 ' 0 .0 0 3 '

TYPEDUM -0. 7 12 ' -0.064 - -

CONSTANT -7 .182' -4 .64 7 ' -0 .683 -3 .973' -9. 8 S8· -10 .4 14'

Goodness Chi' (19) = Chi '(20) = Chi'(12) - Ch i'(13) - Chi ' (4) - Chi'(S) =
of fit 200S .3 2416.1 724.2 998 .S 411 .9 98S.8

*:Slgmficant at 5%
•• : Significant at 10%

An other important variabie is T YPED UM that is capturing j ust an opposite effec t to those
captured by Figures 5 and 6. European airlines, once spec ial differential features are
considered, are no r riskier tha n th e gro llp of non-Eu rop ean, having a similar or eve n better
fatality rare than non-European.
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Figure 1. Nu mber of accidents for European companics. 1970-1 995

Figure 2. Number of acciden t' for non-Europeau companies. 1970-1 995
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Figure 3. N umber of fatalitics in accidcnts for European compa nies. 1970- 1995
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Figure 5. Compariso n of acciden t ratcs per each 100 million passenger-km. 1985- 1995

Figure 6. Cornparison of accident rates per each 100 thou sand landings. 1985-1 995
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New Approaches in Aviation Safety
Oversight

François Janvier

Bureau Veritas, Prance

1. Early steps in international civil aviation coopcration

O ver fifty years ago, international civil aviati on fell into the category of a dream or an
adve nture. Few anticipa ted how it would shape and influence life in th e latt er part of thi s
ce nt ury. Prob ably no o nc beli eved it would become suc h a safe m eans of travel.

There was no co nsensus on how to struc tu re co mmercia l arra ngements to provide
air serv ices across nation al board ers. Certain things do not change. To day, th ese agreements
still provid e th e headlines and really kn otty issues dipl omars address. T he re was also litt le
agreement on co m mon standards or ope raring procedures for inte rnational aviation, Each
nation retain ed restri ctive rights over its airspace. International air travel would requi re air
crews to know a multiplicity of rul es and procedures as th ey crossed eac h border. If an
internation al aviation system wa s to emerge and flouri sh, it was ne cessary to solve all th ese
regul atory and institutional matters effectively. Fortunately, th e safety issues were left to th e
technicians.

The safety tec hnicians did a wonderful j ob . In 1944 th ese technicians, rep resent ing
52 co unt ries, met in C hicago to establish a co mmon, minimum set of avia tio n regulations,
standa rds, and operating procedures. Their work result cd in an aviation docu ment known
as th e C hicago Conventio n and Annexcs, and in th e founding of an avia tio n organisation
of global dimensio n, known as the Int ern ation al C ivil Aviation O rganisatio n (IC AO) , to
develop and oversec th ese aviatio n standards. ICAO , a part of th e United N ation s, serves
as th e coordinating bod y for international civil aviation, and th e C hicago Convention and
its now 18 Annexes, serves as thc minimum int ernational aviatio n safety staudard tha t th e
185 ICAO m ernber countries hav e agreed to uphold. ICAO has no oversight capabilities
but re lies on its m cmbers to implem ent civil aviat io n regul ation s in co mpliance with the
safety standards under w hich th ey have agree d to abidc,

T he C hicago Conventio n and its armexes rcrn ain th e basis for promoting safety of
fligh t th rough out th e world . These ICAO standards were not developed to be "stand
alone" safety regul ation s. M any ICA O standards simply rcquirc member srates to add ress
various safety practi ces within th eir nation al regul ations. Likewi se, th e C hicago Convention
is not mcant to be a self executing do cument. It rcquires cach govern ment to make a
"contrac t" with th e rest o f th e world: " i f my co untry shares in th e many be nefits of
internation al co mmercial air tran sportation , it will also share in the provision of safety
ove rsight of thes e ope ratio ns" . Unfortunately it appea rs toda y that th ese obligatio ns, were
not met everyw he re in th e world or not devoted ade qua te resou rces to fulfillin g the m .
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Aviation safety is a sensitive issue in all co untries. T hc bigges t accident that eve r occurred
in aviatio n was in Ten erife in 1977. Speakin g to th is audience in th e N eth erlands, I will
rcmind th at onc of th e two aircraft tha t co llide d th ere was a Dutch registered KLM 747.
M ore recently w e also had thc dramatic EI AI accid ent in 1992, here in th e N cth crIands .
Both o f th cm are still in our mcmory.

To impro ve and to main tain safety is a very diffic ult cxercise. 1996 was a bad year
frorn the view point of aviatio n safety. Over 2 000 pcopl e we re killed worldwi de in aircraft
accidents w hich in itseif is very sado lt sho uld be said however, that in th e N ethcrIands in
the sarne year, only abo ut 1.300 peopJe were killed in road accide nt. In the United Staces

thi s figure was close to 50.000.

3 . Where do accidents occur?

Wo rIdwide staristics do show th at in 1996 84% of air transport took place in deveiop ed
co untries; th eU.S.A. , Western Europe, Middle East, Far East and Australia. This 84% is
related to 30% of all acc ident s. The remaining 16% of aviation, taking place in dev cloping
co untries, was good for 70% of the accidc nts, From th ose staristics it is obvious wh cre th e
prime probl om is. If th e safety in developing co untries co uld bc lifted to th e same level as
in the devcIoped co untries, th e overall aviatio n safety staristics would improve dram atically,

. T he main questio n is how to handl e thi s? Basically th ere are two approac hes, an
lnstitutional approac h and a technical approach. We will spca k abo ut th c institutional
approach: the institution al approach is mainl y rul e making, application of rul es and
surveillance .

4. The FAA approach: IASA (International Aviation Safety Assessrnent)
Programme

H istori cally, oversight of foreign air carriers, including compliance with th e C hicago
Convent io n and lCAO Annexcs was not qu cstioned by thc Unitcd Stat es and was bclieved
to be ade quatcly addrcsscd by th e homeland govern me nt.

H owcver, in rece nt yea rs, FAA has taken a keen interest in th e capabilities of foreign
civil aviation au thori ries (C AA) to meet lCAO standa rds. T hci r co nce rns grew from a
variety of safety related probl em s, including accide n ts and inc idc nts, a growing number of
operators flying into th e Unired States, and the significant percentage of th e U S flying
public using for eign air carriers on oversens flights. It heighten ed upon th e recognition th at
SOmc US ope rato rs w ere flying to and from th e US under th e flag o f othe r co untries
Witho ut any apparent oversight. These are ope rato rs, wh om we refer to as " loop- hole
airlines", w ho were dry leasing US owned aircra ft to fo reign co mpanies, and using U S
crews emp loyed by brok ers to opcrate co mme rcia l fligh ts to the U ni ted States.

In mid-1 991, FAA began to formulate a pro gram to address th ese co nce rns. This
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program included visits to twelve countries with airlines seeking authority to operate to and
from the United States . After the trial period FAA findings convineed them of the need to
formally establish the International Aviation Safety Assessment (IASA) Program. Notice of
th is new policy was published in mid-1992 (Federal Register, Vol. 57, No. 164, August 24 ,
1992) . The purpose of the IASA is to ensure that all foreign air carriers that operate to or
from the United States are properly Iicensed and with safety oversight provided by a
competent CAA in accordance with ICAO standards.

The IASA process:
A foreign air carrier ofa sovereign state desiring to conduct foreign air transportation

operations into the United States files an application with the DOT for a foreign air carrier
permit under the Federal Aviation Act.

Upon DOT notification of apending foreign air carrier application, if the FAA has
not made a positive assessment of that countries safety oversight capabilities, the FAA Flight
Standards Service will direct its appropriate international field office to schedule an FAA
assessment visit to the CAA of the applicant's country. This visit will usually be scheduled
within ninety days of FAA receipt of the application.

The assessment program requires a team of FAA Flight Standards aviation safety
inspeetors to visit the CAA's of countries with airlines currently operating (DOT permits
issued prior to FAA program implementation in 1992) or seeking to operate into the United
States. The team gathers data on the international structure of each CAA to gain a better
understanding of its laws, regulations, and methods of compliance with the Chicago
Convention and its Annexes. The team may visit the applicant airline, or other airlines of
that country, to verify CAA enforcement of the applicable ICAO Annexes. The assessment
visits take approximately three to five days to complete.
Deficiencies found in FAA assessments typically 611 into the following major categories:

• inadequate and in some cases non-existent regulatory legislation;
• lack of advisory documentation;
• shortage of experienced airworthiness staff;
• lack of control on important airworthiness related items such as issuance and
enforcement of Airworthiness Directives, Minimum Equipment Lists, investigation
of Service Difficulty Reports, etc ...
• lack of adequate technical data;
• absence of Air Operator Certification (AOC) systems;
• non conformanee to the requirements of the AOC System;
• lack or shortage of adequately trained flight operations inspeetors including a lack
of type ratings;
• lack of updated company manuals for the use by airmen;
• inadequate proficiency check procedures;
• inadequately trained cabin attendants .

If a CAA is found to be meeting its minimum safety obligations under the Chicago
Convention, the FAA will forward a positive recommendation and the foreign carrier will
be permitted to begin operations to or from the United States.

Carriers from countries that do not have an acceptable level of oversight from their
CAA are not permitted to operate to and from the United States.
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For some co untries, FAA lu s no need to perform an on-si te assessment of their safety
oversight capabilities. In the cases of Australia, Canada, and New Zealand a long-standing
cooperation in civil aviation gives them intimate knowledge of each other's systems and
their mutual compliance with IC AO standards. In the case of the European nations who
are fullmembers of the Joint Aviation Authorities, they recogn ise the capabiliry of the JAA
to foster those countries' compliance w ith IC AO standards.

Also international "standardisatio n teams" have been created by JAA to provide such
understanding and assurances.

5. ICAO and the SOP (Safety Oversight Programme)

ICAO is also co nd ucting a very similar programme called SOP (Safety Oversight
Programme) but on a vo luntary basis. IC AO 's oversight inspections, begun in June 1995 ,
have required voluntary participation by states and have been limited to annexes for pilot
licensing, aircraft operatien and airworthiness. The more than 50 assessments conducted
under the ICAO safety oversight program thus far revealed that many states, in spite oftheir
best intentions and efforts, are facing serio us difficulties in fulfilling their safety oversight
ob ligatio ns. IC AO led oversight teams have co mprised three spec ialists, o ne each for
licensing, aircraft operation and airworthi ness. Tea m members are specia lists seconded from
aviation authorities. Annual oversight visits to national authorities are preceded usually by
a questionnaire. Teams have made a practice of visiting at least one airline in each nation .

Oversight teams are organised undcr the Air Navigation Bureau of ICAO and use a
manual written by the bureau. Inspections are co-ordinated through each of ICAO's seven
regions, w hic h the IC AO Secretariat expects to be the eentres of future activity.

Results of the investigations remain confide ntia l. M ore du n 50 states have been
reviewed so far.

However recent data did show that 60% of all ICAO members do not live up to
ICAO standards,

No organisat ion can tolerate that the majority of its member states do not comply
with its own rules an d ICAO invit es these co untries to work hard to improve the sirnarion
in their co un try . We see th at th ere co uld be disadvan tages to this program how ever. First,
it is a vo luntary program and those co untries w ho know th at th ey are not m eet ing th e
ICAO standards may not req uest an evaluation; also, so far there is no orga nised follow-up,
although it is needed.

6. ECAC and the SAFA (Safety Assessment of Foreign Aircraft) Programme

T he Ellropean co untries organised in ECAC, the European Civil Aviation co nference, are
Working together in th e SAFA programme, which means Safety Assessme nt of Foreign
Aircraft. ECAC inspections under th e Safety Assessme nt of Foreign Aircraft pro gram m e,
begun in February 1996 , have focused o n ramp inspections of aircraft at European airports.

T his programme. w hic h is becomi ng ma ture quite rapidl y, is primarily foc used on
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identifying risky carriers. Participating countries are carrying out ramp checks and report to
the central databank in Hoofddorp at JAA headquarters . Also otherwise obtained
information with safety aspects will enter into that databank. The information of the
databank is availabie to all participating countries.

These programmes (IASA, SOP, SAFA) could however be perceived as a
policcrnari's approach and this is not a healthy trend. Safety being an "attitude", cannot,
rather shouid not, be forced down the throat as a bitter medicine .

7. The most recent developments

Directors general of civil aviation representing 145 nations have endorsed an expansion of
the International Civil Aviation Organisatien's Safety Oversight Program under which
ICAO manages inspections of national aviation authorities across the globe.

At a three-day conference in November 1997, the civil aviation officials calied for
mandatory audits by ICAO-Ied teams of each national aviation authority among the 185
ICAO member states. They approved of an expanded base for inspections to include all
safety-related ICAO annexes, adding those covering air traffic services, airports, support
systems and facilities. Delegates also approved of increasing reporting and monitoring
requirements that would reveal the level of a natien's compliance with ICAO safety
standards and recommended practices.

ICAO's findings of serious deficiencies in safety oversight at dozens of unnamed
nations spurred the delegates into expanding the ICAO program. The most serious
shortcoming found was a lack of qualified personnel to carry out safety oversight of airlines
and other aviation enterprises. During the conference, ICAO's oversight roie received a
booster shot wh en the European Civil Aviation Conference (ECAC), representing 36
nations, joined with ICAO in a memorandum of understanding on oversight issues. The
agreement aligns their inspeetion programmes and sets the stage for information exchanges
arising from inspections.

The confidentiality of ICAO safety oversight reports provided the basis for lively
debate among the 420 delegates who filled the Assembly Hall at the ICAO headquarters.
Opponents to confidentiality said the release of audit inforrnation could be uscd as an
incentive to persuade nations toward a program of corrective safety deficiencies . Though
no voice vote was taken, delegate sentiment appeared to be weighted toward a programme
of openness, constrained however within a carefully drawn scenario of nation-to-ICAO
dealings.

Some rcprescntatives of Third World nations whose aviation offices have submitted
to oversight inspeetions argued for continued confidentiality under the ICAO programme.
Some also criticised current safety assessment programmes as lacking in uniformity in
approach and in standards, and argued that there were no safeguards against abuses. A
delegate promored mandatory inspections of all aviation authorities, a proposal that won
endorsernenr from Third World and developed nations alike. Following a summary of new
directions for ICAO given by the Council president, the FAA Administrator, said that she
was very committed to the idea of disclosure and the idea of periodical auditing and



checking. She also said that thc US' inspeetion programme will rernain in effect as long as
FAA has any concerns over the issue of safety. But their long-term goal is to work with
ICAO and to see that it moves much more into this area, so that they can minimise and
reduce sorne of the work they do in this area .

The FAA administrator later added that strengthening the ICAO Safety Oversight
Programme (SOP) will help raise the level of safety across the world and that's particularly
important for the US as more Ameneaus travel abroad and in areas whcre the US has no
regulatory authority.
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8. A proposal for rerrredies

Coming back to medicine, within the previously described programmes the lCAO
assistance programme looks much more like a doctors' approach. Hopefully rhe emphasis
will gradually shift from the policoman's approach to the doctors' approach and the

manu[1cturing industry is strongly insistent on this. How this can be organised is still an
open question. Organising everything via ICAO might be too massive, A combination of
an international and a bilarcral approach might bc the most efficient way of handling this
partiClilar issue.

Anyway, govcrnmcnts and lCAO should pay a major role . In partienlar as those
programmes are primarily focused on the aviation authorities in thc developing countries.
A new solution has been recendy brought by threc major Europeon bodies with the advent
of Air EuroSafe:

What is Air EuroSafe?
A European Economie Interest Grouping formed on 29th September 1997 and registered
in Hoofddorp (the Netherlands). It is a non profit organisation .

Who are the membersî
Air ElIrosaJe Cennanv GlllbH was founded on 05 June 1997 on the initiative of the Pederal
rninistry of transport with the following shareholders:

• Germanische Lloyd AG in Hamburg founded in 1867, today a teehuical expertise
organisation with more than 1500 employees and agencies in 400 places in 120
countries.
• Braunschwcig Aviation Academy in Braunschweig founded in 1997 on the
initiative of Aerodata GmbH, Simtee GmbH, the German Research Institute for
Aviation and Space Travel (DUt) and the Pederal Aviation Authoriry (LBA).
• TÜV (German Teehuical Inspcctorate) Rheinland in Köln founded in 1872, today
a teehuical expertise organisation with more than 7000 employees, has agencies
worldwide in over 30 countries. The aviation department at TÜV Rheinland has
already been active in the area of aviation safety for more dun 20 years.
• TÜV Southem Germany Holding AG in München emerged in 1997 via the
merger of TÜV Bavaria and TÜV South West. TÜV Southern Germany is a
teehuical expertise organisation with more than 9000 employees and has agencies
worldwide in over 60 locations.
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Bureau Veritas established in 1828 is a French inspe etion and consultancy company
dealing with Quality and Safety in the following fields: Marine , Industry, Civil Engineering,
Certification, International Trade and Aeronautics. With 9000 employees and offices in
over 150 countries, it is an independent company. The Aerospace Division is active in three
major fields:
- it has ajoint venture (Economie Interest Grouping called GSAC) with the Fren ch D GA C
to provide the majority of the airworthiness inspeetion and monitoring functions on beh alf
of the French government;
- it provides similar services worldwide, primarily in the french speaking countries. In
several it also provide s flight inspeetion services;
- it acts as a private consuiting body for airlines, manufacturers, banks and leasing
companies, repair shops as weil as airports and Defence.
Th e United Kingdom Civil Aviatioll Authority (UK CAA) was established in 1972 by Act of
Parliament to bring rogether in one body the various civil aviat ion fimctions which, from
1919 onwards , had been undertaken by various Govemment dep artments and public
bodies. It therefore embraces a national civil aviation experience stretching back over 70
years.

The UK CAA is both a regulatory body and a public service enterprise.
UK C AA's Int ern ational Services draws upon the Authoriry's extensive collective
experience to provide advice and assistance to aviati on administratio ns in all par ts of the
world on all aspects of civil aviation from airport and airspace infrastru cture development
to airworthiness requirem ents for the certification and maintenance of aircraft.

The Authority's advice, based fundamentallyon ICAO Standards and
R ecommended Practi ces and its own extensive experience , is quite independent of any
co mmercial influ en ces.

What is the mission of Air EuroSafe?
To support, on a European basis, the work of ECAC and ICAO safety assessme nt
programmes and to assist with the development of aviation safety world-wide by the
provision of technical support services to states and organisation s whi ch seek to achieve and
maintain co mpliance with the criteria set out in the Annexes to the C hcago Conventio n.

What are the services of Air EuroSafe?
- Assistance for any country or organisation to update their aviation system and/or to
develop a nationalllocal aviation safety system;
- Temporary nationalllocal aviation safety service (i.e. provid e oversight advisory services)
until the local system is sufficiently developed to take over all functions;
- on the job training for persons or organisations to perform safety oversight functions and
to apply and interpret rules for:

• the industries of new JAA member states and candidate membcr states
• the industries and autho rities in non-member states

- Where appro priate, a mechanism for the employm cnt of rccently-retired persons from
authorities, military and industry for part-time or short term contracts to mak e their
knowledge available for assistance and training programmes:



9. Finally how to maintain safety?

- Contributions to the ECAC and IC AO Safety Assessment programmes by providing
resources when personnel are not otherwise readily available or when specific knowledge
is required;

- Assistance to countries which are proposing to lease aircraft which are owned, registered
or manufactured in Europe;
- Assistance to other States to form regional groupings for safety oversight purposes.
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As I indicated before, the aviation safety level in Europe in particular and in the developed
world in general is quite satisfactory compared to other transportation means . Nevertheless
there should be no reasou for complacency. Safety is like a spring that has to be compressed
COnstantly. If you relax something horrible will happen. If the situation changes, existing
matters, might not suffice any more. Then you have to adapt the methodology. By now, in
the developed world therc are two main reasons for concern. The first one is globalisation,
and the second one is outsourcing.

Right now the main responsibility for aviation safety oversight is with national
authorities. By nature airlines should be internationally oriented, even more so now that
worldwide mega carriers came into existence. This means that the way in which the
national authorities are organised does not fit properly with the developments in aviation .

It will be quite achallenge for the national authorities to keep up with present
developments . Fortunately in Europe the cooperation between the national authorities
within JAA so far, is quite successful and within a couple of years the JAA could be
transfornled into EASA, the European Aviation Safety Authority, which will mean that the
emphasis might shift from the national authoritics to an international body. A second
positive factor is that the JAA and the FAA are working together more and more efficicntly.
In partiClilar in the areas of airworthincss and maintenancc. Both the codcs that are used
and the way in which they are applicd, are becoming much closer together compared to
for instanee 10 years ago. This might become the nucleus for further international
cooperation.

Also a grOllp of experts met during the 53rd general assembly of IATA and rcqucsted
worldwide measures to reduce by half the accident rate of the air transport before 2004.
This resolution was taken at the beginning of November in Amman, Jordan, where the
gencral assembly of IATA met. Although the accident rare could appear rather low (1
accident for 1.06 million of flights for western airlincs in 1996), the rate did not go down
in the last ten years. If it does not go down in the ncxt ten ycars there will be an acronautical
accident cvery weck. While the ultimate goal is a complete disappearance of all accidents,
~he group of experts said that a 50% dccrease in the accident rare until 2004 is an
II1termcdiate goal which is accessible in thc short term. Contributing factor of this target
wil! be the implemcntation of a tutoring systcm of small airlines by big airlines who wil!
bring thcir expcrience and technical cornpetency. The instal!ation of GPWS (Ground
Proximity Warming Systems) and TCAS (Traffic Collision Assistance Systems ) could
become mandatory. Flight reporting mies could also be improved and more attention
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should be brought to hu man factors and cockpit environment. Finally, safety oversight
know how has to be transferred from experienced countries to less experienced countries,
th is is the mission devoted to such initiatives as Air EuroSafe.
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1. What is JAA?

1.1 Introduetion
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The Joint Aviation Authorities OAA) are representing the civil avianon regulatory
authorities of a number of European States who have agreed to co-operate in developing
and implcmenting co mmon safety regulatory standards and procedures . This co- operation
is intended to provide high and consistent standards of safety and a "level playing-field" for
co mpe tition in Europe. Much ernphasis is also placed on harmonisingJAA regulations with
those of the U.s.A.

JAA Mcmbership is based on sign ing the "JAA Arrangements" do cument originally
signe d by the then current m ember States in Cyprus in 1990 . Based on these Arrangements
and related co mmitm ents, thc JAA's objectives and fun ctions may be sumrnarised as follows:

1.2 Objcctives

• To ensure, through co- operation, that its m ernbcrs achieve a high consistent level
of safety
• To achieve a cost effective safety system so as to contribute to an efficient aviation
industry
• To contribute, through the uniform applications of common standards, to fair and
eq ual competition within the me rnber states
• To promote , through international co-operation, the JAA standards and system to
improve the safety of aviation world-wide

1.3 Functions

• To develop and ado pt Joint Aviation R equirem en ts OARs) in th e fields o f aircraft
design and mauufà cture, aircra ft op erations and maintenance, and th e licensing of
aviati on personnel.
• To de velop adm inistrative and technical procedures for th e implemcntarion of

JARs.
• To implcment JARs and th e related administrative and technical procedures in a
co -ordinared and uniform marm er.
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• To adopt measures to ensure, whenever possible, that pursuance of th e JAA safety
obj ective does not unreason ably distort compe tition between the aviatio n industries
of M ember Srates or place co mpanies of M ember States at a co mpetitive
disadvantage with co mpanies of non-Mem ber States.
• To provide the princi pal centre of professional expertise in Europe on the
harmoni sation of aviatio n safety regulati on.
• To establish procedures for j oint cert ification of products and services and w here
it is considered appropria re to perform joint cer tificatio n.
• To co-operate on the harm onisation of req uireme nts and procedures wi th other
safety rcgulatory aut horities, espec ially thc Pedera l Aviation Administration (FAA).
• Where fcasible, to co-opcrate with foreign safety regulato ry authorities especial ly
FAA, on the certificatio n of products and services.

JAA's work was starred in 1970 (when it was known as the Join t Airw orthiness Authorities).
Originally its objectives were only to prod uce co m mo n certification codes for large
acroplanes and for engines. T his was to meet the needs of European ind ustry, particularly
for products manu factured by inte rna tio nal co nsortia (e.g. Airbus). Sincc 1987 its work has
been extended to ope rations, maintenance, liccnsing and ccrtificatio n! design standards fo r
all classes of aircra ft. Coru mon procedures and the approval of design , product ion and
maintenance orga nisations are covered. A single J oint Certification team , working on behalf
of all JAA co untries, is used for certification of ncw aircra ft and engines. After the successful
completion of the evaluatio ns Type Certificates are issued sim ultaneously, and on a
co mmon basis, by all States.

JAA originated as the Authorities' respon se to the teeh uical and eco no mie needs of
the European Aviation Industry. H owcver, since 1 January 1992 JAA codes, as they are
completed, are refe renced in the European Community R egulation on Harmonised
Tec hnical Standards! and becomc law in the EC Statcs, ln dustry is fully represented in
co mmittees and working gro ups developing rcquircm cnts and procedures and in a Jo int
Asscmbly and Joint Boards w hcre policy issues are debatcd. T he JAA, as presently
cons tituted, carry out thcir tasks of approval, ccrtifications and safety monitoring using the
staff of the national aut hori ties, who also retain thc respo nsibi lity for the legal findings,
granting of lice nces and certificates, etc . T hc JAA Headqu arters are responsibie for the
process of rulernaking, harmoni sation and standa rdisation, (using specia list stuff from the
nat ional aut horiries), thc dccision- rnaking systcm , thc "infrastructure" and various related
tasks.

2. General organisation of the JAA

2.1 Membeiship

(a) Membership is open to States w ho are me mbers of th e Europcan Civil Aviation
Confere nce (ECAC) , w hich cu rrently has 36 mcmb er co untries, and JAA are an "associated

1 C ouncil R egulation (EEC) No 3922/91 of 16 december 1991 on the harmonisation of teehui cal requ ircmcnts
and administrative procedures in the field of civil aviarion,
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body" of EC AC. M embership takes effect wh en the 1990 "Arrangcm ents" are signed.
Twe nty -seven countries are members of the JAA tod ay - see Figure 1.
(b) "Two- Phase" membership ofJAA

ECAC (36)

Estonia
Latvia
The farmer Yugoslav
Republic of Macedonia

Armenia
Moldova

Lithuania Bulgaria
Croatia
Romania

Eurocontrol (26)

• = Candidate Members

Figure 1. ECAC. EU, JAA, EFTA and Eurocontrol.

JAA have a two-phase memhership system . T he procedure starts with discussions wi th a
"candidatc" authority at JAA HQ leading, after a satisfactory conclusion, to a rcport to the
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JAAC C hairman. The state can then formally apply to the C hairman of the JAA Board for

membership , indi catin g its willingness to conunit itself to the term s and co m mitments in

the Arrangem ents. The JAA Com mittee also submits its rep ort to the JAA Board and,

subject to a rwo - thirds maj ority vote, the new State can sign the Arrangements. At this stage

the co untry wi ll becom e a "Candidate Member State" and will have access to meetings,

ete., but:
a) no vo ting rights, and

b) no right or obligatio n to automatic recognition of the approvals issued by its own

authority or those of o the r states .

In ph ase 2, after signature, the JAA Headquarters arrange a visit by JAA

standa rdisation teams and to the aut hority by a JAA Committee/Headquarters faet-finding

team. A report is prepared and sent to the JAA C C hairma n and, w hen co nsidered

satisfactory, to the JAA Board recomme nding a date for full membership. This process

co uld, for sorne countries, be very prol ongcd . It is felt , however, that suc h a process is

essential to safeguard the high standa rds and credi bility ofJ AA. At present there are 19 full

members and 8 candida te m ernbers of JAA.

2 .2 Structurc cif theJA A

T he JAA are run by the JAA Cornmi ttee OAAC) w hic h is co mprised of one member from

each mem her State - gene rally the person responsibl e for all the safety regulato ry functions

covered by JAA in each aut hority. D ay- to-day matters are decided by the Executive Board,

which has six members selected from members of the JAA Committee by a system arranged

to ensure that the three countries who pay the largest co nt ributio ns (France, Germany and

the United Kin gdom ) are included in the membership. Broad policy decision s and final

app rova l of the budget are decided by the JAA Board w hich co mprises the Directors

General of C ivil Aviation of the JAA m ern ber states. There is also a Founda tion Board

whic h is responsible for the affairs of the Stichting Beheer (a Dutch " Foundatio n") which

formally hand les the business managem ent role for JAA Headqu artcrs; this Foundation has

no involvem ent in JAA technical policy and work fo r aviation safety.

T he H eadquart ers staff are headed by a Secretary- Gen eral and has six divisions 

certificatio n, regul ation , maint cnance, ope ratio us, licensing, and administration.

2.3 JAA HQ

In 1998 there wi ll be 43 staff members appo inted at H Q . T he H Q budget is 4.0 million

EC Us in 1998 and plann ed to rise to aro und ECU 4.4 million in 1999.

At present JAA are funded by nation al contrib utions (appr.80%), plus income from

the sale of publication s, training and some limi ted fun ds from EU (appr.20%) . N ational

co ntri butions are based on indices rclated to the size of each country's aviation industry.

The " largest" co untries (France, Ge rmany, th e United Kingdom) pay aro und 20% and the

smallest aro und 0.6% of the budget. All co untrics pay a minimum of 0.5 % of the budget to

cover "basic" costs of membership , plus their co ntrib utio n to the rema inder of the costs

acco rding to the formula.



JAA are committed to the joint certification of new aircraft, engines and propellers. They
are finalising a joint system for the approval, using a multinational Team or local Authority
according to the complexity, of these products, Auxiliary Power Units (APUs) and
equipment coming under the Joint Technical Standards Order OTSO) system.

At present JAA have adopted, amongst others, codes for the certification of large
aeroplanes OAR-25), small aeroplanes including commuters OAR.-23), sailplanes and
powered sailplanes OAR.-22), very light aeroplanes OAR-VLA), helicopters OAR.-27 and 
29), engines OAR-E), auxiliary power units OAR.-APU), propellers OAR.-P) and
equipment OAR.-TSO).

Joint Type Certifications have already been completed on a large number of aircraft
sorne of which are:

Airbus A340 I A330 Airbus A319/3201321

McDonnell Douglas MD-11 Boeing 777
Dornier 328 Saab 2000
IPTN CN 235-110 Falcon 2000
MD 90-30 EMB145

In addition a number of acroplane certification programmes are in progress:
Boeing 737-600, -700 and -800 MD-95-30
Learjet 45 Gulfstream V
Tupolev 204-200 Citation X
IPTN-M250 Canadair GIobal Express
R.aytheon 4000 DO 328-300

On the engine side Joint Type Certification/Validation a number of projects for the above
aircraft have been completed. Additional 20 engine programmes are in progress.
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3. Status and Implementation ofJAA work

3. 1 Certijicatiou
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3.2 Maiutcnancc

JAR.-145 is a requiremcnt to approve/accept maintenance organisations to maintain any
aircraft used for commercial air transport. Published in 1991, there are some 2770
organisations approved/accepted throughout the world of which 1620 are in Europe, 1020
in theU .S.A. and 130 in the rest of the world.

}AR-OpS Parts 1 & 3, Subpart tvI: "Maintcnance"
This is a section of JAR-OPS and covers the operators responsibility for maintenance
management and inc1udes the aircraft maintcnance programme and flight technica] log .
JAR-opS was published May 1995, followed soon thereafter by the associated JAA-NAA
procedures. Training of JAA-NAA staff and operators staff started in September 1995.
Implementation of Sub-part M starred early in 1996 and a small number of AOC
maintenance arrangements have been accepted since.
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JAR-66: "Certifyillg Stqff'
JAR-66 is a requirement about qualifYing maintenance persounel to issue certificatcs of
release to service for JAR-1 45 organisations. JAR-66 env isages the issue of an aircraft
mainten ance basic licen ce in one of three categories followi ng the successful co mpletion of
an exami nat io n process also specified in JAR-66. T he licen ce wi ll be issued by the JAA full
member Authori ty but it is possible for JAR-145 organisatio ns to prepare th e licence.
"Grandfathe r rights" for existing personnel is a key feature and it will only be necessary to
qualify for the JAR-66 licen ce if eith er changing the scope of an existing NAA Au tho rities
licen ce or moving to ano ther JAA co untry. It sho uld be not ed that to issue an aircraft
Certificate of R elease to Service requires the release person ro ho ld bo th the JAR-66
aircraft mainten ance basic licen ce and a JAR-145 certification authorisatio n. JAR-66 was
adopted 15 D ecember 1997. Pubheation wi ll occ ur mid 1998 with mandato ry co mpliance
by 200 1.

J AR-14 7 Approved Maintenance Traillillg
JAR-1 47 is a requireme nt for approved mainten ance training to satisfy part of the JAR-66
requir em ents including in particular the conduc t of basic and typ e examinations to be
acce pted by th e JAA-NAA as a basis for issue of the prop osed JAR-66 Licen ce. JAR-1 47
was adopted 15 December 1997 Publi cation will occ ur mid 1998 with mandatory
compliance by 200 1.

Maintenance Standardisatiou
The JAA co nce pt for the approval of mainten ance is that thi s is the responsibility of thc
nation al autho rities; however , an impor tant founda tion for the mu tual acce ptance of
mainten ance is the use of Main ten ance Standardisatio n Tea ms (MAST). T hree such teams
are ope rating and so far visits have been co mpleted to all " full" JAA members and the fifth
round of visits co mme nce d Spring 1997, with the added task of looking at JAR -ors M
co mpliance . Organisations located in theU.S.A.lC anada which have been acce pted by JAA
are subject to samp le audits carried out by mainten ance. Intern ation al standa rdisation teams
(M IST) operating in a simi lar m armer to MAST teams. Ca nada and all region s of theU.S.A.
have been audited tw ice and ano ther ro und is in progress.

3.3 Operatiens

JAR- OPS Parts l and 3 (covering Com mercial Air T ransportat ion by aeroplanes and
helicopters respec tively) we re ado pted by the JAA Cornmittee at thc end of March 1995,
the first issue bcin g publishcd on 22 May. At that time it was decided that JAR-OrS sho uld,
initial!y, be implem enr ed under nati ona l legislation no later than 1 April 1998 with JAR
O PS 1 bein g subject to "phased implem cntation " such that the ope rators oflarge aeroplanes
(those ove r 10 to nnes MT OM or with 20 or mor e passen ger scats) and mixed fleets oflarge
and smal! aero planes would be afTected first, followed 1 year later (1 April 1999) by those
AO C H old crs ope rating small aero planes only. It was inten ded that JAR-OIJS 3 sho uld be
implemenred in toto on 1 Apri l 1998.



As the Authorities and the industry have been working towards th ese
implementation dates, it has becorne apparent that there wil! be a need to introduce a 6
month delay in implementation for JAR-OPS 3 (to 1 O ctober 1998) and a corresponding
delay for the op erators of smal! aeroplanes onl y (to 1 O ctober 1999). The primary reason
for this short delay is that sorne amendments to JAR-OrS are being processed which wiU
introduce some alleviation's for certain sectors of the industry. Without a dclay in
implem entation, those sectors of industry would, unreasonably, be requircd to comply with
more stringent requirements.

The proposed Subparts of JAR-OrS Parts 1 and 3 on Flight and Duty Time
Limitations and R est R equirements (Subpart Q) have been the subject of parti cularly
careful conside ration, the JAR-OPS 1 material being sent out for consultation on th ree
Occasion s to date. For a variery of reasons , these important elements ofjAR-OPS have not
yet been adopted.

The current situation in thi s area is that the European Commissio n has resolved to
try and adopt a "new approach" with a view to progressing the issue. There has been
considerable gen eral discussion on the subject in the EU forum and the European
Commission is now preparing draft proposals drawing upon the se discussion s. As a result of
this activiry, the JAA Conun ittee has decided to await developments befere conside ring the
matt er furth er.

Since the adoptio n and publication of jAR-OPS 1 and 3, the Operations joint
Implem entation Pro cedures have been completed and published . These pro cedures mu st be
fol!owed by the authorities when implementing JAR-OPS in all JAA Member States.
Included in th is material is the me chanism under which Operations Standardisation Teams
(O PST) (similar in functi on to the MAST system for rnaintenance) will operate. It is
plann ed that 0 PSTs will begin operating in late 1997 . In advance of the commencement
of thi s standardisation activity, jAR-OPS training is being provided by the jAA
Headqu arters Operation s Division for both Authorities and industry personnel.

O peratio nal requircments covering General Aviation (including Aerial Work)
activity by aeroplanes and helicopters wil! be contained in Parts 2 and 4 respectively. It had
been int ended to start th is work in late 1996. H owever, it has been decided that work on
the operatio nal requirem ents for Ge neral Aviation will not now comme nce untiIJAR-OPS
Parts 1 and 3 have been impl em ented.

In additio n to the abo ve- mentioned operational regulations, requirem ents have also
been developed for Flight Simulato rs. All of the requirem en ts conce rn ing the evaluatio n
and qu alification of the variou s types of synthe tic training device used for training flight
crew wiU be cov ered by a set of requirements to be known as JAR-STD (Synthe tic
Tra ining Devices) which wil! be divided int o separate Parts, The first of these OAR-STD
Part IA) addresses Flight Simulators (Aeroplanes) and was published on 30 April 1997 .

The impl ementation date of JAR-STD Part lA coincides with JAR-OrS 1
implem entation in April 1998 . Additional Parts ofJAR-STD wil! be develop ed to cover
Flight Simulato rs (Helicopters) , Flight Training Devices (type specific) and Flight and
N avigation Pro cedures Trainers.

The int ention behind JAR-STD is that there should be a single evaluation of a
synthe tic training device, the findin gs of which sho uld be acceptable to all jAA M ernb er
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Authorities. Such processes sho uld result in co nside rable savings 111 that repetitious
evalua tions by individual authori ties will no lon ger be requ ircd.

3 .4 Licensinç

Licen sin g is all matters relared to personnel trauu ng, tes ting and authorisation.
Ar rangem ents applicable to flight cre ws are cur rently bein g drafted w ith a distinction being
made betw een regulato ry licensing R equirem ents (known as JAR-FC L) and their
accompanying implcmen tation pro cedures (re ferre d to as JIP).

JAR-FCL is divided int o 5 Part s: Part 1 - Aeroplane, Part 2 - H elicopter, Part 3 
M edi cal, Part 4 - Flight En gin eers and Part 5 - Gliders and Balloons. Part s 1 and 2 co ntain
requirern ents, acceptable mean s of compliance and interprctativ e material for traini ng,
testing and licensing of Airline T ranspo rt Pilots, Commercial Pilots and Pri vate Pilo ts for
aeropl ane and helicopter. T his includes th e training and testin g for Instrument, Type, Class
and Instructor ratings and for Exami ne rs. Part 3 co ntains the requirements, acceptablc
m eans of co m pliance and int erpretative materi al regard ing th e rnedical requirem en ts for
pilots and further corn prises the Aviation M edi cal M anual providing guidance for
Au th ori sed M ed ical Examiners.

JAR- FCL 1 and 3 have been subject to a very comprehensive discussion and
comme nt period . Afte r agreement in the FCL Conunittee they were adopted by the JAAC
on 8 October 1996. After a transition pe riod of 2.5 years they become effective on 1 J uly
1999. JAR-FC L 3 (Helicopter) has been adopted on 19 J une 1997 and implementation date
is planned for 1 Janu ary 2000.

Work has starred on Part 4 (Flight Engi neers). Part 5 (Gliders and Balloons) will be
dea lt wi th in a later ph ase.

Im plementation ofJAR- FC L will be carried forward in a standardised marmer with
th e assistance of stan dardisation tea ms (LIST- and MEST- teams) working along the same
pa tte rn as in th e M ainten an ce area. T he JIP document contains procedures regarding these
teams. Training co urses star red in J AA H Q in M ay 1997 to farni liarise aut horities ' staff and
intcrested part ies with th e JAA struc tu re and, in particula r, JAR- FC L and the J IP.

4. Outlook

App en dix 1 and 2 summarise th e present position on J AR 's, both those already adopted and
those ye t to be ado pted.

T he re is ge ne ral agreement between th e JAA members that we need a more formal
and legally binding status for JAA. Therefore a special working group developed a possible
text for a JAA Conve ntion that got an agreement in principle from the JAA Board but was
not further developcd as some mcmbers felt thar a co -ordination with the European Union

was necessary.
Since early 1997 the EU is discussing a proposal from the European Commission for

the estab lishment of a European organisation responsible for civil aviation safety. Thcrc are
good prospects for a conclusion of these discussions in 1998 using the text of the draft
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convention as a starting point.
This envisaged new organisation wil! give the present JAA a formal legal basis and

wil! be a step towards a Single European Aviation Safety Authority. In the meantime JAA
wil! continue its work with the aim to become the genesis of a European Aviation
Authority.
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Appendix 1

1. Atnendment status ofjoint aviation requirements

Scssion 1: Context and Policy

The JAlZs currently adopted are at the following am endme n t status:

Document and Title Current Amendment Status and Date

JAR-l Change 4, 1 June 1987, plus Orange Paper
Definitions and Abbreviations 1/92/1, 1 January 1992

JAR-21 lst issue, 3 June 1994, plus Orange Paper
Certification Procedures for Aircraft, Produets 1/95/1, 1 August 1995
and Related Parts

JAR -22 Change 5, 28 October 1995
Sailplanes & Powered Sailplanes

JAR -23 lst issue, 11 March 1.994
Normal, Utility, Aerobatic and
Commuter Category Aeroplanes

JAR -25 Change 14, 27 May 1994
Large Aeroplanes

JAR-27 lst issue , 6 September 1993
Small Rotoreraft

JAR-29 lst issue, 5 November 1993
Large Rotoreraft

JAR -APU Change 2, 26 September 1983, plus Orange
Auxiliary Power Units Paper APU/92/1, 27 April 1992

JAR-E Change 9, 21 October 1994
Engines

JAR -P Change 7, 22 October 1987
Propellers

JAR -OPS Part 1 lst issue , 22 May 1995
Commercial Air Transportation (Aeroplanes)

JAR-OPS Part 3 lst issue, 22 May 1995
Commercial Air Transportation (Helicopters)

JAR-TSO Change 2, 13 September 1995
Joint Technical Standard Orders
JAR-AWO Change 1, 29 November 1985,plus Orange
All Weather Operations Paper AWO /91 /1, 28 November 1991
JAR -VLA lst issue, 26 April 1990, plus Orange Papers
Very Light Aeroplanes VLA/91/1, 22 October 1991 , and VLA/92I1 , 1

January 1992
JAR-145 Change 1, 4 August 1995
Approved Maintenance Organisations
JAR -FCL Part 1 l st issue, 14 February 1997
Flight Crew Licensing (Aeroplane)
JAR-FCL Part 3 lst issue, 28 February 1997
Flight Crew Licensing (Medical Requirements)
JAR-STD lA lst issue, 30 April 1997
Aeroplane Fli9ht Simulators
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Appendix 2

1. Amendment status ofjoint aviation requirements not yet published

The JARs cur rcntly not yet published are at the following amendmcnt status:

Document and ritje Current Amendment Status

JAR-11 WG draft
Rulemaking Procedures

JAR-26 WG draft following NPA

Retroactive Airworthiness Requirements adoption late 1997

JAR -34 WG draft
Aircraft Emissions

JAR -36 awaiting publication mid 1997
Aircraft Noise

JAR -39 WG dratt, NPA due 3rd quarter 1997
Airworthiness Directives

JAR -66 2nd NPA, 2nd quarter 1997
Certifying Staff

JAR-147 NPA, 2nd quarter 1997
Maintenance Train ing Organisations

JAR -FCL Part 2 adopted 2 June 1997
Flight Crew Licensing (Helicopters)
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A Discontinuity in the Trend of Safety in
Civil Aviation

How safety oversight by aviation authorities might contribute
to a much needed breakthrough in the trend ofsafety

Wim Korenromp
The Net herlands Civil Aviation A utlioritv (RLD), The Netlierlands

1. Needed: a breakthrough in safety of civil aviation

The trend in the safety of civil aviation is vcry weil known and alarrning. A flatterrin g out
of the gradual intprovement of the accident rate is anticipated not to keep pace with the
rapid growth of air tran sportation. Thc problcm that arises is how to break th is trend and
how to create a discontinuity in it, in order to achieve a situation whi ch is more acceptable
than having a new major aircraft accident every other we ek hitting the headlines. Several
initi atives are developing, technical as weil as organizational.

Frorn thc authorities ' point of view, a major initiativc has be en taken by C AO in its
Safety Oversight Programrne, which addresses safety in a top-down approach by
investigating the effectiveness of safety oversight activities of national C ivil Aviati on
Authoritics . The ECAC Safety Assessment ofForcign Aircraft (SAFA) program aims for the
same target but uses a bottorn-up approach by inv estigating safety deficien cies of aircrafi and
airlines.

Several other initi atives are being de veloped , by the authorities as we ll as by he
aviation industry. However useful and nc cessary these initi ativ es may be; it is not expec ted
that thcy can provide a major brcakthrough. Thc total effort in aviation safety is so exte nsive
already and the achieved level of safety so high, that only a gradu al improvement can bc
expccted by even stepping up this cffort considerably.

All these initiatives and mo st of the current work on aviation safety issues approach
safety in a traditional way in which safety is conside red as sorn e qu antifi able co nc rete
charac teristic , for whi ch the responsibiliti es are clearly defin ed with regard to liabili ty and
supe rvision. Safety means survivability, and th is survivabiliry mu st be provided by the
operator and by the (aviation) industry in accordance with suitable legislation. Thc
rcgulatory authorities have the obligation to cnsurc that this legislation is adequate and
complied with . This approach sterns from th e past and is clearly reflcctcd in thc Conve ntion
on International C ivil Aviati on, ICAO's charte r, whi ch lies at the basis of all legislation for
civil aviation in the world. This sirnatio n has been more than accc ptable for over half a
century, but now it might be time for a review of these prin ciples to take place, in orde r to
reach the break throu gh w hich we need so hard.
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2. A review of the notion of safety in aviation

85

The co nc rete notion of safety whi ch allows for measuring safety in co nvenient numbers,
like that of thc number of casualties o r aceidents per number of flights or per number of
passenger kilome ters, ignor es the (K t that safety m ight be mu ch more than just survival;
mor e than only bein g safe.

Bein g safe is taken care of in aviation to a very high extent. Although every casualty
is one too many, the average number of casualties in international civil aviation is abo ut
1000 per year; very low for such a large and globa l act iviry, H owever, apart frorn th is
limited number of casualties, there are millions of peopl e who are frigh tened of aviation .
T hey are frighten ed to fly themsel ves or have fear for all the aircraft that fly above their
heads, whi ch in the cverit of an accident might endanger them or the ir property. This is
espec ially a charac teristic situation in aviation, becausc flying takes place in an enviro nment
which is hostiIe to hurnan life and because avia tio n has an extremely pronounced profile in
publicity .

App arently there is some thing missing in the tradition al understanding that safety is
a sicua rio n in whi ch one is protect ed against thrcats to onc's life.

The Am eric an psych ologist Abraham Ma slow in his analysis of human mot ivators,
mention ed safety (security) as one of the few basic hu man needs like food, health and
shelte r. Quite clearly his noti on of safety was mu ch widcr than only being safe and
cncompassed well-bein g as weIl. According to this wider view, safety is a situation in whi ch
one is proteered against threats to one's life and wcll-bein g.

When this is true, the perception of safety is part of safety itself, because it has a
pro found influe nce on well-bein g.

In my opinion, it is necessary to add the abstrac t noti on of w ell-being to the
de fini tio n of safety, in order to be able to explain ph en omen a whi ch othe rwise are
incompreh ensible. For instanee. it can exp lain why 100 little accidents in each of w hich
there is one casualry, together, have not by far the same impact on society as on e major
accide nt in w hic h 100 people die. It also explains thc seeming ly out of balance importance
of thar moderate number of casualties per year in civi l aviatio n and it explains clearly w hy
external safery needs so mu ch attention. altho ugh in number of casualties it is mu ch less
imp ortant than intern al safety.

3. Consequences: respons ibility fo r confidence

T he addition of the abstraction well-bein g, including feelin g safe, the perc eption of safety,
to the definition of safety itself, lias signifi can t conseque nces for the approach to safety .
When in India an aircrafi from Kazakstan collides with an aircraft from Saudi -Arabia, the
Impact on safety is not only limited to th ose three States, but the co nfide nce in aviation
safety, the facto r of feeling safe, is co mpro mised all over the world.

This leads to the logical conclusion, that maintaining and improving safety in civil
aviation everywhere in the world is of great global int erest, and espccially important to the
States whe re the majori ty of intern ation al civil aviatio n o riginates from. Therefor e the
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who le world sho uld be involved and needs to bear responsibility for its oversight, and of
course, co nt ribute to it, in order to crea te and mai ntain confide nce in the safety of
interna tio nal civil aviation.

Looking at the C hicago Convention, suc h an int ern ational responsibility is not
mentioned anywhere. The responsibility for the oversight of aviation safety is burdened to
explicitly mentioned States:

• The State of Design
• The State of R egistry
• The State of the O perato r
• The State in wh ose airspace the aviation activities take place.

It is ho wever nor at all in conflict with the C hicago Convention, when also th is
int ern ational responsibility should be recogni zed . T he acters remain the samc, existing
responsibiliti es remain, but safety oversight would be improved considerably, w he n the
global aviation co mm unity would take this additional respo nsibility for co nfide nce in
aviation safety serio usly, for example by pro viding adequate resources to enable States to
co m ply with their obligations, when these States themselves lack the means for it .

4 . No econom.ical disruption necessary

T he present atte ntio n for safety oversight everywhere in the world, by means of the ICAO
Safety Oversight Programme, the Am erican IASA program (International Aviation Safety
Assessment ), the ECAC SAFA program etceteras, reveals that in many States of the world,
safety oversight is below the requi red Standards. T his does not mea n that aviation safety is
suddenly mu ch worse than be fore th is awa reness. It does however explain, why there are
such large differences in the aviation safety level in differe nt regions of the world and it
indicates that improvin g safety oversight is a powerful means to fur ther im prove safety in
civil aviatio n.

The results also clearly ind icate, that many States are no t capable of perfo rming an
effective safety oversight, for whi ch they bear respo nsibility according to the C hicago
Conve ntion.

• Strictly keeping to a rigid int erpretation of the C hicago Conve ntion, we now face
a situation in which airlincs from many small and poor States co uld now be excl uded
from participation in int ernational civil aviation. Such a one sided approach by States
who are co nvinee d that they them selves are in co mpliance with the international
Stand ards is dubiou s for severa l reaso ns.
• Safety oversight is not the same as safety itself: it is one powerful tool to reach a
safe situatio n, but a safe situa tio n can also be achieved in othe r ways.
• Barring a suppose dly risky airline from a State's airspace, because the State of thi s
ope rato r is not in co mpliance wi th th e req uireme nt of a good safety oversight, might
proteet the citize ns of the State which bans that airline against a slight external risk,
bu t it does nothing against the internal risk that those same citizens run when the y
enter the airspace of the non com plying State . Eve n when th ey travel with their
own, tru sted airlines, they still are subjected to a situatio n whic h, because of that
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sarne lack of safety ov ersight, might be dan gerous . That is a risk which might be
much larger than the evade d external risk. A balanced measure would be not only
to ban flights from airline s op erar ed by the defi cient State, but also prohibit all other
airlines to enter th e risky airspace of th at State! (I do not promote suc h m easures)
• M easures like closing a State' s airspace can only be taken by States which are in a
pow erful po sition with respect to th e involved non com plying State. It is not
surp rising that such m easures are interp reted as a ' patronizing and com mercially
in flue nced pow er play. Often th ey have dam agin g co nseque nc es lik e th e
deterioration of po litica l, econo mical and socia l relation s,

T he refore, instead of suc h indiscriminate measures, a more positive approach is to be
preferred. In view o f th e above menri oried global nature o f aviatio n safety and th e
int ern ational responsibility for co nfide nce in it , State s which are in need of support in order
to achieve co mpliance with th e requirern ent for an effective safety ov ersight sho uld be
aided. T he result s of th e Safety Oversight Assessmen ts perfonned by ICAO, provide
guidance as to the needs and th e type of support that is suita ble. In many cases thi s suppo rt
will have to be permanent or semi- pe rma ne nt, because a satisfactory situa tio n is not within
reac h in th e foreseeabl e future without such suppo rt. In th ose cases a practi cal solu tion
rnig hr be, that regiorial safety oversight cen te rs are crca ted, from w hich aviatio n ex pe rts are
sent to the States in th e region in w hich th eir services are needed. These centers sho uld be
heavily subsidized in order to kee p th eir serv ices allowable and att rac tive for all th e involved
States . In th is way th ere is no matt er of infrin gem ent of th e sovereignty of th e States, as
the re is alw ays th e possibility for States, to do th c job themsclves. Safety ove rsigh t
assessme nts sho uld be rep etitive once in every few yea rs and in suc h a situa tio n, w he n th ere
is no exc use for a State, to not co mply wi th th e int ern ational Standar ds rela ted to an
effective oversight, compliance co uld reason ably be en forced by any othe r State or by
gro ups of States co llec tively.

In many othe r situa tio ns, States are capable and wi lling to perform th eir safety
oversight duties th em selves, provid ed th at th ere is ade qua te suppo rt. T his co uld be aid in
training and cducation, but also materi al suppo rt in order to provid e ade quate working
condi tions needed for effective oversight. O ften a major bottlen eck is that th e C ivil
Aviation Aut hority, being a State organiza tio n, is very limited in its reso urces because th ese
are subject to th e priorities in th e national budget, which also does not allow for adequate
re l11unera tio n of aviatio n specialists,

W ho be nefits? Certainly nor everyone and not everybo dy equally. For intern al safety
the answer migh t be, that it is th e passen ger w ho ben efits. but give n th e tim e of expos ure
to the risk, the crew of an aircra ft benefits much more. Still it looks reason able w hen th e
cosr, of internal safety are not charged to th e crew, but only to th e passen gers.

For ex te rnal safety th e answe r is more difficult. The ben eficiaries are people on th e
gro und, b ut w ho and to w ha t ex tent, it is hard to say. In th e imrnedi ate enviro nment of a
large airport, external risk acc umulates, but everywhe re else the re is also some ex ternal risk
of avia tio n . Who would ex pec t some thing like th e Lo ckerb ie disaster? Certa inly not th e
citizens of thi s sma ll village! And although th e ben eficiaries of ex terual aviatio n safety are
~he people on th e gro und it would be unreason able to have th em pay for a risk which is
1l1lposed up on th em by activities from which they do not pro fit at all. Also for th is risk it



88 S CSS;OIl 1: Context and Policv

looks reaso nable to cha rge the cos t to airline passen gers.
The cos t of safety oversight are mod erate, but th ey are not th e same everywhere .

They depend very much o n th e scale of operatio ns in a State. As th e are a in w hich oversight
is necessary is a very wide area and co vers a variety of disciplines, including for instanee
airworthiness, flight opcratio ns, Air T raffic Control and securiry, it is impossible to suffice
with only one aviatio n specialist. Eve n when th ere is hardly any activity, yo u need at least
some three to five individual spec ialists in a State in orde r to co mply with th e min imum
rcquircm ents. The one hundred sma llest aviation Staces in th e world together would need
some 400 aviatio n spec ialists when each o f th em separately would take care of its safety
oversight obligation s. Still th ey collec tive ly gen erare no more than about 1% of th e global
international civil aviati on. In co mparison: The Netherland s alone gene rates more th an 4%
and according to a rough cstirna tc there are less than 100 aviation spccialists involved in th e

specific safety ov ersight tasks of th e Dutch Civil Aviation Authority (R LD), eve n including
nation al aviation, This m eans that safety oversight in small Statos is very in efficient and
needs in proportion, more than ten times as much manpower th an in th e relative ly large
(avia tio n) Sta tes .

It emerges th en for exarn ple that , when all th e required safety oversight act ivity in
th e 100 smallest aviatio n States would be taken care of by region al safety oversight centers,
a number of some 200 aviatio n specialists wo uld be sufficient, taking into account that the
effic iency co uld be doubled by th is coordina tio n of efforts.

R elat ed to the global produ ction o f passen ger-kilometers, which in 1996 arnou nted

to 1363 billion for internation al operatio ns, th e cos t of suc h a co mbine d safety oversight
would be no more than an addi tio nal 2 to 4 dollar ce nts per 1000 km journey.

These mie o f thumb calculatio ns are suggestive, and they are meant to be so. lnstead
of crea ting a lo t of economical and pol itical disruption by indiscrimina te measures as
banning airlines whe n th eir C ivil Aviation Authori ty does not co me up to its obligat io ns,
it is much better and ce rta inly more effective to pro vid e suppo rt in one way or ano ther to
improve safety oversight.

5. An outlook to the near future

Last November, in M ontrcal, an important conference took place, for which all Directors
Ge ne ral of Civil Aviation of all the ICAO co ntracting Statcs were invited, The purpose of
thi s co nferenc e was to discuss th e results and th e future of th e ICAO Safety Oversight
Programme.

It w as co nc1ude d th at th e safety ov ersight assessme nts, which until now were
voluntary , should becorne mandatory and regul arly repeated , like audits in a quality
assura nce system. ICAO's high est authority, th e Assembly, still has to app ro ve of th is
recommendation , but it ma y be ex pecte d th at th e Assembly will support this
rccornmendation, because in principl e th e audien ce o f th e Directors Ge ne ral co nfere nce are
basically th e same authori ties th at co nstitute th e Assembly.

This is a very important achievement, but it is not eno ug h for a real breakthrou gh
in avia tio n safety . Addition ally to th ese regular, mandatory assessme nts in eac h State, th ere
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must co me the means to en ablc all States , no matter how poor o r deficient, to comply with
their obligations regarding safety ove rsight. I hav e suggested one possibility for suc h a much
needed support , but th ere are of course man y other solutions. Amongst th cm are certainly
also bilateral aid-programs. Kcy-poin t is that th e develop ed part of th e world sho uld
recogn ize its inter est in , and its respon sibility for agiobal efTec tive safety ove rsight
everywhe re and anyw he re to th e same Standards, as pr ovid ed by th e lCAO. Let 's hop e th at
th is br cakthrough may occur !

6. Conclusions

1. A br cak-through in th e trend of safety in int ern ational civil aviation is ne ccssary and is
unlikely to be achieved without a major change in th e approac h to aviation safety.
2. T he tradition alunderstanding ofsafety as being a situa tio n in w hich onc's life is proteered
adequately, falls short in ex plaining the need for furthcr improvem ent o f the alrea dy very
high level of safety in civil aviation .
3. Ex tending th e definition of safety as being a situation in which also care is taken for
hurnan well-bein g, scc ms to be very appropriate , especially in civil aviatio n . This additio n
wi th an abstrac t notion as well-bci ng, includes feelin g safe, th e perception of safety. It
req uires attentio n for the co nfide nce in aviation safety as w ell as for safety itself
4.The implicat io ns of suc h an ex tende d noti on of safety are significant , because it has as a
co nsequence , th at safety in aviation should not any more be conside red as solely a matter
of nation al co ncern for th c directly invo lved States. All States in the world sho uld share
respo nsib ility for th e co nfide nce in aviatio n safety, eve n more whe n th ey are more in volv ed
in interna tio na l civil avia tio n and th ey should also co nt ribute to it , co llective ly or
individually.
5. M an y mostly sma ll or poor States turn o ut not to be capable to perferm an adequate
safety ove rsight relatcd to th eir participation in international civil aviatio n . lnstead of
pen alizin g th ese deficient States by banning their airlines, it is a better and more effective
approach to suppo rt suc h States in assisting th em to co mply with th eir obligatio ns.
6. The cost of suc h support is moderate , but it ne eds th e politica] will and co urage to
recogni ze th e mentioned global responsibility for safety in civil aviation , This responsibility
is not rcflectcd in thc C hicago Conve ntion but neither is it in co ntraven tion with it.
7. The ICAO Safety Oversight Programme is ideally suited to be instru mental for
monitoring the needs in th e area of safety oversight and to establish w hat suppo rt is
necessary and w he re.
8. The cos t of international support, when co nside red as an efTec tive safety measur c, is very
mod erate and related to the total co st of transport by air, ncarly negligeable.
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An Integration of Economie and Safety
Policy

G. Nieuwpoort
Millistry of Transport, Pubtic Works and l-Vater Management, The Netherlands

Bcfore starting I have to make a rem ark. When I am referring to governments I am mainly
referring to governments of OECD member states. T he OECD- flags are dwindling but the
ship owne rs are th eir nation al citizens. And it is not th e flag which is importan t b ut the ship
owner as we all kn ow. T he refore, OECD govern me nts have a differ en t ro le to play
co mpared wi th, e.g. Belize, Vanuatu , Liberia.

There is a general feeling nowadays, we are moving in th e right direction . IM O is
very active with respect to STCW and ISM. Some parts of th e industry are very active with
vetting programmes like CDI and SIRE The European Shippers Council is now
developing ru les of conduct for th e selection of vessels to be chartered. IAC S is tightening
the grip on its mernbers. Lo ts of Iauda ble efforts, it cannot be de nicd. But are we really
moving in the right direction? T he general feeling isn't supported by statisti cs at thi s
moment, hard to find as they maybe. The casualty rate of ships rernains stable for ov er
decades now. R.emarkably stab Ie compared with the progress made in other transport
modes. T he number of detentions of PSC is still raising. More than 14.000 seafar ers are
loos ing their lives every year.

Despite the general feeling, th ese statistics and othe rs are still making me somewhat
hesitant. T he poor quality of ma ritime statistics and the little attentio n they get is an omen
already. Are we really m ovin g in th e right dir ection....fast eno ug h? Or is, despite all the
efforts, something more necded , a fun dam ental shake- up of th e system.

For shipping , safety and econo my are two sides of th e same coi n. One should expect
the re fore closely int errelated go vern menta l policies for safety and cconorny, However, not
o nly in shipping th c lefi hand of govern me nt does not always kno w wha t th e right hand is
doing. To my opinio n brin gin g th e tw o together is vita l for a sound developmen t of the
shipping industry.

Although th e shipp ing market is very co rnpe tit ive , it is not a well -balanced efficient
market. An d th ese imbalances are a th reat for th e fiitu re. Governments must act only in case
of market failure . N o wonder we have see n for many years now substantial interventions
of govern ments and multilateral orga nisations like IM O , ILO and the OECD. But after
many decades of governmental policies th e solution is still no t within our hands.

Maybe there is a relation between this lack of resu lts of governmental policies and
the complexity of the shippi ng indu stry involving many players, eac h tryi ng to optimize
individual goals. T he starting po int is however very simple, a supply - dernand relation . A
ship owner wanting to make a profit wi th transportin g goods and a cargo owner wanting
transport services for the lowest price . Bu t th en it starts, a whole bunch of other market
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players is introduced, e.g. insurers, classification societies, banks even tlag states, They all
bring their own interests to the marker, interfering with our very simple starting position.
All of these p1ayers, including many tlag states, are trying to make a profit on the shipping
marker. In this respect all players show rational economie behaviour. It is what you can
expect on an economie market. But, what about the effects on safety. In most parts of the
marker, especially on the spot market, the competition is cut-throat. And safety, e.g. in the
forrn of well-trained seafarers or a weIl maintained ship, are seen as costs. And there are
rnany ways for a ship owner to avoid costs.

What about the other players, like cargo owners, classification societies, ete.? WeIl,
they are very worried of course. But above all, they are worrying about individual positions
on the marker, No wonder to find behind a substandard ship, not only a sunstandard ship
owner, but also a substandard cargo owner, sometimes even a substandard classification
society, insurer, ete.

If rational economie behaviour of market p1ayers does not let thern pay for safety,
who is? WeIl I can name some, the tax payer, the seafarer, sometimes with his life, the
environment. The result of the shipping market is clearly sub-optimal on a societal level.
Governments cannot be too happy with the shipping industry.

If market players are playing according to the rules and the result is not what was
intended maybe we have to consider the possibility something is wrong with the rules of
the game. By the way, who is creating the rules for the market. Isn't it government?

Maybe it is time to rethink the basics of governmental policies and strategies as the
present ones are not very effective. Before developing new strategies what was wrong with
the old ones.

As in other markets in shipping there is always a pressure on prices . Simply the result
of competition on the market. That's the way we want it. And shipping is very competitive,
therefore the pressure on prices is tremendous.

In normal efficient markets you would expect a focus on cost reduction by increased
Productivity, e.g. by innovation in process or product. Or in a focus on better quality of
~roducts and services. However, compared with other industries, shipping is not the
I11novative industry, we ourse1ves may think it is and you can have a big argument about
the quality in services. Also the regulatory system creates heavy obstacles for innovation.
And to make it even worse there is a structural overcapacity in the shipping indus try with
a devastating effect on prices. How do ship owners cope with the enormous pressure on
prices?

Ship owners have developed a variety of cost reduction strategies, e.g.:
F/aggillg out: the search for cheap labour, simply reducing labour cost, but with what effect
On the quality of labour? Nowadays about 85% of accidents is related to human errors. As
long as ship owners have so much more interest in labour cost than in quality of labour,
there is little reason to be optimistie.
Globa/isatioll qf ship I/Il11ll1gCIIlCllt: the search for a tax-friendly environment or outsourcing
management activities to cheaper p1aces. One of the effects of globalisation was thar
shipping went to places in the world with other legal and moral standards with respect to
safety. Globalisation gave ship owners arnplc opportunity for other strategies, like negleer of
l1laintenance, unsafe operation and life-time extension. The average age of the world cargo
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fleet was less th an 10 years in 1970 and 1980 , in 1993 it was 17 years . M any ship owners
are now enti rely relyi ng on port state co ntrol as a periodic control o n their vessel, while
pr eviously ship owners the mse lve were carry ing out maint en ance check-ups. The ISM 
co de sho uld prevent thi s. H owever , th e im plerne ntation de pe nds on f1ag states, of which
ma ny are un willing or un able to perferm th eir obligations.

T hese strategies has bro ug ht cos t- reduc tio n, but at w hat price for safety. Substandard
ships do have a co mpe titive adva ntage, with a depressive effec ts o n freight rates, making life
of a quality ship owne r difficult. Overcapac ity, substandar d shipping crea te a tre mendo us
imbaIance in dcmand- supply. The cargo owne r lies above, making life for a quality ship
owne r eve n more difficult.

This emphasis on ees t-redue tion is kiUing for innov ation. Why in vesting in
inno vatio n for increascd productivity, if there is an never-ending souree o f cheap labour.
Why inv esting in innovation for safety if there is no pri ce for suc h quality o n th e mark et ,
if it is ve ry sim ple to evade th e ru les.

The pri ce of shipping is too chea p, reaI rates of return are too low, not permitt ing
any real innovation. In th e shipping industry in novation is ciea rly not playin g th e ro le it
do es in o the r industri es. Cosr- rcduc tio n did not and caimot bring ship ow ne rs th e desired
effects. Under pr esent mark et co nditio ns it only led to lower freight rates, not improving
th e position of th e ship owne r at all. N ot improv ing th e position of th e cargo owner eithcr.
T he logical result of th is development is th e present discussion abo ut liabil ities, e.g . in
Brussels.

A tanker shipping mark er, mainl y o riented on th e spo t mark er, with a low return on
capital, witho ut incen tives for quality shipping is an enda ngered mark et . U nder present
market co ndi tio ns I have serio us doubts if it can guarantee in th e future a provicient, safe
and environmental serv ice.

M ore m on ey can be made out of bu yin g and selling ships, than by operaring thern
successfu \ly. But w hat abo ut th e core bu siness o f th e shipping industry? And if it is bu ying
and selling w hat are th en th e implications for rnainten ance and cre wing poli cies of
co mpanies? What are the effects on safety?

Because the mark et is not willing to pay for safety th e emphasis on ees t- redue tion
profoundly changed the entire industry. Governmental poli cies tiU now did not follow that
change . The effects of ees t- redue tion show the fundamental relati on between safety and
cconomy and govcrnments are ignoring it till now. That very fundamental relation can be
shown by the following stateme nt: "as freight rates go down, markets go down , ships go
down".

All goodwilling go vern me nts are ve ry bu sy fighting th e sympto ms, th e ships go ing
down, and are meanwhile neglccting th e econo mie origins.

H ow did a govern me nt of a tradition al maritim e co untry rcact on th e change in th e
industry? F1aggin g out, th e use o f tax havens inspired 0 ECD-governments to devclo p rwo
poli cies, one for safety and o ne for economy. D evcl op ed frequently within tw o separate
branch es of th e same go vern mcnt. The probl em is often starring wi th the lack of
co mm unica tion between marit im e safety age nc ies and th e econom ie poli cy makers within
one govern ment . N o wonde r th e policies w cre not-rclated and imbalance d.
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Safety policies were:
• rules, more rules,
• enforce ment, mor e enforceme nt

In a situa tio n with globally hu ge differen ces in levels of regulation and above all
enfo rce ment, mor e rules and mor e enforceme nt mu st lead to more eco nomie benefits
related to ducking the rules, In ot her words more safety ru les, more safety enforce me nt does
lead to more eco no mie distortion of the shipping market. Safety policies became in th is way
an ince ntive for flaggin g-out .

Safety poli cies led also to a large abundance of prescriptive safety mi es and
regulations. Prescriptive rules do take away responsibility for safety from the industry
towards government. Prescriptivo ru les are also killing for inn ovation of the industry.
Prescriptive safety rules have become an obstacle for a sound development of th e shipping
industry.
Eco no mie policy was about:

• subsidies for shipping
Flaggin g out, delocation of co mpanies are eco no mie losses for a national eco no my.
T he refore, it was quite normal that gevem me nes were trying to sto p the eco no mie
disto rtion of th e market by foc's and tax havens. But how did they do it. By creating eve n
more disto rtio n.

Subsidies for shipping, shipbuilding subsidies, depreciation schemes, roll-over reliefs
are diverting the focus of the co mpany fro m the market to the fleshp ots of govern me nts.
T he result of these policies can only be in efficient co mpanies and the building of more ships
than the marke t is dem anding, in o ther words subsidized ove rcapacity. In alrnost any state
aid scheme the fleshp ots of govern me nt can onl y be reached via the bu ildin g of a ship. T he
inev itable result o f these schemes is therefore increased overcapaciry, mor e pressure on
freight rates, mor e cost reduction by ship owners, mor e flaggin g out, ete. The history of the
eco no mic poli cies of the O ECD countries show it all.

But what about the effects on safety? More distortion of'rhe mark et by governme ntal
policics has lead to even mor e emphasis on ee st- redue tion by ship ow ners. Instcad of
sto pping the downward spiral, go vern me ntal poli cies can eve n have to a certain exte nt an
accelerating effect.

Maybe it is tim e for a change, maybe it is time for a fundamental re- evaluatio n of
govern me nta l po licies.

The result of the present m ies of the shipping market is not what we intended as
govern me nts, nor as market players either I assume. Go vernments have to change to mi es
of the game to guarantee the desired effec ts.

At this moment IMO, flag states and port states are fighting the market instead of
letting market players do the job. l3y doing it all alon e go vernme nts took over responsibili
ties from mark et players. T his canno t be the right way. Govern me nt is not primarily
respon sible for safety in shipping, market players are. End -of-the-pipeline-solutions, i.e. flag
and port state co ntro l, is th e best govern me nts can do . Govern me nts mu st see to it that the
market is orga nised in suc h a way that it is able to solve the safety probl ems. Governments
must the refore crea te a fram e work for the market . T his frame work is setting co nditio ns
for market players enabling them to solve the probl em in an efficient, non-distortive way.
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What can be said abo ut these co nditio ns. The problem must already be tackled at
the source, w hich is the eco no mie process in the market . Already whe n dem and and supply
are meetin g, safety mu st be present because there is a price to pay for safety. T he only
problem is who is go ing to pay it. In an ideal situation of co urse th e external costs of safety
must be an integral part of the freight rate . When safety has a pri ce, market forces will ereare
a result optimal for safety as wel l. How can thi s be realized .

The result of all lMO regularion is the ship ow ner to be the only mark et player to
blame w hen some thing we nt wrong. Only he is Iiable for safety in shipping. Under present
market co nditions the cargo owner is not payin g for safety. H e is not acco untable for it .
And w hen he is there can be seen attempts to escape liabiliti es, as thc discussion on th e
Exxonvoy chart erparty sho ws. Very alarming for a qualiry tank er op erator I sho uld say. Do
classification societies have any realistic accountability or liabiliry for their certificates? If not ,
w hat is the value of such a certificate . Are insurers applying quality ratin g, which can have
an enormous impact on the qu ality of shipping? Insurers do not dare, because of fear for
market share . The insurer is not havin g any acco untability for prevention of acc ide nts on ly
for handling of financial claims after the accide nt did occur. And the banks, they are above
all int erested in repayment of debt s and int erest. T hey do not have a policy rela ted to the
qu aliry of th e ship owner. They are not accountable for funding question able ente rprises.

Despite all the efforts of IMO th ere still are no quality standards for and no quality
control of flagstates themseIves. Some flag states are onl y a legal exc use for ship owners for
do ing nothing with respect to enhanci ng safety. Flag states are maybe acco untable but
certai nly not liable for their lack of inspeet ion and co ntrol. And what can yo u expect on a
market from acco untability witho ut any realistic Iiability.

T hus at thc end wc are still left with the ship owner, the only one facing realistic
liability, while man y o thers are unhampered in contribut ing to the ove rall safety pro blem.

No wonder, there are some ship owners w ho are hiding behind legal defence
screens. A ship ow ner not to be found is simply th e result o f the present rule s of the market.
where only the ship owne r is really facing liabili ty. O f co urse there are segme nts of the
market , Iike che micaIs, were it is better orga nized. But in these segments the cargo owner
has a vested int erest in qu ality transp ort. Some tim e ago I would include the tank er market
as weil. But I am not so sure any mor e. Oil majors withdrawing from ship owning, oi l
majors att empting to make ship owners more liable for pollution prevention are very
alarming signs.

Quality shipping will only be possible in the contex t of balanced dem and-suppl y
relations, stabie relation s between ship and cargo owner. For this a more lon g term appro
ach towards the market is essentia l. H owever, pre sent market co nditions are not favourable
for such an approac h.

In th e new set of rules for the game other market players, including flag states, must
face Iiability as well. These shared liabilities will give market players an economie interest
in paying their share of the safety rclated costs. When supp ly and dem and are both facing
liability, safety will be present at the souree of thc econo mie pro cess. But above all share d
liabil ities mu st create fertil e soil for stablo. long term relations between supply and dem and,
between ship owner and cargo owne r.

H owever, for liability to play a co nstruc tive role, market players mu st have a clear
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insight into the quality of the ship and the quality of the management of a shipping
company. Thei-efore quality must be transparent.

At th is moment there seems to be an overload of inspections. Flag states, port states,
cargo owners, dass societies, insurers even the ITF, they all are inspecting.

What good did all these inspections bring about? Not enough to my opinion. The
quality of a ship is still undear. There is not even an agreed definition of a sub-standard
vessel. The relations between these inspections and safety is questionable wh en more than
85% of thc inspections is about the hardware of a ship, while more than 85% of the
accidents is related to human factors.

The most vital element rclated to safety is the management of the company. The
management is decisive for crewing, maintenance, operation, etc. The ISM-code is directed
at the management. But it depends on the same flag states not able or not willing to inspect.
It cannot be seen as a surprise that present devclopments of the ISM-code are not very
promising.

A lot of inspections for own ends, but no public, objective inforrnation on the
quality ofa ship. A vital condition in a framework for the market is therefore an information
system which is giving clear data about quality of ship and company. Developing such a
system will not be an easy job. However, it can lead to a necessary shakc-up of the systern.
Such a system must consist of neutral. objective information and must be transparent and
on-line available .

With respect to the company, key element in the new information systern is the
quality management of the shipping company. The ISM-code, directed at safety
management, is a first step towards quality management. A furthergoing approach is now
introduced in the Netherlands on a voluntarily basis. The Integrated Management system
for Shipping consists not only of the mandatory ISM-code and mandatory regulations
concerning occupational health and safety, but also voluntarily ISO 9000 certification. In
the next presentation you will hear more about it. This system intcgrates all relevant quality
aspects of the company. l3ased on such a quality system ship owners can be certified. This
certification gives cargo owners, insurers, etc. essenrial information about the management
of the company.

Inspections of flag and port states, dassification societies, insurers, etc. on the quality
of the ship are another key element of the new system. Cooperation between all players
CaI1I10t only reduce the inspeetion overload for a ship owner, but will also result in better
and cheaper information. Cooperation is also essential for improving the quality of
inspections. This improvement is vital, because of the growing complexity. With the ISM
code, there is much more than coming on board to check the date on pyrotechnics and
chan corrections, or the validity of the certificates. The inspeetion has to become a survey
with the potential to investigate virtually every detail of ship operation of the whole
managed fleer. Upgrading the quality of the inspections and the inspeetors is essenrial and
can only bc realised in a joint effort.

With such data about quality ofship and company, a cargo owner can be made liable
for choosing substandard transport. With such data insurance of substandard ships can be
prevented. Compulsory insurance can be the loek on the door. With such data financral
institutions can be convineed to introduce quality rating. Classification societies, flag states
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and port states can play an important role in the collection of data . Befere developing such
a system a discussion on new roles of and re1ations between flag states, port statcs and c1ass
societi es is vital. E.g. c1ass societies as the core of such a new system, flag states formulating
quality standards for and carrying out qu aliry co ntrol on c1ass societies, port states as a last
chec k on the system.

H owever, at this momen t c1ass societ ies are not able to fu\fill suc h a crucial role. A
major prob\em to be solved is the dual relation betw een class society and ship owner. Cia ss
societies are be ing paid by ship owners at one hand and at the ot he r are supposed to inspeet
objective1y the same ship owne r and his ships.

Govern me nts mu st ereare a co he rent maritime strategy wi th co nd itio ns for an
efficient shipping market. For safety policies no mor e ru les are nccdcd , bu t effective
enforce me nt. T herefore, go vern me nts mu st improve the safety net , i.e . flag state and port
state contro l. It is an end of the pipelinc solution which mu st safeguard the co nditio ns for
the market. mu st safeguard the scIf-organisation of the marker, as a result ofshared liabili tics.

Governments mu st abando n all state aid po\icies distorting th e market. T his is a
blessin g in disgui se for govern me nts. These policics did cost a lot of mon ey to the tax payer
and they we re not effective anyway.

T his co herent maritime strategy must also have an eye for thc sho re- related aspects.
One of the detrimental aspec ts of the flaggin g- out process is tint nowadays in Europe there
is a lack of national seafarers. Detrimental not only for safety, but also for thc maritime
industry as a w ho \c. SkilIs and know-how of scafarers, vital for man y fun ction s in the
maritimc industry, are becoming scarce.

C reating co nditio ns for a ncw organized market is easily said, but not so easily don e.
It can distort th e market even furth er in stead of makin g it more efficient. It is crucia l that
mark et players and governments togeth er are designing such a fram e work. If not, pu blic
opinion can take over, not necessarily leadin g to a more efficient and safer market, as O PA
90 has sho wn. It is the refore important that all market players do take up their
respo nsibilities and seek a dialogue with govern me nts. In the end an efficicnt shipping
mark et w he re a pri ce is bein g paid for safety is in the interest of us all.



--- -------

Shippi llg 97

Integrated Managernentsystern in Shipping

A facilitation tooi and a rrieans for sharing responsibility
for safety within the industry

G .H. D o ornink an d F. K amman

S4et y Management Division , Millistry of Transport, Pubtic Works and Water
Management, The Nethetlands

1. Introduetion

This paper describes the development of regu lations to enhancc the safety of shipping in

intcrnational co nvcntions. It wi Il be shown that th e existi ng phil osophy of designing m ies

and regulatio ns for ships alo ne leads to inc reasing ly detailed rule- rna king burden ing th e
ind ustry as weIl as the regulators . N ext the change is described towards a more process
1l1indcd approach w hic h resu lts in the mandatory implementation of system-rnanagcment

in all aspccts of a shipping operation and the impact th is wiIl have on the creation of a
"safety culture" within the rnaritim e ind ustry.

2. Towards a fuUy prescriptive industry

The Int ernatio nal Convention for pro teetion of the Safety of Life at Sea (SOLAS) was
created in 1914 in reactio n to rhe disaster . two years earl ier, wi th the passenger vessel
"Titanic". T his was not the first time regul ators co ncerned themse1ves with shipping as we
1l1ay re rne mbcr earlier ac tivities of Samuel Plimsoll against overloadi ng of shi ps and th e
existence for some decades already of th e " R ules of th e R oad", but Solas was for many

deca des th e most important inte rna tio nal achiever nent in th e field of mantim e safety.

T hrougho ut the yea rs th e co nvent io n has been amended and brough t up- tc-date to

reflect teehuical evolutions and revolutions. T he largest number of arnendments however

were triggered after a shipping disaster by the sudden realisat ion that "something had to be
done" . In recent years the " Herald of Free Enterprisc", the "Scand inavian Star" and th e
"Esto nia" may be rem ember ed as incidents with great impact on th e regulatory process
within IM O . The SOLAS Conventio n, and sim ilar co nvcntio ns in othe r fields of th e
1l1ari tim e ind ustry have always foc used o n hard ware and in a lesser way on th e m arm er to

operate this hardware. T his focus towards tec hnical regul ations was 50 streng that in recent

years the shipping indu stry was dubbed by sorne speakers "the most regulated industry on
eart h". Despite all th is regulating accidents do still occur, sometimes w ith great loss of life
Or with a grcat negativc impact o n th e env ironment, bo th of w hich are na longer taken for
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granted by society. The rather reactive way in whic h new regulatio ns are created often
leaves the impression of always running beh ind th e facts. N ewly designed rules need time
for forma l acce ptance and are often only applicable to new ships, leaving olde r vessels in an
apparent unsafe co nditio n! Also the amount of new regulations makes it difficui t for the
ow ner, th e captain as weil as th e (govern me nt) inspeeto r to keep up with changes .

N o wonder that critics of IM O and th e way it works vo ice d the op inion that all this
technical rulemaking serves no effect and some Adrninistrations bypassed th e workings of
international co nventio ns by resortin g to un ilateral measures to speed up th e
imp lementation of, what th ey tho ug ht we re the best met hods to enhance safety, regardless
of in ternational acceptation.

3. Recognition of the "Human Element"

In the early eighties the recognition emerged that th e effort put into an ever 1I1creas1l1g
number of measures to impro ve hardware in order to prevent accidents did in fact not
deliver the decrease in accide nt rates that migh t be expected. Clearly something else posed
a limit to th e red uc tion in accidents that co uld be achieved by tech nical measur es alone .

Borrowing from o the r fields o f industry (a.o. aviation and th e process industry)
researchers recognize d and tried to define th e " huma n element" in the chain of eve nts
leading to shippi ng accidents (in th e N etherlands a.o. Wagenaa r et al.) . T his caused a way
of thinking about accident preventio n th at was un know n in most shipping circles, although
in hindsigh t it can be said that the phenomenon known as "good searnanship" was in fact
an experience based co mbination of practi cal knowledge and the hu man element.

In th e old days th e way sailo rs lived and worke d on ships in close reac h of the
eleme nts br ed a cer tain add itional sense for safety. Knowing th e limits of w or kin g a ship up
in a storm was seco nd nature to an old salt, but this kn owledge fade d away as the advance
of technology bu ilt larger and faster vessels with co mfortab le wheelhouses we re those in
charge worked we il proteered and away from the eleme nts .

Another important eleme nt tha t influe nced the diminish ing of pride in a weil kept
vessel with owners and crews alike was th e eme rgence , afte r th e seco ud wo rld war of many
new shipping nations. The co mpetitio n resulting from the oversupply of tonnage led
shipowners to eve r greate r econo mics in mainten ance and repair and, not to be forgotten ,
in mamring their vessels. The resulting eme rgence of substa ndard vessels and their impact
on the ind ustry is dealt wi th elsew here . W e wi ll co nti nue by describing the measures
created within the SOLAS Conve ntion to try to turn back this tre nd of poor kept vessels
and bring to the industry a new image of qu ality and safety, estab lished by quality ships and
qu ality crews.

4. Creation of the ISM code

Following recognition of a human element in the chain of events and the recognition of
th e fact th at shipowners and th ose responsib le on board sho uld adopt a more systematic
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approa ch to their daily work, the development of what was to become the International
Safety M anagement co de started in th e mid-eighties. In some senses a revolutionary
development in shipping. For the first time in histo ry regulations were being developed in
th e contex t of SOLAS th at were not only dir ected towards building and equipping a ship
or towards the master, but direct ed also to the way it should be operated during its Iifetime.
Not only by those on board but also by those involved in the decision-making chain ashore,
in th e offices of owners and op erators.

Exp erien ce and know-how of system- ma nageme nt w as at th at tim e mainl y available
with expe rts with knowledge of ISO 9000 qu ality assurance.

The prin cipl es of qu ality assurance were slowly being ado pted in certain areas of th e
shipping industry, mainly in che m ical- and oil trad es. In most cases th e adoption of ISO
standards within a shipping company was triggered by th e industry th ey served. ISO
certificatio n was already well-developed in the shorebased oil- and chern ical industry and
th ose custo rners of seaborne transport often required ISO cert ificatio n for th e shipping
co mpanies the y dealt with .

T he initial result s o f th e development of th e ISM -code tended to be rath er detailed
and prescriptive, probably being caused by the standard being developed by expe rts with a
stro ng operational background.

It was recognized that such a detailed and prescriptive code would lead to difficulties
during implcmentation in a very diversified industry. T here was also a strong reacti on from
the industry and some maritime admin istrations against th is trend. Together thi s result ed in
th e development of an industry-specific co de which was more in lin e with th e principl es of
the ISO 9000 standards. The bro ad terms in which th e new co de was expresse d offered th e
required flexib ility , needed to implement th e code in a diversified shipping industry . At the
same time , because th is code was written spe cifically for the shipping industry, it was easily
recognizable for those who w ere going to live by it and use it in their day to day work.
Three red threads are visible in the ISM - code:

• a clear path of responsibility within all level s o f a shipping company,
• planning and preparation of critical and important activities,
• training of the crew for th e job to be undertaken

TOgether they must lead to the development of a "safety culture" within th e industry and
bring back some of that oldfashioned feeling of a weil run ship supportcd by a responsibie
shorebased management.

5. hnplementation of the code and interaction with (Total) Quality Management

Still, when implementation of th e code started , the industry signalled about problems
encountered when safety management was introduced parallel to quality management. As
already stared before, in the eighties and early nineties quality management was introduced
in sorne parts of th e shipping industry in response to requirements from shippers and cargo
oWne rs. Ir soo n showe d that rhe philosophy around th e ISM-cod e, recognizin g th e widely
varied maritime industry , confli cted in many cases with th e philosophy of ISO-train ed
co nsultants and audito rs.
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Many attempts have been made in the literature and in publications from consultants
and certification bodies to prove that the ISO standard and the ISM code could be
superimposed without difficulty. In practice however it appears that in a company
implementing both systems often two different and independent sets of manuals are created,
desp ite the similarity of both systems. This is caused by different terminology in both
systerns and the fact that not all elements of ISO are clearly recognizable in ISM , or put into
different paragraphs. T he use of external cons ultants, weil versed in one system but not in
the ot her may have amp lified this situa tio n.

In the N etherlands the occ upational safety and hcalth regulations also require a
systematic approach to solving the probl em of providing a safe working environment to
emp loyees. Risk- arialysis has to be undertaken to a certain extent and thc cmployer has to
plan in advance what measures he will take to reach a pre-d etermined result. T he employer
has however less flexibility than with ISM and ISO because more activi ties are exp licitly
prescribed by law.

T his com plicate d the matt er co nsidera bly. To make th ings worse, it appea red that
experience in im plem enting system ma nage me nt for any pu rpose existed on ly by those
working in larger co mpa nies . In the N eth erlands many small one-vessel shipowners exist,
the owner in many cases bcing the captain of the ship. All guidelines and all sample manuals
provided sofar carered for organizations of some substance, leaving the po or captain-ownet
out in the cold, although in the end also his ship and his orga nization, limited as it may be,
has to co nform to thc requ irements laid down in international and national law. And also
the captain-owner will be confronted by shippers requiring him to embrace "quality
management" .

This was reason for the D uteli mari time Administration to facilitate the development
of a fully integratcd system management scheme, encompassing not only the mandatory
ISM code and ma nda tory regulations co nce rni ng occupational hea lth and safety (AR.BO
wet) , but also voluntary ISO 9000 certifica tio n.

In close co-opera tio n wi th the R oyal Association of Nethe rlands Shipowners and
managemen t cons ultan ts of Coopers & Lybrand a proj ect was starred to develop and app Iy
the system in four parallel pilot projects with four parti cipating shipping co mpa nics. Those
four co rnpanies represent the wide variety that exists within the industry.

In ma ny cases it is visibic tint a managem entsystem according a cer tain standard is
developed in close similarity to the outline of the standard. When more then one, no t
co mpletely equivalent, standards are involved this obvio usly leads to co nflicts, resulting in
two or mor e ind ependent managem ent systems existing next to each ot hcr as exp laincd
befo re. C learly not the perfect point of departure for a broadly suppo rted mcth od of
process -contro l.

T he expe rience of the cons ultants has shown that be tter results can be gained by not
following the outl inc of a code or standard, but to buil d the management system along the
process by whic h an industry is ru n. T his process-orien ted app roac h has been followed with
good results in all four pilot s.
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6. Description of the IMa-S system
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Alth ou gh dubbed a "system ", th e " 1nt cgrated M anagem ent system Shipping" (IM a- S) is
more a set of guide lines towards designing and implcm en tin g a m anagement system th en a
systern in itsclf

T he basic eleme nt by which these guidel ines difTer from existing products is the
process-oriented approach that was adopted. This is best explained by the matrix below.

MAIN PROCESSES

o.General 1, Commercial
2. Operations 3. Operations 4. Voyage

Planning Support

1. Process

2. Policy

3. Pereennet and
Organisation

4, Communications

5. Equipment

6. Purchase

7 Finances

8 Evaluation

Figure 1. IM3-S matrix .

The vertical co lumn at the left end of the matrix contains the managerial aspects of a
commercial operation, while the horizontal axis shows a division in four rnain processes
defined within the organization.

The basic principle is that all acrivities that lead to the product of the organization,
in this case seaborne transport, can be placed in a un ique square in the matrix. In real life
activities expand beyoud the borders ofthe previously defined main-processes. This "border
crossing" however may bc dea lt with w hen defining the relevant procedures. The main
process from whic h a eertuin activiry originates, or the main-proccss for which the activity
has the greatest impact defines the pos ition of that activity in the matrix .

l:ly loo king at he vertical co lumn at the left of the matrix it sho uld be noted that the
"process" is placed on top, thereby making all other aspects visually subordinate to the
process. This refleets reaI life. Within a company the business-process is the aspect
generating income while all other aspects are in fact supporting activities, although it should
be recognized th at the business-proccss may not bc viabie when some of the supporting
aspects are neglected .

The first item on the horizontal axis "genera!", which is placed outside the defined
l1lain-processes scerns to be conflicting with the basic principle of thc matrix that each single
activity within the operatien should be allocated to a main-process. During the
development phase it became clear that sorne, mainly supporting, subprocesses were so
l1luch interwoven with more than oue or even all defined main-processes that the choice
Was made to position these subprocesscs in a column of their own in the matrix. Looking
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again to a real life organization it shows that thi s model conforms with th e way a
com mercial organization is co nstructed and fun ctions.

All the elements on the vertical axis will be recognized in any organi zation , no
matter its size. In small organizations more managerial aspects may be found in a single
person culrninating in the captain- ow ne r where (virtually) all manageri al aspects are
combined in one person. For him the distinction between th e various aspects will enable
him to organize his bu siness more efficiently.

The elements on th e horizontal axis however are not fixed . They may be left out
when certa in processes do not occur within a company, or are so much interwov en that it
is impractical to make a distinction, whil e it is also po ssible for a large diversified
organization to discern additiona l main processes. The basic principle of allocating activities
to a single aspect and a single main process rernains aloft.

Although the requirernents of SOLAS and national oc cupational health and safety
regulations focus on safety and those of the voluntary ISO 9000 systern on quality, favouring
the customer, it wa s stated from the start that the integrated system to be developed sho uld
provide additional advantage to th e shipow ner embracing it. H e sho uld in the end run a
better. more efficient and more economie business, at th e same time fully complying w ith
all legal and custome r requirem ents.

C ritics of shipping and th e way it evolved in th e last decennia would have
conside red it impossible or at least extrem ely costly to combine these two ends of th e scale.
The simple fact however th at a company embarks on th e task of fully describing its

organi zation gives the oppo rtu nity to reflect on past and present procedures and impro ve
w he re improvement is feasible.

The result s of more th an rwo years development, which to ok place under pr essur e
of an immine nt statutory implem entation-date of 1 July 1998, have provcd that integration
of different system- management philosophies is possible and workable in real life. Two of
th e pilot companies are now in th e final phase of th e implementation process, i.e. externa l
auditing and certification , with good results,

About 40 Dutch shipowners have now chosen to follow the lead o f th eir four
colleagues and are now implemenring the lntegratcd M anagement system-Shipping (IMa 
S). This is done in "circles" of about ten owners with sim ilar ne eds and a similar required
timepath, who meet regularly to exchange views and experienees and rec eive guidance
from a consultan t. This weil known concept was borrowed from quality assurance practi ce.

7. Towards a "Safety Partnership"

A number of trends are visible th ese days which have impact on th e relation ship between
th e maritime Administration (the public secto r) and the shipow ne rs and classification
soc ieties (the private secto r).

In th e first place a trend within th e public sec to r to " privatize", result ing in a
growing number of statutory inspections of co mpliance with regul ations now bein g
performed by private bodies, while th e Administration retreats to a grea te r disrance from
th e industry .
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In the seco nd place th e developmen ts sketche d in this paper, whe re a clearly defined
OWn responsibility is placed with the shipowners, requiring them to plan ahead and develop
a safety cu lture wi thin th eir organiza tion.

T he thi rd tre nd is a growing not ion that the Admi nistration and the direct shipping
related industry are not the only eleme nts in the chain tha t inf1u ence the safety of the
maritime ind ustry as a w ho ie. Shippers, cargo-owne rs, insurers and financial institution s
play their own part in th is field and ult imately have inf1uence on, and respo nsibility for, the
safety of shipping.

T he Ad ministration, representing the Go vernme nt that ratified and signed the
intern ation al SO LAS Convention, still has the respo nsibility for safety in shipping, by
lllaint aining co rn pliance w ith the regulation s. It is clear however that he Administration,
witho ut exe rcising a very restrictive regime can not take th is respon sibility alone. A
restrictive regime is "not don e" anymore in modern society, so othe r means have to be
found to obtain the involvem ent of all other int erested parti es.

The mandatory impl cm entation of the ISM code, and possibly also voluntary
implementatio n of qu ality assura nce, provid es a basis for the shipowner to take his share of
respo nsibi lity for th e safety of shipping in a ma rmer that is both effective and cost-efficient.

Respo nsibiliry sho uld not be co nfused with liabil ity. Much has bee n wri tte n in the
shipping press in th e past year on the subject of liability and the limitation of liability by
shipowners and the impact of the ISM code on th is issue . Most comments lauding the
Suggestion that the ISM code robs the owne r of his limitation refer to the requirement that

"t o ensure th e safe eperation of each ship and to provide a link between the
ca mpany and those on board. cvcry cornpany, as appropriate, sho uld designare a persan
or persons asho re havin g dire ct acccss ta the highest level of management...."

It was never the in tention of the ISM code to provide specificly for an informat ion
system keeping the directors of a shipping co mpany fully informed on all details of the state
of main tenance and other ope ratio nal aspects of the f1eet. T he purpose of the desig nated
perso n is a.o. to ensure that legitim ate requests for repair and sup ply are followed up by
COst-conscious superin tendents, that reports on non conformities are followed up and the
necessary co rrect io ns be made. To assist him in this fun crion and to provide him with thc
enforcing powers needed , he mu st be provided with a dir ect link to the managem ent, in
orde r to obtain their co nuni tme nt if necessary,

Discussions on th e status of limitation of Iiability after the implcme ntation of the
ISM code may have a serio us negative effec t on the effective ness of implementation . Fear
of the shipowner being confronted with nonrefutable claims may we ll resu lt in "paper
tigers" being installed. co mp letely ignoring the wish for effectiveness and efficie ncy that
prevailed w hen the IM a- S system was developed.

Ways have still to be found to make the other parties in the shipping industry such
as insurers, charterers and cargo interests take their responsibility, but for the transport
industry itself the implernentation of an intcgrated managementsystem may provide the
right tools and be the first stepping stone for the shipowner on the raad towards a reaI

"partnership in transp ort safety".
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Ships, Safe and Sure

J.J. Westerbeek

lvlallagillg Dircctor, Scatrade Groningen BV, The Netherlands

It is an honour for me being present here arnongst all the experts, knowing most prob ably
m uch more about safety and shipping than myself. I have been asked to give a presentation
about safety of tran sportation relatcd to the activities sur rounding this subject within our
organisation Sentrade Groningen BV.

As you can see the presentation is titled "Ships, Safe and Sure", becau se we think
and believe transportation by ship is safe and sure, if YOll work on it, if you cont ro l th e
process. Scatrad e's int erual qu ality poli cy has heen dcfined for ycars by the so called tripl e
S standa rd:

• Safety
• Speed
• Service

bein g a co mbinatio n of qualiry and co mm ercial goals. Tod ay in th is prescnration we wi ll
co nce ntrate on the first S of Safety.

Befere tellin g more abo ut Safety of Transportation and abo ut Ship s, Safe and Sure,
I'd like to give a little bit mor e background inforrnation abo ut our co mpany. Scatrade
Groninge n BV is a ship managem ent and ship ow ning co mpany, spec ialised in reefer vesscls
and residing in Groninge n. Since 3 years Sentrade is a fully ISMA/ISM certified
orga nisatio n. ISMA stands for Int ern ational Ship Managem ent Association and ISM stands
for Int ern ational Safety Managem ent.

It has been int ern arionally agre ed that co rn pliancc with the code for gene ral cargo
vessels is co rnpulsory as per 2002. R eefer vessels are gencrally cargo vessels.
Question could be: " W hy certified so early, 7 years ahcad of schcdule"?
Answer is: Changing an old-fashioned shipping mentality and modifying an organisational
stru cture takes time, alme st a generation. Some figure s about Scatrade Groningen BV:
- 51 Vessels in managem ent and ownership (47 reefers and 4 bulkers).
- 55 Employees in the office.
- 800 Employees on the fleet.
- Established 47 years ago.
Some figures abo ut the vessels:
- Length berw, 80 / 150 m.
- Bcam betw. 13/24 m.

- D.w.t . betw. 3000/1 1.000 ton s
- Engine po we r berw. 2000 / 10.000 kW
- Crew 10/20 persons
- Spee d 12/21 knots
- Age 0/18 years
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- Cargo: fruit, bananas, meat, fish, potatoes, garlic , reefer containers etc. Sometimes general
cargo Iike cars, flour, fertiliser and containers.
- Operational 365 days a year with an off-hire percentage of 1,4% average.
- Crew Dutch, Russian, Filippino, Croatian.
A picture of the organisation should give an idea of the rnain departments of this
organisation, being T.D. , C .D ., F.D. and the separate departments of QA and Insurnnee
(1lling directly under the responsibility of the Managing Director.

In the past the insurance department was called claims department and the G.M . was
handling all insurances. The philosophy was the more (damage) claims,
the better, because the premium paid was so high. Nowadays a claims manager is called a
risklinsurance manager and the G.M . should have more time for its core activities Iike
shipping (devclopments) and ship management.

As mcntioncd earlier, thcre are two departments working close together, having
similar goals: optimising safety awareness and executing risk assessrnents by means of Risk
man agement. These departments are:

• lnsurance and Claims department.
• Quality Assurance department.

These departrnents have their own responsibility, but on the other hand a joined obj ective
of creating an environment in which our vesscls and crew can work on the transportation
of goods safe and sure without dclays, as efficient as po ssiblc, without accidents ete. These
risk management tools are:

• to have / to devclop a clear and open organisational structure.
• to collect information/figures, creating statistics, analysing th e figures .
• to make evaluations and developing preventive measurcs.
• to develop necessary additional training, pre ssurising on increased expe rience and
safety awareness.

1. Organisational structure

The office organisation, ships organisation and the communication between office and ship,
constitut e the major parts within the organisational structure.

Lack of communication is still a major cause for accidents and also a major factor in
the att ernpt to avoid accidents. ISMA and ISM are excellent organisational aids for creating
a ship/office organisation based on the typical experience in thc ship tran sportation sector.

2. Statistics

Fro m staristics we ereare trends. A major task is co lleering all information by means of
damages/accid ents/near misses and casualry repo rts, indicatin g all releva nt details. Many
reports lack relevant details for developing co rrect statistics.

Analysing the figu res is an expe rience d task du e to - vcry often - a sho rtage of
inform ation.
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3. Evaluation/preventive measures

Session 1: Context and Policy

80% of all accidents is related to a human error. During the evaluation of an accident it
should be clear that punishment of the person who has caused th e accident is not th e best

approach for avo iding a similar acc ident in th e future.
Priority should be given to which circumstan ces, lack of training, skill o r cx pc rience

or omission in th e organisatio n did cause th e accid ent. The following sim ple qu estions are

relevant for a correc t evaluation:
- Why co uld it happ en ? (circumstances) .
- Why did it happ en to thi s person? (training, skill).

- Why is it happening more often? (organisation/system) .
Examples of above are:
- Bad weather, act of good, beyond co ntro l, damage to forecastle or supe rstru cture .
- Overriding a lightbuoy or breakwater in good weather and without failure of machincry,

- Fore castIe full of water during sailing from A to B. Lack o f organisation, no checking
before departure and no checking during sailing .

4. Training, skilI, increased experienee and awareness

Lack o f training and ex pe rience rern ains a major factor when it com es to accid en ts. To

conc entrate on this issue is still of major irnportancc , like the bridgc/cngine room " heavy
weather" training. Although accidents are being excersized , in rcality accidents are ge tting
out of hand because th er e is no control of th e situ atio n .

Communicati on of th e results/recommendations through major inte rna l

investigations toward s all concerned in th e organisatio n, including th e findings, results and
rccommendations from third parti es.
Improving existing checklists, pro cedures for E.R. and bridge, like moo rin g and
unmooring, bad wen the r passage, pilots on board ete. ete. Com m u nicating th is co mpany

poli cy "a ccid ents only cost money" or "plan what yo u do and do what yo u plan" fro m
bottom up and top down in the organi sation and by making risk managem ent a part of thi s
poli cy by asking " how to save on spending money for insurnnee premiums" .

The shipping com m unity has made th e first step s toward th is new appro ach of
accidc nts, how to avoid them and what kind of preventive m easures to be taken . M any
othe r part s of th e industry are ahea d of us, like aviation , che m ical industry, nu clear industry.
This fact co uId bc a valid reason w hy investigators of a third pa rty w itho ut having dc tailed
experience in shipping, will never have th e kn owl edge to make a good j udgement.

To give an exa m ple, in avia tio n it is qu ite co m mon to keep all planes out of the air
w hen a teehuical mi shap is disco vered in o ne plan e. T his is auto ma tica lly distribut ed to all
users w ith th e obligatio n to check th eir plane. It never happ cn ed in shipping that w hen one

ship sunk with crew o nbo ard - the cause of th c disaster bein g unknown - all sister vessels
w er e held in port till all investigations were over. It should not co me this far as we sho uld
be able to organise our own safety in transportation with th e ex pc rienced kn owledge o f
third parti es like IMO , SI and th e " Raad vo or de Scheep vaart " .
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The result of a fiill implementation of risk management is th at there are:

• less lives lost .
• less accidents.
• less delays in transportation of cargo.
• lcss pollution duc to lcss accidents.
• less casts for insurance premiums.
• less human frustration .
• less deviation from thc prime objective in shipping "Safe transportation of cargo".

With this policy we believe Ships are more Safe and Sure.
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Can Pilotage Performed in Competition
Provide a Safe Environment for the

Shipping Industry

The balance between safety and econonucs

R ein van Gooswilligcn

DI/teil Pilo ta~l!c Corporation, The Netherlands

1. Introd uction

Worid-wide a call for th e introdue tion of co mpe tirion within all fields o f econo m ie
activities is heard . Latcly thi s call has also be en hcard in secto rs that bele ng to the dornain

of public interest. Even in maritime pilot age th e introduetio n of co mpe tition is bein g
co nsidered, and in some cases co mpetition is actually intro du ced . Pilot age in th e Torres
Strait in Australia, for instanee. has been ope ned up for co mpe tition.

Afte r th e do wn fall o f co mm unism in thc former East- Bloc co untries, self proclaimcd
"bizzni zzm en" starred pilot organisatio ns that in some ports was allowed - by th e (absence
of) autho rities - to co mpe te with th c former state/m unicipal pilot organisation.

In 1995, a co m mission led by professor Frissen was installed by th e Du teli
govern me nt to rev iew th e struc turc of pilot age in the N eth erlands. T he Frissen
Com rnirtee's rep ort, issued in 1997, co nta ine d amo ngst ot hers the co ncl usio n that pilotage
sho uld be subjected to market forces. Just one - and in my opi nion not the least - of the
topics rhat becomes interestin g with these pro posed changes is w he ther th e balance between
econo mics and safety will change.

For many centu ries, pilot s have world-wide been walkin g the fine line between
many limiting facto rs. Without wa nting to oversimplify matters I wo uld like to focu s in this
paper on th e safety facto r and its related eleme nts . In gene ral it can be said th at in pilo tage
a workable situation requires a prop er balan ce betw een this factor and econo mics.

2. Chain of events

Let us, first of all, co ncl ude th at a 100% safe sirna tio n may on ly be found in the po rt of
U topia in a co untry called Never-Neverland. If 100% safety does no t cxist, thc n we must
ask ourselves w hat the rea liry is.

An indiention (how ma ny incidents go unno ticed) may be found by looking at the
number of inciden ts. Some insurnnee co mpanies have provided us with information about
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incidents in th e shipping industry. Det Norske Veritas has for instanee reported that 90% of
all ship accide nts happen in restricted pilotage waters and th at in 60% of th ese the re is a pilot
on board.

I would , first of all, like to shed a proper light on the se findings. To illustrate thi s, I
would like to use one of the sayings used in our Bridge Resource Management co urse.
"Failure is an evcnt, failur e is not a person." As far as the cverit is concerned , I would like
to go eve n furth er and conclude that (almost) all incidents are th e result of a chain of events.
T he final eve nt is th e on e that puts the last connecting shackle in its place, i.e. th at finally
links th e chain together.

Let us, th erefore, not link the piloted area and th e mere facr that th e pilot is on board
to th e incident. As a co rn parison 99 .9% of th e incide nts takes place with th e master on
board . I would hardl y see evidence in this statement to identify the master as a "dangerous
goed". Finally let us rcalise that there may be thousands of shipmovcmc nts within an area
whe re pilot age is compulsory.

To put things com pletely in th e right perspective let me give yo u th e practi cal figure
of all incide nts (including teehuical failure) within th e piloted area in th e N etherland s. It
ll1ay co me as a surprise but th e number can not be measur cd in percentages. W e have to
resort to permillages. T he numbcr is ±2,4 in evcry th ou sand and has since th e privatisarion
of the pilotage servi ce in 1988 been falling consistently.

3. Connecting links

Do we kn ow all th ere is to kn ow about th e link s in th e chain of eve nts? In a minority of
the cases th e causes onl y come to light after a thorough inv estigation.

We have found th at in a minority of incidents the final cause can not be identified;
for th e other incid cnts however , w c can idcntify am ongst others technical factors and
hUl1lan factors. As far as th e teehuical factors are co ncerne d , practical observations in th e
N eth erland s have shown tint 15% to 20 % of th e incide nts happ ening within th e pilot ed
area is finally caused by failure of either th e stee ring engi ne or th e main engi ne. The closing
link in th e rem aining 80% to 85% of th e number of incidents can be attributed to variou s

othe r causes. These incidents are caused by actions of other vessels, acts by assistin g vessels,
acts by third parties not on board, pilot error, design fault s and acts by crewmernbers and/ or
officers o f th e ship. M ost incidents go unnoticed, but sorn e incidents may have a broad
social and public impact. For instan ee when th e en vironment is harm ed or when th ere are
casualties.

4. Safety and unsafety

Over the yea rs, I hav e secn many attempts to tackle th e problein to define wh at safety is. I
have found th at thi s definition may difTer according to the person or organisatio n that
addresses the issue. Perhaps th is has to do with th e variery of fields and interests from which
ISSues regarding maritime traffic are approach ed . From th e public interest side some o verall
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important issues emerge that lead to questions like:
• Is a safe and efficient traffic flow secured?
• Are the navigable waters weil maintained and is their continuous use secured?
• Is shipping prevented from damaging the environment, bridges, locks, quays etc.?

In the field of private interest we see that issues have for some years been overshadowed by
the circumstance that here is fierce competition in some sectors of the shipping industry. A
decrease in the companies margin has prompted many companies to follow a short term
strategy and look at all possibilities to reduce costs. This continuous necessity to cut costs
reduces the quality of global shipping. It is not only the crew that is becoming smaller, also
the level of their professional skiIIs is reduced by the sarne rate in which ships are being
switched to flags of convenience.

Every day, wc sec ships arriving in our ports of which the crew is hardly capable to
do their jobs properly on account of e.g. too much work to be done by too few, or ships
in such poor state of maintenance that their equipment is only partly operational. And what
to think of those cases of ill will or culpabie indifference when owners are not prepared to

spend money on their ships or their crews. Many other parties - ports, agencies etc. - have
other interests. What all views have in common though is that they acknowledge th at
maintaining safety carries costs.

5. Safety by numbers

Given the circumstance that safety has many sides and approaches - and is therefore difficult
to grasp - we go sometimes through exercises to simplify matters. The unwanted side effect
is that this often results in a tendency to oversimplify matters.

One of the oddest approaches that I ever have been confronted with was the one
that safety could be given marks on a range from 0 to 10. Safety in its present state could
rhen, for instanee. be expressed by the number 9 . If so, the conciusion then seems to be
justified that a mere 7 or 6 would be sufficient! First of all, this approach does not
sufficiently recognise the various interests that are at stake . Nor does it recognise that there
is a chain of events leading up to an incident. Purthermere - although not explicitly stated
- , one can sense that astrong economie component is entering into the argument.
Maintaining safety at level 9 would cost more than maintaining safety at level 6. Such an
argument might then be translated into: "Safety, but at what cost". Giving marks between
o and 10 is an exercise that carries too much subjectivity of the person or organisation
giving the marks. What one person experiences as a 9 may for another person be marked
as an 8 and vice versa. Most importantly, there is no evidence to support the theory that
safety behaves rationally, and slowly descends from 9 through 8 and 7 to 6.

That may very weIl be because there are various sides (public and private) to safety
and because all the links in a chain of events carry various weights giving safety a more
"elastic" nature. When we look at some of the recent incidents that have happened after
changes in the economie surrounding in which pilotage is perfomled (Sea Emprcss,
Peacock, etc. : we will return to those items later) we can sec that th ere is more evidence of
safety having a certain "elasticiry". Safety stretching for a reasonable amount ofyears (during
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whi ch minor incidents may still occur) until the last shackle in the duin of events locks and
an incident takes place that nobody entering any discussion on safety (be it public or private)
would ever want to occur, is the last thing anyone would be waiting for.

6. Sea Empress

To illustrate this , let us turn to the grounding of the Sea Empress. Many years passed
between the change of the British Act on Pilotage in 1987 and the grounding of th e ship
at Milford H aven in 1996 . When w e read th e report w e sec how public and private interests
evolved and how th e chain of events was forged shackle by shackle. Surely, the closing link
Was a pilot who, with merely two ycars experience and without adequate training for such
a type of ship, was asked to board the ship in a navigational situation that w as so crincal that
it was alrno sr impossible to avoid a grounding.

Let m e underline that in the N etherlands no pilot with such a lack of experience and
training would ever be allowed to bo ard a ship of the type of the Sea Empress. What then
did happen in Great Brirain , At first sight, one might say that this lack of qualification and
training was a problem caused by the pilot himself or the pilot organisation. Closer
observation, however , shows th at bec ause of changes in th e law in 1987 the Competent
Harbour Authority (C HA) was given th e (enviable) position of rul emaker and sole provider
of th e service. Over the years we see that th e commercial interests of the CHA start to
conflict with the running of a reliable pilot service.

We also see evidence in the Sea Empress report that the changes in the law pre
Cl1lpted an "a nrago nistic" or "confrontarional" relationship between the pilot organisation
~nd th e C H A. Presumably thi s was caused and arnplified by th e afor ementioned co nflict of
Ii1terest.

It took nine years and an incident of this magnitude to bring to light what had
happened and propose the remedies of which I will mention just a few. In the report it is
reco mme nde d th at th e M arin e Safety Agcn cy/Departmcnt of Transpo rt should prepare
nation al minimum standards of pilot training and exa minatie n. Fur rhe rrno re procedures
sho uld be devcIop ed and implemented for th e effective monitoring of C H A's standards of
training and exa m ination of pilots . The Milford Haven Port Authority's Pilotage
Auth orisati on C o nun itte e is spec ifically recommcnded to ame nd th e qu alifying
requirem ents for autho risations to per form pilotage on vessels in excess of 30, 000 dwt and
to il11prove th e standards for the examinatie n of pilot s.

In spite of th e rep ort and it 's recommen dations we still find C H A's in Great Britain
l11aking, what will certainly in hindsight appear to be, less fortunate choices between
economics and safety. In the port of London wc find for instanee evidence of a dwindling
nUl1lber of pilots witho ut mu ch change in th e number of ships to be pilot ed. This creative
Way of cost-cutting result ed in waiting time for shipping . T he C H A in th e London Port
Area has tri ed to "so lve" th is (self- imposed) "problern" by relaxing th e pilotage rules and
aIiowing more ships to proceed without the services of a co mpetent pilot o n board . One
wonders if th e lessons from the Sea Empress disaster have rcally been learned.

Some yea rs ago, a major fire happcncd in one of Londou 's main subway stations
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(King's Cross) in which many people were killed and many more wounded. It was later
found that quite some time before the fire happened a report on the safety in subway
stations had been issued. One of the findings of that report had been that the safety with
regard to fire in the subway stations in London was suboptimal. The last phrase in thar
report read: "By not upholding the standard of safety we resort to luck. And luck has the
very nasty habit of running out." The same phrase could, in my opinion, find a very worthy
place in the Sea Empress report and many more reports regarding serious incidents in the
maritime industry.

7. Quality as an essential ingredient of safety

A study recently conducted by the EU on maritime pilotage and possible changes therein
eoncluded among the same line that "changes to be introduced do not lower the quality of
pilotage services bclow a good and professional level satisfactory for the safety of
navigation" . This conclusion draws attention to some of the parameters that I mentioncd
earlier, namely thc quality of the pilotage service and the economie surrounding.

The quality of pilotage services is becoming increasingly important, if only on
account of the sad fact that standards of quality on board ships are decreasing.On the other
hand we have a society which makes stiff demands with respect to maintaining safety and
protecting the environment. This is understandable as there is a wide variety of dangerous
goods - explosive, poisonous, inflammable or polluting - being transported, often close to
residential areas. Quality has thereby become an essential input to maintaining our maritime
infrastructure. Training and certification are necessary ingredients to attain the rcquircd
quality for individual pilots. Certification in the Netherlands is only possible after the
necessary training has been followed and consequent examinations have been passed.
Thoughts about the introduetion of competition should at least consider how to take care
of;

• Selection and training of apprentice pilots .
• Maintaining the individual high quality of the certified pilot through a form of
"education permanente" consisting of
- Manoeuvring simulator training for certified pilots.
- Radar training.
- Personal Safety Training.
- Bridge Resource Management training.
- Refreshment trainings.

Let me assure you that the constant training needs of thc 600 pilots that are registered in
the Netherlands (managed by the Dutch pilots' STODEL foundation) is not an easy task.
Let me underlinc firmly at this point that the pilot training consists of a large practical
component and that it needs a pilot to train a pilot.
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8. Timely and adequate

113

The pilotage service also nceds to take care of other important ingredients such as the
timeliness of the service and the adequacy of the service. Timeliness means that every ship
requiring the service of a pilot does, indeed, get a pilot on board in time, and receives a
pilot who is proficient for that ship. Timeliness and adequacy of the service are ingredients
that have in the past years forrned the final link in some of the incidents that are mentioned
in this paper.

In the Sea Empress report, for instance, we find that the proficiency of the pilot
boarding the ship was not in accordance with what might be expected and thar the pilot
did not board the ship at the right moment. Another such "qualiry of pilotage service"
related incident took place in Australia,

9. The Peacock incident

What an organisation without adequate control and/or legal framewerk can achieve is
described by the investigation into the stranding of the Peacock in 1996 in the Great Barrier

Reef area. Again we see the chain of events slowly building up.
As of 1993, new regulations have co me into force concerning pilotage within the

compulsory pilotage areas of the Great Barrier Reef Marine Park. At the same time thc
possibility for cornpctition was crcated within the field of pilotage. This rcsulted eventually
in the formation of two pilotage services with separate ma naging companies. The smallest
Company, that is with the lesser number of pilots, was able to secure the largest share of the
available business. In terms of competition one might speak of a success. The result of this
SUccess was that the pilots in this company had to take on a greater workload.

Furthermore, therc was no proper control by government through the pilot
organisation to prevent thc pilots from taking on too much of a workload. A combination
ofshift hours and holidays finally resulted in the workload of the pilot of the Peacock - who
had, by the way. had 26 years of experience - being so great that on that specific day while
piloting the ship he lost "situational awarcness". This cuphcmistic expression covers the
circumstances that the - very expcrienccd 64-year old - pilot probably feil asleep 15 minutes
prior to the grounding of the vesscl and failed to wake up. The watchkeeping officer during
those full 15 minutes never challenged the pilot on the way he conducted his navigation.
The vessel was trappcd for nine days on thc Piper Reef until salvors refloatcd her.

10. Economie surrounding

The above mentioned incident shows what the result can be if th ere is no proper control
OVer the organisation providing thc services. Let us look further to see what forces are at
work in the economic surrounding of organisations.

To illustrate this, I will refer to the model suggested by a weil known business
consultant calied Michael Porter. The model describes five forces at work within and
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around the market place . The forces are indicated as Substitutes, Suppliers, Buyers,
Competitors, New Entrants.

Competition introduces rivalry among firms. Porter gives an indication of the
various forms that this rivalry may take . He indicates that competition in an industry
continually works to drive down the rare of return on invested capital toward the
competitive floor rate of return, or return that would be earned by the "pe rfec t1y
competitive" industry. Inve stors will not tolerate re turns below th is rate in the long run
because of their alternative of inv esting in other industries, and finns habitually earning less
than this ret urn will eventually go out of business . We can observe here a combination of
what is covered by the expression "T he market is always right" in combination with
something that might be called "economical Darwinism".

Here a problem emerges that we recognised earlier. It is related to the various views
of public and private interest that were mentioned above. From the former East-Bloc
countries we have experienced what economical Darwinism can lead to in the field of
pilotage when self proc laimed "bizznizzmen" started to enter the market. Pilots at each
other's throat, working - often without good lifesaving material - for many more hours than
justified and without proper training.

In some cases this mix of ingredients from the Sea Empress and Peaco ck incidents
was combined with taking risks that nobody in a sound mind would take had th e proper
environment been created in advance for th ese professionals to work in.

This pre-empts the question whether the components that are important to the
quality of the pilotage service sho uld be subjected to uncontrolled economical Darwinism
and whether the "marker is alway s right" . On the basis of the experien ces in East- Bloc
countries in combination with the examples mentioned earlier it is fairly safe to co nclude
that such is not th e case. The quality of the individual pilots, their initi al and permanent
training and refreshment courses combined with the adequacy and timeliness of the service
form elements that make it almost compulsory to take measures weil in advance for any
organisation that wants to enter the pilotage service.

A purely cost or product driven strategy by the various market parties in qu estion
could then take place within a weil defined framework. H aving co nclude d this let us then
de cide whether we need to turn our att ention to the individual pilots or the orga nisation
that provides the servi ces.

11. The pilot or the organisation

In marketing and economics the view is held that people beh ave rational. Bu t it has also
been found that individuals are driven to be maximis ers and economisers. T he Peacock
incident from Au stralia is an exarnple how - without the proper set of measuring and
monitoring of the individual pilot - this "more is better" mentality can result in things
getting out of hand .

A good organisational fram ework poses the best solution for th is problem. T hrough
a proper organisation we have th e opportunity to measure and monitor the performance of
the individual pilots and recognise and reward the individual pilots for using their decision
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rights in the right way. However - as seen in the Sea Empress incident - the organisation
should be prevented from letting the quality of service suffer from the competitive forces
of the market.

How can this be established? Organisations that want to enter the market can do so
once government has issued a license or given the concession with all the relevant checks
and warranties required from that organisation to provide a timely and swift service. The
checks of and warranties required from the concession/license holder should of course
provide a basis for a good balance between economics and safety. The balance should keep
the possibilities open to leave the right incentives in the market for companies to return the
rewards of efficiency measures to their customers and still enabling them to keep the quality
of the pilotage service on a high and sustainable level. This would allow organisations to
improve on efficiency measures without lowering the quality of pilotage. Also, this should
lead to a situation that all ships are serviced in time, with a proficient pilot on board at the
lowest possible price (the right balance between price and the level of service).

12. Research and development

Let us not forget that research and development play an important role in pilotage (as in any
organisation). Let down on R&D and in the long term your product or service and
eventually your organisation and customers will suffer. With this in thought the Dutch
Pilotage Organisation has been developing amongst others new launches, fast tenders, a
Total Quality Management system, custom made software and Shore Based Pilotage (SBP).

SBP seems to be the catch phrase for quite a few persons and working groups
pondering changes in pilotage. It is often heard that a Boeing 747 can land without any
human assistance on some airfields. Why should th is not be the case with ships.

Yes iudeed thc display on the synthctic radar screen looks enticing enough. We sec
ships being projected with vectors, 10 digit accuracy and all seems to be perfectly in order.
But is this really the case?

Through the use of the latest computer software we have grown so used to
WYSIWYG that wc really think that the radar display offers us a WYSIWYG picture. Let
lis for a moment go back to the principle of radar. The navigators among this audience will
appreciate that a radar picture often is what I would call WYNSIWYG or "do YOll really
see what you think you sec". From a 900 ft ship we may for instanee see a dot or line that
represents the bow, or the stern, or the whole ship or sornetimes just the superstructure, or
even some other parts of the ship.

The original radar display screen used to give us this so called "raw" radar image
which - as I indicated above - was difficult enough to interpret. Nowadays the screen offers
lis a view of th is raw radar information that is "enhanced" by a computer with a nice ship
like form around what is computcd to be the position of the ship . Position, speed, vector
length and direction are presented on the basis of the calculation that the computer makes.
But how can we, not knowing wh at part of the ship we sec in the first place, be sure that
the dot on the radar is "thc" ship. You will not be surprised to find that wc cannot be sure.

The computer suffers from the sarne effects as us humans and as a result of it's



116 Session 1: Co ntext and Po/iey

"enhancerne nt" and calculatio ns sometimes introduces un wanted side effects . When
co mparing the raw radar im age with th e en hanced im age we somcrimes see for instanee that
a ship slow ing down on the raw radar image does not for quite a while lose speed on th e

enhanced im age. The vec to r of a ship th at is turning most o f th e time misrepresents th e
actual co urse of th e ship .1 on ce ex pe rienc ed that a 900 ft tanker in the Europ oort broke in
half on th e synthe tic display be cause of com puter misinformation.Had it not been for th e
raw radar image and th e o utside view from the radar station I would have believed th at a
major disaster had be en on our hands . It is only with th e proper training th at an ope rato r
giving information or a pilot giving SBP is able to interpret th is information. Only with th e
assistance of th e raw radar image is th e pilot giving SBP ablc to guide th e ship accurarcly,
SEP is - in spite of all the technical developments - still a seco nd best option and onl y
exe cuted in cases of bad weather when the pilot is not able to board the ship.

The optimal situ ation still exists with the pilot actually on board. But that does not
m ean that the pilot organisation does not recognise th e developments in technology and
will not contemplate possibilities for the further development of SEP. Two ycars ago an
initiative w as taken by th e Dutch Pilots Corporation to see whether or not SBP would be
possible on a more perman ent basis. The findings o f thi s invcsti gati on were th at th e present

technology is still insufficient to crea te a situa tio n co rn parable to th at when th e pilot is
actua lly on bo ard.

At th is moment furth er research is done how to co mpe nsate fo r the pr esent lack of
technology. This mi ght (in part) be found in ex tra tra ining an d equipm ent. For ins ta nee

extra training for th e master and extra equipment on board of th e ship (e.g . ce rta in types of
tran sponders). Furthermore w e sho uld not forget that th e pilot will (eve n in th e future) only
be able to guide a limited arnount of ships w hich may in th e case of a permanent fonn of
SBP lead to co nges tio n .

Again w e se public and private interests, safety and econo mics emerging as facto rs.
Therefore w e are at thi s moment still discussing th e item s mention ed in th e report wi th th e
go vern ment and th e municip al autho rities. We will of course keep th e maritime industry
informed about our progress. But you mayalso rest assured th at we see no point realising
a project if it do es not provide a safe po ssibility for a ship to enter port while at th e sarne

time keeping the port free from congestio n .
Research and devclopment are important for the future . Trying to pr ess pilot

organisations into action by repeatedly staring (without any foundation whatsoevcr) that th e
ncw technology age is upon us and th at the pilot will - perh aps not today but certainly at
one minute past twelvc tonight - be obsolet e does in our view not represent th e present
state of things properly and do es not ereare th e proper atmos phe re in which th e
development o f new technology can prosper. An y economie surro unding for th e pilotage
services should not disable th e po ssibilities for proper research and devclopment.

13. Conclusion

W e return to th e qu estion posed at th e start of thi s paper. Ca n pilotage perfo rrucd in
compe titio n provide a safe enviro nment for th e shipping industry. As with many qu estion s
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in life the answer is: it depends.
We have seen examples from Great Britain, the former East-Bloc countries, Australia

and a cornparison with the situation in the Netherlands. The evidence indicates that the
introduetion of market forces should take into account much more than just the phrase "the
market is always right" and the concepts of economie Darwinism, The evidence suggests
that whether or not the introduetion of market forces into pilotage is successful depends on
various factors, As we have stared before "Incentives Work".

There is indication that rational, economising, maximising individuals will - without
the right framcwork, a good organisation and the proper set of incentives - not be able by
themselves to set the right standards for the pilotage service to be rendered.

We therefore need to turn our attention from the individual pilots to the
organisation providing the service and the creation of a proper framework. Such a proper
framework needs ro be set by government through a concession or licensc system for any
organisation that is willing to enter the market for pilotage. This should preferably be done
by screening the organisations that want to enter the market, and by the authority specifying
which criteria need to be met by that organisation. By doing so the organisation will need
to fulfil the needs of the market in a more adequate way doing justice to both the quality
of the service, efficiency and the swiftness of that service.

With regard to those who are investigating the field of pilotage in any part of the
world I would like to reeall an artiele on revitalising corporate performance that I read some
years ago, The artiele made a cornparison between top managers and astronauts - to perferm
well, they need the intelligence that's back on the ground. I would like to carry this saying
a bit further and propose that we all return to base and with all the information in hand and
both feet firmly on the ground take a good look at the necessities for the best way to secure
the qualiry of pilotage services in the interest of safety. The future rcwards are there for the
reaping.
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Methods of Calculation of Risks at
Marshalling Yards and Open Track Due to

the Rail Transport of Hazardous Goods

Cornelis Nicolaas Smit
NS Railinjrabe heer, P.O. Box 2025, 3500 HA Utrecht, Thc Netherlands

Abstract. Versatilc calculation systems for th c level of risk at ma rshalling yards and
open track have been develop ed. Yards thar are in ten sively uscd for th e hand ling of
rankea rs with hazardons substa nces we re cxamined with th e calculatio n mc tho d, as we ll
as m ost sections throu gh out th c co untry. Main param eters are th e type and quan tity of
hazard on s goods, th c shunt ing and trans port processes carricd out and the urb anisation
patt ern in th e surro und ings ,
A proj ect was orga nised to invent ory the nation wid c risk sirnat io n and to devise and
take m easur es to redu ce risk at rhc relevant yards and secrio ris. A widc range of
measur es was cvaluatcd, Prorui sing actio ns are th e clcctrification of diesel sections aud
rhe building of specific sccuriry provisions.

1. Introduetion

Impressive disasters, suc h as th ose at BhopaI, Seveso and " Los Alfaqu es" (a camping site in
Spain), urged nation al and internatio nal governments to recognise the dangers of large
vol umes of chemicais, not o nly for employees, but for all peopl e in the area. T he policy
field of risk reduc tio n or "e xt erna l safety" was born. It is relevant for production, sto rage
and transport, and realizing that a large growth of th e rail tra nsport of hazard ous goods is
foreseen, th e th reatening imbalance with safety is a major topic.

In th is paper th e Dutch risk approach co nce rn ing rail transport is described. 13ecause
most rnarshalling yards and several sections are situatcd in crowde d areas like city centres,
risk probI em s are co nside red a cru cial item for both our railway co mpany and th e
autho rities, In a br oader pcrspective, the den se railw ay netw ork and th e high population
den sity in the w ho le country req uire parti cuIar attention for this subj ec t. In order to apply
general, objective measures for risks caused by railway tankcars, a valuab le and versatile
caieulation method was desig ned, the so-c alled Q RA. T he general name Q RA stands for
quantitative risk analysis, w hich has originally been design cd to caieulat e th e risks of
stationary chemical plants and installations , as w eil as filling stations for LPG . A maj or
adva ntage of the co mputer programmes is th eir ability to give a qu antitativ e insight into th e
effects of a wide range of possible measur es.
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2. Calculation method for marshalling yards
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After thorough deliberation s, a prescribed meth od of calculatio n has been designed for the
determ ination of the risk level, In section 5 of this paper the two resulting risk values, i.e.
the IR (individual risk) and the SR (societal risk) are desc ribed. T he fram ework of thi s
calculation method is based on an analysis of the D ute li casuistry, mai nly in the eight ies
(because of the availability of data; an up-date is planncd). For th is purpose, the genera l
casuistry was evaluate d, i.e . bo th passenger and freight transport, cove ring all o f the nation al
rail infrastru cture (marshalling yards, industrial lines and open trac k). As a matter of fact, the
Dutch rail casuistry concerning the slm nti ng processes with hazardous substances still
brought forth no external vict ims. However, a recen t accident at a yard in D resde n
(Germany) has emphasized the possibility of such an event,

In the the risk calcu lation programme that was designed for marshalling yards [1,2],
a large set of inp ut parameters is found, referring to:

• T he quantity of hazardons goods (the number of tankcars)
• T he type of che micals
• T he lcngth of stay
• The compositio n of the train
• The infrast ructural lay- out of the marshalling yard
• T he type of train secu rity and the presence of safety provision s
• T he shunting process and the possibility of interference with o the r traffic
• The urbanisation patte rn (surroundings)

In this paper it is not mea nt to give an cxplanation for all parameters. Two items have been
chosen arbitra rily to exe mplify the co nte nts of the QRA, the Dutch co mputat io n system.
First, a description of the classification of hazardou s goods is given, then the cruc ial aspec ts
of the shunting process are illustrated. Five categories of substances are distinguished:

1. lnflammable gases HIN-23, 236, 239
2. Toxic gascs HIN-268
3. Very toxic gases HIN-266 (-> 268 for chlorine since 1997)
4. Very inflammable liquids HIN-33, 336 (50%), 338, 339 , X333, X338
6. Toxic liqui ds HIN-336 (50%), 66, 663, 665, 668, 669, 886
Chemical substances are classified according to the so called H azard Identifi cation Number.
T he number refers to the type of dange r and can be found as the top figure on the we ll
known orange signs fitted on the tankcars .

c:::m::::J
~

For example, the toxic gas ammonia has code 268. Kn owledge abo ut th is code is
useful, espec ially in case of an accide nt. The fire brigade is able to anticipate any expec ted
Conseque nces. In this example the 2 refers to its form as a gas, the 6 to (the danger of) its
toxicity and the 8 to its bi ting character. T he bottom figure is the UN-nu mber of the
l1laterial, and it corresponds with the chemica l identi ty. H owever, the UNenumber does
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not have any coding func tio n: co mpo unds are numbered mo re or less successive!y,
w hatever the ir struc ture. The number for am monia is 1005.

The shunt ing process is one of the main factors, because the calculatio n method is
frame d aro und it. In the analysis of the casuistry, eight so-ca IIcd scenarios were ind icated
which co uld be co nside red sourees or causes of inci de nts, each with its own freq uency. The
foIIowing scenarios we re identified .
For trains:

• Arri val (or departurc) of the freight train , interact ion with the head track and its
(passenge r) traffic.
• Arri val int o thc marshaIIing yard itself, int eraction with othe r shunting parts.
• The change of a locom otive.
• Autonomous ineidcnts (derailment etc.).
• General shunting processes (dividing or joining train parts etc.).
• Possibility of a I3LEV E (Bo iling Liquid Ex panding Vapeur Ex plosio n) by fire

For wagons:
• Intrinsic failure (e.g. by co rrosio n or incorrect filling)
• Sorting processes (dient; geographical destin ation)

M ost scenarios only say some thing about the chance , and nothing abo ut the co nseq ucnces.
A train-train co nflict does not result in victims in the ne ighbo urhood whe n the train speeds
are very low. Tankcars are stro ng eno ugh to withstand a quie t co llision.

Furthermore, gas wagons are genera lly mu ch stro nge r than rankears for liquids.
T hercforc, in add itio n to the basic fail frequ ency, a follow-up chance is defi ned: the chance
that - after a crash - the transporred compo und wiII actually escape (and burn or exp lode).

3. Yearly selection

In the sectio n above, the meth od ology for a co mplete QRA is describ ed . H owever, it
would be a trem endou s task to carry out periodi c risk analyses for each of the hundred
freight yards. Therefore, a simplified QRA was introduced in o rde r to estima te the risk
level. Simplifi cations co nce rn the lay-out and topological (ho using pattern ) data and many
othe r parameters. This simplified calculation always overestimates the risk situatio n, so that
all marshalling yards that do not cxceed the maximum permissiblc, standardised values for
IR. and SR. are protected from the obligation for a full QRA. T his "selectio n of bottl eneck
yards" is a yearly activity for our organisation N S R ailinfrabeh eer. Because N S
R ailinfrabeheer is liccnce-hold er for the yards in enviro nme ntal affairs, all information
abo ut hazard ou s freight is elabo rated in our company. T hc yearly se!ectio n is always don e
afierwa rds, so that actual and rcliable transport data can be used .

N ormally abo ut 20 Dutch marshalling yards are selcc ted by this meth od . They have
been studied int ensive!y in the co urse of a major nation al project called PAGE (a Dutch
abbreviatio n). T he explanatio n for their occ ur rence on the "bo ttlenec k" list is usually
related to eithe r the vicinity of chcmical industry (Sittard, Delfzijl), of a port (Rotterdam) ,
or thei r fun ction as a frontier station (Roosendaal, Venl o). Most of the yards are found in
city centres.
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No doubt that the nature of the risk on the open track differs from its equivalent at
marshalling yards. Especially two factors illustrate th is difference: the speed of the train and

the occurence of crossing (road) traffic.
The maximum speed of a freight train on the open track is dependent on several

parameters; in genera!, maximum speeds of about 80-100 km/hr are not unusual. Apart
from that, special rules just for chlorine transport prcscribc a limited speed of 60 km/hr. Of
course, a collision or derailment at high speed enhances the chance of serious damage to
tankcars.

Fortunatcly, higher speed is favourable in one respect: the Dutch type of train traffic
security, i.e. the ATB, requires a minimum speed of 40 km/hr. The ATB technology,
dcsigned to prcvcnt undesirable train movemcnts, is able to stop a train that has wrongly

passed a red signal. However, at speeds bel ow 40 km/hr the automatic brake system is not

active in such - possibly risky - situations. By the way, the ne west version of ATB (not yet
installed), has no speed discrimination.

On the open track two severe incidents taak placc during the past decade. The most

impressivc one happerred in Boxtel in January 1989. In th is town near Eindhoven, a train

derailed at a speed of 75 kru/hr due to the loss of an axle component from one of the
wagons. Many wagons toppled or ended their ride in a zigzagging movement. A tankcar
with 30 tons of methanol broke, causing a great fire. Enormous damage was experienced.

Another serious accident took place in October 1993 in Lage Zwaluwe, south of
Rotterdam. In th is case many rankears derailed while passing a switch, but fortunately they
did not burst open.

The input for the calculation programme for the open track [3] consists of various
parameters related to the quantity and identity of the hazardous goods, the infrastructural
lay-out and the built-on surroundings (cf. section I). A specific parameter is the nurnber of

level crossings on a certain section, although it has to be remarked that train-car collisions
do not predominate in the casuistry. Therefore, level crossings do only contribute
nl0derately to the risk calculation.

5. Poliey and legislation [4]

Two concepts are used in the field of external safety, i.e. the individual risk (IR) and the
societal risk (SR) . First, the official definitions are given:

I/ldil/idl/al risk (IR):
The frequency per year at which a person would be killed in a serious accident if that person

we re to stay perpetually in a given place without protection.

SOcietal risk (SR):
!he frequency per year at which a group of a specified minimum size is killed all at once
In a serieus accident.



122 Session 1: Context and Policy

T he definition of the first type of risk seems more or less th eoreti ca!. Obviously, only
an im agin ary person would stay in the same place for 36 5 days per year, 24 hours a day. In
fact th e IR is a measur e of th e level of risk itself, ind ep endent of th e sur ro undings. N o
matt er what kind of location (industrial, rural o r urban), the danger caused by the souree
determines th e level of risk. On a map places of equal risk can be connec ted by an iso-risk
co nto ur. For yards th e co nto ur has an elliptic shape, for sections it is more or less a line,
parallel to the track . In th e N etherland s th e value of th e maximum permissible IR represen ts
an obligatory limit. Exceeding thi s valu e me ans th e necessity of takin g measures.

In contrast with th e indi vidual risk, th e soc ietal risk is closely related to the
sur roundings. A serious disaster , for instane e resulting in an explosion, is far more favoura ble
if it happens in an unbuilt enviro nme nt. As already mentioned , however, marsballing yards
are often found in th e very city centre and for those locations the possibility of a 
considerable - group of victims is conceivable. Because th e soc ial reaction to accidents with
victims aggravates in proportion to th e number of deaths, thi s non-linear ph en omen on is
incorporated in environme ntal law.

The value of th e maximum permissible SR (for 10, 100, respectively 1000 o r eve n
mor e casualties) only represents a target value: under ce rtain circumstances th e aut horities
may acce pt de viation from thi s spec ific value. The societal risk is represented as a diagram ,
th e so-called fN-curve (freque ncy vs. number of casualties). With respect to th e nu m erical
values, th e SR-stand ards for marshalling yards are not identical with th ose for the open
track . The differen ce can be explaine d by th e history of th e risk approach in both po licy
fields: marshalling yards are classified as statio nary installations, sectio ns as transport
modalities. These target troups undergo th eir own po licy development.

6. Means for risk reduction

The best approac h to tackle th e risk problem is to defin e exactly wh at undesirable cvents
ought to be exclude d. Once th ese potential dan gers have been identified , measures can be
devised. However , suc h eve nts are not only undesirable; by definition th ey are also
unpredictable. In th e rcgular moving and shunting act ivities an incid ent " cannot happ en " ,
because security system s and rules or instructions prevent its occurrence . In practice,
in cidents do occur.

In th e risk approach co nce m ing m arshalling yards, where speeds are always belo w
40 km/hr, attent ion was directed to two sources, i.e. to th e - forbidden! - passage of a red
stopping signal and to th e exact position of sw itch ton gu es. T he latt er subject is not
discussed in th is paper.

NS R ailinfrabeh eer, th e central organisation for th e building and mainten ance of th e
Dutch rail infrastru cture, is go ing to combine thi s item with the already starred program m e
of replacin g all (i.e . th ousand s) of th e manually ope rared swi tches by mot or-driven switches .
The cho ice is between a visual and an acoustic co ntrol for rhe right position of the tongue
(resuiting in a reduced chance of derailm ent).

Trains, shunting parts or locomoti ves passing a sto pping signal usually do not meet
ano the r barrier o n th eir way. T hey are free to ente r th e forbidde n (perhaps occupied) zone .
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Whatever the reason of this unintended and prohibited movement, it is clear that thi s
situatio n represents a certain risk. For th ose tracks on the marshallin g yards where such a
situatio n is recognised as possible and extra dangerous (transport or sur ro undings), our
organi sation intends to build either security provisions such as temporary track barriers or
guide away tracks. These and other tools in the tooi box resulting from the PAGE proj ect
are presented in the lecture. A nice example of such technical means is a movable buffer.

Improvem ent of the safety on the open track is amongst others possible by hot-box
detectors. The earlier mentioned accident in Boxtel might have been prevenred by this
security device. A hot-box detector is able to detect unusual heat radiated from a passing
train , for example caused by a defect on the axle or w hee l. After any warn ing signal from
the dete ctor, the train driver will be asked to stop soon for an inspection.

Finally, a very attractive solution for risk reduction at marshalling yards is the
following mea sure taken on the open track: electrifi cation of diesel sections. Electrifi cation
of certain diesel sec tions can take away the necessity ofa visit at th e nearby marshalling yard.
If changi ng th e locomotive is thc only reasou that a freight train has to visit the yard ,
maximum risk reduction is feasible in case it is no longer necessary. This measure is
int eresting for the bu sy marsballing yard in Roosendaal.

7. Balance between growth and safety

Apart from measures in the infrastru cture or - mor e genera l - in the cargo and transport
field, one can also influence the co ntribution from the sur ro undings. Therefore, all plans for
new estare of houses near marshalling yards have to be judged. The risk calculation method
is applied to co mpute whether the increment in people satisfies the standard for SR. This
po int of view is one of the solu tio ns to miti gate the size of the future risk probl em .

An imbalance between growth and safety is imminent, w hen all au to no mous
developments in transport and in housing go their own way. In the N etherlands several new
rail proj ects are or come under constructio n (e.g. The Betuwe Line for freight!) and a
growth of even more than 100% for chemical cargo in the next decade is expec ted.
Therefor e a large number of measure s is necessary to maintain at least the present level of
safety. NS R ailinfrabeheer, together with the relev ant sister companies within NS , intends
to meet this challenge.

R.eferences
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(a) Basisfaalfrequ enties voor het transport van gevaarlijke stoffen per spoor; emplacemente n, SAVE {see
ref 2} (Sept. 1995); (b) Handl ciding/p rotocol voor het uitvoeren van een Q R A voor
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Investigation of Railway-Incidents with
SAMOS: A Reactive TooI for Proactive

Safety Intproventent

J os P.J. H endriks

Railned Railway Safety Scifety Policy and Risk Management
P.O. Box 2025 3500 HA Utrecht, The Netherlands

1. Introduetion

In 1993 the D utch govern me nt agreed to separate the management of the railway
infrastru cture and the commercial exploi tation as ind icated in the EC -guideline 91/440.
T he management of the infrast ructure is separated in 1994 by estab lishing a task sector,
consis ting of Infrastructure Management , Traffic Contro l and R ailned Capacity Allocation
and R ailway Safety. A number of new operators has applied to the central government. The
first one, Lovers R ail, srarted in 1996 with the exploiration of a passenger service. Railned
R ailway Safety rook over the investigation of accidents and incidents related to railway
safety from the "old N S" . To get more effort of the inves rigarions, more efficiency in
investigations and more independenee related to all operators on the national railway
netwerk, a new investigation method (called SAMOS) has been developed. The method is
based on the so-called T R IPOD-approach. SAMOS has been in use since mid 1997 .

1.1 Organisatioll of the Nethetlands Railways (NS)

T he organisatio n of the N S was drastically change d in 1994: a separation into a commercial
sector (N S Passen gers. N S Ca rgo , NS Stations and N S R cal Estate) and a task sector. T he
task sector is financed by the central government and carries out tasks for that sarne central
govern me nt.

T he task secto r co nsists of thrce departmen ts: R ailin frastru cture managem en t,
Traffic Contro l an R ailried . R ailned is the organisation for capacity management (Capacity
alloca tion and Development of new infrastru cture) and R ailway Safety

1.2 Tasks Railned Railway Safety

• po licy-rnaking, fonn ulati ng regulations and spcc ifications in the field of Railway
Safety
• advising the M inister of Transport, Pu blic Works and Wa ter Management on
matters co ncerning railway safety and legislation
• risk-analyses and integral safety plans for new infrastructure, new processes and new
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techniques

• inspections and audits
• investigations into accidents and incidents
• testing whether new participants in the rail transport system meet the requirements

concerning expertise, organisation and ensuring safety
• certification of rolling stock-rnaintenance companies, "arbo'l-services (concerned
with working conditions as specified in the Factories Act) and examination

institutions

/.3 lnvestigations into aaidcnts and incidcnts

Approximately 400 investigations take place each year. The reports are sent to the Minister

ofTransport, Public Works and Water Management, to the Railway Inspectorate and to the
Railway Accident Investigation Board. There is little criticism on the quality of the reports.
Even so, Railned Railway Safety itself is not entirely satisfied with the investigations.

Compared to Railned Railway Safery's other activities, these investigations take up too

much time. The completion time is often long and the implementation of the large
numbers of recommendations is often an uphill battle . In a company that feels very strongly
abour quality, there must always be the question of whether it can improve the quality of

its products/services,
Which is why a research method was developed in co-operation with the University

of Leiden in the Netherlands (Prof Wagenaar. Dr. Groeneweg) which is more in keeping
with Railned Railway Safery's wishes. The TRIPOD-philosophy constitutes the essence of

the new procedure. The method was put into use mid 1997 after all of the researchers had
received training. The method is to be further developed as a safety-audit instrument in
1998, which will make it easy to compare the results of accident investigations with those
of the audits.

2. Why improve accident investigations?

I3efore the separation of the management of the infrastructurc and the commercial

organisations in accordancc with the EC-gllideline 91/440, invcstigations into accidents
and incidents were carried out by the Traffic Operating Department. Railned Railway
Safety was charged with these investigations in 1994, in order to guarantee the

independenee of the accident investigations.

2. 1 Probicnis

The old method and procedures employed resulted in investigations of areasonable quality
and in many recommendations for preventing a recurrence. Even so, there were reasons to

acljust the research method and the procedures:

• The time elapsing between the incident/accident itself and the final report
(completion time) is too long.
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• T he inolved railw ay staff is qu estioned by th eir own management; th e statement is
sent to th e railne d in vestigator. The time between inci de nt and statements is mostly
too long and th e information, needed for the inves tigatio n , is often insufficien t
(additional interv iews).
• Too much time is spent on cach investigation . O ne must co nsider whether th e
efforts are worth what is accomplishe d in terms of safety.
• T here are a grea t many recommendation s.
• The research resul ts are strongly influen ced by th e background , expe rie nce and
crea tiviry of the research ers.
• Improvemcnts often fo cus on th e railway staff in volved.
• It is difficult to co mpare th e results of acc ide nt inves tigatio ns with th e results of
audits and inspections.
• It is often difficuIt to justify drastic or costly recommendations on th e basis of o ne
single incid ent.
• The investigations cos t a grea t deal of time, even if th e research er b lOWS in
adva nce th at th e result s in terms of safety will be limited.

3. New method: SAMOS

A new m ethod has been develop ed in co-ope ratio n with Pro f Wagen aar and Dr.
Groen ew eg from rhe Universiry of Leiden , which is based on th e so-called TRIPO D
approac h. This approac h depart s from th e co ncept th at th cre are I I problem areas in
organisations which are th e basic causes of all inc ide nts, These 11 so-called Basic Risk
Factors (BR F's) or Gen eral Failure Ty pes (GFT's) are factors which can be co ntro lled by
the management . The dev elopment starred in 1996. Following the co m ple te
implemcntation of SAMOS for acc ide nt in vestigations, th e m ethod is to be furth er
devclop cd as a means to carry out safety audits. SAMO S is th e Dutch abbreviarion for
"Spoorwegveilighe ids Audit M ethodi ek en O nde rzoeks Systee m" (= R ailway Safety Au dit
Method ology and Accid ent An alysis System). T he audit- me tho d is sche duled to be
co mpleted in1 998.

3 .1 Introduetion

Accidents, incidents and health hazard s do not just appea r out of the bIu e: th e ultimate
causes of suc h events can often be found in th e distant past. When writing a research report
following an acc ide nt, a research er can present th e "circumstances" of an acc ide nt in th e
form of a sce na rio. The seque nce of events is largely brought to light and th e result is a
chro nological survey of what led to the undesircd situation.

The standard procedure in accident investigations is to depart from the last ph ase in
the process. Using logical reasoning, investigators attempt to disco ver th e underlyin g causes
of th e accident, or to gain a clear view of th e facto rs th at contributed to th e acc ide nt.
Exarnples include th e STEP- (Seque ntially Timed Events Plotting) and M ORT
(Ma nagem ent Oversight and Risk Tree) method. There are co untless method el ogies w hic h
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focus a certain degree of attention on behaviour-related factors . In most cases, these are
visualised with a herringbone model , or are presented as variations on Heinrich's domino's,
such as SCAT (Systematic Causal Analysis Technique). A characteristic feature of accident
analyses is their retrospective (Iooking back) nature.

However, this approach has its disadvantages. The reliabiliry of the final results of the
analysis is relatively low, and the results are strongly influenced by the sryle, interests and
background of the researcher and by the culture prevailing within the organisation.

SAMOS on the other hand uses a different approach. One that focuses on the
different phases in the process of disruption. Each phase has its own distinguishing features
and also varies in the degree to which the management can exercise control over it. As the
model presented here only describes the accident chain which leads to human failure, it
cannot replace a technical analysis of a failing system or an undesired exposure. However,
because organisational failures often lie at the root of technical failures, one will frequently
find that the duin can also be applied to accidents which, at first sight, appear to be solely
technical in nature.

J.2 Tlie underlying philosopliy Ol/ aaidents

An important component of SAMOS is the description of the accident process. Accidents,
or other undesired disruptions in the normal routine of things, do not occur "without
reason" , but are the result of a concurrence of circumstances. Attempting to "manage" the
accid ents themselves, is an impossible task: there are just too many coincidences involved.
Which is why SAMOS focuses on preventing the concurrence of circumstances by
identifYing and eliminating the risks which will lead to these circumstances. The accidents
and "near accidents" or "incidcnts" are the result of dangerous operations or dangerous
circumstances. Whether these will subsequently lead to an accident or a "near accident" , is
primarily determined by chance: it is almost impossible to intlucnee the outcome.

Undesired disruptions in the operations only occur if dangerous circumstances and
dangerous operations coincide. And so it seems obvious that we should ensure that they no
longer occur or, if they do occur, that they are identified and subsequently eliminared as
quickly as possible . However, it would be impossible to detect and eliminate each and every
one of these dangerous operations and situations. In addition to that, reports on dangerous
operations or situations generally focus on technical factors, rather than on organisational
factors. Even so, the investigations into recent disasters tell a different tale: it is not so much
the technical aspects that contribute a great deal to accidents, but rather these organisational
aspect~.

It is much more effective and efficient to focus on the causes of these dangerous
operations and situations: the risks. How did these circumstances come about, and can we
prevent them from happening before they result in undesired disruptions? These risks are
factors which can be influenced by the management, and so they can be controlled to a
great extent. These are the answers to the question "How is it possible that such a dangerous
sitllation occurred, or that a dangerous operation was carried out?" If we can locate,
examine and eliminate these risks, employees will no longer find themsclves in a situation
in which they may display dangerous behaviour.
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3 .3 n,eaccident model

Session 1: Context and Policv

The SAMOS- (and Tri pod-) meth od distingui shes between the followin g ph ases 111 the
accide nt process:

defences

management mental substandard operational ! accident or

errors ~ states -+ acts f-+ disturbance

I
inciden t

Figure 1.

The diagram in Figure 1 displays the model as a process of disruption whi ch co nsists of a
number of pha ses, The model can be used for large- scale disasters and accide nts and
inciden ts, as we Il as for health probl em s resulting from expos ure to hazard ou s substances.
The mod el can bc used regardless of how mu ch time has go ne by between the time the
un favourable enviro nme nta! facrors were crea tcd and the ultimate negative result (whether
this is an hour, a rnonth or twenty years). The term "inci de nt" is used to indi cate what one
wish es to avoid , wh ether this is a safety, environme nt or health problem.

3 .4 The BRF's

It is plain that we can identify a "human facto r" in every accide nt or un intenti onal
expos ure : someone, wh eth er un consciou sly or deliberately, did some thing that was no t
consistent with what is considered to be the correc t op erations at that parti cular company:
the sub-standani operation. This person, before he or she did thi s act , was in a certain
mental state , for exarn ple irritated, in a rush, or mislcd: whi ch brin gs us to th e next ph ase
in the mod el. Ir has a broad black edge aro und it in the figur e: years of psychologica!
research have sho wn that it is virtua lly impossible to dir ectly influ ence these kind s of mental
states of employees. It is mu ch mor e efficient to adj ust the enviro nme ntal factors in such a
way that employees no lon ger reach a certain un favourable mental state wh ich would cause
them to perform a "sub-standard" eperation .

These factors, the so-ca lled General Failure Types (GFT's) or Basic Risk Factors
(BRF's), can however be influ en ced by th e managem ent. There are eleven of these
" co ntro l areas" (sec Tabl e 1).

Each of these eleven 13RF's is present in every o rganisation to a certain degree,
wheth er accide nts occ ur or not. These BRF's, depending upon the extent to w hich they
apply, cause peopl e to reach a state in which they are more likely to mak e an erro r. If, for
example, the ne cessary equipment is defective or not available, chances are the employee in
question will improvise in order to get the job clone, and then make an erro r when doin g
so. The mo st important aim in an organisatien's poli cy on safety sho uld be to deal with the
underlyin g factors whi ch may result in human failure . lt is possible to make an invento ry of
the se mechanisms and to develop an instrument that can rneasure their impact: T he
SAMOS accide nt analysis methodology.
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Table 1.

No . Description and abbreviation
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The qualiry, state, avai labi liry and usability of the infrastructure, matcrials. equipment and
tools: Hardware (HW);

2 The ergonomi e design of the infrastructure, matcrials. equipment and tools: Design (DE);
3 The organisation and the manner in which maintenance, repairs and inspections are carried

out : Maintenance Management(MM);
4 T he ava ilabi liry, comprehensibility, usability and correctness of work procedures. regulations

and manuals: Procedures (PR);
5 The physical and social working conditions in the workplace and individual factors which

incrcase the chance that errors will occur: Error Enforcing (EE);
6 Daily maintenance and cleaning of the workplace:Ho usekeeping (HK);
7 T he management of conflicting goals such as working conditions versus production:

lncompatible Goals (IG);
8 The conun unication between employees, departments and business units: Communication

(C O );
9 Steering processcs and persons, the structu re of the organisation in which people have to

work : Organisation (O R);
10 The cducarion, expcricnce and selection of employees: Training (TR);
11 The existence and effects of control measures and safety means as part of the philosophy of

the company: Defences (DF).

By optima lly managin g all of these factors, th c employees of a bu siness un it will hardl y eve r
reac h a m ental state w hich causes th em to make er ro rs which, in turn , will lead to
dismptions in th e production pro cess. T he aim is to tackle the souree of th e errors, rather
than foc using first and fore rnos t o n th e errors th em selves. In order to influe nce th e hu man
factor as effectively and efficiently as possible, it is necessary ro take active meas ures in the
earliest possib le ph ase of the pro cess: at the level of the BRF's.

T he re is already a varicry of instruments avai lable, both for making up an inventory
of risks and for risk evaluatio n, w hich can provid e insight int o th e state of a company, and
which may serve as a basis for taking measurcs. D ep ending up on w hic h approach is
followed , th ese techniques focus on th c vario us ph ases o f th e disruption pro cess.

Eac h technique has its limits, and non e of th em can replace all th e othe rs. It would
not be wise to rely too much on th e effects of one technique alo ne, especially if th e
tec hniqlle can no t de tect and iden tify any errors untillate in the acci de nt process. ln correctly
design atin g th e act ual problem will result in inco rrect recom me nda tio ns. Experiences in
traffic safety wi th ABS-sys tems (anti-block systems) and airbags in automobiles. reflectors
on bicycles and having motorcveles dri ve wi th lights du rin g the day, reveal th at th e effects
of tee huical measures, thoug ht to be very effec tive, on th e number of acci de nts, are
sOmetimes negligibl e. The ph en omen on "risk co rnpe nsatio n" sho uld also be take n into
aCCOUnt in th e work situa tio n , Prevention is th e best cure, but it is simply not possible to
Contro l th e w ho le world and so defensive techniques are (still) necessary in each ph ase of
the pr ocess.

It is possible to measur e th e co ntributio n of th e eleve n BRF's for each acci de nt . T his
analysis reveals th e sourees of human failures in specific acc ide n ts or series of acc ide nts.



130 Session 1: Context and Policy

3. 5 'DIC SAMOS methad '?! analvsis

The elev en BRF's can be found at th e beginning o f eve ry eause-effect cha in. In orde r to
positively influe nce th ese factors, so that employees no lon ger perform incorrect ope rations,
it is possible to measure the ir relative influence w ith in th e sco pe o f a risk invento ry and risk
eva luation . Following an acc ide nt , one can analyse th e circumstances surrounding the
accide nt and th en subseque ntly categorise th e causes in terms o f the BRF's. T he
identification of th e co ntributing factors and the subseque nt classification in terms of th e
BRF's can be performed in a very reliable manner using th e SAMOS analysis instrumen t.

The SAMOS analysis instrument aids R ailned research ers in detecting BRF
sym ptoms and the root causes of th ese symptoms in a struc tured manner. All of th e
information is divided int o o ne o f the 11 BRF's. The instrument consists of two checklists
and , for each BRF, a number of item s which fall under this BRF: th e Symptoms list and
th e Root Causes list. The Symptoms list is used to identify all of th e symptoms which
co ntributed to the development of an accident or incid ent. Furthermore, the sub- standard
acts which resulted from th ese symptoms are design ated as weil. T he next ste p is to locate
th e structu ral, undedying causes of th e occurren ce of th e sympto ms using th e description s
of the problem areas in th e R oot Ca uses list.The m ethod is based on th e modified ge nera l
acc ide nt chain as sho w n in Figure 2.

accident or

incident

BRF 11:
defences

operational

dist urbance
I

1..---_---' II-..-------l
substandard

acts
symptom s

causes

Figure 2.

The 11 Basic Risk Factors (BRF's) are 11 different "control arcas" which can be distin gui shed
in eve ry organisation , or part of an organisation . The ex tent to which th e 13RF's are
cont ro lled is assessed by idcntifying and "counting" th e symptoms which co ntributed to th e
development of acc ide n ts and incidents. Poorly co ntro lled BRF's result in many sympto ms,
and so th ey are the main sourees of risk .

Root causes are stru ctural deficiencies in the organisation and th e working
env iro nment. They are th e result of inadequate decisions on th e part of th e managem ent.

Symptoms are local probl erns which are present in th e workplace before an acc ide nt
or incident occurs and which are th e result of Basic Ca uses.

Sub-standard acts are th e final links in th e acc ide nt chai n, before th e disruption in
ope ratio ns occurs.

The Operational distutbancc is th e direct result of a sub-s tandard act. It is th e momen t
at which a process deviates from no rmal. and a situatio n involving risks occurs. It must be
viewed separately from th e nature and magnitude o f any co nseque nces. The operario nal
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disturbance is the starring point of every SAMOS-analysis because this is what we initially
want to prevent.

Dcjenccs are the systems, procedures and aetions which should be present in order to

prevent or limit the effects of a disruption in operations, once such a disruption has
occurred. The effectiveness of the safety measures is detennined by ERF 11: Defences.
The accident or incident is the effect, or result, of an operational disturbance that is not
"counter-acted" or contained by adequate safety measures.

Besides being a methodology for research and screening, SAMOS is also a sqfety
mcasurement tooi and thcrefore a proactive tooi. The method assesses the risks systematically and
in terms of quantity, Every time a certain BRF is involved in an incident, the BRF's score
is "increased" , A BRF-profile can be made by adding up the factors involved in various
incidents. This provides a reliable picture of the degree to which each of the BRF's is
controlled in an organisation or part of an organisation. BRF-profiles can be made for the
entire railway traffic sysreru, for each transport operator, for each business unit or for alocal
department of a business unit. This results in a profile as shown in Figure 3.
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Figure 3. All examplc of a profile of four accidcnts.

3.6 ehmlelieS in the method '!fllJorkillg

The introduetion ofSAMOS has led to a number of changes. The most important changes
are lisred bclow:

• An investigation always starts with the railway staff involved. They are usually the
only ones who know what went wrong and particularly which circumstances
prevailed at the time. It is no longer requircd that one wait for the statements taken
by the management or the raiIway police, the railway staff involved is interviewed
by the researchers within a period of 5 days (max.). The 11 GFT's function as a
guideline when conducting these interviews. The persons involved have filled out a
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sim plified list stating the 11 GFTs befor ehand. T he answe rs serve as po in ts of
departure in the inves tigatio n.
• O nly investigate w hat needs to be investigated. If the in terviews reveal that there
were no contro lIabie factors (GFTs) involved, the investigation is to be co ncluded
with a se-called "oops"-report as 500n as possible. T his is a simp le form of reporting,
which does include recor ding the data that is to be entered in the accident-database
for use in analyses at a later time.
• N ot investigating any longer than necessary. It is more im portant to deteet
controlIabie factors (GFT's), than to try to discover the tru th at any cost . Sometimes
the stateme nts of, for example, the driver and the trave lling ticket inspector, are
contradictory. T ryin g to get them to agree will o ften be very tirne-consuming,
whereas this is not really relevant as far as improving safety is co nce rne d.
• T he roscareher has less influence in th e research. T he meth od allows the rcsearcher
less liberties. T he researcher is obliged to work acco rding to a certain pat tern and to
focus attention on all relevant subjec ts.
• T he completion time is reduced . T he first results show a red uction in the average
co mpletion time.
• Number of measures is dec reasing, quality of measures is inc reasing. The number
of measures is dec reasing, and so they are easier to im plcm ent. If no GFTs are
found, intprovement is not possible. Good research does not necessarily have to
result in more recommen dation s. The G FT's that are found are a ften not eno ugh to
justify severe measures on th e basis of one single in cident. Which is why the causes
that are found are "stacked" in the form of G FTs for the purpose of analysis at a
later tim e.
• Multiple incidents analysis can easily be carried out. Almos t every investigation will
revea l one or mor e co ntro lIabIe factors that can be categorised in GFT's. After that,
it is possiblc to gain insight into the entire railway traffic system, per company and
per department. This can thcn be used to begin speci fic im pro vem ent campaigns and
to com pare co mpanies, and will allow for trends to be disco vered more easily.

4. Conclusions

4 .1 SAMOS-lIlethodology

In this introdue tio n of the SAM O S-meth od ology, wc discussed the relationship between
human erro rs and accide nt preve ntion. Human f.1i lures are very difficult to control.
Adjusting the work situa tion and the organisatio n in which peopl e wo rk, is a promising
approach. We need to deal w ith the situatio ns in which people almost can' t help but fail,
instead of focusing on the employees who make mistakes/ er ro rs. T hey do not take risks,
but are primarily at risk. N atu rally, it is essential that the managem ent gains insight into w hat
these poor workin g co nditions are exac tly, and wh at kinds of steps they sho uld take to
impro ve the situations. SAMOS does both.

The meth ad we have describ ed is not a "miracle dru g" in th e field of safety. It is an
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additio n to what is already being done in th e field of safety with in th e railway system. T he
high Icvel of safety alrea dy fou nd in most of th e bu siness un its, has been achieved by
successfully applying these techniques. H ow ever, this meth od focuses on an important
COmponcnt of th e acc ident process, the hu man facto r, and how the management can
control this facto r as effectively as possible. An important aspect of this approach, is that the
management should only try to co ntrol w hat it can control, and that no meas ures are taken
which cost a great deal of time, money and effort, b ut w hich lack resu lt because they are
based on an incorrect philosophy on safety, or because they were taken at the wrong level.
Tackling the human factor starr ing from the ph ilosophy of co ntrol , is an underexposed
approach in most othcr analysis tec hn iq ues.

T he me thod we have describ ed has the cha rac teristics of both an inventory
tec hn ique and an eva lua tio n tcc hnique. T hc meth od provides an asscssmcnt of the risks or,
to put it in a better way, the underlyi ng [lctors of the risks, w he reas the "importancc" of

these risks is determined by "clustering" facto rs at the level of BRF's. Which means that if
specific risks are to be arra nged in order of magnitude, this may require other additional
techniques. Human Rcliability Assessment (HRA) -techniques, for examplc, can be used to
estimate the chance that spec ific errors will occur.

SAMOS allows the user to eva luate the effectiveness of safety care systems with
respect to the extent to which the management has control over the hurnan factor. Thc
qucstion is not w hether there are ce rtain statutory procedures in the business un it with
which em ployees mu st co mply, but rath er if th e em ployees have a clear un derstandi ng of
these procedures and if the re are certa in circ umst ances in which th e pro cedures cannot be
ado pted or are inadequate. T his evaluation can be carricd o ut independent of th e safety care
system in use. T he result is an objective measuring staff that can bc used to compare
companies and departrnents, and that provides a reliable picture of any improvement or
dec!ine occurring between two consecutive measurernents.

In addition, the approach we have ou tlined here can also be very useful when
answering the question: "Where does the risk come from?" and sa it offers opportunities
for intprovement. In recognition of everything that has already been accomplis hed in the
field of safety by using ethe r tec hniques, it would seem that the most important
ill1provemcnt in th e safety co ndi tio n of a company can be achieved by tackling th e sourees
of the errors. T his process approac h has stro ng sim ilarities with th e "Qualiry- progranuncs"
that are currcntly bcing used in man y co mpa nies, and the meth od also concurs with the
ISO 9000- and 10000-series. W e sho uld not focus o n " human be ings who make mistakes" ,
but on thc situations w hic h cause people to m ake errors. Safety does not stan d alone in this
view, but is the automatic result of oprimally managing a company. Working in a safe and
healthy ma rmer is nor so much the responsibility of the individual employee, but mainly
thar of the management of the organisation in which people work.

4.2 SAMOS-llse

T he new mcth od has been in use for rcla tive sho rt tim e. H owever , th e result s indicate tha t
the most important aim, "contro l th e co ntrollabie", will be reac he d . T he first co nc!usions
are :
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• The average completion time is decreasing.
• The railway staff and the management involved are usually very enthusiastic about
the new approach, particularly its direct and personal character.
• The quality of the investigations has improved. Though it is true that the
structured method results in less liberties for the researchers, the method provides
more points of view which were never dealt with in the past.
• Contributing to a no-blame culture.
• Good communications with the companies involved has proved to be essential.
• The number of recommendations has decreased, the quality of the
recommendations has improved. Evaluation of the implementation (monitoring) has
yet to occur.
• Decreasing nurnbcr of recommendations, improved qualicy of recommcndations.
• A start has made with multiple incident analysis.
• A start will be made with the development of the audit-instrument in 1998.
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1. Introduetion - road safety in Poland
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T he recent years in Poland have been a time of a fast devclopmcn t of motorizatio n. Over
the last 15 years the numb er of passenge r cars has trip led, rnaking Poland one of the best
auto markets . It is th is factor and the fairly modest invcstm cnts in the area of mcdernisation
and development of the infrastru cture plus the minimal interest in road safety issues shown
by thc government and local authorities that have turned raad accidents into Po land's major
economie and socia l problern (Figure 1).
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Figure 1. Growth of motori zation and incr ease in the nurnbcr of accidents in Poland
1980-1 995 (1997 - cstimatcd on the basis of 11 monrhs).
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2. Preventive action

Scssiou 1: Cont ext and Policy

For many years, Poland has been making efforts to redn ee th e negative effects of the
growing motorization . T he first significan t actio n is said to have been started in the early
sixties. Over the last 30 years, many different programmes of road safety have been
developed. Among those were programmes clabo rated by centra I aut horities, institutions
related to road safety in the broad sense, as we ll as by numerous non-governmental
organisations. Analysis of these programs has shown that Poland has shaped a certain specific
meth od of problem solving in the area of road safety. In very gene ral terms, th is method
co uld be charac ter ised in the fol1owing way:

• co nce ntration on selec ted preventive projects and makin g use solely of these
proj ects whi ch are easy to impl cm ent and to not ice irrcspec tive of thei r effectiveness,
• no co-ordination of activities and sim ultaneons realisation of lllany un related
activ ities,
• poor subject-matter bac kgroun d of the dcveloped programmes and single projects,
ignorin g the results of scientific research and basing on word-of-mouth opinions on
the ramifications of road traffic and ways of eliminaring them,
• ignoring rhe weight of systemic solutions whic h make possihle the implernentation
of a programme (organisational structures, funds, legal solutions, subject matter
background) w hic h was a facto r that would usually bri ng the programme to a hold
even in the early stages,
• limiting the scope of programme orga nisers down to represeutatives of ministries
and central adrn inistration offices and poor co-ordina tio n of work among these
playe rs,
• insufficient and not very professio nal promotio n of the programme among the
publ ic,
• no accountability assigned for the effectiveness of the projeets being pursued;
ignoring the significanee of monitoring of thc projects implemenred and
effectiveness evaluation ,
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To illustrate thc scale of the tasks that Poland is facing it is best to use the exarnple
of the diffcrences in the level of raad safety risk between Poland and some selectcd
countries. Figure 2 shows a comparison of the changes of motorization levels and the levels
of risk to Poland's public and that of somc selected, OECD countries leading in road safety.

Analysis of this and other experience has shown that growth of motorization in our
COUntry is not accompanied by changes in the levels of safety of road users that could be
cornpared to those in othcr countries. Onc could say that in spite of a 30 year long tradition
in the area of preventive action. Poland still has not been able to develop an effective system
of counteracting the negative effects of the growth of motorization.

3 . The history ofnon-governmental organisations in Poland

Poland's awareness ofhow necessary it is to carry out raad safety improvement aetivities has
taken a long time to develop. It was still in the seventies and eighties that Poland was
pursuing an informal division. State authorities concentrated their efforts first of all on

perfecting the highway code and the procedures to enforce it. On the other hand, safety
education in the broad sense and promotion of road safety was left to a large extent to the
discretion of various non-governmental organisations. These organisations, though with
sorne rescrvarions, could be recognised as precursors of NCO type of organisations in
Poland, although considering somc of the political ramifications, most of thern were
financed by the state budget and carricd out projects mainly recornrncnded by governrnent
adll1inistration . Their peak period was in the mid seventies which was the time when the
construction of the factory to manufacrure Fiat licensed vehicles gave way to a rapid growth
of rnotorization in Poland.

As examples of such efforts there were: the Polish Motor Association (PZMot),
Polish Scouts' Association (Teenage Traffic Service), Campaigu "Stop! There is a child on
the road" or the Transport Workers' For Sobriety Organisation.

The biggest organisation without a doubt was the Polish Motor Association
(PZMot) whose mernbers werc drivers and individuals inrerestcd in the growth of
rnotorization and the motor sport in our country. The organisarion was funded to a large
extent by membership fees and revenues made from its businesses (car diagnostic stations
providing services of periodic inspeetion. car repair garages, driving schools and training
Ccntres for drivers).

In the early eighties, devoid of subject matter and financial support of the state, the
organisations began to slowly fade away and despite being active even today, their role in
road safety is not that significant any more.

After 1989 parallel to the change of the political system in Poland, ncw ways of
acting for the cause of road safety emergcd. The law on foundations has created favourable
conditions of providing funding for socially important efforts. At present, in Poland there
are more than a dozen various foundations dealing with raad safety. The characteristic
:eatures here are: they are usually small foundations created by people who were involved
111 raad safety issues befere and who perceived foundations as a means to realise their goals
faster. However, already during the initial stages, it was found that acquiring funds is not as
easya task as was expectcd. In the period of the political and economie transformation there
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were problems and expenditure that was recognised as more urgent. Therefore despite the

ambitious plans, the activities of these foundations quickly became limited. What is more,
the projects were conducted practically w ithout any subject matter bases, in an isolated way
and limited only to a small area or a small number of raad users. It was for these reasons

that the influence these organisations exerted on the level of raad safety was minima!.

4. The GAMBIT Programme

The kind of treatment applied to the risk in road traffic had changed to one of an important
social and economie problem after a visit paid by a group of experts fram the World Bank

in Poland and after the 1993 report titled "Road Safety in Poland" (Gerandeau, 1993) . This
report evaluated the state of raad safety and what is most important it stated some general
recommendations as to further action to be taken. In response to the recommendations

given by the experts of the World Bank at the end of 1993, the National Road Safety
Council was appointed in Poland. lts last chairman was the Prime Minister. Next, the
Minister of Transport commissioned the Scientific Research Committee to develop a

project titled "Road safety impravement pragralllme in Poland". This programme called
with the acronym GAMBIT, was developed by a multidisciplinary team of specialists fram
acrass Poland with substantial assistance given by specialists from several OECD countries
(Gambit, 1996; Krystek, 1996) .

It is the opinion of the authors of the Programme that an improvement of the state
of raad safety in Poland will require not just an implementation of effective preventive
measures and handling of organisational, legal and financial issues, it will also entail the
acquisition of public support for the programme. In practice this should mean that the

Polish public:

• will become aware of the complexity of the prablems of growing motorization and
the risk associated with it,

• will treat raad safety impravement as an indispensable element leading to higher
levels and quality of living,

• will accept having to apply self-discipline to their own behaviour in road traffic,
• will have an interest in active search for new solutions of raad safety prablems and
co-operation in this area with the respective administrative authorities, local
authorities and non-governmental organisations.

The vision of a society sensitive to road safety prablems and one taking over part of the
responsibility for its state is the fundamental principle of the GAMBIT programme. As
results from the research of SARTRE 2 (1997) the situation in this area in Poland is not
one that is best. A schematic knowledge on the state of raad safety in the country, lack of
a feeling of risk on the road, conviction of one's high skilIs make the Polish public, so far,

one that cannot be treated as a strang partner in preventive measures. Rcalisation of this
vision for Poland will be a complex and long-term process because it will require a change
of habirs and preferences of the entire public. However, it remains the necessary thing to
do if om goal is to implement effective mechanisms of reducing risk on the roads,

Getting the public's support for the issue of raad safety will require the involvement
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of all options, narncly government adrninistration, local authorities and non-govcrnmcntal
organisations (Muhlrad, 1994). Poland has certain traditions of preventive measures
conducted by government bodies and very little experience in terms of the participation of
local authorities and non-govemmental in this area.

In the CAMBIT Programme NCOs are defined as organisations of people who act
on voluntary basis beyond the structures of government and local authorities, make efforts
to solve problerns that are important for the given group. The main task of NCOs should
be to obtain public support, help in verbalising social expectations, education and
promotion, developing new forms of co-operation and social communication and a forum
to activate the largest social groups and to organise their activities.

5. The role of NGO in a road safety improvement programme

In Poland there is a large unmanned area that could be used for the activities of NCO type
of organisations. The emergence of various formulas of organisations interested in the
problems of road safety proves that more and more frequendy various groups of road users
are trying to look for ways to present their views and possibilities of rcalising their ideas in
practice. What is more - it all points to the fact that an uncontrolled growth of motorization
in Poland may lead to an increased de mand for this type of activities in the near future. In
the recent months in Poland for the first time, residents of a srnall town of Sochaczew
blocked for a half hour the international road E 30 (Berlin - Warsaw - Moscow) staging a
protest against the effects of road traffic on the quality of their living. This is all the evidence
We need to state that in Poland there are many people who do not ignore the problems
related to life, health or safety and that it is possible to obtain new allies for the problems.

The short period of non-govemmental organisations' history means that at least in
the early stages of shaping the profiles of these organisations what they will need will be the
help of government adrninistration and loca1 authorities, especially in the area of co
ordination of activities and subject-matter and finaucial assistance which in the present
situation seems very difficult. Besides, it is difficuIt to clearly define who should be the
recipient of NCO work and how the effects of their work would be utilised.

There was some hope that the establishment of the National Road Safety Council
and the Social Road Safety Council that it appointcd, would bring order into the problems
faced by non-govemmental organisations. A great many organisations we re invited to
parti cipate in the work of the Social Road Safety Council. However, lack of a concept of
Operating of such a forum and unregulated legal and financial problems have made the
Social Council just an organisation on paper. Moreover, the optimism of the authors of the
GAMBIT Programme triggered off by the fact the Prime Minister assumed leadership of
the National Road Safety Council quickly faded . The benefits that this fact brought along,
name1y the high standing of the issue, were modest when cornparcd to the losses. The
Prime Minister was hardly ever there, attending to his numerous responsibilities. Apart from
thar, after the September parliarnentary election and the change of the political option, the
process of obtaining the political will for the support of the Programme must be rcsumed
basically from scratch.
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D cspite these problems, the co ntinuing growth of motori zation observed in Poland
pro ves that it is necessary to take qu ick action to improve road safety. T he serio usness of
the siruacio n is marked by road accide nts staristics from thc recent months of this year
(Figure 1). Until the end of N ovember 1997 in Pol and, co mpared to the previous year a
15% increase in the numbcr of road accidents and casualties has been observed. Never
before has Poland had suc h a big increase in th e risk in on e year.

6. The GAMBIT Foundation

T he co nce pt of establishing the GAM l3IT Foundation of Ind ependent Scientific R esearch
was created at the tim e of developing the Pro gramme of Road Safety Improvem ent
GAMBIT. According to the assumptions of the programme, the basis for all effective
activities in the area of road safety sho uld be pro vided by results of scient ific researc h .
H owever, for many years in Poland there had been no co mprehensive scientific analyses of
the co nditions and safety of traffic. All it came down to was a sche matic presentation of
statistica] data on accidents. What is espec ially painful is the lack of domestic studies on
seve n major problem s of road safety selected within the GAM13IT programme. T he refo re
it was assu rncd that the Foundation would fill out the gap and will co nseque ntly make th e
implernentation of a road safety improvem ent programme easier in Poland.

T he Foundation look ed for sourees of fund s mainly in insurance co mpanies w hich
due to civi l liability insura nce that th ey offer, had already been traditi onal participants in
financing preventive measures in the area of road safety. The first centacts turn cd out to be
very difficuit - representatives of insura nce co mpanies werc sceptical about the statement
that studi es are th e necessary condition leadin g to a redu ction of risk on Polish roads and
the actual drop in the number of road accidents can be ben eficial also for the insurance
co mpany itselfbecause it reduces the am ount of damages awarded. It took the presentation
of the expe riencc of rwo renown ed institution s ope rating on th e insurance marker: Verband
VD S (Germa ny) and VALT (Finland) to help change th is attitude .

A concrete outco me of the meeting was a trip of representativcs of Poland's two
major insurance co mpanies PZU and WARTA to Finland prepared by the GAM l3IT
Foundation , VALT and FINNRA. A report on the role of Finni sh insurance co mpanies in
th e process of road safety improvem ent and the fund s provided by th e insurance co mpanies
for Poland 's first public opinion stud y on speed were the effect of the I stage of the
Poundation 's activities.

T he seco nd report by the Foundation GAMBIT "Spee d as the main factor of high
risk in road traffic in Poland " was published in 1996 and eve n thou gh it was received with
grea t int erest both in and out of Poland, it did not help to impl em ent any mechanisms of
permanent financ ing of scientific research by insurnnee companies (Buttler, 1996). Last year,
PZU conce ntrared its efforts on privatisation of the com pany and clearing the darnages
caused by the flood s, and a rapid increase in road accide nts observe d in 1997 was once more
co mrnente d on only by a significant increase in civil liabili ty insuran ce for the next year.

Pu ttin g the financin g of the GAMBIT Foundation on hold by insurance co rn pauics
practically qu estîons its furth er op erations. Fortunately, rece ntly a new partner of the
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Foundation emerged - the SHELL Polska co mpany w hich accepted our prop osal of co
operation in the area of ed ucational activities which enfo rce the im plernentation of the
Program l11e of roa d safety improvement CAMBIT. At the sarne time, the Foun datio n
established a contact with the European Pederation of R oad Traffic Vic tims and publis hed
in Polish a report on the effects of accidents on the life of the victims (FEVR, 1995) and is
going to carry out the sarne research in Poland within one of the four currently realised
regional programmes of road safety, the 50 called Suwalki region CAMl3IT.

7. Conclusion

The scarce N C O type organisations that ope rate in Poland only minimally represent the
weaker road traffic users. The effec ts are clearly visible. In Apri l this year the Parliament
rejected a motion to rcduce rhe speed lim it in built- up areas to 50 km/h whic h was an
effect of efforts of a strong lobby of car owners, interested in not pursuing speed limits.

Pedestrians do not have any organisation that could represent their interests with
local authorities or government administration . The rapid growth of motorization in the
recent years (more than rhrec times more vehicles over the last 15 years) and a deercase in
expcnditurc on construction and maintenance of roads brought about a situation where
vehicles are occupying the little space that is left normally to be used by unprotec ted road
Users . Parki ng cars on pavemcnts was made legal providcd there is a 1.50 meter w ide stretc h
of pave ment left for pcdestrians. T he practical meanin g of that is that very often th e entirc
width of the pavement is occupied and also ve hicles drive on the pavemen ts beca use they
do not have access to that partienlar place from the strcet.

Similarly, road traffic victims are not organised in anyway. After an accident,
especially one caused under the intlucnee of alcohol, thc casualties are treated as witnesses
by the legal system. A report written by a policeman and signcd by the victim is considered
sufficient testimony in the court without the victim appearing in court to tesrify, Next they
are lefi alone to face a huge cncmy which is the insurnnee company. Practically there is
nobody they co uld turn to for legal advice . Befere they can get any financia l support, they
have to wait until the damages are legally awarded. And 50 nobody answers the question of
how to survive the period of medical trea tme nt, the fo rm al and lcgal procedures and a
possiblc couvalescence.

The above exarnplcs prove that it is nccessary to develop a broad programme of
social education. lts realisation is only possible if thcre is sufficicnt pub lic dernand for those
activities. This is the role of NCOs w hose programmes of action should follow the patterns
of experience made by similar organisations of many years of experience, existing in OECD
coumries and with we il grounded kn owledge on programming road safety improvernent
activities (OECD, 1994).

. T he above desc ription of the ro le to bc played by N C O s in the process of road safety
111lprove mcllt is not Poland 's spcc ific feature. it may just as wc ll be recognised as a standard
of CEEC. C ur rently, the idea of developm ent of N C O s is in a deadlock; it is difficult to
obtain funds fro m the govcrn me nt for activities w hic h basically wi ll bc a means of exe rting
preSSure on the sarne govern me nt to in tensify work on implcme nting a programme of road
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safety improvement. And without a programme it is difficuit to begin a meth odi cal
education whi ch could generate public support for the programme. Therefore, one co uld
ask the fundamental qu estion, appropriate for all C EEC countries, ho w to break the vicious
circle? Otherwise the time ahead of us will be a tim e of many years of iteration which every
year costs Poland 7000 human Jives and on e hospita) of an average size town (200 beds)
filled with road accide nts injuries every single day.
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1. Introduction
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A multitude of psychological theories - generally in the field of learning and motivation 
reserve an important place for the principle of reward. In theories varying from those
postulated by Skinner and Banduras modern stimulus response theories to theories with a
more cognitive orientation, such as Festingers cognitive dissonance theory, goal-setting and
expectancy theory, rewards are explicitly regarded as powerful influences on behaviour,
eVen though the principlcs and presumed mechanisms of effect of the individual theories
can vary greatly (see for an overview Lindzey and Aronson, 1985, for example). No matter
how different these theories may be, the effect of reward is generally considered greater
than that of punishment. Nevertheless, it has been traditional practice in the (Dutch) traffic
system for desirab ie behaviour to be stimulated by ru les and Iaws, resu!ting in the
punishment of offences. The possible role of reward in influencing safe behaviour in traffic
is hardly recognised . In recent years, however, this concept is also beginning to reach this
field of application.

This paper gives an overview of the research that has been pcrforrncd to determine
the effect of rewards (incentives) on safety belt use. In particular the effect of offering
material rewards is considered. The grestest proportion of research was performed in the
United States: in the Netherlands, only a few studies have been done in th is field .

2. Research conducted in the U.S.

In the past 15iro years a large number of incentive programs to stimulate safety belt usage
have been implemented and evaluated, most of them in the U.S. Their initia! application
appears to have been inspired by the absence of mandatory safety belt use laws in many
States at the time excluding enforcement activities as a possibility to influence use rates ;l'nd
by learning theory and behaviour modification techniques. More recent incentive programs
have been conducted to investigate their effect as an alternative for or in addition to
enforcement strategies to increase safety belt use.

Most of the incentive campaigns studied were conducted amongst relatively small,
hOl11ogeneous groups, for examplc company employees, university personnel or confined
to a partiClI1ar city or region . Generally, rewards are given on the basis of actual observed
USe of the safety belt. The rewards vary from certain privileges in the working environment,
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such as extra tim e off, small gifts and gift coupons to the chance of winning a prize or
gaining social attention , such as ones name or picture in the paper. Most rewards for safety
belt use are presenred immediateIy upon observation; mostl y in situations where cars have
to stop anyw ay, for examplc at the point where workers enter an industrial co mplex.
Sometimes, there is question of a po stponed (deIayed ) rew ard, in the form of a lottery. Ca r
number plates of safety belt users are noted down and selec ted , and the owners of the
winning number plates can then coIlect their prize (GeIler, 1984). Such incentive campaigns
rou ghly led to a doubling in the percentage of safety belt users. It should be not ed in th is
context that at the tim e of study, it was not co mpulsory to use a safety belt in most
Am erican states, and hence rhe usage percentages we re very low: often no more than about
10%. Bccause the various forms and types of rewards were virtually never systemarically
varied, it is difficuit to deduce the ideal incentive carn paign from the result s.

In gene ral. the safety beIt usage declin ed co nsiderably once the incentive cam paigu
had sto pped, but in most cases, the usage still rem ained higher than prior to int roduetion of
the campaign.

It has be en suggested that soc ial pre ssure (for ex arn ple, encouraging e thers to wea r
their safety beits in support of the group performance) can have a stimulating effect. In large
co rn panies, for example, the workers could be divided into gro ups and the gro up with the
highest safety belt use percentage mea sured during the campaign wins a prize. If rcwards
depend on reach ing a co llective target , rathe r than an indi vidual target , th en the effect is
expected to be even greater since the social pressure brought to bear on rhe individu al to

contribute to the success of the group works as extra stimulus (see , e.g . Bandura, 1986).
Like methods of individual reward, it appears that rewards which depend on gro up
performance are often success ful (see e.g . C ope, Smith and Grossnickie, 1986). H owever,
such group-ori ented campaigns, genera lly initi ated by co mpanies, are also associated with
negativ e effec ts. Workers start to chec k on each o the r and do not want to perfo rm
inadequately and risk letting the gro up down by spoiling the chances of winning a prize.
M aier (1973) in this contex t suggests that, in linking gro up co mpetitio n to safety, thc actual
co mpe titio n and winning of prizes becomes the objective , rather than achievi ng a safer
traffic situatio n.

3. Research in the Netherlands

lnspired by the "success sto ries" from abroad, interest was also aro used in the Netherlands
to reward safe behaviour in traffic (see e.g . H agen zieker. 1988). Emp irica] studies
demonstraring large effects arc howcver hardl y available, bccause in co ntrast to many
American states, the usage of safety beits is alrcady relatively high in the N eth erlands
(aro und 70-75%) - hen ce a doubling of safety belt use as a rcsult of in cen tive campaigns
simply canno t occ ur. N evertheiess, the "ceiling" has not yet been reached by any means,
in view of the safety belt use percentages of over 95% in Ge rma ny and the United
Kingdom, for cxarn ple. And although mod est result s are also wc lcornc, the qu estion arises
whethe r in the Dutch situation, poli ce enforce me nt is nor a mor e effective approach.

The Am erican studies int o the effects of incentive cam paign s wcre generally
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performed in cases where safety belt use was in fact voluntary, with rhe exception of a study
conducted by Kalsher, Geiler, Clarke and Lehman (1989). This study was performed at two
large military bases in Virginia, where it is compulsory to wear a safety belt. At one base, a
incentive campaign was organised, while at the othcr, the campaign consisted of increased
poli ce enforcement. In this way, the effect of a reward strategy could be compared to the
effect of a different, more traditional measure. The researchers found that both carnpaigns
realised an equivalent increase in safety belt use.

Hagenzieker (1991) performed a similar study in the Netherlands at twclve military
bases. The effects of various fonns of incentive campaigns we re compared to those of
increased police enforccrnent. Thc purpose of the campaigns was to stimulate the personnel
of these basesto use the safety beits in their own car more frequently. lndividual incentive
campaigns proved to be particuIarly effective: a rise of approximately 20% in safety belt use.
Group-dependent rewards showed at best a (small) short-term effect. In both studies, the
average effect of punishment (police enforcerncnt) and reward (individual and group) was
sho wn to be of the same order of magnitude: an average rise in the medium term of 10-15
percentage points for both methods, whereby it should be noted that the personncl effort
needed for police enforcement was considerably greater than that needed for the incentive
campaigns. In addition, thc initial levels of safety belt use for both campaigns were
comparable, between 50 and 60%1. In view of the often heard assumption that whilst reward
may encourage voluntary behaviour, punishment is more effective to stimulate compulsory
behaviour, these results can be considered surprising. In addition, Mortimer. Goldsteen,
Armstrong and Macrina (1990) found that the grearest effect was demonstrared wh en
reward and poli ce enforcement were applied in combination. It should be noted that the
initial level of compliance to safety belt use in th is study was quite low (25-30%).

Not all incentive campaigns to stimulate safety belt use are successful. An incentive
campaign conducted in the province of Friesland, for example, had no effect at all on
percentages safety belt use (Hagenzieker, 1989). Perhaps rhe campaigu had not been
sufficiently publicised; it has already been noted that wh en people are rewarded if they do
nor expect it, the effect is not as great. People wiII not change their behaviour if they are
not awarc ofthe promise of a reward (also in the future).

4. Meta-analysis

As stared above, a problematic aspect in reviewing the results of individual studies is the
paar systematic variation in campaigu characteristics and settings, or a subset of these aspects
within studies. This problem can, partly, be overcome by choosing a meta-analytic
approach instead of a more "traditional", narrative literature review to analyse the reported
results and other variables of incentive programs to prornote safety belt use; meta-analysis is
considered to be better able to integrate research findings across studies (sec, e.g. Hedges
and Olkin, 1985; Hunter and Schmidt, 1990).

Although the specific contents of the incentive programs often vary, a first inspeetion
of the findings indicates that all types of intervention seem to give similar results. For
Instance, rewards have been given directly or indirectly, imrnediate or delayed, they could
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be contingent or noncontingent upon actual safety belt use, the probability, typ e and value
of the reward co uld vary, they have been based on group or individual behaviour etc . Also
the type of population in which the program was implemented varies from work settings
to schools and universities, or even large community settings. Long-term effects are usually
reported as bei ng smaller than short-term effects, but the follow-up belt usage rates are
generally higher than the initial baseline levels. However, more specific (quantitative) effect
sizes are not available. Besides the general conclusion that various kinds of incentive
programs seem to work equally we ll, it is not known which characteristics of the incentive
pro grams are more effective than others, and to what extent, and in which settings such
programs are most effec tive (cf. Peters, 1991). Hagen zieker et al. (1997) conducted a meta
analysis to determine the short- and long- term effects of incentive programs to stim ulate
safety belt use. T hey furthermore attempted to locare moderating variables that are related
to the magnitude of these effects. A summary of th is meta-analysis is presented below.

Two coders extra cted a total number of 136 short-term and 116 long-term effect
sizes from 34 journal articles and research reports. They also cod ed many other variabl es in
three general classes: 1. background characteristics (e.g., year of publi cation; publication
form; type of population involved etc.); 2 . research characteristics (e.g . research design ;
observation method); 3. characteristics of the incentive program (e.g. duration of the
intervention period, group or individual rewards, immediate or delayed delivery of rew ards,
w hether rewards we re contingent or noncontingent upon the actual usage of a safety belt ,
number and type of rewards, the value of the reward, probability to receive the reward).

4.1 Short-term iffeet sizes

A tota l of 136 short-term effect sizes were calculated. T he minimum calculared short- term
effect was slightly negative , the maximum effect was over 60 percentage points. T he
(unweighted) mean short- term effect was 20 .6 percentage po ints (± 2.4 ; median 19.5 ). T he
number of observations on w hich the percentages ofbelt use were based varied enormously
between studies. It appears that the largest studies on average report the smallest effect sizes.
When studies were weighted by the (estimatcd) number of observations , the mean sho rt
term effect size was 12.0 percentage points (± 1.9) .

4.2 Long-term iffect sizes

Not all studies included follow- up observations; a total of 116 lon g-term effect sizes were
calcu lated. The mean long-term effect was 13.7 percentage points. The minimum
calculated long- term effects were slightly negative; the maximum calcu lated effects were
over 30 percentage points. When studies we re weighted by the (estima ted) number of
observations, the mean long-term effect size was 9.6 percentage points (± 1.2) .

4.3 Impact of moderating variables

GLM-analyses were pcrformed to investigate the impact of moderati ng variables on the
short- and long- term effect sizes. The results of these analyses are summa rized below (see
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Hagenzieker et al., 1997 for a more detailed description) .
Short-term effect sizes we re larger when no mandatory safety belt use law was in

effect during the incentive campaign; under these circumstances baseline belt use was
relatively low: 22.5% belt use as compared to 52.7% with mandatory belt use law. Low
baseline levels were connected with relatively high short-term effect sizes (Pearson r=-0.25;
p<O.O1). The presence or absence of a mandatory safety belt use Iaw did not have any effect
on the mean long-term effect size. When the research design included a control group both
short- and long-term effect sizes were smaller than when no control group was present. The
main effect of "control group" was only significant when weighted effect sizes were used
in the GLM-analyses; it appears that in particular large scale studies (with higher weights)
had included control groups . Counter to expectations, campaigns with contingent rewards
showed smaller effect sizes than those with noncontingent rewards; the difference was more
pronollllced for long-term effect measures and for certain adjusted measures, which implies
that noncontingent rewards were relatively more often applied in settings with high baseline
levels. For long-term effect sizes, and when adjusted short-term effect sizes were used in the
GLM-analyses, the main factor "theory referred to" was significant; larger effect sizes we re
reported wh en motivational theories were referred to as compared to "no theory referred
to". In addition, for adjusted long-term effects main effects of "publication year" (more
recent studies had high baseline levels and relatively large long-term effect sizes), and
"country and/or state ofstudy" were significant (Netherlands differed from U.S. because of
high baseline levels and relatively large long-term effect sizes). The probability of receiving
a reward was positively related to long-term effect sizes (Pearson r= 0.36; p<O.OOI). The
length of the follow-up period was not related to the long-term effect sizes (Pearson r = 
0.004; p=0.97).

5. Conc1usions

The results of the meta-analysis confirms the conclusion of earlier narrative reviews (e.g.
GeIler, 1984b; Geiler et al., 1987; Hagenzieker, 1988, 1992) that incentive campaigns to
stimulate safety belt use generally lead to substantial short-term effects; and that long-term
effects are smaller than short-term effects, but belt use during follow-up measurements after
withdrawal of the incentive campaigns is generally higher than initial baselines. Whereas
earlier narrative reviews did not quantify the effect sizes of incentive campaigns, the results
of this meta-analysis indicate that thc mean effect sizes of incentive treatments that we re
reported in the literature amount to 12.0 (unweighted mean 20.6) and 9.6 (unweighted
mean 13.7) percentage points over baseline for short- and long-term effeets, respectively.

The findings of the meta-analysis also reveal that the magnitude of the (short-term)
effects depend on a number of moderator variables: the effect is not reached "no matter
what" type of incentive carnpaign is implemented. The resu\ts of this meta-analysis show
thar the short-term effect size is moderated by a nu mb er of single variables, and that a
combination of the following variables accounted for 64% of its variance:
(1) The type of population involved; campaigns at elementary schools showed the

largest effect sizes, which finding is in line with previous reviews that conclude that
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incentive programs implemenr ed in small, homogeneous groups give bett er result s
than those in large, heterogeneous groups such as comm unities.

(2) The immediacy of deliv ering the rewards; when incentives were delivered
immediatcly, larger effect sizes were reported than when incentives were delivered
delayed; th is findin g was not reported in earlier reviews on the effects of incentive
programs to stimulate safety belt use, but is in line with (Ieami ng) th eory (see, for
example, Bandura, 1986).

(3) The initial baseline rate (w hich was highl y correlated with the presence or absence
of a safety belt usage law); lower initial baselin es and absence of a safety belt use law
yielded larger effect sizes (sec also, Elliot, 1993).

Incentives that wcrc based on group behaviour yielded larger short-term effect sizes than
when the y were based on individual behaviour. However, the effect of this variabi e was less
stabie than the other variables in the models for sho rt- term effect sizes. This may indicate
that the relevanee of this variabie was dependent on a small number of studies. When
promoti on al items or irnm cdi ate valuables and non contingent rew ards were present larger
effect sizes we re reported . And wh en a co nt rol b'TOUP was included in the research design,
smaller effect sizes we re on average reported than whe n no co ntro l gro up was present (cf.
Elliott, 1993). However, w hen these variables were included in a model togeth er with ot her
variables, their impact to differcntiatc between effect sizes disapp eared. This suggests that
variatio ns of these characteristics coinc ide with vari ations in othe r characteristics (such as the
typ e of population involved , the size of th e study etc.), making it difficult to isolate separate
contributions to the explanation of variance .

Orher variab les, suc h as th e duration of the int ervention (see also Johnston et al.,
1994), the probabili ty of receivin g a reward, and the value of the rew ard appea red unrelated
to the sho rt- term effect sizes. H owever, the latter three variables wcre difficult to code, and
co uld therefore often be coded incorrectly, which might be a reason for the absence of a
statistica] signi ficant relationship with effect size.

The results for mediatin g variables explaining the varianee in the lon g- term effect
sizes were less clear. Alth ough a number of variables explained a signi ficant part w hen
entered as single variables in a model , they appeared insignificant in models with
combinations of these variables . The presenc e of a promotional item , and the absence of a
control group in the research design were the most important variables for (unadj usted)
large long-term effect sizes. The variabie "control group" appe ared to be the most
co nsistent stabie variabie across various long-term effect size models. Furtherm ore, low
usage rate during baseline and noncontingent rew ards seem to result in large adj usted effect
sizes. At first sight, this latter findin g is rath er puz zling because it was expec ted that
co ntinge nt reward s would lead to larger effect sizes than noncontingent rewards (see, for
exarnple, Johnson & Geiler , 1984; Bandura, 1986). However, th is finding co uld be an
artefact of the very un stable long-term-effect models,The confounding of small scale
studi es, the absen ce of promotional items or immediatc valuabl cs, noncontingent rewa rds,
and large long-term effect sizes has possib ly resulted in coincid ental significant cont ribut io ns
in sorne of the hypothesized models. T he length of the follow-up period (since cnding of
program), and the valuc of the rcward had no effect on the long- term effect size. The
probability of receiving a rcward was positivel y relatcd to long- term cffect size , but was
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rarely significant when entered with other variables in a model. Also the type of reward ,
other than promotional items, did not influence the long-term effect. A clear explan ation
for the discrep ant result s for long-term effects as compared to those for short-term effects is
difficuIt to give. It is probable that the way long-term effects have been measurcd differs so
rnuch between studies that this hampers further analysis.

Based on th e results of the best fittin g modeIs, the largest effect sizes of incentive
campaigns to promote safety belt use can be obtained wh en the population involved co nsists
of elem entary school pupils and their parents, when incentives are delivered immediately
rather than delayed, and with relativel y low baseline levels (and an absence of amandatory
safety belt use law) . On the other hand, the smallest effect sizes are obtained for incentive
campaigns in community settings with rclatively high baseline levels; it seerns that for this
type of conditions anothcr approach, such as selective enforcement in combination with
publi city might be more efficient in enhancing safety belt use (see, for exarnple, Zaal, 1994
for a review of traffic law enforcement research findings ).
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In Europe, every yea r, more th an 50. 000 peopl e are killed in ra ad crashes , and more than
150 .000 rema in disabled for life. Thus, every yea r, 200.000 new families, who have a
family- membe r killed or disabled , are added to those ofpr eviou s years. At pr esent in Europ e
at least 6.000.000 peopl e, whose tragic situa tio n is often underestimated , if not ignored,
have suffered in th is way. In th e world th ere are 100 .000.000 individuals in this situation ,
all enormous number of people directly affected by dearh or injury.

In o rde r to reduce th e number of these victims, w e must obviously reduce th e
llumber of acc ide nts, w hile to decrease th e graviry of th e suffering, we must provide better
emotio nal, soc ial, and juridical suppo rt to th e relatives and to th e victims , besides more
adva nced m edi cal care to th e inj ure d victims .

1. Socio-economie casts of road traffic accidents

T he number of crashes can further be reduced by:
• A m ore serio us implementation of present raad safety rneasur es.
• N ew safety measures addressing principall y th e behaviour of drivers.

The list of safety rneasur es alread y proposcd is impressive. For example, th e Gérondeau
R ep ort, prepared a few years ago at th e request of thc European Commission. gives a list
of 80 of th ese mcasures. Long term ra ad danger reduction programmes are presently
il11plem ented in different cou ntries . For exam ple th e Stratégie des années 90, elaborated by
the Swiss Fed eral D epartment for Justice and Police, co nsists of a detailed plan aimed at
dec reasing the number of serio us acc idents by 70% by stages o f 5% per yea r. Similarly th e
Dutch Ministry of Transport, starring from th e good records th ey already have achieved,
have elabo rated a co mprehe nsive Long-range programme for road safety, with the target of
reducing raad deaths furth er by 50% by the year 2010.

The socio - economie cost of ro ad crashes in th e European Union, according to the
study C aST 313 undertaken by 14 universities (including The N eth erlands) and published
by th e Europ ean Com missio n , amounts eac h year to more than 200 billion Ecus. This sum
would permit to co nstruct eac h year more th an 10 million cars.
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It is staggering to note that in Europe the cost of the damage caused every
year by cars, is comparable to that of the yeady production cost of these cars.

An analysis of the ratio :

costs (of the application of safety measures)

benefits (avo iding socio-econo mie costs)

shows th at it is co ntai ne d betw een 1/1 0 and 1/100. T hus an investm ent in raad safety of
for cxa rn ple 1.000.000 $, would permit to avo id dam age of a socia l cost of 10 .000 .000 to
100.000.000 $. Thus, only fro m th e economie point of view, soc iety as a wh ole would
make a significant financial profit investin g in road safety, without tak ing into account the
ph ysical and mental suffering th at would be avo ide d.

Significan t improverneut o f road safety does not raise fundam ental tech nical or

financiaI problems, th erefore suc h an improvem ent mu st be th e result ofa politica! decision.
The major part of th ese road tragedi es are not du e to fate, th ey co uld be avoi ded by

impleme n tatio n of exist ing safety m easur es, th c cos t of w hich is derisory compared with
savings that would be made.

R oad victim associations, o n beh alf of th e killed and disabled victims, are trying to
exe rt a po litical pressur e o n govern me nts to improve road safety. T his po litical action.
unfortuna tely, tends often to be co ntrasred by econo mie or co mme rcia l in terests. Indeed for
more than a decade the number o f persons injured throu gh road incidents in Europe has
re rnaine d ro ug hly th e sarne, in spite of th e increased nu rnber of cars, rnain ly because of
traffic congestio n. If th e num ber of peopl e killed has slightly decreased du rin g this period,
it is not because of better dri vin g standards but because th e emergency services respond
faseer, and becau se of th e progress in eme rge ncy surgery.

2. The situation ofvictims

R oad crashes represcnt a maj or public hcalth problem in Europc, because o f th e hu ge
number of victims, and because of the serious and lon g lasting co nseque nce s for th em, th eir
relatives, and for th e bereavcd ,

Up to now, th c situation of th ese victims has never been the object of systema tic
stu dies. Therefore th e Europea n Federatio n of R oad Traffic Vict ims (to which mor e than
tw enry raa d vic tim associations belon g) co nducted two enquiries am on g its members, with
th e financlal suppo rt of th e o f th e European Commission . The result of th ese inqu iries has
been published in th e R eport: Impact of road death and injury. R esearch into th e principal
causes of th e declin e in qu ality of life & livin g standard suffered by raad crash vict ims and
vic tims fam ilies. Proposals fo r improvcm en ts (Edited by FEVR 1995. ISBN 2-940183-00
7) . Let m e co mme nt some diagrarns o f thi s R eport:

• Figu re 5 shows that 80 to 90% of th e victims have not been informed abo ut their
legaI rights.
• Figure 6 shows that the same proportion has not been informe d about exist ing
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helping organisations,
• Figure 7 shows that 90% of the rclatives of dead victims consider that Criminal
Justice has not been done .
• Figure 9 shows that 60 to 75% consider that the charges brought against the
offenders we re not fair.
• Figure 13 shows that about 80% are not satisfied with the damages ofTered by the
insurance companies. Figure 15 the same proportion consider that the Court gave
no financial Justice .
• Figure 17 shows that nearly the unanimity of the victims consider that, in serious
cases, in would be useful to appoint a lawyer from the beginning.
• Figure 18 shows that 1/3 of the victims unsatisfied with the damages ofTered by
the insurance companies did not go to Court because they consider the law is not
in their favour, 1/3 because of stress, 1/3 because of excessive legal fees.
• Figure 25 shows that the physical suffering of the victims and their relatives consists
for most of them in sleeping troubles, headaches, distressing nightmares, and general
hcalth problems.
• Figure 31 shows that most of them have an increased consumption of psychotropic
products like tranquillisers, sleeping tablets, tobacco ete.
• Figure 26 shows the wide range of psychological suffering of most of these victims:
lack of interest, loss of drive and sclf confidence, anxiety attacks, depression, phobias,
eating disorders, anger resentment, feeling suicidal etc . It is impressive that even after
several years 1/4 of the victims suffer so much that they feel suicidal,
• Figure 29 the most helpful psychological aid is provided by friends and by families.
The aid provided by the institutions and religion is considered irrelevant.

These enquiries have shown that the great majority of victims families undergo a substantial,
eVen dramatic and long lasring decline in their quality oflife, and that half of them undergo
also a severe worsening of their standard of living. Moreover most families report that they
did nor receive any inforrnation abo ut the cxistencc of organisations able to help them, not
to mention infonnation about their legal rights.

It is depressing to realise the depth of distress of these people. A large proportion of
them suffers psychological disorders which are aften intense, long lasting, and even
permanent. They can cause somatic diseases that worsen this psychological distress . It is
assul11ed that these consequences, called legally secondary damage, but which are aften
more serio us and more painful than primary damage, deercase and disappear with time. Our
enquiries have shown the contrary, namely that far from disappearing, these psychological
disorders get worse with time and require more assistance . In addition, because of th is
distress, members of these families are often forced to change their job or even leave it
completely. Which obviously has serious consequences on their standard of living. These
troubles are generally exacerbated by the difficulties victims and victim families encounter
wirh the legal system and insurnnee companies.

Regarding criminal justice, these families complain of lack of consideration,
inefficiency, and above all laxity. Regarding insurance companics and civil justice, victims
also cornplain of Jack of consideration and disdain for their sufTering, but above of all
insufficient compcnsation, particularly in serious cases where the dameges bear no relation



154 Session 1: Context aud Policy

to the damage really suffered. It is our duty to improve the situation of these families, and
prevent that victims of a road crash become victims a second time, namely of a system, and
a society, unable to UIlderstand or help them.

The first step is to provide immediate emotional and psychological support, then
juridical and social assistance. The agencies which have contact with the victims must have
the duty to inform them of where they can find this support and assistance. In certain
countries the police and the emergency services supply pamphiets to victims or their
relatives, giving the necessary information.

Further, to satisfy the need for help at such a difficult time, it is necessary to promote
the opening of public Centres where the victims or their families could find free emotional,
psychological, social and juridical assistance. Such Centres exist already in some countries.

To further improve the situation of victims, reforms of criminal as weil as civil
legislation are also necessary. At present attention of the lawmakers is still concentrated on
the defendant who benefits even from privileges, such as the right to have the last word, a
free solicitor etc. In future it wiJl be necessary to establish a balance of legal rights between
the victim of violence and the defendant. It is indeed paradoxical to offer a free solicitor to
the accused and at thc same time require the victim to pay for legal help. ]udgements should
also consider reparation by the guilty of the effective damage suffered by the victim, in
addition to that (often insufficient) provided from his insurance.

3. Recommendations

1. Create public Centres of assistance and advice, where the victims and their families could
find besides immediate information, the emotional, juridical and social assistance that they
may need, as weil as, if necessary, a person of trust who may accompany or represent them
in all the aetions they have to undertake.
2. Re-value periodically the compensations in order th at they correspond effectively to the
damage ofany kind suffered by the victims. Take in particular into account all consequences
ofbrain trauma. Give immediate advances for the funeral, the medical expenses, and loss of
salary. Consider to complement the compensation to the victim by a contribution by the
guilty.
3. Equilibrate the criminal procedure in order to guarantee a total balance of rights between
the victims and their families respective to the rights guaranteed to the defendants or those
who caused the crash.
4. Consider certain violations, such as exceeding speed limits, going through a red light or
a stop sign, drinking and driving, as preterintentional offences.
5. Extend to all countries of Europe, the European Convention on the indemnification of
victims of violence.
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Abstract. Cargo transport is an impo rtan t pillar of the Dutch eco no my. Alth ou gh this
transport is cco no mically profit able, it also involves risk. The policy of the D utch
government is aimed at raising the safety of road transpor t.
The Duteh gove m ment devclops tools to enh ance road safety and to redu ce the risk of
cargo transport. Within the framewerk ofthe Du tch proj ect VeVoWeg (Safety of Road
Transport) the risk associatcd with cargo transport has bee n studied since 1992. Not
only the so-ca lled external safety. the risk to people close to rou tes whcre hazardo us
matcrials are transportcd, has been th e subject of major research, but also the intern al
safety, the risk to re ad- users as a result of all cargo transport . The proj ect VeVoWe g has
succeeded in its aim to develop tools to enable decision makers and ra ad controllers to
detcrminc safety levels and to iniriate measures to enhance the safety levels if necessary.
T his paper will give insight in the internal and external safety methodologies whic h
were developed in the project VeVoWeg before 1996. Also insight will be given in the
applicabiliry and limirarions of these method ologics by reporting some of the (at present
preliminary) co nclusions from the pilot projeets of the proj ect VeVoWeg, whi ch have
bee n carried out since 1996. Also an examp le of a cornbined inte rna l and exte rnal risk
analysis study on thr ee alternatives for a motorway is given.

1. Introduetion

C argo transport in th e N etherlands is not only eco nomically pro fitable, it also involves risks.

H eavy vehicles carrying cargo cause risks to roa d- use rs (internal safety) and the transport of
hazard ous materia ls causes risks to bo th read-users (int erna l safety ) and people close to the
road s (ex ternal safety) . D ue to the large differen ce in mass and speed between the heavy
vehicles and other re ad-users a relatively large number of vic tims occur in thi s type of

accid ents. For exa m ple th e accide nt staristics show th at 25% of th e annual lethal acc ide nts
involv e cargo transport , although cargo transport make s up only 10% of the to tal number
of road vehicles,

T he Lo ng- Term Traffic Safety Plan 1996-2000 (M PV) issued in 1996 addresses th e
safety problem of heavy ve hic les. T he D utch Ministry of T ranspo rt , Public W orks and

Water M anagement has decid ed th at m ore insight is neede d in risks to peopl e,
enviro nm ent, nature and matter associated with cargo transport. T he goa l of the D utch
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Governme nt is 25% less (Iethal) accidents in 2000 and 50% less in 2010. T his will be
achieve d with a so-ca lled " two -direc tion- po licy": a preventi ve direction Sustainable R oad
Safety, and a curative direction, where the most evident accide nt situations are tackled.

Serious accidents with hazardou s materials are rare, but wh en th ey happ en there may
be many victims. For thi s reason the safety of people close to transport routes is kept by
safety standards as describ ed in the document Risk Standards for the Transport of Haza rdo us
M aterials (R N VGS) [1]. The goa l of the Ministry of Transport, Public Works and Water
Management is to maintain th e safety level of the transport of hazardous materials in 2000
at the safety level of 1986. This is documented in the Secoud Stru cture Plan for T raffic and
Transport (SVV2) [2].

The project Veiligheid Vervoer over de W eg (VeVoWeg; Safety ofRoad Transport)
aims to work out government policy and to solve problems with regard to internal and
external safety. In the next sect ion the background ofthe project VeVoWeg is clarified. T he
methodologies to investigate the interrial and ex ternal safety, as developed in VeVoWeg, are
describ ed in section 3, while in section 4 some (at present preliminary) conclusions to the
applicability and limitations of these methodologie s and an example of an application are
pre sented .

2 . The D u tch p roj ect VeVoWeg (Safety ofro ad transport)

The project VeVoWeg is a co llabo rative program of the Ministries of Transport , Public
Works and Water M anagement (V&W) , of the Int erior (BiZa) and H ou sing, Spatial
Planning and Environment (VR O M) . It should provide a firm base for decision makers and
road controllers to determine the level of risk and to compare potenti al solutio ns in safety
matters. At the start in 1992 it was aimed to develop tools and methods to :

• calculate risks to mankind. environment, nature and matter ;
• identify and select measures to maintain or lower these risks to acceptable limits;
• develop a calculation procedure to quantify the effects of taking risk-redu cing
measures; and
• devclop a methodology to evaluate the effects and costs of these measures.

In the project VeVoWeg the traditional traffic safety is broken down into the safety of cargo
transport (internal safety) and the safety of the remai ning traffic. External safety is associated
with the risks to people close to hazardou s ma tcria ls transport routes.

The first phase of th e project was ended by the end of 1996. In this phase first drafts
of severa l technical guidelines have been issued by the project group , each of whi ch contain
a guideline and/or backgrounds for internal and extern al safety analysis. In the seco nd
ongoing phase of the project practi cal experience is being obtained by using these guidelines
for real problems suc h as for instanee routing measures for the transport of hazardou s
materials in Amst erdam and infrastru cture problems at variou s locations in the N eth erland s.
The results of these pilot studies and the exp eriences of working with the VeVoWeg
guidelines will be reported in the spring of 1998 and used to improve the next issue of the
technical guidelines. In the next section the basics of the QRA (Q uantitative Risk Analysis)
methodologies for th e int ernal and external safety will be addressed ,
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3. Basics of the QRA methodologies for heavy traffic
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Heavy traffic is gene rally defined as the collec tive road transport of personnel or cargo . In
the project VeVoWeg only the transport of cargo with vehicles weighing over 3.5 tons is
considered.

3 .1 Ex tcrnal scifèty QRA

Since the Duteli impleme ntatio n of the SEVES O directiv e [31 in the Risks of Seve re
Accidents Dccree [4] in 1988 co mpanies involved in the product ion and handling oflarge
arnounts of hazardous matcrials have been obli ged to give the governrncnt insight in the
risks caused to their immediate sur ro undings. Consequently, over one hundred companies
had to de termine the externa l safety levels by a QRA. T his has ensured the development
of for example an externa l safety merhodology, scenario modelling and effect tnod elling.
T he development of th e external safety methodology for the road transport of hazardons
matcrials in the proj ect VeVoWeg has elabo rated on these past expe riences .

T he most imp ortant steps in the ex ternal safety QRA meth odology for road
transport are presented in Figure 1. In the first step a system description is made and basic
data is gathe red. T he seco nd step is the identifi cation of all undesired eve nts and assessme nt
of all releva nt accide nt scenarios, whic h are descriptions of the release of th e hazardou s
materials and the predi ctabie follow-up eve nts. For all flammable goods the accident
scenarios are separa ted into :

• scenarios with direct ignition, w hic h may lead to torch fires, pool fires and fircballs;
and
• scenarios with delayed igniti on, which may lead to flash-fires and explosio ns.

In each scenario rhe prop er initial acc ide nt frequen cy and probabiliti es of follow-up eve nts
mu st be assessed. Specific or default accident frequ en cies and probabilities w ill be used
dep endin g on the level of the QRA study (see 3.3) and the availabili ty of the data. In the
third step the determination of the physical effects starts by assessing the out-flow qu antity
and duration of the accident scenar ios . N ext the spatial distributions of the resulting physical
effects are calculated for all possible atrnospheric conditions (thc heat radiation intensity for
fire scenarios, the overpressure for explosion scenarios and the concentration profile for all
other sccnarios). The fourth step is to detcrmine the darnage of these heat radiations,
ove rpressures and concentrations to the expos ed population, in whi ch th e damage is
expressed as the probability to die. Finally, in the fifth step the risk is determined by
combining all basic data, scenarios, probabilities and effects and is presented as the
Indi vidu al Risk and Societal Risk.

T he Individual Risk is presented on a top ographi cal map as so-ca lled risk co nto urs,
lines co nnec ting points of identi cal risk. It represents th e local probability to die per year
for a ficrive person, who is assurned to be present at that location co ntinuo usly and
unprot ected , du e to a transport with hazardous materials.

T his local character of the Ind ividual Risk is used to appoi nt safety zo nes betw een
transport routes and vulne rable developments. In RNVGS the standard for thc Ind ividu al
R.isk has been introduced as a limit value of 10-6 per year (once in a million years),
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.......I .

indicating that between the 10-6 contour and the transport route no vulnera ble
developments may be present.

Step I: Systcm dccription andbasic

Step 2: Accident scenarios

Step ) : Dctcrmination of physical

Step ~ : Determination of damagc

Siep S: Dctcrminalion of risks

Figure 1. Q RA methodology (external safety).

The Societal Risk, which is calculated per kilometre transport route, represents the
probability per year that a grOllp of peopl e die sirn ultaneo usly du e to a tran sport accide nt
with hazardous mat erials. This risk is presented in a double logarith rn ic graph wh crc the
number of sim ultaneous deaths N is given on the horizontal axis and the curn ulative

frequency per year for an accident with at least N death s on the ver tical axis , T he socie tal
risk do es not have a limit value as srandard, the administrators can deviate from this standard



R oads 159

with proper moti vation. The standard is formed by a straight lin e in th e double logarithmic

graph (see Figure 2) from the point (10 death s, 10-4 per kilometre per year) through th e
point (100 death s, 10-6 per kilometre per year) and is uscd to locate possible disaster
location s (locations with a high risk of a large number of death s close to th e road).

Cum. Frequency (km-1year1)

Figure 2. The standard for the ext ern al safety Socictal Risk.

3.2 lnternal Sofet» QRA

D ue to th e dens population in the N eth erlands th ere is an inc reasing probl em of meeting
the Dutch enviro nmental legislation standards close to transport ro utes, especial1y in and
near urban areas . In recen t yea rs th ere has been a tenden cy to solve meeting th ese standard s
by building tunnels, sound barriers and ro ofing in roa ds (he reafter called tunnels). Althou gh
this helps to meet the enviro nmenta l standards for exte rnal safety, noise and air pollution , it
increases and introduces ex tra risks to road-users. This has been th e main reason for th e
development o f an internal safety QRA methodology in th e project VeVoWeg. Contrary
to the ex te rn al safety, th e intern al safety methodology includes both acc ide nts with heavy
vehicles and accid ents with th e tran sport of hazardous matcri als. The most important steps
of th is methodology are shown in Figure 3.

The QRA merhodology for accidents with heavy vehicles, show n in the upper part
of Figure 3, is based on commo n traffic accidents involving heavy vehicles and fires in he avy
vehicles. In the first step a systcm description is written down and basic data is gathered. In
step 2 th e acc ide nt scen arios of th e common accid ents and fires are identified and th e
resulting damage of th ese accid ents is det ermined in step 3 . However, an exception is made
for th e detennination of the dam age resulting from fires in tunnels, since th e effects of th e
heat radiation of the firc and th e po ssible fo rm ation of toxic co rn bustion products and/or
explosions are co mparable to th e ph ysical effects of th e hazard on s matcrials. These damages
are determincd in th e acc ide nts with hazardous materials part of the internal safety
nlethod ology. In th e fourth step th e resul ts of th e pr evious threc steps are co mbined to form
the risk, which is presented as th e Expected Value and Societal Risk of th e number of
dea ths, th c number o f inj uries and th e cos t of materi al dam age.

The three Exp ect cd Values, w hich are rcprcscntcd by a number or amount of
1110n ey, are the sum of th e products of the frequencies and th e number of death s, injuries
or cos r of materi al dam age of all sce narios, respecti vely, and rcpresents th e ave rage number
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of deaths, number of injuries and cast of material damage per year for the studied tran sport

route.

Accidents with Heavy Transport
Slq> I

Transport of Hazardous Materials Accidents

Figure 3 . QRA Methodology (Intcrnal safety).

T he Soc ietal R isk is represented sim ilar to the ex terna l safety Soc ietal Risk , altho ugh for
th e internal safety there are th ree graphs: th e number of death s (for N > 1), th e nu mber of
injuries (for N > 1) and th e cas t of material darnage (for N > O) on the horizontal axis. T hc
Soc ietal Risks can bc uscd to idcntify disaster location s (loca tions w ith a high risk of a large
number of victirns or materi al dam age on th e roa d) .

In th e bot to m part of Figure 3 th e internal safety Q R A method ology for the
transpo rt of hazard ou s ma teria ls is give n, wh ich is basically ide nt ical to the externa l safety
me tho do logy. The only differe nces are:

• instead of calculating th e effec t on people close to the transport ro ute, here
• th e effec t on re ad-users is calculated;
• th e effect of heavy vehiclc fires in tu nn els is included in the me thodology; and
• th e risk is rep resented as the Expected Value and Societal R isk. These risks are
presented only for the number of death s, since at pr esen t there are na methods to
determine the nu mb er o f inj uries and cast of material damage du e to accidents with
hazardous matcrials.
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Finally the risks resulring from the accidents with heavy transport and transport of
hazardollS materials are added to fonn the total intemal risks. At present there is no legal
standard for the internal risk, but research for a possible standard has already been started.

3.3 Similaritics and diffcrcllccs in the intcrnal and cxternal safety QRA incthodologies

In both methodologics the type of study and the availabiliry of the basic data determine the
depth of the QRA study:
1. In level I studies a rough QRA is performed; this type of QRA reguires a relativc low
amOl1nt of input data, uses general data (for example the avcrage initial accident freguency
for a specific road type) and subseg uent\y does not provide very detai led results. The risks
of the transport ofhazardous matcrials in level I studies can be calculated with the relatively
simply computer code IPORBM (a risk calculating program developed by the Dutch
provinces) [5]. Level I studies are used for strategie and survey studies.
2. In level 11 studies a more detailed QRA is performed, which reguires more detailed and
larger amounts of input data, more complex computer codes (most of these programs are
devcloped by engineering and research institutes) and subseguent\y will provide more
detailed results. Level 11 studies can be used to determine the effects of safety measures, to
compare alternatives (both routes and road types) and to put the aim of internal safety
policics to the test.
3. Level 111 studies are very dctailed QRAs, which reguire a lot ofvery detailed input data,
complex computer codes and provide very detailed results. This study level is at present
only used to put extemal safety risks to the legal standard test.

In case part of the detailed input data can not be obtained, one has to fall back on a
lower level of study.

The transport of hazardons matcrials and fires in tunnels parts of the internal safety
methodology is almest equal to the external safety methodology. The only real difference
is the location of possible victims close to the road or on the raad, the use of the Individual
Rjsk (extcrnal safety) or the Expected Value (internal safety) and the modelling of fleeing
from tunnels (internal safety).

The accident and fire (outside tunnels) parts of the internal safety methodology differ
from the above methodologies in thc sense that:

• This methodology only uses statistica l data for the number of accidents and fires,
number of victims and material damage, whereas the ether methodologies also
involve modelling of out-flow, formation of toxic combustion products,
evaporation, dispersion. heat radiation, overpressure and flceing;
• The initial accident freguency of this methodology is based on all accidents
involving heavy vehicles, whcreas the other methodologies use an initial accident
frcqucncy based on all accidcnts in which at least one person in a motorised vehicle
was injured; and
• In addition to the risk of death calculated in the ether methodologies, this
methodology also calculates the risk of injury and the risk of material damage.
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4. Application of the internal and external safety methoclogies

4. 1 The application eif the methodogics

In th is sectio n an example of thc intern al and external safety method ologics is give n by
inves tigat ing the risks of three different alte rna tives for a motorway. The study area is shown
in Figurc 4. T he first alterna tive is a motorway witho ut a tunnel. The seco nd alternative
in clud es a tunnel of 400 m length in the mot orway where all hazard on s matcrials are
allowe d to pass. The third alte rna tive is similar to th e seco nd, but there is a prohibition for
LPG tru cks in the tunnel ; so the LPG trucks will have to use th e roads in the city to bypass
thc tunnel. In th is study it is assumcd that 1000 LPG tru cks and 500 .000 othe r heavy
vehicl es pass the motorway annually and 50 .000 heavy vehicles the roads in the city.

In the Figures 5 tiU 9 thc results of this int ernal and external risk analysis are sho w n
(only for the numbcr of deaths).

motorway

raad
\

m torway

roa

<tunnel)

1(}8 contour

Figure 4. T he srudy area. Figure 5. lndividual R isk for the lllotorway
without 3 tu nnel.

raad

it /Cl Y

m orway

contour

it /Cl Y

1 -8 contour

Figure 6. lnd ividu al Ri sk for thc motorway
with the tun nel (no prohib ition ).

Figure 7. lnd ividu al R isk for the motorway
with the tunnel (LPG proh ibition in tun nel).
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Tab le 1. Expc cted Value for thc numbcr of deaths.

IMotorway no tunnel witn tunnel
altematives no LI""l:i

prohibition proh ibition
t::xpectea
Value 0.0094 0.0089 0.0088
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Figures 5, 6 and 7 show the effect of the different motorway alternatives on the Individual
Risk (external safety). It is clear that the incorporation of a tunnel in the motorway wiU
result in less exposure to the risk in the city in case all hazardons materials are aUowed to
pass the tunnel, whereas a pro hibi tio n for LPG trucks to pass the tunnel will dramatically
increase the risk in the city.

T he Expected Values in Tab le 1 show a differen t result. T he Expected Values of the
flrst alternative. the motorway wit ho ut tunnel, has thc highest valuc and the Expected
Values of the second and third alternatives. the motorway wit h the tunnel, are almost equal.
This is caused by the fact that, even though the initia l accident frequency on a motorway
is lower than on urban roads and in tunnels, the average amount of deaths per accident is
higher. And since the number of dcaths due to the normal accidcnts make up 99% of the
Expected Values in this example, na real difference in Expected Value is found in the two
tunnel alternatives. If the tunnel was langer and/or the number of transports of hazardous
materials higher, the contribution of the transport of the hazardous matcrials and fires in
tunnels to the Expected Value would be larger. Figures 8 and 9 show dut:

• the external Societal Risk drops when a tunnel without prohibitions is introduced
in the motorway, but it increases considerably when the LPG trucks have to use the
alternative route through the city and even exceeds the srandard; and
• the internal Societal Risk wiU always increase when a tunnel is introduced in the
motorway and will cause more risk to the road -users wh en the LPG trucks are
allowed to pass through the tunnel.

Based on these results it seems advisable not to build a tunnel in the motorway of th is
exalllple, since the mo torway witho ut the tunnel seems to cause the least risks to both road
lisers and people in the city.

Cum.Frequency (km-1year 1)

10-4

10 -5

10.
6 I----~_----è"_

10 .7

10 .8

10 100
N (dea tn persens)

..... .... moto rw8Y (no tunne l)
. -" , -" , motorwey with tunnel (no prohibition)
__ motorw8Y with tunnel (LPG prohibition)

Figure 8. Societal Ri sk (cxtcrnal safery).
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10-6

10 -7

10-8

10 100 1000
N (deatll s persens )

... ...... motorway (no tunnel)
. •. -. motorway with tunnel (no proh ibition)
__ motorway with tunnel (LPG prohibition)

Figure 9. Socictal R isk (internal safety).

4.2 Application expericnces

In the last year of the project VeVoWeg the technical guidelines, produced in the first phase
of the project, have been used in several pilot studies ranging from internal and external
safety studies in cities to stud ies on the effects of safety measures on motorways . These pilot
projects have give n insight in the applicability of the guidelines. Some of the insights related
to the interna l and external safety methodologies are:

• Gathe ring the basic data and rcmo delling it into a workable for mat can be very
time- consuming;
• T he amount of necessary data increases with the size of the study area; especially
w hen the study area includes (part of) a city and /or invo lves several alternatives,
which wi ll effect the traffic flow in a large part of the study area;
• T he coverage of the accide nt data dee rcases rapidly when the scverity of the
accident outcome decreases . The statistics cover nearly all accidents resulting in
deaths, roughly 75% of thc accidents rcsulting in hospital care, about 25% of other
accidents involving injuries and an unkn own, small, percentage of accidents
involving j ust material damage. T his will cause a high dogree of un ccrtainty in the
risk for injuries and especially the risk for material damage de termined with the
interna l safety method ology;
• T he use of ex ternal safety co mpute r codes for in tern al safcty calcu latio ns is possible ,
but wi ll req uire user-knowledge of risk studies and may involve time-consuming
calculat ions to fit the in tcrmcdiate results into the final rcsu lts;
• There is insufficient knowledge how to model the effects of accidents with
hazardon s matcrials and fires in different types of tunnels. A study to improve th is
knowledge has already been started;
• T he applicabi lity of the metho dologies to thc effects of safety measures depends
largely on the safety mcasure take n; a safety measure like the overtaking prohibition
for heavy vehicles can be easily determined , whe reas the comparison of risks
involved in differen t lay- outs of an urban road can not he dcterm in ed accurately at
present, du c to lack of inform ation on the effects of different lay- ou ts on the risk;
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• Appli cation of th e methodologies to alterna tives with and without tunnels will
supply a good insight into the effects on the internal and ex te rna l safety ;
• In some cases th e internal safety methodology may give a distorted picture. Safety
m easur es on roads which will increase th e he avy vehicle safety may cause a higher
accide nt frequ en cy for other traffic; and
• The Expect ed Value for th e number of deaths of th e internal safety is usually made
up for more than 90% out of the deaths due to normal accide nts; the de aths due to

the transport of hazardous matcrials and fires in tunnels only have a noticeable effect
wh en very large am ounts of hazardous materials are tran sported or when th e tunnels

are very long.

5. Conclusions

The int ernal and external safety methodologies developed in the Dutch proj ect VeVoWeg
seem very promising tools. Even th ough at pre sent not all types of stu dies can be performcd
On a satisfactory level of detail, it is already op erational for most purposes. One of th e most
promising applications at pr esent is to study the effects of introducin g tunnels in roads , since
the co mbination of both th e internal and exte rn al safety meth odology gives a go od insight
in th e safety effects for both re ad-users and people close to th e roa ds.
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Developrnent in Pipeline Integrity
Managentent at the NV Nederlandse

Gasunie, The Netherlands

P. Ri etjens, A. Pijnacker Hordijk and R. Korn alijnslijper
N . V. N ederlandse Gas/mie, Tlt e N etherlands

Abstr ac t. 13y Pipcline lnrcgriry Management wc mean: the preventive and co rrec tivo
ma nagement of the integri ty of the gas transmission system, so that in thc longer term
this rcmains in compliance wi th the min im um teehui cal req uire me nts stipu lated in
Gasunic's sclf-imposcd standards and with thc sta ru tory rcgulations , Pipcline In tcgri ry

Management rclates to Safety (risk to the environment) , Operational Reliabiliry (in
relarion to conrractua l obl igat ions) and basic economic principles (cost effectiveness).

Gasunie uses its Pipeline Integri ty Managemen t System to ensure the safety and
opera tional rcliabiliry of its transmission pipc!ines at the low est possib le cost.
This paper indi cates the path that is followed in order to transfa rm the current sysrcm,
predomin ately based on a qu alitative " C ondition M onitoring & M aint ain ing" systcm ,
into a m ore qu antitati vc and appra isal- basc d systc m.

The trad ition al qualitativc approac h involved takin g design and maint cnance measures
for each indi vidu al rhreat . In ord er to gain an insight int o th e extcnt to whic h these
mcasures currcntly cove r thc kn own th reat adcquately, a qu alitative appra isal has bee n
carried out. T his appra isal sho ws that the present struc tura l design and mai ntcnance
measurcs are, from a qualitativc point of view, sufficient to co pe with the thr eats to the
transmission pip elines. Aha ind icated are what im provemc nrs are possible and whar
actions are now bei ng taken in thi s connectio n.
The "new" Pipcline Integriry M anagement System is bascd o n a quantifiable
relationship between threats, measures and per formance. This means du t the different
measurcs will be mutually inrerc hangeablc, so that the mos t effec tive measures can be
app licd in response to spec ific threats in those locations whc re thcy are most ncedcd.
T he co hesive syste rn of design and main tenance mcasures can be furthe r optimised if
th e costs of th e differ ent mcasures are evaluatcd according ra the co nt riburion they
mak e to co ntrolling thc overall risk of a pipcline.

1. Introduetion

1.1 General

The purpose of thi s paper is to indi cate the pat h that can be followed in or der to transforrn
th e cur rent " C ondition Monitorin g and M aintaining" of transmission pipelin es int o all
apprai sal-based syste m. It wiU be sho w n below that the curre nt struc tura l maint enance
me asures are , from a qu alitative point of view, sufficient to cope with the threats that face
th e pipeli nes.

Furthermore, the paper wi ll state w hat improvemen ts can be made and how the
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Pipeline Integrity Management model can in the future be further optimised by means of
quantitative analyses.

1.2 Motivation

Virtually all gas transmission companies derived their standards for design and maintenance
from US standards, These are traditionally aimed at ma naging threats (factors that determine
the probability of the pipeline failing) . In the mid-1980s this approach resulted in a
fOrmalised Gasunie policy C'Pipelinc Condition Monitoring and M aintaining system").

At aro und the sarne time the need arose for a more quantified, risk-based approach ,
both with regard to Gasunie's "Qualiry Drive" and to the zoning req uirements laid down
by the Department of Housing, Rcgional Dcvelopment and the Environment (VROM) .
Measurable effectiveness and efficiency make it possible to optimise the Pipeline Integrity
Management process. In order to determine cost effectiveness, it is necessary to perform a
very detail ed quantirative analysis.

Safety and eperationul rcliability
lt has been assumed in the first instanee that all failure mechanisms have an impact on both
Safety and Operational Reliabiliry. In order to meet the objectives in both respe cts, it is
sufficient to manage the safety-related risks. Safety makes the most stringe nt dern ands on
polic y, management and exec utio n.
Cost rffcctil'clICSS
Cos t effectiveness is considered to be extrcm cly important. Pipcline sho uld be managed at
the lowest possible cost, provided that:

• th e pr esent stru ctural rnainten anc c measures should be effective in preventing
damage inflicted to our pipelines. From a quantitative point o f view, this requires
knowledge of the impact that a measure has on a threat;
• th e system of design regulations and maintenance me asur es as a whole can be
optimised.

2. Current pipeline integrity management

2. 1 Process iinprov ements

'fhe process of Pipcline Integrity Management relates to the poli cy, th e mea sure s (zoning,
design and maintenance), the recording of performance, analysing performance against the
standards and guidelines, and evaluating threats and potential co nsequences, see Figure 1
below. Ir is Gasunie's aim that the policy should result from, and be adj usted on the basis
? f, periodical analyse s of actual performance. This leads to continuou s improvements. This
IS in Contrast to the sirnarion in the past, where measures w ere , in principl e, based one-on

an c on th e known threats and potenrial co nsequences.
N ew policy is based on a feedback pro cess, in which thc maximum possible

quantitative ben efit is extra cted from th e co nnee tion between the different e1ements of the
process. This me ans th at design and mainten ance m easur es are interch angeable in realising
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of the same performance.
Effor ts made to maint ain a co nstant ove rview of pot ential threats are reflected by

means of a sensor func tio n for the threa ts. T he model sho uld also co ntain a recording of
pe rformance, the purpose of w hich is twofold:

• based on pre defined target values (success factors and indicators), short-term
feedback takes place. T his results in an improvement in Operational Maintenance
procedures without a need for a change in policy.
• long-term feedback is executed every 3 year. This involves identifying deviations
with regard to risk standardisation versus performance by rneans of risk analysis. In
this way, an adjustment of policy is acco mp lishcd, involving the adaptation of design
and maintenance meas ures or the critica l success facto rs.

C
R
I
T
E
R
I
A

Fig u re 1. Pipcline Management Process .

Validating and improving the Pipcline Integri ty Management policy is a continuons process
and is the responsibility of the operational dcpartment. Thc goal is to analyse as much as
possible quantitatively. In order to carry out quantirative analysis (i.e. long-term feedback),
it will be necessary to have detailed infonnation and validated and advanced analytica!
modeIs . These modeIs are developcd and tested by the R esearch Department.

2.2. Policy

In general, policy can be formulated as follows:
• Realisation of objectives with regard to Safety and Operational Reliabiliry at rhe
lowest possible cost .
• The design and maintenance of pipelines is aimed at minimising the number of
accidents (incidents) . Specia lly agreed criteria are used as indicator values in this
respect.
• In the evcnt of a disasrer, all necessary measures are taken in order to limit rhe
ex tent and consequenccs as far as possiblc.

Connected to this Risk Managem en t System there is an information system for testing,
impro ving and managing this operational process .
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The Pipeline Integrity Management Policy embraces fifteen criteria regarding basic
principles, zoning, design and maintenance aspects. The criteria are not global guidelines
but are indeed very specific and detailed . It is beyend the goal of this paper to discuss all of
these criteria.

2.3 Process aud allalysis

2.3.1 Recordinç

Performance yielded by the managementsystem is evaluated against the pre-mcntioned
critical indicators. Gasunie makes a distinction between two different levels in this respect.
!vlallagelllellt indicators
Performance at the management-indicator level requires are set on a rclatively broad level

for each sub-process; this reveals whether Gasunie meers their basic principles. Based on any
instances of indicators being exceeded, it will be possible to initiate corrective actioris both

as regards the operating processes (qualiry) and as regards policy. Reporting will take place
via the quarterly reports from Operational Management.
lncidcnt reyistration
To carry out regular analyses (optimisation), careful registration of pipeline incidents is
required. This registration is the basis for internal evaluations and analyses or for information

handed over to national establishments (Velin) and International Incident Databases (EGIG).

2.3.2 Allalysis

Depending on whether the relevant indicators show that performance is above or below
the required level, the threats and potential consequences are analysed regularly, at intervals
established. This analysis serves three pllrposes:

• the performance is evaluated against the pre defined criteria, the results of the
Pipeline Integrity Management systern being dcmonstrably filed;
• the impact of the maintenance measures on the risk is established;

• possible corrective actions are dctermined:
At Gasunie, several tools and a large number of actually validated modeIs are used for this

analysis of the probabiliry and consequences of threats, the aim being to be able to
deterl11ine the risk quantitativcly. This involves calculating the gas outflow, dispersion and

(thermal) radintion levels. The models are really physically validared.

2.3.3 Criteria

The Pipeline Integrity Management system operates with criteria on a nurnber of levels.
Many of them are derived from present-dav risk srandardisation. Risk standardisation in the

Netherlands is split into individual- and group-risk standardisation, At present, group risk is

nor yct a statutory standard, but it is expected to be only a matter of time befare this occurs.
GaslInie cornplies with the risk standardisation procedure that forms the basis of the
Ministerial guidcline .
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lndividua! Risk
T he zoning guideline for a pipeline is based on thc guidclines applied by the authorities in
relation to individual-risk standardisation. T he margins set out bel ow are used in these
guidelines. Pipeline lnt egri ty Management is today aimcd at rnanaging the evaluation and
construction zoning disrance cri teria.

Tab le 1.

Indlvidual risk [IRl Assoclated action Zonlna
IR < 10·· risk negligible, IR = 10 ··

do nothina Evaluation dlstance
10·' < IR < 10·' welgh up impllcations,

take action if necessarv
IR> 10·· do not exceed risk, IR = 10 ··

alwavs take action Construction dlstance

Socictal R isk
T hc Dutch zo ning guidel inc already takes into account in a qua litat ive way thc socioral risk

(area-category allocation). Gasunie regards the cons truction zoning distauces as sufficient in

th is respect.
Secietal-risk legislation is currently under development and thcrefore not (yet) fixed,

but tends to the guideline illustrared in Figure 2. T his means that (societal) risk
standardisation depends on the number of potential victims and therefore on the presence
of the number of persons per km of pipeline per unit of time.

Socletal risk1.10-'

1.1 0··
10 100

Number of vlcttms

Figure 2. Sociotal risk.

3. Qualitative appraisal

3 . / AIi\il

The Pip e1ine Integrity Management po licy is aimed at implemenring the whole rangc of
prcventive and supplerncnrary measures for each thrcar in such a way thar the probabiliry
of the system failing is kept within the accepted criteria. Indicator values have been
established in order to prcvent these criteria being exceeded. Exceeding these valnes can
result in extra maintenance measures. The following appraisal is carried out in order to
ascertain whether enough effort is being carried out from a qualitarive point of view in
order to manage the threats,
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The approach adopted in evaluating Pipeline Integrity Management has been as follows:
• known threats are identified. A threat is considered to be known if it cannot be
proved beyond any doubt thar this threat cannot occur at Gasunie;
• the current design and maintenance measures are evaluated;
• the measures applied in response to specific threats are recorded with respect to
their influences in the "Pipeline Management" matrix;
• threats are categorised and the actual probability of failure is determined from the
database;
• the consequences of f.lilure are determined with reference to a nu mb er of criteria;
• for each threat, the product of the probability of failure and the consequences is
assigned a priority, with initiation of corrective action bcing required in the cvent of
high or medium risk.

Those threats are included in the matrix which, based on the current perceptions, pose a
thrcar to the integrity of the Gasunie transmission systern. Thrcats that do not pose a
significant threat are not included in the matrix.

3.3 Corrcaivc aaions

The "Pipeline Management" matrix indicates whether an investigation or project has been
initiated, as a secondary measure, in order to reduce or minimise the risks of the associated
threat. The extra measures serve either to provide greater insight into the effectiveness of a
l11easure that is taken in response to a threat or, temporarily, to invest more effort in a
l11easure taken in response to aspecific threat.

The investigations/projects in question are as follows (in the sequence in which they
appear in the "Pipeline Management" matrix):

• A project has been carried out in which the behaviour of potential and actual
pipeline damaging factors is examined. On th is basis, a project is started in order to
promote the KLIC procedure (one call system). This involves tightening up the
KLIC (Cables and Pipcline Information Centre) regulations, improving the conduct
of the excavators and, within Gasunie. the description of the KLIC procedure is
improved and re-implernented. This is expected to result in a rednetion in the
number of incidents caused by third parties.
• Gasunie is participating in an international ac-corrosion project, which involves
looking fundamentally at the threat and at the sarne time carrying out measurements
on an ac-influenccd pipeline.
• No incident caused by stress corrosion has (yet) occurred within Gasunie. Due to
the extremely serious consequences of such a threat and incidents in other gas
companies, this thrcat is very closely monitored. The basic tests for stress corrosion
are carried out within PRCI;
• Gasunie is looking into how the ongoing coating degeneration and temporary
protective mechanism, which must provide permanent protection, can be inspected
and efliciently replaccd;
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• O nce every five yea rs, a gas pip e1ine is inspected by rneans of an in telligent pig run.
T his has a dual purpose, nam ely to keep up with the requirements o f this tech niq ue
(scan fun ct ion ) and to gain an insigh t into pip eline metal loss. T he pipe1ine sect ion
to be pigge d wi ll be selected by means of a ranking tooi using up to 30 parameters.
The deployment of the pigru n at a given pipe1ine section wi ll also be carried out to
verify the performance of the up -tc-date maintenance measures . If necessary extra
measures wi ll be taken, criteria and policy wi ll be accordingly adopted.

4. Quantitative appraisal

All possible threats w here the pip eline system last from, as weil as the potenrial (design and
maintenance) measures as a prevent ive act io n against th ese threats are put in the "Pipeline
Management" matrix. T he full matrix is given as appendix A, while a very simplified matrix
is given in Figure 3. It is the intention to qua ntify the effectiveness of each measure against
a certain threat. First the qua litative effectiveness of the in fluence of a measure against a
threat (one cell of the matrix) has been prioritised. The aim is to analyse and determine the
quantitative influence of the effectiveness of a measure. At the end when the functional
dependencies are completed, the efficiency of each independent measure can be analysed
by comparing the effectiveness with the associated cost.

CutTent Aocepted
Risk Management Hellsures

5ystem

Threats

.Uon

Figure 3. Simplificd matrix .

As an example the quantitative in fluen ce of the design meas ure depth of cover of a certain
pipe1ine section against the exenvation threat wi ll be give n. The probability of hitting the
pipe1ine can be given among others as a function of the depth of cover.

T herefore the number of incidents per depth of cover was divided by the total
amount of pipe1ine seetion in km .year per speci fic depth of cover. T he resulting data points
were fitte d and indicated wi th 95% lower and uppcr rcliabili ry lim its [14], as can been seen
in Figure 4 .

T he effec tiveness of th e design facto r "Dcpth of co ve r" against excavatio ns given
third party inter fer en ce is given by th e equa tion as: In f(D) = -2.61 x D - 3.22. Also the
func tio nal dep end en cy of th e wall thickness is eva lua tcd , w hi le thc analyses for th e airborne
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(helicopter) inspeetion effectiveness will be carried out soo n. In this way a lot of cells of the
matrix will be quantitative defined, see Figure 5.

Distributian chance ta hit a pipeline
per deplh ol cover
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Fig u re 4. EX31l1plc quantitattive in tlucnee .

Measures
Threals design mainlenance

1
f (p,q,..) I (x,y,..)

.. k (x,y,z, ..)
9 (5,1,..) m(a,b,..)

x

Figure 5. Quanrirarive matrix,

[f the numerical relations (functions, dependencies) between all relevant measures (design
and mainrenance) and the impact on associated threats are known, the following aspects can
be covered:

• rest risk calcularions,
• effectiveness per thrcat,
• optimisation of a package of measu res,

and subsequcntly it will be possiblc to optimise the ove rall efficiency of the Pipcline
[ntegrity Management system .
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The Transportation ofDangerous Goods:
An Industry Perspective

Helmie Standaar

The Netlierlands Industry Plaiforlll Jor tlte Tranportatiou oJDancerous Coods (CTCC)

It is an honour for m e to spea k to yo u tod ay at the occasion of this congress about th c
transportat ion o f dangerous go ods. For easy referen ce during th is presen tation I have ready
for yo u a hand-out of th e slides th at I am abo ut to show yo u , hop efully th ese will bc
integrally incl uded in the pro ceedings.

Lady and Ge ntleme n, j udgi ng fro m th e titles of the other parallel sessions it seerns to
me th at th e program me co nun ittee of this co ngress decided that dangerous goods are a
transportation m od e in their own right and the Industry Platform for th e T ransportation of
Da ngerous Goods that I am representing here would w ho lehea rte dly agre e with th is
intcrpreration. The aforementioned Platform bears the Dureli acronym CTGG. The
CTGG is an umbr ella platform for co- operation , 14 ind ustry associations to talling some 60
000 en terprises are represe nted in th is, but only 10% dea l frequently with dangerous goods.
T he compositio n of the CTGG aims to be represcn tativc of the ma rket and th erefore covers
all surface based modes of transporta tio n and strikes a balance between cargo and transport
inte rests. In essence th e platform is a group of technicaI ex perts with a grea t dea l of practical
kn owi edge. T his is im portant since however co mplica ted rcgul ations are in th is field, finally
implerne ntatio n is don e " from behind th e stee ring wheel" . I do no t co nsider myself to be
an ex pe rt, but as achairma n my responsibiliry is the achieve me nt of co nsensus, a statutory
requirement. The word co nsensus here means agreeme nt based on technical and
ope ratio nal sou nd argumcnts, as oppose d to th e word co mpro mise that may relare more
closely to po w er. In th e C TGG th e qu ality of th e argume nt co unts, not who is using it. Of
co urse th e various industri es th us unitcd in a co nc ise field of activity have objectives that
tally with th e bu siness, risk and costs control, simplicity and th e like, all relare to the
sustained managcabiliry o f the transportation of dangerou s good s. In short, dangerou s goods
sho uld be tran sported as if o rdinary co mmerce und er the guarantee of workab le and
co ntro llabie sets of mies.

Also , co mpe titive elernents feature on th c objcctives list like market conformity,
harmonised regula tion across borders. Lastly, few ex pe rts in this area can be found outside
th e realm of th is set-up. H en ce an objective is to foster and expand our expertise.

O bviously there must be sornc advantages for ind ustries to stay in th is platform for
30 years and m ore. Briefly these are: mutual support and shari ng of the workload, to be part
of an expert environment, to have access to an early wa rning system and last but not least
to benefit from the CTGG's long standing rep uta tion, w hic h shows in the so und working
relationships with the pertaining authorities within the Ministry of Transportation, W e find
th is relationship essential, but such a thing may be vicwcd diffcrently in other co unt ries.
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Lady and gentlemen, if we look at the transportation of dangerous goods in a small
and busy country like mine we see volume flows of 10 to 15% of total adding up to about
700 MNgl per annum of added value for the transport sector alone. Of course, product
values are orders of magnitude higher. Despite these large volumes of trade accidents are
rare and only exceptionally significant.

To put dangerous goods in the context of th is conference we may wonder about
whar dangerous goods are. Besides lists of substances few generic definitions exist, but we
all feel that these substances have in common that they can pose immcdiate danger or are
easily triggered to do so to men, environment and equipment and therefore require to be
contained during transport and transhipment. Obvious candidates are explosives,
compressed gases, inflammables etceteras. Safety then, has at least four different aspects that
are seductive to regulators: public, occupational, traffic and environment. And indeed
regulations that sometimes are even contradictive can be found, for instanee the gas venting
of mobile tanks, ie on barges on inland waters, under the ADNR (safety of transportation
of dangerous goods) and the prevention of air polhition under the European Gasoline
directive are fully in conflict. "Contaminatcd" regulation is an increasing phenomenon.
The Safety of Transportation thus is an aspect of the safety of the transportation of
dangerous goods, but the transhipment switch between the modes of transportation may be
the more important. Safety has more than one face and is without further explication rather
undefined. Therefore, the CTGG has always adopted an integral approach, emphasising the
need for the idcntification and quantification of risks.

With respect to this latter aspect, scientifically applicable statistical evidence is
generally non-existent everywhere. Yet, we feel that the safety of transportation can and
should be made visible and thus manageable by establishing numerical modelling and
simuiation that are checked against unifiable statistical data. This in turn, should lead to

prevention and even to a safer and more optimal use of existing infrastructures.
Lady and gentlemen, I am drawing to a close. In the world of the transportation of

dangerous goods we encounter complex and ever more complex regulations and
supranational authorities that issue regulations, sometimes leading to conflicting situations,
And there are a few: [MO, ECE, EU, CCR.. Complexity also is enhanced by regular
updating processes. This is wisdom of course, but a pain and a confusion to those who need
to implement it. Going through various themes attached to this conference [ arn now able
to cernment in the context as presented: Safety of transportation: to dangerous goods only
one aspect in the logistic chain, transhipment is at least as important.

Differences between modes: this we find a perilous distinction, by treating
dangerous goods as a mode of its own we have been able to balance along the entire logistic
chain. ln sporting languagc: the sea tanker cannot go where the piek-up may, but they both
could carry the same material albeit in different quantities. For th is reason the CTGG has
a[ways rigorously applied a non-discriminatory approach towards the transportation modes.

The imbalance between growth and safety: obviously some seem to identify a
problem here. But is it? In this country LPG is widcly used as an autornotive fuel, LPG
classifies as a dangerous good and the volurne of fuel consumption went up by a factor
twenty as of the early sixties towards the late seventies. [ do not need to reeall the growth
in passenger cars in that period. Yet, accidents and particularly serious ones, can be counted
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in single digits until thi s day.
The kn owledge infrastru cture: I feel that th is relates to the previou s item. The

introduetion of LPG as an automo tive fue! was acco rnpanied with the early establishment
of a technical associatio n, till this very day a distinghu iscd member of our CTGG. All
possible parti es involved, producers, manu facturers of car appliances, marketers, retailers,
etce teras were sitting aro und the same table shar ing and contributing to the same
kn owiedge.

The roie of science : again this ties in to the previou s tw o items. Due to 30 years and
ov er of experience of the Industry Platform for the Transportation of Da ngerous Goods the
answer to the perc eived imbal ance between growth and safety is th e assurance of sharcd
knowiedge by tho se involved. In our increasingly co mplex societies such a co-operativc
group or groups would increasingly require to be advised through scienrifically genera red
and well advanced quantified information and simulation.
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Stress Corrosion Cracking:
The Battle Continues

Daphn e Snelgrov e
Tranportation Stifety Board of Canada, Hull, Ql/ebec, Canada

1. Historical overview of the petroleum industry in Canada
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Pipelines have been uscd as a mod e of transportation as far back as the 10th century A.D .
At that tim e, the C hinese of Peking were transporting natural gas by bamboo pip cline to
use for strce t light ing. H owever, it took many more centuries for the inte rest in th e
petroleum ind ustry to reach Ca nada. In 1858, the wo rld's first co mme rcial oil weil was du g
in O il Springs, Ontario. Admittedly, th e digging of this weil had begun as a search for bett er
drinking water. Nevertheless, it did bccorne a viable business operation. Also in 1858 ,
Ca nada was home to th e world's lon gest natural gas pip cline whi ch carricd natural gas 25
kilometres to T rois Rivieres, Quebec to light the streets . The wo rld's first oil pipeline, built
in 1867, was also in Ca nada and connec ted an oil field in Petrolia, Ontario to Sarni a,
O nta rio. Ca nada's pet roleum industry also pion eered in northern operations. In 1920,
Canada had the world 's mo st north erly oil field.

It wasri't , howcver, until the discovery of oil and gas ncar Lcdu c, Alberta in thc mid
to-l ate 1940's that it bc came apparent that pipelines we re needed to take petroleum from
Western Canada to the heavily populated central region of Canada and the United States.
Large diameter oil and gas transmission pipe!in es, in exce ss of 305 mm (12 inches), have
been a part of Ca nada since the early 1950's. Before the end of 1950, the Int erprovincial
Pipeline system moved crude oil a disrance of 1800 kilometr es from Edm onton , Alberta to
the Great Lakes in central Ca nada. By 1957, the system had been extended to Toronto,
O ntario . It was the world's longest pip cline untillate 1958 wh en the TransCanada pip cline
began to transport natural gas from the Alberta-Saskatchewan border to eastern Ca nada.
T he TransCa nada pipel ine remained the longest pipeline in the world until the early 1980's
whc n its length was exceeded by a Soviet pipeline from Siberia to western Europe . It is
understood that cur rently these two Ca nadian pip cline systems, the Int erp rovincial pipe!ine
and the T ransCanada pipeline, are respectively the wo rld's lon gest crude oil pipel ine and
the world's seco nd lon gest natural gas pipeline.

2. Pipeline system in Canada

To day, nearly tw o-thirds of Canada's ene rgy supply including petroleum, natu ral gas,
hydroel ectri city, nu clear and coal moves through pipclines. In additio n, virtually all its oil
and gas expo rts are carried by pipe!in e. The routes for most of Ca nada's pipeline
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infrastructure were determined in the 1950's when the major transnnssion lines were
constructed. Today, more than forty years later, most of this pipe remains in service.

In Canada, the safe construction, operation, maintenance and abandonment of
pipelines is either a provincialor a federal responsibility, depending on the location of the
pipe!ine system. Pipe!ines operating entire!y within a province are regulated by that
province while pipelines crossing provincialor international borders are federally regulated.
The federal regulatory body is the National Energy Board (NEB), an independent quasi
judicial tribunal which reports to Parliarnent through the Minister of Natural Resources
Canada. lts regulatory powers include the granting of authorizations for: the construction
and operation of interprovincial and interuational oil and gas pipelines, international power
lines and designated interprovincial power lines; the setting of tolls and tariffs for oil and gas
pipelines under its jurisdiction; the export of oil, gas and electricity; and the import of
natural gas. It can be asked to review any of its decisions, however the outcome of such a
review is final. Only questions of law or jurisdiction can be referred to the Federal Court
of Appeal. Through its Onshore Pipcline Rcgulation, the NEB has set requircmcnrs for the
safe design, operation, maintenance and abandonment of pipelines under its jurisdiction.

The Transportation Safety Board (TSB) is an independent federal agency, neither
judicial nor quasi-judicial, which reports to Parliarnent through the President of the
Queen's Privy Council for Canada. It has the mandate to advance transportation safety on
federally regulated modes of transportation, including pipeiines, by investigating accidents
and incidents, identifying safety deficiencies, and making safety recommendations designed
to climinate or reduce those deficiencies.

The Canadian Standards Association (CSA) is a non-profit, nonstatutory, voluntary
mernbership association engaged in standards deve!opment and certification activities. lts
committee volunteers and sustairring members include producers, manufacturers,
consumers, retailers, uni ons and professional organizations and governmental agencies. lts
standards reflect a national consensus of these organizations. The standards are used widely
by industry and commerce and are often adopted by municipal, provincial governments in
their regulations, particularly in the fields of health, safety, building and construction, and
the environment. Sustaining mcrnberships represent a major souree of income for standards
development activity. One standard in partienlar deve!oped by the CSA covers technica]
requirernents regarding the design, operation and maintenance of oil and gas pipcline
systems. This standard, CSA Standard 2662 - Oil and Gas Pipcline Systems, was devcloped
through committees representing the pipeline industry, product manufacturers, and
regulatory authoriries, both federal and provincia1.

In general, federally regulated pipe!ines are large diameter, high pressure transmission
pipelines. However, the systems can vary from 160 metres in lcngth, those which just cross
a provincial border, to several thousand kilometres in length, those which cross the country.
Nominal diameters range from 154 millimetres (6 inches) to 1219 rnillimetres (48 inches).
The systems transport sour natural gas, sweet namral gas, high vapour pressure products in
the liquid state (such as butane, propane and ethane), cru de oil and refined products (such
as fue! gas and aviation fue!).

Currently, Canada has approximate!y 18,000 kilometres of oil and liquid pipelines
and approximately 19,000 kilometres of natural gas pipe!ines. This pipeiine infrastructure is
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buried at or below the frost line, making it an almost invisible transportation network.
The pipeline industry itself is charged with the responsibility of ma intaining pipeline

safety . It follows national and int ern atio nal codes, and standards have been devcloped to
limit the safety and environmental risk to a reasonable attainable minimum. The NEB has
set minimum technica] requirements through its Onshore Pipeline Regulations. These
regulations require the pipeline companies regulated by the NEB to comply with the CSA
Standard Z662 - Oil and Gas Pipeline Systems. Many pipeline companies have developed
corporate practices and procedures that go beyond these requirements.

However, since hurnans design, operate and maintain pipeline systems, hu man frailty
is such th at there is always a chance that a pipeline co uld leak or rupture. From March 1990
through December 1997, the TS B investiga ted 21 pipeline ruptures, no ne of which
in vol ved loss of life. T he majoriry of th ese ruptures were caused by corrosion, slope
movernents and third party damage, issues w hic h th e pipeline indu stry has been dea ling
with for ma ny years. Five of the ru ptures wcre caused by stress corrosion cracking (SCC),
a failure mechanism about which the industry has Iearn ed muc h in recent years and is still
learning.

3. Stress Corrosion Cracking - what the industry is facing

External stress corrosion cracking (SCC), a type of environmenta l cracking, has been
recogni zed as a cause of bur ied pip elin e ru ptures since 1965. At that time , th e first pipeline
rupture ever attributed to SCC occ urred in th e United States, Since th at time, muc h effort
lias been spent in identifyin g th e environmental and operaring co nd itio ns that are co nducive
to SCc. Pipelines in Australia, Ca nada, Iran , Iraq , Italy, Pakistan , Saudi Arabia, and the
former Soviet Union have experienced failures due to SCC. SCC is a progressive fracture
mechanism caused by the sim ultaneous action of a sustained tensile stress and a corrosive
environment. A spontaneous brittIe fractu re can resu lt when cracks rcach a critical crack
lengt h w hic h is dependent on th e fracture to ughness of the material. As the name implies,
the formation of cracks is associa ted with SCC and th ere is usually little metal loss or general
corrosion. SCC in no t unique to the pipelin e industry; it has been addressed in other
indu stries suc h as th e pe troche mica l, aerospace and nu clear in dustries.

In pip elin es, cracks are initiared at locations w he re th e coa ting has become
disbon ded from th e pipe and a co rrosive environment can attack on th e gra in boundaries
of the steel or th e steel itself C racks usually origi na te at stress risers suc h as surface
irregularicies . scra tches, mach ine ma rks and microscopie pitting.

The sustained tensile stress is ma inly due to in rernal line pressures but mayalso
involve other service stresses, such as bending stress, and residual stress from manufacturing,
welding or other pro cesses.

In th e early development stages, cracks are mi croscopie and are often not ev ident by
visual inspection. At th e present tim e, th ere are no co mrnercially available in- line inspeet ion
tools with pro ven crack det ection capabilities, particularly fo r th e lon gitudinal type of
cracking typical of SCC. T he pip eline industry currently uses in -Iin e inspeetion to ols to
de reet geometrie defects, suc h as dents or ova liry, and m etalloss, suc h as co rrosion.
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Development of the technology to dereet cracks is in advanced stages and tools are being
tested in operaring pipelines.

Since crack growth is a function of the local conditions at the crack tip, not all cracks
grow continuously, or at the sarne rare or time. SCC appears in co lonies or clusters
containing nurnerous individual cracks which can coalesce when the cracks become large
enough . Cracking may be eit her intergranular and follow the grain boundaries of the metal
involved, or transgranular and cross the grain bo undaries,

Once a crack has initiared. the principles of fracture mechanics govern crack growth.
T he rate of growth and coalescence de pends on crack size and crack spacing. During the
period of subcri tical crack growth, risk of failure is negligible.

Hydrostatic tests have been carricd out on operating pipelines to detect SCC. The
pipe is subjeered to presslIres higher than normal operating presslIres in order to force the
larger existing crac ks to open up and rupture un der co ntrolled conditions. H owever, if the
crac k has not reached a critical size, a rupture will not occur. T he hydrostatic test will
temporarily stop the growth of the crack bu t the crack may co ntinue to b'TOW at a later date .
If the crack growth rate can be established, a subseq uent hydrostatic test can be conduc ted
before the crack reaches the crinca l length un der operating conditions. T he strcngth test
pressure is mos t often 125% of operating pressure for a period of one hour followed by a
leak test pressure 110% of operaring pressure for a period of four hours.

The SCC w hich has been occurring in Canada has been referred to as non-classical.
It typically occurs under near neutral pH conditions, in environments where dilute
carbonate-bicarbonate solutions cxist next to the pipe surface, is not temperature
dependent, and tends to be transgranular in nature . Transgranular cracks tend to be wid e
open with little bran ch ing and are typically concentrated near longitudinal weids where
weid reinforcement causes tenting of wrap coating over the weid.

C lassical SCC, on the other hand, tends to be intergranular, is ternp erature
dependent and occ urs under high pH co nd itio ns and in environments where concentrared
carbonate-bicarbonate solutions exist nex t to the pipe surface.

R esearch into the ini tiation and growth of non-classical SCC indicates that the main
contrib uting facto rs are stress, stress fluc tuations, a corrosive environment in contact with
the pipe steel, elec troc hemical potential, coa ting type and conditio n, and co ndition of the
pipe surface. There is currcntly no consensus rcgard ing thc rclative importance of each of
th ese factors .

T he first pipelin e rupture in Ca nada attri buted to SCC occurred in March 1985 in
northern Ontario on the TransCanada Pipelines (TCPL) systern. Since that date , TCPL has
experienced seven ru ptures and one leak duri ng operations attrib uted to SCC. The lcak
occ urred in southern Manitoba in 1989. Of the seven ruptures, five have occurred in
northe rn O ntario, one in eastern Ontario, and one in southern Manitoba.

TCPL's natura l gas pipelinc system extends from Alberta to Qucbec and consi sts of
more than 13,000 km ofburied large diameter pipe , and 56 compressor stations. The systern
comprises lip to six pipelines at certain locations, identificd as lines 100-1 to 100- 6, and is
sectionalized by isolatio n valves located at approximately 30 km intervals. The pipeline has
a maximum allowable operating prcssure of 6895 kPa for most of its length and 6455 kP a
in the remaini ng portions. Most of the TCPL systcm was laid in regions with little or no
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human population and is c1assified as Class 1 pipe according to industry standards. Heavier
wall pipe thicknesses, c1assified as Class 2, 3, or 4, were used in more populated areas or
under other circumstances such as proximity to hospitaIs, schools or compressor stations.

Following the first in-service pipeline failure attributed to SCC, TCPL conducted
eight bell-hole excavations along Line 100-2. The purpose of this 1985 work was to
determine the origins of SCC and to investigate the overall susceptibility of Line 100-2 to
SCC, especially near populated areas. In response to the secoud SCC failure in August
1985, also on Line 100-2, TCPL began planning an intensive field program for 1986.
Referred to as the Pipeline Maintenance Program (PMP), it consisted of hydrostatic testing
and investigative excavations. lts purpose was to ensure the continued safe and reliable
service of the pipcline systern. The third SCC failure occurred in March 1986 and was also
on Line 100-2. Initial ernphasis ofthe PMP was therefore placed on Line 100-2 in northern
Ontario.

In 1989, TCPL experienced a leak due to SCC on its Line 100-3 downstream of
MLV 31 in western Canada. In 1990, it hydrostatically tested Line 100-3 between MLV's
30 and 32.

Between January 1991 and July 1992, TCPL experienced three additional pipeline
ruptures in Ontario; one was on Line 100-2, two werc on Line 100-1. The TSB's
investigations into these ruptures (report numbers P91H0117, P91H0041 and P92T0005)
indicated that SCC was evident at the rupture initiation points of the pipe involved in two
of the three ruptures. The failure seetion from the third rupture was never recovered from
the swamp where thc rupture had occurred. However, two sections which were recovered
contained SCC adjacent to the longitudinal searn weid. The TSB detennined that because
of similarities between this failure site, the results of TCPL's PMP and other SCC-related
ruptures, this failure was also due to SCC.

In 1991, TCPL expanded the scope of its PMP to include Line 100-1 in the
Toronto-Montreal corridor, Line 100-1 in Northern Ontario, and other selected pipelines
in various geographical regions of the TCPL system when it determined that those sections
of pipe were susceptible to SCC.

Early in 1992, TCPL developed an SCC soils model to determine the appropriate
environmental condi tions for initiation of SCC and to identify locations along its pipeline
system where those conditions existed. This soils model has evolved since TCPL began
developing an sec severity rating model in 1986. The soils model continues to evolve as
TCPL colleets and analyzes information from investigative excavations.

During its investigation into the three ruptures which had occurred between January
1991 and July 1992, the TSB detennined that although TCPL was taking action to prevent
ruptures due to SCC, because of the potenrial consequences of a rupture, additional
measures should be considered. Consequently, in November 1992, the TSB issued three
recommendations to the NEB dealing with allowable operating pressures, detection and
repair ofSCC and operating restrictions for natura] gas pipeline systems susceptible to SCC.
Subsequent to those recommendations, the NEB conducted an inquiry into SCC though
written submissions. As a result of that inquiry, the NEB indicated that it would:

• continue to monitor the development and implementation ofTCPL's PMP which
includes hydrostatic retesting, investigative excavations and inspections, and selective
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pipe replacemen ts;
• mo nito r thc SCC- relatcd activities of pipcline companies un dcr its j urisdiction; and
• continue to encOllrage and follow developments regarding research into SCC
dereetion and repair techniques and encourage ind ustry to disseminate and utilize
relevant information.

In 1994, TCPL expanded the scope of its PMP investigations into SCC with excavations
conducted in western Canada. Howevcr, until july 1995, TCPL had not expanded the
scope and area of the PMP investigations into SCC beyoud those areas already investigated
in western Canada. It based th is decis ion on the following:

• the soil conditions we re dassified as being low on the SCC-susceptibility scale and
did not rank among the ones of major concern;
• the opcrating history of the system to that po int did not indude SCC-related
occ ur rences;
• the 28 excavations conducted since 1988 did no t indicate scrio us SCC activity; and
• the successfu l hydrostatic retesting of Line 100-3 in 1990 .

Onjuly 29,1995, TCPL expericnced a rupture on its Line 100-4 at Rapid City, Manitoba,
MLV 30, in western Canada. This was the first time that the company had an SCC rupture
on its Line 100-4 and the first time that an SCC rupture had occurred west of Winnipeg.

The TSB's investigation (report number P95H0036) found the following similarities
between this occurrcnce and prcvious SCC-relatcd ruptures on the TCPL system:

• the external coating on the pipcline at the ru pture locations was polyethylene tape;
• soil co nd itio ns at the occurrence locations were mainly sand/clay material; and
• soil co nditions we re ratcd as being imp er fect to poorly drained .

In the 1985 - 1995 time period, extensive field studies have been co nducted with a view
to understanding the origins and progression ofSCC on pipeline systems. It has been found
that SCC occurs under both polyethylene tape coated and asphalt coated pipeline sections
and in low pH, dilute clectrolytes containing carbonic acid, bicarbonate, and other species.
Studies, in particular those do ne by TCPL, have also indicated that the severity of SCC
appears to inc rease with the presence of bacteria and the absence of oxygen. Soil type,
drainage pattern and terrai n pattern all influence the initiatio n of SCC.

Following the july 1995 rupture on the T CPL system , the N EB held a wide-ranging
pu blic inquiry int o SCC on Ca nadian oil and gas pip elines. T he inq uiry evaluatcd the
extent of SCC on pipelin es and th e measures that co uld be take n to effectivcly deal with
SCC. T he report was released in December 1996 and co ntained 27 recomrn endations to

promote public safety on oi l and gas pipelines in Canada. T he recom mendations covered
the following categories: SCC managem ent programs, design changes, research, SCC
database, emergency response practices and information sharing. The TSB responded
favourably to the report indicating that it believes that implerncntation of these
recommendations will go a lon g way towards better managing the risks associated with
SCC in pipelines.

In 1997, the Canadian Energy Pipelin e Association (CEPA), a vo luntary non-profit
associatio n of pipeline co mpanies, published its Stress Corrosion Cracking Recornmended
Practices to assist pipelin e corn pauies in developing an SCC in tegrity managem ent programs
specific to the ir pipcli ne system . An essential co mpo nen t of the program is thc need for
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continuing surve illance and mitigation depending on th e extent and senousness of the
concern .

From th e first occurrence of sec until the present, the pipelinc ind ustry has com e
a long way in its understanding ofthc mechanics, charactc rizatio n and detection ofsec on
opcrating pipclincs. Thc pip elin e industry has dcmonstrated a comm itme nt to furthcring its
kn owledgc of th is failurc mcch anism and to developing sound integrity managcment
programs to analyzc, detect, evaluatc, and rcducc o r eliminate th e risks du c to sec facing
their pip elin c systcms.
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1. The public safety perceptions
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Much of the world believes that aviatio n is not safe and is getting worse with the increase
of aviatio n traffic. T hey believe that th e increase in traffic w ill increase the risk for the
peo ple living near the airpo rt and the passengers th em selves. Alm ost every week somewhere
in the world an accident occ urs with tens or hundreds of fatalities. Every accident and
severe incident, eve n w hen there are no fatalities, makes sensational front page news and is
part of the news bulletins on TV; pictures of earlie r tragedies are shown, such as rhe burning
flats in the Bijlmermeer caused by the crash of the Boeing 747 on the 4th of October 1992.
In addition, doubts and spec ulations about the facts that caused the accident and each
investigation report relatcd to it, is discussed in the media. Aviation accidents have, because
of their nat ure, the dedicatcd int erest of the media, the public and poli ticians. Ler's bc c1ear:
every air accide nt and every fatality is ouc to many and pcopl e and the relatives have,
undoubtedly, the right to kn ow what caused the accide n t and the loss of their beloved. But
the one-sided interest of the media in thc negative aspcc ts of aviatio n gives the genera l
public the imp ression that aviatio n is no t as safe as it actually is. It 's also a pity that people's
natural fears for safety are sometimes mishandled . T here is no sense in saying that aviation
is extrcmely safe and thcn co mparing it wi th ot her modes of transportation .

Aviatio n in itself is sensational. It is un natural for humans and a high percentage are
afraid of it. The only solution is to have na accidents. T hat's w hat the pu blic is asking for
and the industry un derstands that that is th e direction to go in, w hethe r it is attainab le or
nor. T hc dcvelopme nt from good global safety to excellent global safety is w hat we need
and I think we are on the way. The negative attentio n of the med ia moti vates us further.
After every acciden t, the unbelievable is don e to find out th e cause of thc accide nt, such as
in the case of the TWA disaster. And, as a resuIt, new measures and initiativ es aime d at
il11provi ng aviation safety are implcmentcd.

2. The safety facts

W hat are the facts? Each ycar, in its Janu ary editio n, Flight Internation al pub lishes agIobal
overview of fatal accide nts and fatalities in civi l aviatio n over the prcviou s 10 years .

O n the left side of this graph yo u see the nu mb er of fatalities and on the right side
the numbcr of faral accidc nts. Last year there were 51 fatal acciden ts with 1306 fatalitics.
T he number of fatalities in Dutch road traffic alone is more. But still, ic's 1306 too many!
T he good ncws is that , in spite of a traffic increasc of ove r 50% in thc last 10 years, thcrc
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seems to be only a gradual increase in the tota l numbers of fatal accidents and fatalities.
Now, this is sensational. And it gives us the reassurance that the expected traffic growth can
be realized without an increase in the number of fatal accidents and without an increase of
third party risk on a globa l level.
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Figure 1. 1997 fatal accidcnts.

This can only be reached if we continue to strive together towards zero accidents. So, the
slogan "doubling the traffic will double the risk for people living round airports" is not true
as long as we continue to improve. T he problem is that up till now there has been no
conc rete and, therefore, useable " loca l safety perfo rmance ind icators" availablc that could
produce a local safety overview like Figure 2 for global ove rview. If yo u look at the figures
in th is grap h yo u have to take into acco unt that in 1997 there were no fatal accidents
involving passenger jet airliners from the traditionally safe Australasian, North American ,
Western European or Middle Easteru carriers. It is we il known that there is a significant
difference in safety standards according to country or region.

On the left side of this graph you can sec the nu mber of fatal accidents per million
jet flights you can see that the world fatal accide nt rate in 1993 was one per mi llion flights.
You can sec that the accident rate of US and Euro pca n supe rvised airlines was less than one
fatal accident per two million flights and they are doi ng even be tter now. Unfortunatcly, I
dori' t have any figures for the last four years.

T he US gcnerates about half of the total global civil aviation activiry, Europe
generates less than a quarter of the global traffic. So, ro ugh ly more than a quarter of the
globa l traffic is attaining a lower safety level. T his is represented by the upper line on this
graph. When YOll take into acco unt that this gro llp inclu des tradi tionally safe countries and
carriers as mentioncd earlier YOll w ill un derstand that the safety perform ance of the carriers
in this category is even more significant. It is said that 16% of the traffic has caused 70% of
the total hulllosses. T he qua lity of supervising aut hori ties is essentia l to safeguard the safety
level of the airlines and the ot her service providers in the system. As IC AO the international
civil aviation organisation has no authority to assess the qualiry of the supervision of the
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Contracting states, the FAA, starred some years ago, to assess the quality of supervision of
airlines which fly to and from theU.S.A.. As a result, we now have the information that the
quality of supervision of about half of the contracting states is at least according to lCAO
requirements. The other half is still unknown, this segment still only represents less than 3
percent ofthe traffic at Schiphol airport. ICAO have started assessments as weil but only on
request with confidential results and, this is very important, together with a support
program. This is known as the Safety Oversight Program.
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Figure 2. Fatal accident rates: US. non-US, world and JAA je t airlinc rs; 3 ycar moving
avcra ges.

3. hnprovements

In spice of the possible impression the general public may get from the sensational attention
of the media "aviation is uncommonly safe but there are differences and improvements are
still possible and necessary". There is a common awareness that we have to improve and
~hat as weil as accident-investigation, improved supervision, incident sharing and
Jnvestigation, and the use of safety management-techniques will make aviation even safer.
I will now mention a few particular improvements:

The first are the activities ofthe FLIGHT SAFETY FOUNDATION in which the
aviation industry and aviation organisations arc exchanging results and developments and
are taking special initiatives to improve aviation safety. For example to reduce CFIT
Controlled flight into terrain accidents, which has consistently killed more passengers and
crew than any other accident category. And the ALAR approach and landing accident
reduction initiative.

Secondly, in the ICAO Conference of last November, the most important
reCOI11mendations werc adopted . Firstly, to develop a system of mandatory, systematic and
harI110nised safety audits, which should inc1ude all contracting states, and should be carried
OUt by ICAO. This is a real breakthrough. Furthermore to expand the Safety Oversight
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Program, it is clear that th e poorer co untries must be hclped to improve th eir performance.
T hirdly, th e US will continue th e IASA International Aviation Safety Assessment program
and implement th e recommendations ofthe White H ouse Comm issio n on Aviatio n Safety

and Security. Fourthly, th e European safety improvem ent stratcgy program and th e recent
decision of th e transport ministers to develop EASA, a Europea n Aviation Safety Autho rity.
Fifthly, th e Russians reccntly dccid ed to improve th eir systc m and to reorgani se their
aviatio n industry. Sixthly, in 1996, in th e Netherlands. an Aviation Safety Poli cy was

ado pted including, among others, ramp-checks on forcign airlincs and an information
telephone for the public.

And last, but not least, at a local level I will mention the development of an
Integrated Safety Management System at Schiphol (ISMS), th e first of the 25 impl em enred
rccommendations after the tragedy in the Bijlmermeer. In this cooperation agreement, th e

airport comm unity is working together to improve local safety. It includes th e developrnent
of a local incident database named OASIS, Operational Airport Safety Information Systern .
These improvcments are just part of the developments. Aviation safety is an attitude, a
co ntinuous effort and it can only be improved through coope ratio n.

4. Questions

We are making progress, but qu estions still remain .
• Facts and furth er improvements do not see m to be sensatio nal enoug h for th e

med ia and the public. H ow can we get a more balanced and realistic per ception
from the media and th e public?

• Do we just continue with what we are doing now, in thc direction w e are m oving,
or do we have to add new initiativ es, new directions?
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An Industrial View on Shipping and Safety

Pieter Struijs
ExcCtttilJC Director cfSltippin~!?, Rotterdam Mimicipal Port Management, The Netherlands

Amsterdam Airport and the port of Rotterdam are nowadays frequently referred to in one
and the sarne breath when we are talking about expansion and safety. Both our port and
Schiphol airport are faced with a shortage of space . One of the possible options to bring an
end to this "cramped situation" is the construction of Maasvlakte 2, an area ofland that the
POrt of Rotterdam wishes to reclaim from the sea just off the coast. In his traditional Ncw
Year's Eve speech, the Mayor of Rotterdam called for a Maasvlakte 2 which would
incorporate both the port extension and the extension to Schiphol.

1. Imbalance growth and safety

Mr Hengst, thank you very much for providing me with the opportunity to participate in
this conference. The main thcme of the congress "imbalance between growth and safety"
greatly appeals to Rotterdam. Or perhaps I should say: does not appeal to us! A few years
ago, the municipal authority began a large-scale project known as "ROM Rijnmond"
aimed at achieving further growth of the port and at the same time an improvement in the
environment and safety in the port and industrial area. Rotterdam firmly believes that these
aspects go hand in hand. Today we - the Rotterdam Municipa! Port Authority - sec
lnvestment in safety and the port environment not as a cost item but rather as a basic
condition to achieve economie growth by creating an efficient port and a high quality and
COl11petitive port.

2. Efficiency and safety

A perfect example of this is the fire brigade shared by the businesses in the chemical port of
R.otterdam. In th is huge chemical cluster, Botlek and Europoort cornpanies combined their
industrial fire brigades. This resulted in a highly specialized and wcll-cquipped fire brigade
which has taken over the tasks of the municipal fire brigade and all those small individual
brigades. Economie growth has led here to an improvernent in safety and also to cheaper
protection for both industry and the community.

In my presentation Iintend to explain how we in Rotterdam feel about safety. This
should be an industrial point of view because there are more industrial sites in Rotterdam
then anywhere else. But first of all, some brief information about the port and the
Organisation of the Rotterdam Municipa! Port Management, in other words the port
authority.
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3. Rotterdam Mainport ofEurope
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Rotterdam is a tidal port with a minimum low tide draught of 13 metres and a maximum
draught ofsome 24 metres. The port extends over an area of40 kilometres. From the centre
of Rotterdam to the North Sea. The port and the industrial area cover almost 10,000
hectares of whieh 5,250 hectares consist of sites for port and industrial activities. The port
is surrounded by residential areas, particularly to the east.

In the port more than 300 million tons of goods are transhipped yearly. Rotterdam
receives around 32,000 seagoing vessels and approximately 110,000 inland barges a year.
This figure makes Rotterdam still one of the biggest ports in the world.

4. VTS

The Vessel Traffic Systern of Rotterdam covers an area stretching from 60 kilometres off
the coast to 40 kilometres inland. This system is used to track 80,000 movements of sea
going ships and 360,000 movements of barges every year. The hardware of the VTS
includes 31 radar stations and five manncd traffie stations.

5. Rotterdam municipal port management

The Rotterdam Municipal City Council has allocated responsibility for management of the
port area, the port basins and the industrial sites to the Port Authority. The Port Authority
consists of two directorates and a number of corporate functions.

The directorates are directly linked with the rwo main functions of the Port
Authority:
1. the Directorate of Commercial Development is responsible for the landside: the
management of port infrastructure and commercial affairs
2. the Directerare of Shipping takes care of the waterside; provision of nautieal services
which includes the office of the Harbour Master.

The Port Authority's main objective is to strengthen the position of the port and
industrial complex in a European pcrspective. In our view, this is only possible in a clean
and safe environment. Only a clean port will be able to survive. No multinational would
wish to be associated with a heavily polluted port environment.

"Safety" and "Environment" are therefore essenrial basic criteria for the proccss of
promoting economie activity. "Sustainabiliry" plays an important role in relation to the
"Environment" criterium. And with considerable success. The environmental quality of
our soil, air and water lias improved substantially over the last 20 years. This is not only
evident from chemical analyses, but is also demonstrared by flora and fauna in the port area .

The port authority is responsible for safety and order on the water of the port. The
harbour master in Holland has traditionally borne public responsibiliry for traffic safety and
enforcement of environmental legislation. But the port authoriry is not the only party
involved. In Rotterdam - being a landlord port - the private companies have their own
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responsibilities. It is also not the only regulatory authority in the port. Other local
authorities - police, fire brigade - regional and national authorities play an important role at
a strategie, tacti cal and operational level, even though they have in some cases delegated
their operational responsibilities to the port management.

Safety management in the port area deals with prevention as weIl as damage control.
From these, prevention naturally is the first choice, but not everything can be prevented.
In a port, where many different operations take placc, small accidents are more frequent
than on sea and damage control is relatively more important.

6. Safety (4 points)

Safety may be broadly divided into four different issues:

• nautical safety
• transport safety
• emergency preparedness and response
• environmental safety

7. Nautical safety

Each ycar 30,000 sea vessels and 110 ,000 inland barges call at Rotterdam. But the traffic in
the port also consists of push-cornbinations, special transport, harbour patrol boats, pilot
tenders, tugs , police and customs patrol vessels, various types of small craft such as
workships, fishing vessels, yachts etc. Rotterdam is one of the busiest ports in the world .
From time immemoriaI, the harbour master in Holland has borne public responsibility for
nautical safety and enforcement of environmental legislation. This safety is determined by a
combination of actors, facilities and procedures.

For instanee the Vessel Traffic System c1early has a very positive impact on the safety
Control of shipping. The system ensures that traffic is handled smoothly and safely. It
provides a complete overview of traffic in the port, the control of this traffic, information
concerning sea-going ships and communication between nautical services 24 hours a day.

Uniform data interchange via EDI (Electronic Data Interchange) promotes safety in
the port. More than 80 percent of thc official notifications we rcceive take place
electronically. In addition to Rotterdam, a number of other European ports are also aiming
to receive the compulsory notifications of dangerous substances on board ships
~lectronically. In order to srandardize these notifications and facilitate international data
1l1terchange, the Port Community Systems in six European ports - Antwerp, Bremen,
Felixtowe, Hamburg, Le Havre and Rotterdam - are working together on the PROTECT
project. The International Maritime Organisation has adopted the standard of this group.
Japan, Malaysia and Singapore are now also going to apply this standard. It would bc ideal
if the same standard could be used around the world. Even if notification does not take
place electronically. Standardized inforrnation improves safety. Approximately 45% of the
total cargo in tonnes handled in the port of Rotterdam is c1assified as dangerous.
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8. Transport safety
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T ransport safety depends on the qu ality of the ship and the qu ality of the managem en t.
With so many shipping movernents, the port autho rity focuses every attention on
miniruizing and co ntrolling the risk of disasters and incidents. Limitation of the impact of
any incident also receives a grea t deal of attention . In rece n t years the Po rt Authorities have
therefor e invested time and energy in developing risk standards for shipping. Contro l of
transport safety is one of the spcarheads of D utch safety poli cy. T his includes the
rninimization and contro l of the risk of disasters and incidents and limitation of their impact.

International poli cy in this respect is established mainly in the Intern ation al Maritim e
Organization of the United N ations. Several treaties have been co ncluded and are mor e or
less regularl y updated . Sub scribing nations commit them selves to implem enting the treaties
in national law.

A recently impl em ented issue is the ISM - Int ern ational Safety Managem ent - code.
This is a code which prescrib es that ship- managing companies have to establish th eir own
internal safety management system. This states, for example, that a responsible person mu st
be appo inted, that safety procedures are drawn up and applied and that the co m pany ensures
that it learns from feedb ack from dangerou s situations. This code has been in for ce for
RoRo passenger ships in Europe as ofJuly 1996. As from July 1998 it will be in force for
oil , chemical and gas tankers, bulkcarri ers and passenger ships.

9 . Emergency preparedness and response

Guaranteeing adequate incident control dernands a co nstant minimum level of the requ isite
people and resources. This necessitates contirmal inv estment in training and publicity
concern ing hazardons substances and their related risks. Risk analyses have to be carried out
to see how serious the threat of catastro phes in th e port area is.

10. Environmental safety

The main obj ectiv o for environmental safety is to achieve a safe and clean port: sustainable
development. Sinc e in our opinion only a clean port can survive, environme nt - friendly
behaviour is encouraged on the part ofboth maritime and inland shipping . But we do have
soil, water and air pollution and noise problems. The Port Authority is currentl y
endeavouring to give the concept of sustainability a practi cal interpretation in all these
problem areas.

11. Internal and external

Ladies and gentlemen, we like to profil e Rotterdam as one of the safest ports in the world.
We are fully awa re that we are skating on thin ice with this assertion. Risk managem ent is
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nor yet an exact science and human error is always a possibility. Nevertheless we artach a
grcat deal of importance to providing a sound statistical basis for a concept such as "safety"
which is so difficuIt to define.

Risk management mostly concentraces on the internal risk, that is the risk
experienced within the shipping sector itself This is both a natural and a good thing to do,
because prevention starts on board the ships. The port area is surrounded by denscly
populated residential areas. External risk management therefore also plays an important role.
The external risk, that is the risk that is experienced by those in the vicinity, has to be
assessed on the basis of criteria. If the criteria are not met, this can lead te measures in
respect of the risk souree (rhat is shipping) or to the establishment of zones that must be
kepi free of housing.

12. External risk

This external risk is expressed by two parameters:
• Individual risk, defined as the chance per year that an unprotected person located
at aspecific position relative to the risk souree is affected by the consequence of the
event.
• social risk, defined as the relationship between the number of people killed in a
single accident and the chance that this number will be excecded. The use of this
criterion makes it possible to take into account the size of the group of people who
can simultaneously becorne victims of an accident.

These parameters differ fundamentally. The individual risk by definition is solely dependent
of the activity itself The social risk results from the activity in relation te the population
density around it.

In the Netherlands the maximum level of the individual risk has been taken as the
risk level which increases the risk of death from all other causes by a maximum of one
percent. The individual natural death risk run by the population group of 10 to 14 years
aid - the most healthy population group - which is one per ten thousand per year has
hereby been taken as the basic risk.

The maximum acceptablc individual risk has thus been cstablished at one per million
per year. For the maximum level of social risk a chance of one in 100,000 per year of an
incident with 10 or more deaths had been set.

Initially developed for the industrial plants, these criteria are now also being applied
to transport, transshipment and storage. With regard to individual risk, there is a little
technical difficulty in doing this . For the social risk the nornis were set to a chance of one
in 10,000 per year for 10 or more dcaths due te accidents per km stretch of transport route.

13. Risk analysis

Basically a risk analysis process consists of three activities:
1. calculating risk levels in a way which is acceptable to all parties involved.
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2. deciding whether or not there is a need to reduce the risks. This means that risk criteria

must be available.
3. deciding what measures should be taken. This is the most important aspect of a risk

arialysis.

In the Netherlands the use of Quantitative Risk Analysis is weil established as a method of

managing the risk of major hazard activities. It must be stressed though that the results of
this analysis are based on the input and th at the input may become part of the negotiating

process. In step 3 other factors, such as economie and social considerations, have to be taken

into account.

14. Risk analysis in ports

Several studies have shown that the use of QRA techniques in port area's are technically

feasible .

In the Netherlands the Rotterdam Municipal Port Management has made a number
of studies of the risks involved with the transport and transshipment of dangerous goods by
ship. In combination with the QRA's perforrncd by local cornpanies a fairly comprehensive
insight has been gained into the risk levels in the Port of Rotterdam and its surrounding

area's.
Aspecific problem in the case of transportation related activities such as ports, is that

the handled substances are classified according to international transport codes and that these
codes do not relate directly to parameters that are indicative for the actual risk to man or
the environment by these substances. Therefore a method has been deveIoped that enables

the conversion of transport categories into categories suitcd for perfonning risk analyses.

Some general conc!usions from these studies are:
• The overall risk to the public is dominated by the transport in bulk of flarnmable

and toxic liquid substances. This is caused by the high transport volume combined

with the fact that these substances are transported in single huil tankers, which makes

these ships rclatively (as cornpared to double huil ships or gascarriers) vulnerable in
case of collision.
• The contribution to the overall risk of the transport of gases is considerably lower.

This is caused by the relatively low transport volurne combined with the very solid
construction of gas carriers . The probability of loss of containment in case of a
collision is appreciably lower.

• Frequency of spilIs in port basins is dominated by loading and unloading accidents.
The average volume spilled is much smaller than the volume spilied due ra
collisions. Collisions in port basins are not to be neglected even though speeds are
lower than outside the basins. Collision frequency in port basins is higher than on

the waterways, even if the extent of damage is lower.
Safety rernains a difficult subject. Rotterdam is a safe port, a very safe one but how safe is
hard to teIl.
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15. Incidents and transshipment
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One sees a rernarkable decline in the total number of incidents in the port. Last year
Rotterdam port had a throughput of 307 million tonnes; a historie record.

16. The acceptability of transport by ship and urban developments

In order to get an insight into the future possibilities and limitations for urban development,
apartmcnt - and office buildings in thc City of Rotterdam close to the river Nieuwe Maas,
One of the major transport routes for inland barges, a risk analysis has been performed.

From the notification to the harbour master transport frequencies in the Port of
Rotterdam were derived. Per stretch of 1 km. length the frequency of transport for a UN
nUl1lber in a certain containment was determined. Using the accident rates the individual
risk duc to the transport by ship were calculated and presented as iso-risk contours on a map
of the area . In the reference situation - as an average - the maximum acceptable risk level
lies at the edge of the fairway. The ncglectable risk level lies between 200 and 500 meters
landinward.

In the future (2000 and 2010) the maximum acceptable risk level shifts
approximately 5 to 10 meters into the fairway and the neglectable risk level shifts to the
edge of the fairway, These risk levels can be achieved if all (volatile) toxic and flamrnable
liquids have to be transporred in double huil ships , even though the volumes transported
increase considerably. As a resulr of th is study: it is advisable to build at distances over 20
meters from the edge of the edge of the fairway in areas where the traffic is dominared by
inland craft.

A similar study for the sea entrance of the port (Hook of Holland) and the Botlek
area, close to the town of Rozenburg, showed that in areas where the traffic mainly consists
ofsea-going vesscls a disrance of50 meters is advised. This zone free ofbuildings at the sarne
time guarantees a free access for the Fire Brigade and other Services in case of accidents,
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Railroad Safety Management and the Re
Engineering of European Railway
Transport: A Welcome Challenge

H ans-Peter H adorn
Head of Safety Division, Swiss Federal Railwa ys, Bern, Switzerland

1. Introduetion

R ailways traditionally have a high pub lic reputa tion for safety. T his perception converges
with the statistical proof: T he accidcnt-rate of the U IC-related railroad companies shows a
continuously decreasing curve on a whole over the last 15-20 years . T herefore, one could
straight come up to the conclusion that European railway safety levels and managements are
quite sufficient and have scarcely to tackle sign ificant risks, but little improvcments in
addition to existing procedures and ru les. N everth eless, there were arising some indicators
w hich have go t the sky sligh tly overcasted:

• single catastrophes of differen t kinds on severa l networks
• regular fatalities other than by train acc iden ts: i.e. staff fatalities, fàtalities ofjoining
and alighting from trains, fàlling from moving trains or fatalities of trespassers
• arising perception and awareness of railway accidents by the pub lic attitude

The following survey briefly outlines the safety practice of European railways in the past
compared to the new requirements due to the development of the EU-common market. It
further tries to find a convergent path for a joint safety management approach for rhe
European Railway Transport in the near future .

2 . Safety practice before EU-railway reform

T he c1assical European railway transport orga nisation is respectively was based on some
typical characteristics as:

• dominant or single national railway companies
• focus on national transport market
• focus on inter-modal competition
• state ownedlfunded companies
• own competence as a safety authority (or at least elernents of it)

W ithin this well -defined and state-influenced market framework, safety practice was
developed over a long period of decades with its own safety culture. The main
characteristics can be descr ibed as follows (valuab ic in gene ral, may not app ly to aspecific
case):
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• focus on "technical" safety (i.e . we ll-se ttled "fail-safe"- pract ice in the signalling
tec hnology)
• measures based on stat istical eval ua tion found in the past
• broad rule-based practice (with a tendency to be overruled)
• different methodical approaches from co untry to country respectively from
company to company
• in addition to national safety rules and standa rds, European railway safety is largely
based on " U IC -S tandards" (= leaflets) with m utua l agreements among the railway
companies (wi thout supra nat io nal legal basis) and on rhe railway app lica tion of the
CEN/CENELEC- normalizat ion fram ewo rk as weil

To summarize th e safety practice fro m the past until th e 1980s, we ide ntify a peri od of
eo ntin uo us co nso lidation. Safety improv ern cn ts co ntin ue d at a slo w rate, but th e railway
111anagemen ts were mainly co ncerned with th e problerns of financial performance,
Productivity and increasingly, the attractiveness and quality of th e pro duct for passenger and
freight customers . Safety was not ignored , but a tendency to ma nage safety with drive was
nor always the top priority.

Society was to lerant of the occasional lapses in the system. Rare carastrophes in the
transport industry were accepted as part of th e price of increasing mobiliry.

In the second half of the 1980s and during the first 1990s, ho wever, some severe
:ailway accidents w ith fatalities among passengers and damages to the environment occurred
111 several co untries and arose the attention of the public (incl . authorities) in a significant
way. The conclusion that these rernarkable events were a final catalyst to end the era of a
long experienced railway safety practice, is confirmed by many European R ailway
cOl11panies. A new page for safety is to be turned.

3. EU-railway reform and safe ty (change) management

T he decision of th e European U nio n to encourage in an act ive way the development and
reform of th e European R ailway Transport is based on th e well-known directive 91/440

of 199 1 (and its descendan ts 95/ 18 and 95/19). With this new strategie axis the cha nged
lllarket framework can be describ ed as follows:

• foeus on ope n ma rkc ts (= deregulation ) instead of state-rcgulatio n
• privatizatio n of state-i n fluenced na tional railway co mpanies
• eneouragement of internationa l (cross- border) tra nsport services
• int rodu etion of intra- m e dal competition among railway companies (incl. "new
entrants")
• financial and organizational separation between infrastructurc management and
transport business

Nowadays, the influence of these legal acts become more and more visible in the fonn of
a growing number of "separated" companies, joint-ventures and new entrants on the
railway market. What impacts has this development on the practice of railway safety
management?

• growing cross-border transport needs a harmonization of transparent safety practice
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among all players (market, regulation)
• heterogeneous safety levels and practice (i.e. too detailed specifications) ham per the
innovation of new technologies
• safety can no longer be considered as intrinsic to technical equipment alone, but it
must be regarded in agiobal sense
• through the privatization process, the national railway companies "loose" their
traditional safety authority competence
• safety cultures between traditional "herited" railway companies and new railway
undertakings may diverge to a considerable extent

Therefore, two main strategie lines are well-designed to provide the required and new
safety approach on a common basis:

• Safety interoperability (= safety competitiveness) on a European level
• focus on comparable safety performances

In consequence, these strategie lines result in a significant and decisive conclusion for
railway safety managcmcnt: the change from a rather deterministic culture to a more
probabilistic one is inevitable!

If it appears to you until here that railway companies in general were ignorant
towards new and especially probabilistic safety management approaches, then I should point
out that such a picture is incorrect. Many companies and more and more also authorities
develop and apply such methods. It is therefore very informative to have a short view over
to the "scenery" of the various approaches:

• Safety Culture: A kcy component in safety management is the requirement to be
proactive, to cornrnit management and staff, to identify potential accidents and
incidents before they happen and to take protcctive measures to prevent thern or
minimize their effect.
• [ocus in tlte prevent area (not the event area ... .!change management)
• risk-assessment mcthods aud tools 011 a probabilistic basis (= safety performance, safety
levels). The numerical methods applied to safety are efficient, but they are not the
only ones. Combined with ether, more expcrimcntal methods, they thereby form a
coherent and diversified whoie, in which the elemcnts complement each other. It
would be a pity to ignore the probabilistic tools, but it would also be dangerous to
consider it as the only tooi valid and to disregard all the others. This approach leads
to the fixatien of safety levels in terrns of indicators which cstimatcs the injuries of
people in fixed periods of time and links thern to traffic levels on one hand. On the
other hand to the introduetion of the value of lire concept, the arnount that
community is ready to pay to save hurnan life, in order to establish a relation
between econornical advauragcs and accidents.
• eest-benefit allalysis of s<ifety-rclated measurcs (= safety as a "value-added" or "value
loss" factor to reach economie efficiency)
• [ocus 011 luuuan-factor intcyration (i.e. man-machine-interface): In the past, railway
accident invcstigations tended to focus upon the activc failure of those at the sharp
end. The spotlight was upon the errors and violations committed by drivers,
shunters, track workers and others in direct contact with hazards. These unsafe actS
usually had an immediate adverse impact upon safety and were the direct causes of
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any accident. Remedial efforts we re then directed at preventing the recurrence of
these particular actions through engineered safety measures, amendments to the
Rule Book and other contamment measures. The focus must be concentrated on the
environment of work situations, respectively on the impact of external influences.
• [ocus 011 a "sajctv-casc't-approach (= instruments for agiobal, transparent and
comparative safety policy between different partners to reach fixed safety
performance/safety levels).

4. Conclusions

In the next few years the deregulation of the European railway market will provide a certain
number of new market players and, as a consequence of the higher market efficiency, a
significant increase of thc transport volume.

Thus, the preventive and comparable risk-assessmcnr and the establishment of
harmonized safety levels on a European scale become definitely a key factor for the Railway
Safety Management. Therefore, one should fully profit from the following actions and
initiatives already launched:

• lntroduction of the "safety certificate" in the new railway "frcighr-ficeways"

(corridors) throughout Europe with the "one-stop-shop" principle for customers.
This platform as an ideal trial step for a common safety case-approach.
• Harmonization of the homologation bodies for railway systems and components
(CEN/CENELEC, UlC, AElF) on a European level (including the legalization the
existing voluntary industrial standards).
• Active support of EU-initiatives (i.e. "DG IJl-studies") to develop the railway
interoperability in key fields as minimal European safety rnles and regulations and
common methodical framework for a railway risk analysis.

To push forward and converge all these promising paths, one could imagine the creation of
a "shelter"-platforrn like a sort of "European Joint Railway Authorities - JRA" (in analogy
to the "European Joint Aviation Authority - JAA") . Similar to the JAA, a "IRA" would
Contribl1te to fair, equal and "safe" competition within the Member States and companies
trOl1gh the application of common standards.

At the end of the day, the change in Safety Management Systcms, thc proactive risk
prcvention approach, the better undcrstanding ofhuman factors, the introduetion of audits,
validation and safety case regimes - the change in safety culture - has to be judged by its
effectiveness, and the results sustained over a sufficient length of time. Measurements of
"societal risk" show the step by step change to safety that occurred a generation ago through
the introduetion of ncw tcchnology.

This leads to the final observation that as in other industries, a well-cxpericnced
truth is valid for the whole transportation industry, but especially for railways: "Good
business is safe business"!
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Remarks on General Safety

Jim Hall
Natioua l Transportation Safety Board, US.A.

I am very pleased to be here this morning before such a distinguished international group.
As eliairman of the United States National Transportation Safety Board, I welcome th is
opportunity and appreciate yo ur hospitality.

You have asked me to address three major issues in the brief time I have with you
this morning: an overview of thc NTSn, incl udi ng our use of the party system in
investigating accidents; our safety recommendarion process; and the victims family assistance
function.

Last year marked thc 30th anniversary of the Safety Board and I take pride in leading
what many consider to be one of the finest transportation investigative bodies in the world .
Over the past 30 years, in cooperation with o ther organizations in th e U nired Staces and
abroad, the Safety Board has raised the level of transportation safety . It has done so by
improving and standardizing the investigative process in all areas of transportation, and has
served as a model for other nations thar have estab lished similar agencies.

As you may know, the Safety Board is an independent agency of the United Srates
government whose mission, since its creation in 1967, has been to dctermine the "probable
cause" of accidents and to make recommendations to improve transportation safety and
preve nt fut ure acci de nts. Over the years, our Congress has rccognized thc value of the
agency, first establishing its primacy over investigations conducted by other Pederal agencies
and then broadening its inter-medal jurisdiction.

The independenee of the Safety Board and its clear mandate to conduct in-depth
investigations, draw conclusions from its findings, and make recornmendations to improve
safety, without bias or undue influence from industry and other government agencies, are
essential to maintaining the safety of the traveling pub lic. It is not unusual for the Safety
Board to address safety issues that are centroversial or that may be criticalof govcrnmcnt or
industry standards or operations.

One highly publicized exarnplc of th is was the Safety Board's criticisin of the FAA
for not adopting recommendations issued during the previous decade that would requirc
smoke dereetion and fire suppression systems in airliner cargo holds. The Board cited rhe
FAA in its probable cause of the ValuJet accident of May 1996 for its failure to require these
systerns that, the Boa rd feIt, co uld have prevenred or grcat ly mitigated the effects of that
acc ident.

My goa l as Chairman is to fully support and advance our mission to investigare
accidents and make recommendations to prevent future accidents. I seek to fester
relationships in the U.S. and abroad to further that goal. One way to do this is through
conferences such as this where we can share experiences and information on accidents and
recomrnendations .
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I hope you will see through my presentation that information sharing and a cornmon
agenda are the backbene of the Safety Board's investigations.

We share a cornmon agenda with many different organizations - other safety
agencies like the FAA and ICAO, the owners and operators of the transportation system,
the Congress and the travel ling public. In fact, this comrnon agenda - to make air
transportation as safe as possible - is one of the primary reasons that the Safety Board
conducrs its investigations using thc party systcm. To illustrate how the party systern works,
let me use the example of a domestic airline accident. However, keep in mind that the
procedure I'rn describing is the sarne for accidents in all modes of transportation.

When an airplane crashes , there are many interested parties who wish to be part of
the investigation - the Federal Aviation Administration; the air carrier; the aircraft
manuf.lcturcr; the major component manufacturers; and the pilots, flight attendants and
rnaintenance unions. All have a vested interest in learning what went wrong and wint to
do to correct it. It is this common concern that sets thc stage for the party system or "team
concept" used by the Board to investigate an accident. It also necessitates a high degree of
organization and coordination before a proper investigation can begin.

When a major accident occurs, a "Go-Team," led by a NTSB investigator-in-charge
(lIC), is dispatched from Washington, D.C. to the accident site within a few hours of
notification. The Safety Board Go-Team for a typical aviation accident usually consists of
abour 10 specialists who will serve as group chairrnen in specialry areas to be exarnined
dllring the investigation. Examples of the groups include: powerplants, structures, systems,
operations, air traffic con trol, weather, human performance and survival factors. Cockpit
Voice Recorder (CVR) and Flight Data Recorder (FDR) groups are formed in the Safety
Board's laboratories in Washington. Other groups are formed as needed. A Safety Board
Member accompanies the team and serves as principal spokesperson for the on-scene phase
of thc invcstigation.

The Go-Team is complemented by substantive experts from the pertinent
l11anllfacturers, operators, unions, and the FAA - each of whorn brings an array of resources
and talent to a Safety Board investigation. It should be noted that, except for the FAA, party
status to a Safety Board invcstigation is a "privilege," not a "right." No news media,
lawyers, insurnnee or public relations personnel representing any party are permitted to
participate in any ph ase of the investigation. Often more than 100 individuals will be
Working on a major invcstigation. As the team is being organized and dispatched, there is
already significant interaction between the Safety Board staff, FAA officials, and
representativcs of the other interested organizations. In the event of an overseas accident,
sinlilar communications take place with the officials of the country involved.

To ensure a continuons flow of inforrnation throughout the fact finding or on-scene
portion of an investigation, the !IC holds progress meetings at the end of each day during
which all parties co me together and report to the full investigative team on their find ings
to that po int in time. This allows all participants in the investigation to have all of the
available information, enabling them to continue their work more efficiently and with a
broad understanding of the known events.

Through nightly meetings with all investigative parties, the Safety Board acts as a
filter through which only information that can be documented will be released. Generally,
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after the daily progress meetings, the Safety Board Member on-scene will convene a press
briefing to provide an update on the status of the investigation. By having just one voice
serving as spokesperson for an accident, we assure that the public is receiving only factually
based information from official sources. The inevitable speenlarion in the news media can
therefore be distinguished from the information coming from the investigation itself

Throughout thc investigation, every fact is shared with the parties, giving thern an
opportunity to dispute the evidence and share their perspectives. lndeed, we invite thern to

submit their analyses, proposed findings, probable cause, and safety recommendations to us.
In the end, however, it is the Board and the Board alone that develops the final report and
probable cause detennination of an accident.

The party system has been challenged and reevaluated over the years. But we believe
that in terrus of addressing a common agenda wh en an accident occurs, this system is clearly
the most efficient and productive means of sharing and receiving information. This system
also provides an opportunity early in the investigation to imrnediately identify and correct
problems that can prevent similar accidents from occurring.

Throughout the process, parties are required to keep the IIC apprised of ongoing or
potenrial corrective actions. Por examplc, airline and manufacturers' service letters or
bulletins and FAA directives that result from the partics' participation must be shared with
the Safety Board as the inforrnarion is developed. No restrictions are placcd on the timely
development of corrective actions by the parties; we merely ask that the Board be informed
as they are developed.

If the Safety Board determines that corrective action needs to be taken as a result of
information gathered during an investigation, it issues a safety recommendation letter with
the necessary factual information to support the recommended action. In many cases,
urgent or interim safety recommendations are developed early in an investigation based on
initial findings. Each recornmendation designates a person or party expected to take action.
describes the action recommended, and clearly states the safety need to be satisfied .
Although our recornmendations are not mandatory, their importance is such that Congress
requires the U.S. Department ofTransportation to respond to each recommendation within
90 days, Although non-DOT organizations are not requircd to respond to our
recommendations. they, too, have adopted a large majority of them.

Since our first recommendation more than 30 years ago, more than 10,700 others
have followed and 3,900 of them have been targeted to aviation. They have been issued to

govemment agencies, manufacturers, operators, pilots, engineers, flight attendants and labor
unions and others - more than 190 different recipients over the past 30 years.

More than 82 percent of all of our recommendations over the years have been
implemented, resulting in a safer environment for everyone who travels, both in the Unitcd
States and worldwide.

The success of the safety recommendation program is also due in large part to the
Congress, the media, and an aggressive follow-up program. It would be naîve to think that
the public does not play a significant role in the success of our recommendation program.
Often as the result of media scrutiny, public pressure is brought to bear on the
reconunendation recipient. If the recipient is unable to move quickly because of
institutional roadblocks, the Congress often responds to lift those roadblocks - making way
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for the needed changes. For instance, recommendations regarding pilot record sharing have
been largely adopted by the FAA, but only after Congress mandated that the agency take
anion.

To put th is process in context, let me give you a rcal world cxample of how th is
process works. On July 17, 1996, at approximately S:30 p.m., TWA flight SOO, a Boeing
747, blew up shortly after takeoff from New York's John F. Kennedy Airport, killing all
230 persons aboard. That night, the Safety Board launched the largest investigation in its
history.

This investigation has marked a lot of firsts for the Safety Board. It has been by far
the most expensive and extensive in the Board's history. It was also the longest on-scene
investigation - weil over a year and a half - and has involved more Safety Board staff than
any investigation - alnrost 1/3 of the Board's 370 employees.

Five months into the investigation, the Safety Board identified a potentially
dangerous situation and issued four recommendations to the FAA urging short- and long
term aetions to reduce the potential for a fuel/air vapor explosion in the center wing fuel
tanks of B-747's, as weil as in fuel tanks on other aircraft. Although the industry did not
initially embrace our recommendations, since our hearing last December, they are now
exal1lining their practicaltry and developing measures to meet the recommendations' intent.

It is important to understand that although wc may never pinpoint what sparkcd the
explosion of the center wing fuel tank on flight soa, we have identified possible means of
preventing similar explosions in the future.

Let me illustrate the importance of international cooperation in aviation
investigations by citing a recent example. The SiIkAir Boeing 737 accident in December is
the latest involving close coordination between my agency and a foreign government in
accordance with international protocols. We sent 2 investigators to Indonesia, one of who
served as the U.S. accredited reprcsentativc, together with investigators from the FAA and
Boeing. The lndonesians asked us to read-out both flight recorders in our Washington
laboratories. Singapore sent investigators to the scene and to our laboratories. In addition,
Australia sent investigators to the scene and to our labs as part of an agreement to pro vide
technical support to Indonesia.

Such cooperation between nations is imperative. The 737 is the world's most widely
lIsed airliner, with approximately 3,000 worldwide. It is imperative that any airworthiness
concerns brought out in an investigation are dealt with immediately. My country has a clear
obligation to verify the airworthiness of U.S.-manufactured aircraft. Similarly, information
On an Airbus, Embraer, Fokker, Bombardier or Saab could affect the safety of millions of
traveIers, and those partienlar States of manufacture have similar concerns. Obviously, our
common concerns will continue to require multinational cooperation in accident
investigations.

I would like to discuss one last issue before I close - the Safety Board's new role of
coordinating assistance to the families of accident victims. For those of you who have been
involved with a major aircraft crash, I do not need to teil you that some past responses
lacked organization, coordination, and far too often, compassion. Based on Congressional
testimony and other forums, we've heard numerous horror stories - continuous busy signals
from the airline's soa accident information number; misidentified remains; personal effects
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being mishandled; unidentified remains not handled with dignity, including m ass burials
without informing famili es; and thc usc of confidcn tial information obtaine d du ring th is
grief process against fam ilies in cour t. I think we can all agree th at th is type of treatment
sho uld not and cannot be tolerated.

Family members o f victims, not just in the United States, are demanding m or e
accountability in th e afiermath of accidents. Their co nce rns are rather basic and reasonable
- timely notification of the accident and information o n th e process for th e recovery and
identification ofvictims, disposition of unidentifiable remains, and return ofperson al effects .
Yet, more often than not, thi s fundamental desire for information has been ignored in th e
past.

The NTSB's expe rie nces while at accident sites and th e increasing activism on th e
part of victims' famili es brought th eir perceived mistreatment to the N atien 's atte ntio n. To
rectify th e problem, in September 1996, President C lin ton named th e Safety Bo ard as the
coordinator for federal services to families o f victims of transportation accide nts. T he
following month, C ong ress enacted legislation that gave us th e fam ily affairs rcspon sibilities
for aviation disasters. Although the Board did not seek that responsibility - it was assigne d
to us because of our long and respected history at crash sites as th e eyes and ears of the
American people.

Our new seve n-pe rson Office of Family Assistance co ordinates and integrates the
resources of the federal government and other organi zations to help suppo rt local and state
governments and airline s to me et th e needs of aviation disaster victims and th eir fàmilies.
Federal resources can provide assistance in areas such as family co unseling , vic tim
identification and forensic services, communicating with foreign go vern me nts, and
translation servi ces, to help local authorities and airlines support victims' fami lies more
effectively following a major aviation disaster.

Since passage of th e law in th e U .S., our family assistance plan has been used 4 times
including the KAL flight 801 accident in Guam. As a result of that acciden t, Congress
recently passed legislation amending the Aviation Disaster Fam ily Assistance Act of 1996 to

require forei gn carriers flying in or out of the United State s to file farn ily assistance plans
and fulfill th e sarn e family support requiremcnts as U .S. air carriers.

On September 28 and 29 , 1998 , the Safety Bo ard will host an inte rna tional
symposium in Wa shington, D .C . for industry, go vern me nt, and co m munity officials to

promote a better understanding of the federal gov ernment's fami ly assistance ro le after a
transportation disaster. It will also allow individuals and organi zations to discuss th eir
expe riences and learn new techniques in disaster resource management. I invite all of yo u
to attend what will be the first international gatbe ring of thi s kind. Information on th e
conference will be available th is Spring on our Internet home page, www. ntsb.gov.

In closing, I am reminded that my pr edecessor , Ca rl Vogt , spoke before this
Congress in 1992 and urged closer ties with other independent age ncies and cxpresscd his
belief th at th ere needs to be more suc h agencies, preferably inter-modal, because our
experience testifies to th eir efficien cy and eco nomy.

1 stro ngly believe that since th e First World C o ng ress six yea rs ago, we have seen th e
ben efits of working closely together. Since that time, the Internation al T ransportation
Safety Associat ion (ITSA) has been founded and j oined by 7 indepen dent investigation
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authorities , We now meet annually to share information, discuss common concerns, and
look for ways to refine and enhance the information sharing between our agencies.

Globally, all of our citizens board airplanes, buses, ships and trains in pursuit of
reereanon and business. It is our mission and duty to maintain a constant and vigilant effort
to kee p transportation safe for all of the world's travelers. T his task wi ll be much easier if
we work together to achieve this end.

In closing, let me state that one of the founders ofmy nation, Thomasjefferson, said ,
"T he care of human life and happiness is the first and only legitimare object of good
government." I believe it is this simp le phrase that describes the mission and goals of the
National Transportation Safety Board and independent accident inve stigation agencies
worldwide .
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the Channel Tunnel
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1. Introduction

This paper considers the appraisal of safety of a high-profile tran sport facility: th e C ha nnel
Tunnel. W e consider a bri ef description of th e tunnel; safety regulation; crite ria for safety
in the tunnel; th e estimated risks; and a compariso n of th e estima tcd risks and th e criteria.
The pap er concludes with some cornments.

The main teehuical reference for this paper is Eurotunnel's Safety Case. The original
version was produced and published (Euro tu nnel, 1994) before th cre was any experience of
operaring th e tunnel, so it is now in the process ofbein g revi ewed and updated . T he re have
also be en two British parliamentary inquiries into safety aspects of th e tunnel; o ne was by
the Home Affairs Conun ittee (199 1) on fire safety and poli cin g; the other was by the
Transport Committee (1995) , aimed at oom paring safety on th e ferri es with tha t in the
tunnel. Fin ally, Sir Alastair Morton (1995), then co-Chairrnan of Eurotunnel, has made
some interesting com me nts on th e process by which safety requirem ents were determined
for the tunnel. These to gether provide rnu ch information rclating to safety appra isal, bu t
there are still gaps, parti cularlyon th e economics of th e relevant safety measures, and th e
risks th emselves remain un certain .

2. A brief description of the Channel Tunnel system

The C hannel T unnel is a railway system linking Folkeston e, Br itain, and Coquelies, near
Ca lais in Fran ce. There are three tunnels, each abo ut 50 kilometres in len gth : tw o railway
running tunnels with an interna l diameter of 7.6 metres, and a serv ice tunnel with an
int ernal diameter of 4.8 metres, (Fo r corn parison, the stan dard diam eter of th e London tube
line s is 3.7 metres.) There are cross- passages every 37 5 metres linking the th ree tu nnels, and
piston relief du cts directly linking th e running tunnels every 250 metres. T he tw o running
tunnels are normally used by trains running in opposi te dire ctions. T he re are two undersea
crossovers by which trains can sw itch from one running tunnel to th e othe r. T hese are used
when part of o ne of th e running tunnels is closed for mainten ance, and th e othe r is used to

carry trains success ively in both directi ons; th ey are also available fo r eme rge nc ies , and were
in reg ular use when part o f th e tunnel was closed for seve ral m onths after th e fire on 18
N ovember 1996. There are maj or tunnel ventilatio n systems above the tunnel at
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Shakespeare Cliff in England (9 kilometres from thc portal) and at Sangatte in France (3
kilometres from the portal) . Railway traction within the tunnel is electri c at 25 kv AC (the
same as in France, and elsewhere in Brirain, though not sou th of London), and automatic
train proteetion is provided.

O utside the two portals th ere are extensive terminals for loading and unloading cars ,
coaches and freight vchicles transporred through th e tunnel, and th ere arc loop tracks so
th at th e road vehicle "shuttle" trains simply com plete a circuit to return to the tunnel. The
tunnel railway is also linkcd to th e British and French national railwa y nerworks, so that
nation al railway trains can travel through the tunnel (tho ugh all th e rolling stock used for
this so far has been purpose-built). In France, the tunnel is directly linked to th e high spe ed
lines to Lille, Paris and Brussels, as w ell as to locallines. Outside the tunnel boundary, there
is a large national rail freight terminal near Ca lais, and thcre is a freight locomotivo exchange
and holding siding faciliry ncar Folkcstonc.
Four typ es of train use th e tunnel:
1. Car-carrying shuttle trains;
2. Goods-vehicie shuttle trains;
3. N ation al passen ger trains (at pr esent, only th e London-Paris and Loridon-Brussels
"Eu rostar" trains); and
4. N ation al freight trains. with a varie ty of origins and destin ations on both sides of the
Channel.

All passenger trains hav e two locomotives, either of which are capable of moving
the train in the event of a failure of the other.

3. Regulation of tunnel safety

The British and Fren ch governments in vited proposals for a fixed link between two
co untries in April 1985 . A variety of proposals were submitted , of which Eurotunnel' s rail
only tunnel was selcc ted , and formally adopted at thc Treaty o f C ante rb ury in 1986.
Eurotu nnel was aw ard ed th e concession to build and operate the tunnel for 55 years,
subseque ntly ex tended, after which ownership of th e fixed link reverts to the two
governments. The tunnel began operation in 1994.

Because th e two governments will ultimately own the tunnel , they have overseen
its co nstruc tio n. and will oversee its eperation and maintenance for its ent ire life . A special
bi-nation al body, the Inter-Governmcntal Commission (IGC) with equal representation
from th e two gove rn ments has been set up for this purpose. That in turn has set up the
C hannel Tunnel Safety Authority (C T SA), which effectively became th e safety regulator
for th e tunnel during its development and co nstructio n phase. Sin ce th e tunnel becarne an
operatio nal railway, th e C T SA rern ains th e princip al regulator at th e w orking lev el, but HM
R ailway lu speerorate and its French equivalent are also involved in vario us ways. HMRI
has always been represented on the CTSA, along with th e other professionals .

It may be noted that, quite apart from any requirements of regulation, Eurotunnel
has a stro ng commercial incentive to safety, be cause the indirect casts of accidenrs, in the
form o f disruption and loss of demand, are high.
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Befere the tunnel opened, the CTSA requircd Eurotunnel to prepare a safety case
assessing all risks in the tunnel, and to state how they were being controlled and managed .
The CTSA's requirement was madc before the rcquiremcnt was established for all domestic
railway operators in Britain to prepare safety cases. Eurotunnel's original safety case did not

comply in all respects with th e new dornestic requircmcnts, but th e updated version do es
so .

4. Criteria for safety in the tunnel

4.1 771e genera! criterion

Safety has alw ays been a very important consideration in the design and op eration of th e
Channel Tunnel, for the obvious reason that a 50-kilometre tunnel is bound to present
special hazards. Therefore, both Eurotunnel and the CTSA were determined to ensure a
high standard of safety from the start . Indeed, one of the major reasons for the acceptance
of th e Eurotunnel's 3-tunncl bid was that it appeared to offer lower risk than th e
alte rna tives.

However, at the start of the Channel Tunnel project , th ere w ere no clear crite ria for
w ha t level of safety was tol erabI e in th e tunnel , and no crite ria for de cisions co ncern ing
what safety measures should be incorporated. This was partly because th e tunnel was an
ent irely new project , and during its devclopment phase it wa s not clear what level of safety
could be achieve d. It was also because, in Mortori's (1995) w ords, th e IGC and th e CTSA
co mprised:

"pro fessional pcople...doing thcir best with a job tossed thc ir way with inadequate
term s of referencc - all of rhcm kn owin g rhar farnc would comc only from failurc" (p7) .

As aresuIt, the safety systems were largely determined not by quantifying risk , but on th e
basis of best-practicc professional judgements made by several different professional groups
- poli ce , fire , railway operation, civil engineering. They wcre made more stringe nt by th e
fact that two sets of professionals were involved - Frcnch and British - so if eithe r set
required a safety measure, there was a tendency for the CTSA to require it. It w as onl y after
all the principal decisions had been made that a quantified risk assessment was made.

The first statement of a quantified safety criterion for the tunnel was made by Bryan
Martin, British co-Chairman of the CTSA, who said in response to a question from a
mernber of the House of Cornmons Home Affairs Conunittee on 6 November 1991 :

"my own view, and it is not yct the Safety Authoriry's view, bccausc wc have not
discussed this in detail , is dut a passenger travelling by train from London to Paris
should be in the part of the j ourney through the tunnel as least as safe as in the
equivalent lcngth of thc journcy from either Waterlo o to Folkestene or from Sangatte
co Paris." (Ho me Affairs Co mmittec, 1991, Volum e 2, page 77.)

This criterion was later adopted by the CTSA itself, be cause it is subsequently quoted in
Eurotunnel's Safety Case (1994) as one of the criteria by which the safety of the tunnel was
to be judged.

With the benefit of hindsight, one can cernment that at the time that the statem ent
was made, the tunnel had been under construction for more than five years, and presumably
all the main design decisions, and many of the operational decisions had then been made.
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It seems remarkabIe that the C TS A had not by then decided what its safety criteria sho uld
be. Hen ce M otton 's advice:

"Set your Philosophy of Safety in sta ne at the start of the design and pro cur eme nt
proccss, and do not change it. Dec ide how safe you int end to keep uscrs and stick to
that dccisio n." (Mo rto n, 1995, page 9.)

The criterion that the C hannel Tunnel should be as safe for passengers as comparable surface
railways was used in Eurotunnel's Safety Case (1994) to determine tolerability limit s for
individual risks to passen gers and an FN-crit erion line to be compared with the tunnel 's
FN -c urve . The only tolerability limits that were not based on the criterion of comparability
with existing railways are those for staff, whi ch are based on the standard H ealth and Safety
Executi ve (HSE) indi vidu al risk criterion for employees of a risk of death of 1 in 1,000 per
year (see for example , HSE , 1992) .

4.2 lndividual risk criteria

Eurot unnel has int erpreted the criterio n above to mean that the upper tolerabie limit to the
risk of death for a passenger travelling throu gh the tunnel should be the average risk of death
on a comparable 50-kilometre j ourney on Briti sh R ail (BR) (It was estimated that the risk
on SNCF was not very different) . For through journeys on the Eurostar trains, they
calculate this to be 4.7 deaths per 100 million transits. For the vehicle-carrying shuttle trains,
the tolerabie risk limit is some what higher, 5.6 deaths per 100 million transits, because there
is sorne risk in embarking and disembarkin g from the shuttle train s at the terminals, whereas
there is no such risk on the Eurostar trains. which pass non-stop th rou gh the terminal areas.

In the case of Eurostar and freight train staff, Eurotunnel has conve rted the HSE's
gene ral limit for the risk of death of 1 in 1,000 per year into a risk per hour, which is then
converted into a upper limit for the risk per tunnel transit . Finally, Eurotunnel has adopted
without amendrnent the HSE limit of 1 in 1,000 for its own staff The resulting individual
risk limits are as follows:

• R oad-vehi cle "shuttle" passengers: 5.6 per 100 million transits;
• Eurostar passcngers: 4.7 per 100 million transits;
• Eurostar train crew: 26 per 100 million transits;
• Freight train crew: 31 per 100 million transits;
• Eurotunnel staff: 1 in 1,000 per year.

4.3 Societal risk criteria

For societal risk, Eurotunnel adopted the standard approac h used in industrial risk
assessment , using an FN-graph . Eurotunnel derived its upp er criterion line from the
crit erion abov e, based on comparability with BR. They first plotted BR's empirical FN
CUrve for accidents with two or more fatalities over the period over the period 1971-1989:
th is is similar to that shown in Figure 1, but for a shorter peri od. Next, the y fitted a straight
line through the empirical data (in the usual logarithmic scales), which happ ens to have a
slope of -1. 1.

Finally, they noted that the scale of Eurotunnel's activiry, as measured by passenger
kilometres, was abo ut 1118 of that of BR, sa they reduced the fitted line by a factor of 18,
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which mea ns simply shifting it downwards in logarithmic scales. All this is shown in Figure
1.

T he resulting upper FN-criterion line is that labelled the "intolerable line" in Figure
1 and reproduced wit h a different scale on the y-axis in Figure 2. The "neg!igible line" in
Figure 2 is simp ly the line which is a factor of 1,000 below the intolerable line, because a
factor of 1,000 is commonly used for that interval in individual risk criteria.
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5. Risk estimation

215

Having been determi ne d these risk crite ria, before opera tio n began Euro tu nnel made
estimates of the risks to see whethe r the cri teria we re met. In terms of the tim e scale of
who le project, both th e criteria setting and the risk estimation were carrie d out far too late
to have mu ch influ en ce on th e design and operatio n of th e tunnel, but presumably if th e
risk estima tio n had sho wn th at th e criteria wcre not met , th e C T SA would have required
funhcr safety meas ures .

5. 1 Haz ards

The major categories o f hazard identified in th e safety case (page 68) are th e following:
1. Derailme nt
2. Collision
3. Fire

4. Pollutio n causing an irnrn ediate threat to peop le, suc h as a to xic release
5. Floo ding
6. Suffocation - asphyxia
7 . Explosion
8. Earthquake
9. Abnorma l acce lcratio n or deceleration
10. M ovem ent and non-mov em en t accide nts
11. Elec trocution
12. Total power failure.

5.2 Mtl ltiplcfatality haz ards

Givcn the design of th e system, w hich in cludes duplicatio n or fiirth er replicat io n of all
critical services, with control rooms, elec tricity supplies, and ventilatio n on both sides of the
C hannel, the major risks of multiple-fa raliries acc idents we re dedu ced to be (1) to (3) in the
list above, nam ely derailm ent, co llisio n and fire. Eve n derailm ent and collisio n have low risk

compared with most co mparable- lcngth railw ays, bccause of th e simple track layout (only
two crossovers in th e 50 kilometres between th e term inals) and au toma tic train protecti on.

T hc largest single co ntributor to th e risk of multiple- fatality accidcnts was estima ted
to be firc, tho ugh again thc re are elaborate safety measures in place to manage thi s risk,
w hich we re teste d to the full in th e fire of 18 N ovember 1996 (sec CTSA, 1997). In the
original plan for managing tra in fires, th e first priority was to mov e th e train o ut of th e
tunnel to spec ia!ly pro tected sidings at each end, w he re evac uation is easier and th e fire can
be more easily fou ght; one reason for th e provision of two locomot ives was to enable trains
to be moved even if one locomot ive becarne disabled . How ever, following the fire of 18
November 1996, th e first priori ty has been change d to th e imrnediate evac uatio n of the
train occupants: th ey are to reach a cro ss- passage by walkin g eithc r through th e train o r
along th e co ntinuo us walkway, and th en go th rough th e passage into th e service tunnel, in
which the air pressure is maintain ed at a high er level th an in the running tunnels, so as to
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prevent smoke entering and to provide a continuous supply of fresh air. People are then
evacuated by a train stopped opposite them in the other running tunnel. Fire fighters, rescue
equipment and ambulances are brought to the scene using purpose-built service vehicles in
the service tunnel, and seriously injured people are evacuated that way.

The reason for the change of plan is a re-estimation of the probability that a train
with a fire would be able to drive through without having to stop, either because of a fault
on the train itself, or because of the presence of other traffic. In the fire of 18 November
1996 the train developed a fault which required it to be brought to a controlled stop ; the
traction current was then quickly lost, so the train could not be moved.

None of the other risks listed above are estimated to make a substantial contribution
to mulriple-fataliry accidents. The risks associatcd with the first three were estimated in
Eurotunnel's safety case using a quantified risk model.

5.3 Sillglcjatality hazards

The major contributor to single-fataliry accidents is estimated to be item (10) in the list
above: movement and non-movement accidenrs, that is injuries to individuals, either from
the movement of trains or from mishaps not involving trains . The frequency of such
accidents was estimated from the past record of such accidents on BR. However, rather
than include all such accidents on BR, only accidents of the kind that could occur on
Eurotunnel were included. The reasen for excluding certain types of accidents is that many
single-fataliry accidents that occur on BR could not happen in the Channel Tunnel, because
they have been "designed out", such as level crossing accidents (there are no public level
crossings in the Eurotunnel system); passenger falls from trains (all trains doors are
automatically locked); track maintenance staff struck by service trains (there is no track
maintenance while service trains are running alongside).

6. Comparing the estimated risks with the criteria

Eurotunnel's safety case (1994, page 169) estimates the overall risk to passengers and staff in
the Channel Tunnel system to be about 6% of the risk on an equivalent size of British or
French national railway systern . The BR data used by Eurotunnel for calculating individual
risk was 1984-1990, during which the average annual number of fatalities (excluding
trespassers) on the whole of the British railway system was 81.4. (In passing, it might be
mentioned that safety on the ex-BR system has improved grcatly since then.) Assuming that
the Channel Tunnel system is 1/18 of the size of the British national system (see above),
the fatality rare on a national system the size of the Channel Tunnel would be 81.4118 =
4.5 fatalities per year. The actual Eurotunnel rare is estimated to be 6% of this, or 0.27 year,
that is about I fatality every four years on average. This is an extremely low rate. The major
contributor to th is is "movement/non-movement" accidents, that is individual accidents:
this is also true of the national systems.

Because the performance of the national systems provides the criteria for the
tolerable passenger risks, it follows from the fact that the estirnated actual risks on
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Eurotunnel are a small fraction of the risk on the equivalent national systems that they must
also be a small fraction of thc tolerabic limits. The actual fraetions vary between categories
of passenger, but they are all only a few percent of the criterion risk: for cxample, the risk
for Eurostar passengers is estimated to be 2.0% of the tolerabie limit (Eur otu nnel, 1994, page
171) . The staff risks are generally a higher fraction of the criterion value than passenger risks:
the worst is for maintenance workers at abo ut lOper cent of the tolerabic limit, implying
an individual risk of I in 10,000 per year. This risk is about equal to Railtrack's target for
such workers.

It may be noted that if the risk to passengers on Eurostars in the tunnel is really only
2% of the average railway passenger risk per kilometre, it would follow that passengers are
at lower risk than on any mode of transport, and lower than being at home or at work in
any large occupational gro up .

Figurc 2 shows Eurotunnel's original FN-curve for accidents with two or more
fatalities, based on the modelled QRAs for derailments, collisions and fires. The graph also
shows the criterion lines discussed above. It can be seen that the estirnated frequency of
accidents with two or more fatalities is about 0.0025 per year, or about 1 in 400 years. The
FN-curve is wcll below the upper criterion line throughout its length; at worst, ie is a factor
of about 10 below the criterion line . The fire of 18 November 1996 may lead to arevision
of this FN-curve, but it does not in itself disprove it.

7. Comments on the appraisaI

7.1 Risk estimation

The main difficulty of estimating risks in new and unique transport facilities like the
Channel Tunnel is the absence of statistical data on several of the important risks. It is
sensible to have used data from other railways to estimate risks that are common to the
Channel Tunnel and other railways, such as certain types of sing le-person risks, but this
approach does not work for the risks that are unique to the tunnel, notably fire risks. In the
absence of statistical data, there is no alternative to using risk modeis, but it is almost
impossible to test such models.

lt is because of th is difficulty that safety remains a controversial issue in thc tunnel.
If the resuIts of the risk modeIs are correct, the tunnel is exceptionally safe, but it is c!ear
thar many people, inc!uding some experts, are not convineed that the results are correct.

7.2 771e "comparabilitv critcrion"Jor risk

The key formal risk criterion for passengers adopted by the CTSA is the requirement that
passenger risks in the 50 kilometres of the tunnel should be no higher than on 50 kilo me tres
of surface main-line railway. While it is easy co see how th is criterion became established,
it is not easy to justify, and it is quite different from the "ALARP Principle" which applies
to dornestic railways in Britaiu, and to industrial risks.

The ALARP Principle requires first that risks to individual passengers (for example,
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frequent users) sho uld be less than some upp er lim it of tolerabili ty, and secondly that, once
thi s co ndition has been met , risks sho uld be furth er redu ced to a level that is "as low as
reaso nably practicabie" (ALAR P). The upper lim it of tolerabili ty for passengers in Britain
is taken to be a risk of death of 1 in 10,000 per year. In practice risks on all raiIways are
mu ch less than this, so the limi t does not bind. Therefore the level of raiIway safety is
effectively determin ed by what is reasonably practicabIe.

The int erpretation of what is reasonable practicabIe is subject to co ntinui ng
discussion : th e tw o eIeme nts in it are "goed practice" and "va lue for money" in safety
measures. Value for money is determined by a comparison between th e costs of safety
measures and the safety ben efits, of whi ch an important co mpo ne nt is savings in fatalities
and injuries, which arc assigned monetary values. (In 1997, the mon etary values for the
prevention of a fataliry on the ex- BR network were ,(0.89 or ,(2.49 , depending on the
circu mstances (R ailtrack , 1997).)

The key differen ce between the "com parabiliry criterion" above and the ALARP
Prin ciple is that the "compa rability crite rio n" mak es no explici t referen ce eithcr to good
practice or to value for mon ey. It co uld be that th e applicatio n of the ALARP Principle to

a brand-new railway system like th e tunnel would lead to safety levels that are better than
on existing railways; on the othe r hand , it co uld be that the uni qu e hazards of the tunnel
mean that it was not reason ably practicablo to achieve the same levels ofsafety as on existing
railways. Either way, differences between the levels of safety in the tunnel and on existing
railways would seem rather poor reasons for dec isions co nce rn ing safety measures in the
tunnel.

7.3 Use (1 the "comparability aiterion"

In fact, as discussed in section 4, the "comparabiliry criterion" was establishe d only after all
the key design decisions co nce rn ing th e tunnel had been made. Moreover, as discussed in
sectio n 6, w he n the estimated risks we re compared with the cri terio n, they we re found to

meet it by wide margin s.
It follows that most the ope rational decisions must have been made on th e basis of

good profession al practice, rath er than by quantifYing the risks.

8. Conclusion

While the apparent high level of safety in the C hanne l Tunnel is an obvious matter for
co ngra tulatio n, the obvio us criticism of the process for determining the safety systems in the
tunnel is the absence of a co nvi nci ng rationale for the particular levels of safety that
eme rged. Domestic railways in Britain now do have a ration ale, in the ALARP Principle.
The "cornparabiliry criterio n" was established late in thc day; th is criterion lacks a rationale
itself; and in any case does not appear to have been binding in practice.

This co nclusio n echoes a co mme nt of Sir Alastair Morton , who said that in the
absence of a clear ph ilosophy of safety,
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" ...you end up piling up a lot of rcquircmcnts, one on top of another, Pelion upon

Ossa1 - and grief all the way for the dient - who pays. You aggregate , rathe r than
optimise: you create, as wc have , a tunnel sysrem designed and built ro a standard of
safety provision so high that it would cxclude the cquipme nt lon g in use in tunnels
cvcrywhcre clsc with an exce llent safety record" (Morton, 1995, page 9).

However, the Achilles Heel of this conclusion is the uncertaiuty about the level of the risks,
particularly those unique to the tunnel. In the absence of statistical evidence, it is natural to
err on the side of caut ion.
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A Multi-Static DoppIer Weather Radar to
Measure Severe Weather
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Abstract. Airport operation s and capaciry are hcavily influ en ced by thc prevailing
weathe r situatio n. Abrupt changes in the wind ncar the ground po se serie us hazards to
an aircrafr during approach for landing or dep arture . The aircra fi pilot and traffic
co ntroller nu.y pc rceive different cnvir onment co nditions. Inconsistent informatiou
betw een pilot and controller increases voice co mmunicario ns. Ad hoc dccisions are the
result, often acco mpan ied by ncgoti ation s. These will lead to delay and high er
wo rkload, espccia lly in criticaI time period s ofbad wenthe r. O ne of thc most dangerous
weath er hazards is wind shca r, T he hazard from wind shear is the resultanr change in
the lift of an aircra ft. When sustained for a sign ificant dura rion, the loss or gain in lift
can lead to performance problems, cspccially hazardon s at low altitudcs, In th is paper
we propose to dereet wind shea r in the terminal area of an airpo rt, by means of a cost
effective radar netwerk. l3y advmeed te chnology it is possible to wam the pilot w ell
before a po ssiblc encounter.

1. Introduetion

At Christmas Eve (25 December 1997) an airplane accident just missed to happ en at
Amsterdam airport. A Boeing 757, owned by the Dutch airliner "Transavia", broke its nose
whecl and ended alongside the runway. The landing of the airplano took place in seve re
weather with wind from sou th-west, accompanied by strong wind shear. The near-accid ent
triggered discussions about choosing the right runway for bad weather conditions. The
north-south runway (Zwanenburgbaan) was chosen instead of the north-east runway
(Buitenveldertbaan) . Under given conditions the last one has a headwind approach that used
to be safer. The other runway was chosen because of environment claims: inconveni en ce
of noise pollution for the dense population under the approach. The matt er is under
invcstigation by the office of the Dutch Department of Civil Aviation.

However, the near-accident, on ce more, urged for a mor e detail ed a- priory
information about the local weather conditions on an airport. The wind regime on the
ground level is known by result s of an extensive wind measuremcnt network of wind vanes
and anemometers, at and around the airport. Generally the upper air is sensed in a coa rser
way: at disrance. the National Weather Service performs specific measurem ents, using
Doppier weather radars, radio sondes and windprofilers . In case of the Faro aviation
accident (Portugal, 1992 [l]) the upper air data were retrievcd at a disrance of about 300
km (at thc Meteorological Office in Lisbon) . It rnay be clear that it is more effectiv e to
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mensure the windfield as close as possible to the nmways at an airport.
A DoppIer radar can detect the wind velocity in only one direction (radial, alongside

the radar ray). To rneasure the three-dimensional wind field a network of at least three
weather radars is needed. However, this is very expensive. Using a bi-static radar concept,
three dimensional wind fields can be rneasured with reduced cost . We propose to apply
l11ulti-static radar systems, compromising one transmitter and three or more receivers. In
this paper we describe such a special radar system, for the mensurement of severe wcather
phenomena for aviation.

2 . Severe weather in relation to the safety of aviation

Wind shear is a generic term referring to a wind change, direction and/or speed, over a
srnall disrance or in a little time difference. It is not a serious hazard for aircrafi en-route
between airports at normal cruising altitudcs. But in the terminal area low-altitude wind
shear can be deadly for an aircraft, especially during take off or approach for landing. There
are a number of sourees of wind shear: temperature inversions, surface obstructions and
thunderstorms. Two special forms of low-altitude wind shear in relation to thunderstorms
are: the "downburst" and the "gustfronr". We will start our explanation with wind shear
related to these hazardous meteorological phcnornena.

The downburst is astrong short-lived outflow produced by strong thunderstorms.
When th is cold downward rushes of air reach the ground, they spread out, or burst,
horizontally in all directions. Thus the downburst creates a locally intense divergent wind
shear, illustrated in Figure 1. Such a downburst can be imbedded in the thunderstorm heavy
precipitation, but also within a benign-appenring virga. Those are wisps of precipitation
streaming from the cloud but evaporates before reaching the ground. This makes a "drv"
downburst more difficuIt to observe.

Downburst

~.......-;.::: -- - - 
Glide '.........

Path .... ,

Figure 1. Downbutst and gustfront produced by a powcrful Cumulonimbus and the
impact on aviation

Figure 1 illustrates a potentially hazardons encounter of a downburst by an aircraft on its
final approach . Upon entering the downburst, an aircrafi first experiences an increase in
bead wind This increase causes the aircraft to fly above the glide slopc. The pilot, who is
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una ware of the downburst, may attempt to retu rn to the glide slope by reducing air speed
and angle of attack. As the aircraft co ntinues th rou gh the downburst, it encounters astrong
downdraft and then a tailwind, which results in a loss of lift acting on the wings. The
airplane falls ben eath the glide slope and the pilot must increase power and angle of attack
to bring the plan e back to thc glide slope. The aircraft, which requires a finit e amount of
time to respond to th e co ntrols, crashes if it is too close to the ground to recover. The lack
oflift may cause a crash, even if maximum control and maximum power is used. The same
me chanism can be applied to a take- off

An other wind problem mention ed earlier , the "gustfront" , is also downdrafi-relatcd,
as illustrated on the right hand side of Figure 1. A gustfro nt is forrned at the leading edge
of the out flow, where the cooler air from the downdraft meers the warmer air of the
environment. C onvergent wind shear pactcru and very stre ng low altitude updrafts
charactcrize them. An unsuspecting pilot deseending int o the outflow wiil find his airspeed
sudde nly fails as he comes down into a tail wind during the last few hundred meters.
Moreover gustfronts are mostly accompanied by seve re turbulcnc e, and that can cause faral
accide nts. They do often cause a change of wind dir ection. necessitating a change of the
runway in use . While downbursts are short in duration and occur with littl e warn ing a
gustfront can last for hours as the y travel away from the generating storm system.

3. Detection ofwind shear

For the safety of aviation it is important to kn ow the wind shear nearby the run way in an
area of about 10 km . The horizontal surface wind is measured with a netwe rk of
anemometers and windvancs. These instruments, which are mounted on l O- ru erer- hig h
masts, can analyze the wind regime near the surface. However, airplunes are flyin g at a
higher level. Thus the wind in the upper air (0- 1 km ) must be me asured too . This can be
done with traditional D oppier weather radars: the Doppier prin ciple makes it possible to

measure the movement of weather targets towards and away from the radar ante nna (in
radial direction). That implies the radar system mu st be located under the flight path looking
across, Under very specific (and known) circurnstances it is possible to measure the wi nd
field alofi , However, such system s, like Velocity Azimuth Display (VAD) and Volurne
Velocity Pro cessing (VVP) , are based on linearly varying windfields . In convective storrns
th is assumption is suspect. In fact , th ese approximated wind analyses are gro wn out of the
restri eti on of having onl y a single radar system .

T he following step is to appl y two radars: dual D oppier radar sysrerns. Again, rhis
forms estimation: the vertical velocity must be computed from kin em atics (rnass co ntinui tv
equation). The ultimate solution for measuring the three-dimension al windfield is applying
consequently thrce Dopplcr radars.

The National Center for Atmospheric Research (N CAR, Bouldcr , C O , USA) and
the University of C hicago (Pro f. Fujita ) has conduc ted such a research proj ect , in a J oint
Airport Weather Studies UAWS ) project le w-l evel windshear effec ts on aircraft
performance. The fine struc ture of thunderstorm kin em atics in the vicinity of the Den ver
(C O , USA ) airport was exarnined. In this speci fic research proj ect three ind ependen t
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scanning weather radars we re used. Deploying two or more conventional weather radar
systems is very expensive in purchase and maintenance. Morcover, synchronizing the scan
strategies of the individual radars is very complex, if possible [3).

4. Proposal for a multi-static weather radar to detect wind shear

The radar systems we mentioned before are of mono-static character, which means they
have the same path for transmit and receive . By leaving this mono-static principle a
considerable reduction in cost can be achieved. Wc propose to introduce the multi-static
radar systcm, defined by the scparadon of transruit-axis and receive-axis. In Figure 2 an
example of such a radar system: one transmitter only and three receivers at different
locations.

Figure 2. A multi-static wenther radar systcm for thc dereetion of thc rhrce
dimcnsional windficld.

The transmitter must operate within a very small beam width (pencil beam, - 1°) to retrieve
the exact location of reflection. In contrary the receiver's antennas may have wide angles.
That means wide in azimuth direction (60°), but limited in elevation direction (1°-30°).
However, the low gain receive antcnnas will be hig hly contaminated by reflected radintion
from thc sidelobes of the transruit antenna. These adverse effects are reduced by
introduction of more advanced radar technology: widc angle antennas with higher gain.
Moreover, clectronic arrays make it possible to divide the receive antenna into several small
angle ones. Coordination with the scanning transruit antenna can be controlled by
electronic switching of the corresponding receive antenna sections. Electronic switching
Put into hand more rapid scanning scenarios as is the case with the traditional mechanical
rotation of the radar antenna. This implies an important issue for detecting the fast changing
Weather situation. Within minutcs a dangerous hazard may arise and rage itself out. Again,
downbursts are very local and have a short lifetime.

Modulation of the transmitter pulse yields specific improvernents: high range
resolution (- 20 m .), low minimum range (- 200 m.), accompanied by a reduetion in
transmit power (- 100 W) . This principle of pulse modulation reduces the maximum range
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(- Sükm), but tint is not a handicap for measuring in th e terminal area of an airpo rt.
In the ex treme case hundred percent modulation results in a FM-CW (Frequency

M odulation-C ontinues Wave) radar. At the D elft Universi ty of Technology we have an
outstanding experience in thi s radar principle [2], as w eil as with multi-static radar systems
(in ant i-c ollision systems, with e1ectronic arrays) . The major disadvanta ge of FM-CW radar
requiring two separate antcnnas (Tx and Rx) is eliminated gracefull y in th is proposal. T he
sensitive FM-CW principle makes it po ssible to detect and w arn for bird 's migration in th e
terminal area of an airport.

The installation of th e multi-stati c receivers at different locations (and separa ted frorn

th e transmit antenna) demands for spec ific technical solu tions of sync hro nization. Lockin g
th e (highly stable ) frequ en cy sources, of transmitter and receivers, makes it possible to

maintain the necessary co he rence. This can be do ne by linking the sites to th e Glob al
Position Satellite (Gr S) system. A more accurate solution may be found in applyin g
advanced telecommunication systems between th e sites directly; e.g. by ex treme ly high
frequen cy radi o tran smission or by optical tran smission via glass fiber cables. R esearch in
this field is done at IRCTR.

5. Warning for severe weather

Last but not least, as a result o f th e ex tensive mea sur em ents th e pilot mu st be wa rne d for
wind shea r hazards at th e right moment and without misundcrstanding. O ne picture says
more th en th ou sand w ords. A fascinating example forms th e Three Dimen sion al Viewer
(3DT V), in development at NCAR [4], see Figure 3 .

Figurc 3. App roach to run way w ith precipi tation (white), microburst (red) and gust
fronts (bluc).

It ena bles an intuitive understanding of dynamic weather phenomena, better
communications among users (especially flight crew and AT C), and its imp act o n a terminal
area o r en route airspace. It int egratc s topographi cal data from LANDSat im agery wi th ATC
radar dat a and information from a variety of weath er sensors. The result is displayed in high-
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resolution images and in real tim e. The virtua l en vironment can be viewed from approach
or departure end of th e selec ted runway. 13y transmitting the im age to th e coc kpit, a pilot
could find himself immersed into the virtual enviro nme nt of th e terminal area.

6. Conclusions

Three-dimen sional mensurement and display of wind shea r would minimize traffic
disruption and supe rviso r workload by providing adva nce -wa rni ng capability. This would
permit air traffic supervisors to reroute before the severe weath er takes place with attendant
workload reduction and capacity benefits .

The improvement of the safety of aviation, in relation to the weather conditions, is
nor a onc-party problcm but of all world urgency, so cooperation between the authorities
of airports and airlines of different count ries is ne cessary. In order to meet future airport
capac ity, efficiency, and safety requirements, new techniques and syste rns had to be
introduced. Above a proposal to me asure local severe weath er at an airport with th e
application of currently new radar and telecommunications technology.
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Risky Carrier Identification, a Step
Aviation Safety Irnprovernent
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1. Introduetion

Air transport is one of the safest modes of transportation . After a historie substantial dccline,
the past ten years accident rare trends seem to leve! off Further reduction of th is rate is
required to limit the total number of accidents in view of the increasing number of flights.
The interest for aviation safety is increasing both from aviat ion industry and the general
public. T he genera l public is starting to ask questions abo ut safety aspects of the operators
th ey trave! with and the media exposure of aviation safety is high. In order to promote
aviation safety, authorities are developi ng measures. One step in this field is the program for
the detection of risky carriers that is presented here.

International air transport is based on arrangements made by the Chicago
Convention (1944). This IC AO (International Civil Aviation Organization) Convention
sets, amongst others, safety standards for international flights. It is the dury of each
contracting State to ensure that these standards are followed by their countries' operators.
T he civil aviatio n authorit ies are give n the task to , amongst o thers, oversec the safety
perform ance of the operato rs.

The increasing competition puts pressure o n th e aspect safety as ensuring safety is a
cosr-factor, It is cost-reducing to follow safety regulations only partly, thus reducing rhe
safety level of the operation. lncreased risk wi ll show in the number of accidents in a
statistical way o nly: there is no direct visible effect of a safety measure: disregarding safety
m ies will not necessarily lead to an accide nt or inciden t. In view of this, as aviation is
important for the econo my of most co untrics, a high er risk is m or e easily accc pted.

Another co nt rib ut ing factor in the existe nce of risky carrie rs is th e fact th at Civil
Aviation Aut horities in developing co unt ries Jack resources leading to limi tations in staffing.
both quantitatively as qualitatively, It is not always possible to have the experts available and
keep them current on the deve!opments in modern aviation. T his limits the efTectiveness of
the oversight function of the au thority .

2. Safety assessment programs

The assumption made in the C hicago convention: every State fulfills its obligations (or
mentions to IC AO that the State is not able to do this) appeared to ho ld for several decades.
In the last few years how ever it becarne clear that the Standards were not always adhered
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to. The accident rate gave rise to a growing concern. Various organizations took different
approaches to solve the problem.

In 1991 the United Stares' Federal Aviation Administration (FAA) launched the
International Aviation Safety Assessment (IASA) program. This program focuses on the
capability of civil aviation authoritics of countries from which operators fly into the United
States . Taking ICAO standards as reference, authorities are assessed and as aresuIt, the weil
known rating list is drawn. The ratings are : acceptable, conditional and not acceptable.
Operators from countries that are categorized as unacceptable are banned from flights into
the U.s.A.

ICAO undertook the initiative to start the Safety Oversight Program (ICAO-SOP).
The program was approved in 1995 by thc CounciI. Staces are invitcd to ask for an
assessment on the application of safety-related standards . The assessment is done by an

ICAO expert-team. The State is committcd, through the signing of a Memorandum Of
Understanding, to take measures in order to get into compliance again, by developing an
action plan. It is in principle a voluntary program. Likc the FAA-IASA program, ICAO

SOP focuses on the aviation authorities of thc different states.
In the Asian region the problem of safety standards is also addressed by the Group

of Experts on Aviation Safety and Assistancc. The asscssment programs are basically airned
at promoting aviation safcty. Following the identification of weak points help is offered.
ihis help includes expertise on certain fields or training of personneI.

Beginning 1996, the European Parliament adopted a Resolution as a result of which
the European Civil Aviation Conference (ECAC) starred the deveIopment of the Safety
Assessment of Foreign Aircraft (SAFA) program. This program will be introduced in th is
presentation.

All programs mentioned above have the objective of identifying operators that have
a safety standard that is lower than generally accepted. Both ICAO- and FAA programs
focus on the oversight function of the aviation authority, the ECAC program ho wever
focuses on the deteetion of "risky carriers" directly. In th is paper we will be explaining the
ECAC-SAFA system as a means to help improving aviation safety.

3. The European approach

ECAC (European Civil Aviation Conference) is an organization in which authorities
cooperate in order to harmonize their approach. At th is moment 36 countries are ECAC
l11el1lber states.

The JAA (joint Aviation Authorities) is set up by ECAC as its executive body. It has
the task to deveIop a common set of regulations for the ECAC countries. These regulations
arc adopted by the European Community and are binding for EC countries.

The SAFA program can be seen as thc bottorn-up complement of the ICAO
program. The program is not primarily aiming at assessing oversight of authorities but at the
~afety of visiting operators by checking their aircrafi and operation. In the view of ECAC,
it is of concern that aircraft that fly over ECAC-states territory or carry passengers from
their countries are safe. That does not only apply to the technical condition of the aircraft
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itself but also the way the aircrafi is operared. In order to get a clear and complete picture
of its performance, the qua liry of the airline operator has to be assesscd . It is primarily the
responsibility ofits own authoriry to oversee this . The ECAC-SAFA program does not take
over this responsibility.

The pro6'Tam is stil! in the development stage, which means that certain parts of th e
program are already standardized, whilc othcr parts are left to the diseretien of the autho riry
involved. As the situation around information exc hange between the various sourees will
be different in each country, arrangemcnts will differ. Through the JAA, stand ardi zation is
reach ed for the way the ramp-checks are performed and how the information obtain ed is
spread to other count ries. Special forms are used throughout Europe and rcgular meetings
are held to share expericnces and update the program. In the fol!owing the situatio n in the
Nethe rlands wil! be described.

The SAFA program can be divided into two part s: information exchange and ramp
inspe ctions. The latter generates safety information from a monitoring fun ction: chec king
on the ramp . The first function gathers. exchanges and analyses safety data and makes safety
data available for poli cy-making.

Figu rc 1.

RLD database

ECAC
authonties
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- - - - - . . -~ policy information
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Information on the safety of air carriers is available through a large number of sourees (sec
Figure 1). At the moment various countries use different sets of sources. In the Netherlands
sourees include Air Traffic Control, airport authorities, people working on thc ramp, pol ice
and even rhe general public as they also wi l! be aware of safety items. In addition, the safety
aspects of an eperation can be judged from the resu lts of invcs tigatious at the ramp . Links
are established between all sourees and the RLD-SAFA team . T he inforrnation gathered is
used locally for po licy making in various fields: entry permits for flights, Ramp Inspeerion
targeting, ce ntacts to affected authorities, assistance programs or other correc tive actions
towards the operator. In the international SAFA cooperation the results of al! ramp-checks.
together wi th ot her safcry-related inform ation is exc hange d through JAA. T he JAA database
is the coordinated core of ram p inspeetio n reports and subsequent corrective actions that
are taken. Every ECAC State fills the database and has access to the informarion sto red at
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JAA. Procedures are established for the information exchange. The JAA data can be seen as
thc international souree of information whereas the additional, other sourees are reporting
systems of national organizations.

The most important step taken in the SAFA program in the establishment of
dedicated ramp-check teams. In the past it was left to the authority of the home country to
inspect the operator. Awareness of lacking oversight forced other authorities to take the
initiative and inspeet visiting operators. The ramp-check has thc fol1owing elements:
paperwork of crew and aircraft, general and teehuical condition of the aircraft, (cabin)safety
items (including emergency equipmenr), operational matters (e.g. flight planning, load
sheet) ete. The inspeetion follows the JAA developed checklist th us ensuring a common
approach at every SAFA ramp-check. As the inspeetion is performed during turn-around,
time is limited, and the inspeetion is non-disturbing, much effort is put in developing an
efficient method. Typically, it takes about 20 minutcs for a standard ramp-check. The result
of the check is put into the national database and sent in to the JAA. Also a copy is sent to
the operator for information.

As the bases for the ramp check ICAO standards are used, as these cover
international aviation rules. These are the minimum requirements, although much
coumries have developed additional rules that go beyond the ICAO standards (e.g. JAR and
FAR regulations). There is a clear link between the ICAO standards and the checklist used .

Which operator is due for inspeetion is based on all available information. A priority
scheme is used which ensures a cioser and more frequent look at operators which come out
of the program less favourable. Being a non-discriminarory program, all foreign aircrafi are
subject to ramp inspections, including those from other ECAC and/or EU countries.

4. Follow-up

"The SAFA program is set up in order to identify operators th at do not meet the standards
of ICAO. Once weak operators are identified various options for follow-up are available
including banning all suspect operators. Every approach has advantages and disadvantages:
banning of operators will possibly lead to retaliation action from the other country involved
and little chance of improving the safety situation at the operator, thus for the aviation
COll1munity as a whoIe. However, it prevents possible unsafe aircrafi from flying over the
COuntry.

Assisting and stimulating operators or their authorities is another approach.
Assistance programs, however, have a long term character are not norrnally accompanied
by ll1easures against the third country. All ECAC countries have their own responsibility in
taking the appropriate measures, In SAFA coordination meetings a coordinated approach is
sought and experiences are shared between the member states, As the program just has
Started and not too many risky carriers have been identified, the approach towards them is
nor yet mature. and will need finther development. Attitudes from both operators and
authorities differ and the need for specific measures differ accordingly. In general however,
the SAFA program is weIl accepted in most countries and by most operators. This has been
confirmed in the recent ICAO Conference on Safety strategy.
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Experience ofRLD has shown that both operators and corresponding authorities act
positively on the deficiencies found at ramp-checks or otherwise. Immediate aetions we re
taken which prevented re-occurrence. Communication between concemed authorities is
enhanced, which in itself is a positive contribution to aviation safety improvement.

The approach of the Dutch govemment in this field is that the most positive effect
on aviation safety can be obrained by giving assistance to other authorities in fulfilling their
safety oversight function. Furthermore RLD will investigate the possibilities for Dutch
industry to establish links with their foreign counterparts would the need arise for this. Basic
requirements for this assistance would be: mutual benefit. voluntary basis, mutual
contribution of resources.

Notwithstanding the aforementioned long term approach, the RLD SAFA team will
monitor the safety standard of the operators visiting our country and will take appropriare
action in case the safe operation of the aircraft is not ensured.

5. Conclusion

Identification of risky carriers is a contribution to the improvement of aviation safety.
Improvement of safety is necessary in the light of the continuous growth of air transport.
The European SAFA-program focuses directly on the safety aspects of foreign air- operators
and gives a direct indication where assistance programs would be heIpful.
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Evacuation from Ships: Account for
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A bstract. A transnation al Britcliurarn pro gramme on evacuetion of passengers from
ships is presenred. Recent disasters on fcrries of thc rol l-on /roll-off type have led to
higher rcquircme nts for safety. These requirements are formul atcd in terrus of overa ll
performance rather than perform ance of a number of isolated compo nents. T his brin gs
human behavio ur high o n thc agenda b ecau se hurnan bcha vio u r is all importan t

compo nent of overa ll safety. Comput er mod els provid e exce llent op po rtunitics for
prediering the overa ll performance as th cy can inrcgra tc human factors and cqu ipmcnt
factors. C ur rent co mpute r m oelels are inadequate for the maririrne sirnat ion . beca use
they omit imp ortant factors. A significant omission is th e failure co add ress the effects
ofdynarnic ship mot ion and th c effects of hcci/Ii st (ship kans to one sidc) on passengers
bchaviou r. O ne of the aims of thc BriteEuram programm e is to add ress these effects.
T he progranune starts with consi deri ng new design features likc " inruirivc" guiding
sysrems and corridors wi th spec ial features. The effects these design features have in
tilted and moving env ironments wi ll be investigated in experimcntal studies wi th
human participant s. In th e ycar 2000. the rcsults of th ese studies will be incorporated
in new compute r modeIs. T he new results can have profound implications on the
manti me industry. For examplc, givc n a ship's layou t, estimares can bc made unde r
what sca states cvacuarion can still be done safely (that is. wi thin the lcgal time limi t);
and whar increases in safety are likcly w hen (re)designi ng a ship.

1. Introduction

231

In case of an emergency aboard ships, passengers and crew must assembie at their muster
stations. Muster stations, also called asscrnbly arcas, are relativc safe areas where lifeboats or
other life- saving equipment are within reach . People abandon thc ship from the muster
Stations. The whole process, called mustering and evacuation (M&E). should proceed in a
f:1s t and orderly fashion. This will limit the conseqllences of an emergency as much as
Possible. H ow to mak e M&E an orde rly process is the core of the proj ect "M ustering and
Evacuation of Passengers . Scientific Basis for design" , called MEPdesign for short .

Du e to recent disasters, the maritime sector is pressed hard to co mply with new and
Stricter standards co nce rn ing M&E . Disasters such as the ones with the H erald of Free
Enterprise and the Estonia have shoc ked the world and have made poli cy makers mor e
aWare of the need for improved regulati ons. An example is the SOLAS regulation for an
evacuatio n analysis in the ship 's early design ph ase. The regulation co mes int o force in th e
year 1999 for newl y built ships (SO LAS 1995, C hapter 2-2, R egulation 28-1 ).
. R egulations are not only becoming more strict - they are also fornmlated
Increasingly more in terms of tot al performance rath er than the performance of isolated
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parts of the M&E system. An example of a total performance req uirement is an allowable
time of 60 minutes for M&E. Total performance is dearly a better index of safety than
performance of isolated parts. The consequence of a tota l performance requirement is that
be havioural aspects are high on the agenda . Human performance is a major determinant of
total performance. H ence, technical experts have to join hands wi th behavioural experts to
assess overall evac uation safety.

How to make ships safer is not as easy as it looks. Exercises with volunteers are an
excellent means to assess overall M&E safety, but th e cos ts of suc h exercises are excessive.
Wood estima ted the casts of a recent exe rcise in excess of 70 .000 U. K. po unds (Wood,
1996). T he ship was in harb our during th e event sa the ship was as stabie and level as a
buil din g in th e city . Doing th e exercise at sea to indude the effec ts of ship motion on the
beh aviour of th e passen gers would furth er inc rease th e cos ts o f the exe rc ise. Finally, it is far
from clear what th e shipo wner or design er has to do should the ship fail meeting the
reg ulatio n . T his makes thc demand for co mputer tools for th e prc dietion of M&E
performa nce very urgent. T he potential of suc h tools indudes early app lication - when the
ship is under design, lon g befor c an exercise would be possible . Ex isting tools for rhe
simulatio n of evacuations are based on the statistical approach to account for the large
variability in human be haviour. For small groups, completely different evacuation times can
be expected for different runs of the computer tooI. However, wh en groups of300 or more
people are modelled, the statistical approach can better describe the likely overall M&E
performance. With large groups, as is typical on many passengers ferries, the statistical wols
can model the M&E process far better than purely physical modeIs based on walking speed
alone and no further human behaviour modelled.

The promise of computer tools for ship evacuation has to be realized to its full
extent. Current tools are developed for othcr areas such as the chemical process industry
nudear power plants, and offshore insta llations. In consequence, there is no representation
of the special features of the ship environment. Even in "ship" modeIs, there are surprising
omiss ions like the failure to take into account passengers behaviours in a nonlevel and
un steady environment. Neverthe less, heel/list is a predo mi nant scenario of a damaged ship
(i.e., the ship leaning to one side, see Brumley & Koss, 1997). N evertheless, sea and swell
wiII very often roc k and roll the ship. M oreover, it is obv ious and has been demonstrared
experime ntally (Boer, 1993) tha t both list/heel and ship motion have stro ng effects 011

walking beh aviour (sec also Wertheim et al., 1994). In addition, the extremes of an unsteady
environment have also indirect effects because they disorient, stress, or even panic the
passen gers. T he conseque nce of stress can be described as "narrowing of attention" or
" regress ion towards more primitive levels of functioning" w hich, in turn , means that
guidance should be provided to the passenge rs in a way that is sclf-cxplaining or intuitively
clear.

2. Theoretical frarnework

Figure 1 shows the processes of mustering and evacuation as influenced by human and
physical factors. Design of escape routes (Iower left) has to do with the Iayout of the ship:
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in partienlar. th e length and the capacity of the escape ro utes . Maintenance has to do with
such elements as blocking escape ro utes by fum iture. Safety inspect ions can be used to
b'uarantee adequate mai ntenance. G uidance (up per lefi) has to do wi th informing the
passenge rs about wha t ro ute to follow. Individu al interests has to do with private goa ls of
the passengers such as to searc h first for rela tives (ch ildren). Individu al capa bility has to do
with physica l ability . Env iro nme nta l co nditio ns is a very broad category. It includes ship
list/heel and ship motio n.

For evac ua tio n, th e sarne facto rs apply in a differ en t way. DESIG N has to do with
the partienl ar life-saving equipme nt; G U ID ANCE with th e instru ction s of th e crew to the
passengers and th e co mplex ity of th ose instru ction s; ete.

T he proj ect MEPdesign wil! address design, guidance, indi vidual inte rests, individual
capability, and env iro nme ntaI co nditio ns. Failin g to take these factors int o account m eans
that no nmoving and perfectly horizontal ships with per fect guidance systems are assurned 
all very optimistic assumptions. As said before, an ex pe rime ntaI study showed th at wa lking
Was worse than normal in a ship moti on sim ulator; mo reover, vo lunteers w ho reli ed on the
mustering signs excIusiveIy neede d tw ice as long as normal to reac h th e m uster station
(Boer, 1993).

'ol_~

dMlgn malnt.nance dMlgn malM_nee

Figurc 1. Factors influcncing mu stering (asscmbly) and cvac uarion ,

3. Approach

The work of th e Basic R esearch Proj ect consists of four phases, as shown in Figure 2. The
prcliminary Phase 1 is defini tio n. Guidance systems wi Jl bc studied and ncw systerns wi Jl be
proposed such as systems that can be adapted to the emergency and systems that are
intuitively understood. AIso, the design of corridors and stairs wiJl be studied and proposals
wil! be made to adapt the design to help passengers to proceed in an unsteady and lisred
environment. Finally, ship motions and ship list wil! be studied to provide a representative
scenario for emergencies.

Phase 2 is data co l!ect ion. Under the environmental conditions specified in Phase 1,
guidance systems, design features, group binding, and evacuation equipment wiJl be tested
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experi me ntally. The efficacy of different guidance systems w ill be tested in a life-size
mockup of a ship 's interior . The mockup can lean to one side. Large nu mbers of people
will be asked to find the ir way in the mockup . The efficacy of differen t design features will
be tested in a similar mockup. T hat is, it is recorded how fast people are following a route
given particular design features . T his time, "ship" motion wi ll be added to the list/heel. The
effects of gro up binding wil! be assessed by studying actual passengers during ferry trips .
Groups binding refers to the tendency to unite the gro up first befere commencing
mustering. T he efficacy of different life- saving equipment will be tested in a wave basin
using scale modeIs. T he "mother ship" wi l! lean to one side during the tests.

Phase 3 is very important for integratio n. In th is phase, the heterogeneous "data
banks" co llected in Phase 2 are in tegrated into a co mputer ta al for the predietion of total
performance. T he re w ill be a tooi for mu stering only, a tooi for evac uation only, and a tooi
in whic h the two are co mb ined. T hese tools wi l! brin g to ligh t w hether or not
improvements at a certain level wi ll show up in tota l performance. For example, at rhe
design level, newly designed corridors may pe rmit 20% faster walking under unimpeded
conditions, but due to congestionalong the escape routes, this improvement can be lost
completely. This example illustrates the potentialof integrated tools: rhe tools permit users
to study the tradeoffs between various factors,

Phase 4 is an assessment of the pragmatic value of the project. One of the work
packages is a test with a large ferry at sea. T he actual mustering results of the exercise will
be compared with the results as predicted from thc model. Another work package is a
reflectio n on the achieve me nts as a who le.
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Test ·· WP4a

Evaluation ·· WP4b

Figu re 2. The work packages (W Ps) and their rclationship.

4. E u ropean co nsortium

A major financia l contribution to the project comes from the European Commission as a
grant within the European Indu strials and Matcrials Techno logies Research and
Development Programme. The grant goes to a consortium of seven partners.
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Partner 1 - also the coordinator of the project - is T NO Human Factors Research
Institute. The institute is specialized in human behaviour and applies this knowledge to the
design of human work and technical aids. TNO will lead the behavioural data-collection
studies of Phase 2 using its ship-rnotion simulator and its facilities to construct life-size
1110ckups.

The Danish Maritime Institute (DMI), a nonprofit, self-supporting R&D institute
affiliated with the Danish Academy ofTechnical Sciences wililead the definition studies of
Phase 1. DMI offers consultancy in the fields of hydro- and aerodynamics with special
reference to the maritime, offshore, and construction industries. In order to maintain its

position at the forefront of technology, DMI carries out a range of applied research
programmes.

Küngliga Tekniska H ögskolan (KTH), one of the largest technicaI universities of
Northern Europe, established in Sweden will study evacuation equipment, th us adding the
"abandon ship" knowledge to the project. KTH's Division ofNaval Architecture will carry
OUt the pertinent data-collection work using its wave basin and time-domain simulation
tools for numerical modelling of the physical behaviour of ships in waves (e.g. Hua &
Rutgersson, 1994).
. Quasar Consultants AIS, established in Norway will integrate the data of Phase 2
1I1to computer models and tools (see Quasar, 1996). The company is among the state-of
the-art manufacturers of computer tools for simulation of evacuation (Wood, 1996,
l11entions EVACSIM among the three leading tools). Computer tools already developed
include EVACSIM (evacuation), LBL (Iaunch of lifeboats), and ORS (offshore rescue
Operations) .

The large ship owner Scandlines AIS based in Denmark will carry out the test with
a large ferry at sea. Scandlines carries approximately 30 million passengers per year and
finnly believes that participation in leading-edge technological development is very
Il11portant for the well-being of the cOl1lpany.

Det Norske Veritas AIS (DNV, Norway) and Institut Français de Navigation (IFN)
wil! lead the overall review of the pragmatic value of the project in Phase 4. The major
l11ission ofDNV is to safeguard life, property, and the environment. DNV is active world
wide in maritime classification, and certification of management systems, products, and
personnel (e.g. see DNV, 1996; Mathisen & Skjong (1996). As a leading classification
society, DNV is in a unique position to implement results of research projects in Rules for
the Design of New Ships and in prioritizing inspeetions of the existing fleet . The French
IFN is a nonprofit organisation aiming to promote the sciences and technologies of
navigation at large. The institute has close relationships with administrations, designers, and
l11anufacturers of marine systems.

Contacts with Southern European countries are established through the Thematic
Network SAFER-EURORO ("Design for Safety: An Integrated Approach to Safe
E.!J.ropean RoRo Ferry Design") led by Dracos Vassalos from Strathclyde University,
~Cotland. The thematic network unites almost 40 partners from all over Europe. It is
Intended as a platform for overall coordination and dialogue.
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5. Exp ec ted results
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A first achievement of the project will be computer tools that give realistic predictions for
evau cation of passenger ships. The tools take into account human behaviour in a nonlevel
and also an unsteady environment. The tools ma y hav e profound effects on ship design
precisely because of the rca lism, Designers, ship builders, and ship owners can use th e tooi
to explore the evacuation performance ofa given ship . For cxample, they can find out wh at
an improved ballasring system could mean for evacuation safety. What makes th e tools so
attractive is that they eau be app licd long before the final design. It wil1 be possibl e to
explore and to ec rupare several designs and design variants ship befere deciding on a final
design. The tools wil1 be accessible through the internet.

Another achieveme nt of the project wi ll be the recommendation of new design
concepts. These concepts are airned at making evac uation 20% faster in an unstcady and
nonleve l mariti rne environment. T he new desig n co ncepts address (a) guidance systems, (b)
features of the ship's interior that enable the passengers to walk better, and (c) life- savin g
equipment. Designers, ship builders, and ship owners can trade-off the various design
features because all features are integrated into th e computer tooI.

A final achievern en t co uld be the definition of new mies and regulations. The results
of MEPdesign could be used to develop international regu lations, justified by a Forrnal
Safety Assessment, or to improve safety beyond international rcquiremcnrs.
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Ship bridges have seen a lot of equipment arrive since thc 50's: radar, autopilot, echo
sounder, (Doppier) log, ete.. During manoeuvres in narrow fairways, harbour basins,
through bridges, ete. pilots and captains still rely almest entircly on visual observation of the
outside world, in many cases assisted by officers on forecastle and/or stern. The reason is
quite simple until now the equipment most of the time did not provide the same accuracy,
reliability and inforrnation content that ViSl13l obscrvation does. Also in most cases the
information obtained by visual observation was sufficient taking into account the margins
thar ships and fairways provided.

Since the 70's ships' sizes have increased drarnatically. However the fairway
dimensions have not followed suit. The resulting smaller margins required additional
information to visual observation. In a number of ports electronic navigation systems were
introduced to assist piloting large vessels in the approach channels . An example is the Decca
based "Brown Box" that was used for the approaches to Europort. These systems in general
required a paper eliart to interpret the ship's position. The increasing computing power of
PC's led to thc introduetion of electronie chart systems for navigation. The name for these
systems is ECDIS. ECDIS stands for "Electronic Chart Display and Information Systems",
An ECDIS system does not only consist of a computer with a software for displaying the
charr, it involves a lot of other cornponents. Examples of these components are positioning
system and functions to log information about course, speed, position and imported data.
Examples on other components that can be incorporated are radar, echo sounder and
COmpass.

The continuing miniaturisation ofboth PC's and (D)GPS receivers made it possible
to use electron ic chart systerns in combination with standard DGPS for piloting. In a
number of ports throughout the world pilot services are starting to use such systems in
approach channels . Most harbour basins still provide sufficient margins to manoeuvre by
visual observation even though the approach channel to these basins may be navigated with
an electronic chart system. Optimisation however continues and also in harbour basins,
bridges, ete. margins tend to deercase to a point where visual observation no longer
provides sufficient cues to the navigator.

The importance of safety in modern shipping operations has reinforeed the need to
provide the mariner with timely, accurate information about ship status and position.
ECDIS satisfies this need by integrating the information so far provided by the traditional
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paper chart and the OGPS in a single display that is continuously updated. To ensure
consistent encoding of information across different systems, standards are issued by the
International Hydrographic Organisation (IHO).

One of the most successful builders oflarge, highly sophisticated cruise-vesse!s isJos
L. Meyer shipyard in Papenburg. Germany. Well-known ships that stem from this yard are
P&O's Oriana and last summer Celebriry's Mercury. The yard is located some 40 miles
from sea along the narrow and winding river Ems. The cruise-vessels that are built by
Meyer nowadays have a length of about 270 mand a beam of about 32 m. The navigable
width of the river is for a large part just 50 m. The radius of some of thc bends is only 650
m. Also some very narrow bridges are passed.

Figure 1.

Complicating for the river navigation is the very high eye height - about 40 m - and the
fact that the wheel houses of these vessels are located forward. Locating additional pilots on
the bridge-wings and the stern provided insufficient accurate information both with regard
to the present position and - equally important - with regard to the ship's movement, i.e.
the future position. Adding pilots involves a mental translation of visually observed distances
into numbers, e.g. meters, that can be communicated by mobile radio. The accuracy of thi s
mental translation does not match the small margins. The conning pilot is confronted with
distances that suggest that either the vessel's beam or the fairway width is fluid . Although
so far all the ships built at the yard reached sea successfully, the yard aimed at maximum
safety and re!iability also with the increasing ship sizes while minimising infrastructural
measurcs ,

About five years ago Meyer Shipyard - from her cxpericncc with earlier dcliveries
of cruise-vessels - formed a special team consisting of the yard captain, the Technical Bureau
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of the yard, KNC, SevenCs and STN-Atlas Elektronik GmbH to attain flawless transits for
her vessels. This resulted in a commission to SevenCs and STN-Atlas Elektronik GmbH to
realisc thc concepts developed by the yard captain, KNC and Meyer Shipyard.

The result of these efforts was a navigation system for tight manoeuvring situations
that is basically a combination of radar and an ECDIS. In fact a special application of
ECDIS, as it has to operate at large scales, that is a range of around 0.25 nautical mile or
even smaller: the Large Scale ECDIS. The ECDIS shows the surroundings of the vessel
with all the topography as weil as the prevailing regulations and signals that are relevant for
the transit. The chart is based on the Bundeswasserstrassenkarte, the official Gerrnan chart,
of the Bllndeswasser-strassenverwaltung. Using a high-accuracy position measurement via
the satellite based GPS in combination with other sensors, like for cxample gyro, position
and hcading of the vesscl are continuously visible in her surroundings on the display of thc
navigation systern. Before applying the systern in real life it was extensively tested and
Compared to the previous transits in the full-mission simulator of MSCN in Wageningen,
the Netherlands.

Figurc 2.

The Large Scale ECDIS rs a further development of the bird's-eye-view that was
introduced by MSCN (at that time Delft Hydraulics) almost 10 years ago on board of
Celebrity's Horizon and Zenith (also built by Jas L. Meyer) to assist master and pilots at St.
George's, Bermuda and more recentlyon the Trident submarines of the Royal British
Navy . These systems, however, used a rather primitive electronic chart.

The choice for ECDIS is largcly based on the flexible object oriented structure of
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thc underlyin g databases and the ease of upd atin g charts. The first pro vides the possibility
to easily meet special needs, the latter takes int o acco unt the dynami c charac ter of a fairway
like the river Ems.

The river Ems is expose d to the tidal influ en ce of th e N orth Sea that leads to the
permanent supply of sedimcnts int o thc river bed . T he fairway changes frequ ently. Thc
importance of highly actual prc cise data for navigation purposcs in river estuaries is obvious.

The intern ationally appro ved ECDIS stand ards ensure that various data sou rees can
be used as the basis for an ECDlS chart data set.
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Such data sets that are digitised from existing paper charts are alrcady kn own and co mmonly
used in standard ECDIS equipme nt. Anywa y, the user has to bea r in mind that paper chart
based data sets include th e resolutio n of information , the cartographic genera lisation and the
co mpilatio n of displayed items in the reality of the used paper chart! It sho uld be evident
that a paper chart at a printing scale of 1:25 .000 sho uld not be used to blow up the
information in an ECDIS display at 1:10.000 or eve n larger. Following the ECDIS
Performance Stand ards in such situa tio n the chart display sho uld be artificia lly cIuttered by
an ove rlaid pattem to wam the user of an "over-sca le" situation.

For a Large Scale ECD IS operatie n equivalently large scale sourees for the ECDIS
data mu st be used. M ean while, it is prov en that prc-processcd survey data under the
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responsibility of the local Federal Maritime Authoriry (Wasser- und Schiffahrtsamt Emden)
provide the necessary souree information. This data being supplied in digital form are
converted to far extend automatically into ECDIS-compliant data . The fact that the survey
is performed also using DCPS positioning guaranties the necessary precision and reliability.
The auromared, software based conversion of the data avoids an additional capturing error
and mirrors the precision of the survey data in the ECDIS data.

Another requirement is the currentness of the data . A paper chart needs commonly
at least scveral months for the production proccss until the pubheation of an actual cdition.
Thc deliveries of the Meyer Yard rcquire up -to-date information based on the latest surveys
that again can only be provided by the competent authoriry bcing directly responsible for
the area. Within the delivery voyages, updates of dcpth information in the ECDIS data set
based on surveys two days before could succcssfully be applied.

Further, large scale topographic charts and construction plans are used to add other
ne cessary information, e.g . concerning the bridges. This guaranties that details like the beam
bctween to bridge pillars are finally displaycd in its real value at the ECDIS chart,

Thus, the displayed fairway area, sha llow areas , river banks, groynes, bridges, locks,
etc. shown at their correct position and true extension match perfectly with the ship's
po sition derived from a high precision po sition sensor and assist ra locare the ship with its
huge dimensions correctly in the confined environment.
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A further important requirem ent deals with the presentation of the own ship's
position. In an approach channel it may suffice to represent the ship on the ECD IS display
by a gene ric point marker or a simpl e contour. Given th e orna te line of cruise -vesscls and
th e margins on the Ems, it is necessary to sho w the (very) differen t dim ensions of the vessel
at deck, waterlin e and bottom level. Usually the height of th e sho re is such that the re is no
harm in it when the bow reaches out over the sho re.

The work- load of master and pilots during the transit is cons ide rable, therefore a
high degree of "hands free" ope ratie n of the EC D [S is required. In this regard rhe "re
centering" routine that is used by the ECD IS, is important. In general to redu ce PC
processo r load ECDIS operate in " rrue- mo tion" mod e, i.e. the ship's represe nration travels
over th e display, usually in a Iimited area around the display centre . When ever the pre- set
limit is reached, the chart is redrawn and th e ship 's representation is re- centered. W ith
standard ECDIS however just before re-centering most of the displayed area is behind the
vessel and littl e ahead of it. To have sufficient view ahead of him the master/ pilot is forced
to choose a smaller scale. Therefor e a re-centeringrecentering optio n, where the ship travels
from an off- centre position towards the display cent re, is necessary. W ith the cruise-vessels
of the M eyer yard the transit is only made more or lcss from South to North. In this case
the north-up display of standard ECD IS is sufficient . For transits the other way around such
a display mod e requires a me ntal translation from left and right on the display to starboard
and port in real life. In cases of a high wo rk load th is will inevitably lead to errors and a
hcad-up or course- up display should be used .

Much attention has been paid to thc amount of information to be displayed and how
it mu st be displayed . Exp eriments show that at these large scales very easily too mu ch
information is show n, distracting the master / pilot s' attention from the essentia ls. Although
path prediction would certainly be helpful, it appea rs that th e present state of the art of path
prediction is extrapo lating and not anticipating . It is therefore nor proficient for highly
rnanocu vrable vesscls at low spee ds in a very variable envi ro nme nt like the river Ems . On
the othe r hand showing history does help to indicate tendencies.

A system that co nnects high accuracy and cur rentness of data for manoeu vrin g ships
through narro w fairways or channc ls shows the importance of th e calib ration of sensor and
data-modules. One mu st bc sure that positions from for example a (D)G PS and the chart
data use thc very same referen ces. Especially wh ere the data to co nstruc t the chart comes
from differ ent souree s - whi ch in inland waters very often wil! be the case - th is is a matter
that needs att ention.

R equirem ents for the Large Scale EC D IS system in the Ems case were among others
a 99 .5% accuracy radiu s of not more than 2 meters for position and a 100% availability of
the system. Especially the latt er require me nt is difficuit to fulfil, but appears to very
important to attain and keep the tru st of pilots and captains in such a system. In an approach
channcl one can live with a 1 or 2 seco nds' drop of thc system. When ma noeuvring a large
cru ise vessel in a bridge opening with only meters' distance to concrete pillars or steel bridge
struct ures one canno t.

For the Ems transit s rwo geo detic Trimbie SSi GPS receivers are used . In co
op eration with the German Satcllite Positioning Offi ce (SAPOS) diffe rential data from the
permanent differential stations Leer and Emde n (Knoc k) are available via a 2 meter band
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radio link. Stand by is a GSM telephon e link in case th e normal radi o link is hampered. For
the pr eviou s two tra nsits th e ECD IS was incorporatcd in th e STN Atlas NAC O S system
that was available o n board of the vessels. T his wi ll also be the case on th e vessels for Star
Cruises that are presently un der co nstructio n.

So far the second G PS receiver has only been used as a back- up. H owever it is
planned to apply Kalm an filter techniques for futu re transits to avoi d " posi tio n j umps" in
case one of the receivers fails, Even witho ut th e Kalma n filterin g a very stablc, highly
accurate and re liable position info rrnation has been realised, A de monstration of this is th e
fact that the DGPS signa l proved to be sufficiently accurate and stabie ra allow th e ma king
of a reliable graphic of forward and drift veloe ities of bow and ste rn on th e Conni ng Pilo t
display. T his is a very helptul add-on as th e standard Doppier log does not ope rate with th e
available under- keel- clearances ofjust a few decim etres.
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Fig ure 5.

With regard to accuracy th e next step to be taken is co mpensatio n for heel ing ang les of th c
vesscls, W ith an antenna hcight of over SOm one can imagi nc that th e effect o n th e
displayed posi tion of a heeling angle of th e vcssel ofj ust 10 is very significant.

Not to be ncglected is the large mental step to be taken by pilo ts and captains when
they have to give up visua l observation and rely on an electronic cha rt at suc h small a
distance to th e shorc. Sim ulato r training is irnperative to help thc m ma ke this ste p and to
get farniliar w ith th e differen t way of observa tio n tha t is necessary w he n usin g suc h a system .
Half of the job of manoeuvring is observation of the ship's posi tion and movement. It is
therefore evident that paying a great deal of attention to the dcvelopmcnt of and training
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of adapted observation techniques is imperative. The successful acceptance by pilots and
captains of a Large Scale ECDlS in reality on the other hand depends mainly on a high
accuracy and a 100% availability from the very beginning.

The transits are made only once a year and the pilots handle much smaller vessels
the rest ofthe time and without Large Scale ECDIS. Therefore the yard has the captain and
pilots do a refresher training in the ship manoeuvring simulator shortly before every transit.
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1. Introduction: the problem and its explanation
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T ransport safety has several dimensions. One is that of public safety. T his aspec t has been
hardly explored. The purpose of this paper is to describ e the factors influencing public safety
in pu blic transport and to relate these to classical transport and traffic safety.

Public transport has an inh erentl y larger transport safety than private transport ,
especially wh en and where it needs not share its way with the general public. lts public
aspec t however causes co nce rn abo ut public safety . Private (moto rized) transport is safer in
this respec t because of the privacy and independance it offers.

The public transport user may suffer from bath traffic and public un safety unl ess it
offers a door-to-door service. People most vulne rable to un safety are likely to have less
access to private transport and expensive door-ta-door services if available at all.

The intricate relationships have been explored in studies for the Dutch high spee d
eastern railway line, which might force an existing line to go underground or to move
towards the outskirts of the towns serve d, thereby affecting the public safety of the system .
These studies are not unlikely to lead to an integratcd planning approac h of bath transport
and public safety.

2. Transport safety and public safety

In the past transport safety was mor e o r less syno nymous with traffic safety or int ern al safety
of the transport system : the chance to part icipate in traffic with out damage result ing from
human, vehicle or infrastructure failures. This chance is dependent on the subsystem on e is
utili zing, the technologic ally mor e advance d (separa ted, professionalized, automated)
systems bein g the safest ones. Safety perh aps is threaten ed most where less adva nce d systerns
meet in public space, intended for human interaction but permitting rapid vehicle
1l10venl ent.

Extern al safety, the chance of damage to the enviro nme nt resulting from transport
incidents, has received more att ention in recent years especi ally because of rhe dan ger
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inh erent in chemical transports. In The N etherland s it lead a.o. to a dispute on the
acceptability of building an office near Dordrecht station, with its imp ortant transports of
Dupont chemical industries. The danger for app roxim ately 100 additio nal office workers
was regard ed to be a probl em , the fate of tens of thou sand s of passengers, already present
on platforms and on board of trains. was disregarded . lt might be called interna l safety, but
that can hardly be a reason for disneglect.

External safety too is likely to be best in technologically more advance d systems.
R ailway stations with mix ed operations consitu te a problem because of the co nfrontation
of externally dangerous freight operations with large numbers of person s.

Public safety might bc called the freedom from harm caused by deliberate human
action. A logi cal question is whether thi s type of safety should be regarded as externalor as
int ernal instead.
Two hypotheses seem to be plausible :

• public unsafc ty may add co nsidcrably to both extcrnal and cxternaI unsafcty
• public unsafety is a dim ension of both int crn al and external safety

The plausibility of the first hypothesis is easily shown by two extreme examples: suicide and
terrorism, which again may imply suicide . Transport means may be used to commit suicide.
Throwing on ese!f before a train is a traditional and effective technique. It is an important
cause of disruption of Dutch railway schedules with several hundreds of incidents a ycar.
For passenger safety it is rath er irrelevant though : the train is hardly rcceiving any impact at
all. M ore problematic is the use of the motor car as an instrument for suicide, especially
whe n a co llision with ano ther vehicle is sought. Some of the "ghost riders" , using a
highway !ane in the wr on g direction. have thi s in mind.

Terrorism in the transport system no doubt has an imp act on int ernal traffic safety
toa , but it is more than suicidal action s likely to have an impact on externa l safety, simply
becausc (potentially) excessive harm is the goal of ter rori sm. Thc Lockerb y disaster is only
one cxample. It shows that technologi cally more develop ed systems that are subjected to
ter rori sm may have more disasterous externe! effects.

The second hypothesis impli es in fact that public unsafety is int ernal to the transport
systcms themselves. The traditional distin ction between int ernal and ext ern al safety of
transport systems is in fact onl y on e between victims on the road and off thc road. Externa l
safety might just as weil be con ceiv ed as safety outside thc systcm. As a thr eat from outsidc
this may have have transport internal effects, which may have to be mitigated . Therefore
the Dutch high speed link to 13elgium is guided by a co ncrete wall wh ere it bundies close ly
with an existing highway: to be protected from collisions with lorri es.

Transport systems do not exist in splendid isolati on. T hey are intended to maintain
communications between different geographi c part s of society . Certainly th e movem ent of
persons and especially public transport, in whi ch these person s get into dir ect contact, is
likely to be a mirror of soc iety in gene ra!.

Unsafety may dcter people from using the or a transport system th ereby thr eatening
its essential function . T raffic unsafety may disencourage parti cipation with private means of
transport, but public un safery might reinforce thi s effect on the one hand (affecting walking
and cycling especially) and affect the safety of public transport on the othe r hand .
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3. Tunneling as a threat to public safety
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T raditio nally tu nnels we re bu ilt for eco no my. In designi ng railways and roads othe r
infrastructure, like navigable rivers, have to be crossed and difficuit territ ory (mountains or
conurbanisations) traversed. Tunnels were constructed to avoid large horizontal or vertical
dcrours or the great cost of adapti ng land - and townscape .

In The N eth erlands. but in ot he r co untries as we Il, the re seems to reign a tunnel
mania, possessing the genera l public and local authorities and fueled by the co nstruc tio n
industry. People are demanding tunnels in new infrastructure in circ umstances wh ich on
th e basis of cost or acce pted values would allow for eleva ted or even surface constructions.
Stric t noise regulations make these mor e costly than th ey used to be, but as a rule
insufficie ntly so as to j ustify tunnel cons truc tion, in spite of bett er (more profi table)
development opportunities in the zone of the line.

Especial1y in the case of railway widening (do ub ling the number of tracks) there is
an urge to pu t the entire line in a tu nnel with in built up areas, With the line th e railway
station goes down as weIl. T he underground situation, out of sight, might erea re public
unsafety though. Eve n if the objeetive safety (the num ber of incidents) would not
deteriorate, subjective safety (people's perception of the chance of an incident) might turn
more nega tive . Eve n if it is perceived o nly as a loss of ame nity it might distract passengers
from using the train, espec ially duri ng off peak periods. I t co uld be eve n fatal fo r th e
exp loitation of less used stations . This is the problom as it was perceived by thc project
management of the D utc h H igh Speed Proj ect Soucheast .

4. A research programme for the High Speed Train Southeast

Dutc h government is working at high spee d rail co nnections to its neighbouring co untries ,
Belgium and Germa ny. To Belgium an entirely new lin e for 3üü km/h is built from
Amsterdam Airport to the Belgian po rt of Antwerp : the H SL-South for w hich co nstruction
is cxpected to start befere the year 2000.

After some debate th e idea of a new line to Ge rma ny was dro pped. Instead the
Am sterdam - U trecht - Arnhem - Em me rich lin e to Ge rma ny will be doubled and adapted
for 200km/h opera tions, T he first stre tch, to th e town of U trecht has been agree d up on,
except the part within the municipality of Abcoude, w hich demands a tunnel supported by
national parhame nt . Planni ng for the Utrec ht - Ge rman border stretch is still in its
beginnings, but several municipalitics are dem anding tunnels for th e passage of th e HST
cast throug h towns like Ede and Maarn .

As part of th e plan ni ng process a series of studies into public safety was undertaken ,
with the ambitie us goa l of assessing the contribut io n to public safety made by depressing
stations and th e impact it might have o n travel beh aviour.
During 1996 and 1997 four studies we re under taken in the following or der:

• a Iitcrature survey by H olland R ailconsult (an NS company),
• an effort to co nstruct a theory on pu blic safety of railway statio ns by T U Delft,
• a "quick scan" on the basis o f existing railway data to estima te th e pot en tialnumber
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of passen gers lost at stations that might be de pressed, by several parties lead by
H eid emij Consultants (now Arcadis),
• a design oriented study of th e most im portant H ST- east case: Ede station by
H olland R ailconsult and T U D elft.

In th is paper th e emphasis is on thc th eoreti cal study by the prese nt aut ho r, but some
outcomes of th e o the r studies wi ll be discussed. In th e stu dies public safety was only loosely
co nnected to othe r types of safety.

5. Public transport tunnels and public safety in literature and sourees

An extensive literature survey produced several general sourees on public safety as rclated
to the ph ysical enviro nment, but hardl y any souree on public transport let alo ne railway
stations. Inquiries amongst foreign railway companies w ere co mpletely improduc tive. On
mi ght think th at th e probl em is nonexistent. The ex istance o f railway police and the
pr esen ce of a multitude of surveiIIance cameras on statio ns (at Amsterdam CS at least 120)
are pro of of th e co nt rary.

Social safety proves to be a multi-facet ed problem : it can be identified wi th certain
areas, tim es en population categories both in an act ive and passive way. Areas with little
socia l co ntrol but some shel ter for assailants are most probl ematic, especially after dark. The
potenri al victims, relative defen celess wome n and eIderly tend to avoid these circ umstances.

A Dutch survey showed that people feit most un safe in th e m ost segregated public
system, the und erground, and least so in th e most integrated one, th e bus. T he variables
responsible for th is distinct ion were not identified . Fo r Dutch railway stations regular
surveys and inc ide nt registration give a relatively reliable picture of social safety and its
causatio n but o nly in ge ne ral terms. During th e day(Iight) th ere is hardl y any public safety
perceived. O nly border statio ns with foreign drug abuse are sco ring high er than 10%, rhe
notoriou s statio n o f H eerl en on th e Germa n border ranking high est. Platfrom tunnels and
empty platforms are rnentioned as un safe places. C rime on railw ay statio ns can be called
petty: hardl y a case of rnurder, no rape at all, and instead pred ominantl y deviant, annoying
behaviour, pickpocketing ete.

Depressed stations bein g th e exceptio ns as yet (on ly two cxa mples, at Rotterdam and
Rijswijk respectiveIy) th e public safety of thi s type of statio n could not be asessed . A
co mparison of safety records of statio ns with and without platform tunnels respect ively,
showed no significant differ en ce. T his is hard ly surp rising give n th e large variety of stations,
with differen ces in use, layout and enviro nment.
An cstimate of a potential decline in passen ger numbers was rath er difficul t too. It req uires
de tailed informa tio n on passen ger sex, age and travel hou rs. This was available o nly crudeIy.

T he efforts to b'Tasp th e substance of public unsafety and its co nt rib ution to a decline
in passen ger numbers did not yieId very tangible resu lts. Yet th e risk to loose passengers
during off peak hou rs, w he n th ey are o f parti cu lar value fo r profitab iliry, was a sufficient
motive fo r both a theorerical and a pract ical exercise.
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6. Theorizing on public safety and tunnelled stations
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Look ing for the impact of an underground location of a railway statio n, o ne is trying to
assess the impact of only o ne of th e causes of public safety. Besides ph ysical variables soc ial
ones are important. M easures against uns afety sho uld be based upon both cate gories.
Preferabie are meas ures that work "a uromarically", th rough "social co ntro l" or th e ph ysical
conditions for it .

In traffic safety the tendency in Dutch poli cy is different: int ensifying formal and
ph ysical co ntrol of be havio r. In both internal and "external" safety problems we have to do
wirh the control of machine-systerns however , whereas public safety is escn tially socia l. O n
the basis of th e insights gaine d from literature one can distin gui sh four co nditio ns for public
safety of railway stations or of public places in gene ral, disregarding the presen ce of potenrial
attackers.

Two co nditio ns are social in character: co mpany and co nt ro l (social and forma l).
The other conditions are ph ysical in characte r: sight and escape. These co nditio ns seem to
consist of a numbe r of subvariables, w hic h will be mentioned briefly. Their relative
importan ce is often uncert ain , but do require atte ntion in any case.

The mo st important co nditio n no do ubt is co mpany: accompany ing persons , fellow
passengers, visitors of statio n facilities and passers by. Am ongst peop le nothing mu ch can
happeIl. A seco nd co ndition, mor e or less co nt rasting w ith th e previous one, is escape: th e
possibili ty to retreat, eithe r into an enclose d pri vate space (like th e mot or car offers) or into
an adjacent public space. The co ndition is important both objectively and subjectively : a
possibility to avoi d un welcome co mpany, and th e feeling not to be pent up .

A third facto r is sight: the possibili ty to look ahea d, transparancy, lighting. It makes
avo idance not easier, but at least potential dangor is visible, and for e the r peop le as weIl. In
desig n and ma nage me nt of Dutch railway station thi s co nditio n is optimized if not
l11aximized: glass palaces bathing in ligh t. The four th co ndi tion is co ntrol or supervision,
bo th fomral and informal. w ith and with out technology. It is served by sight of co urse.

In spite of the importance of social co nditions, o r ma ybe dunks to them, th e
physica l facto r ofeleva tio n, the position relative to the surface, is de finitely relevant, because
(simp ly stated) public life takes place at the surface. In fact an underground siruacion exe rts
a negative influe nce up on all four conditio ns. An elcvated situation is less detrimental
because the it allows for bett er sight and (social) co ntrol.

In an underground sirua cio n th ere is litd e (cosdy) room for facilities atracting
Outside rs, a sma ller chance for passers by unl ess th ere is a pedestrian strea mc d forced to pass
throug h, it is difficuit to erea re easy w ays o ut or transparancy ete. The co ntrast with th e
usual glass palaces makes the enclosed underground space all the mor e repulsive.

7. Conclusions: a comprehensive approach required

The research for th e HST Southeast should be fun ctional in moderating local autho rities
dema nds for depressed railw ays and ditto statio ns. lt certainly made us clear, that in planning
railway stations, in planning for a public transport that is attrac tive at any tim e and for
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anyone, a comprehensive approach is necessary.
A maximum public safety of public transport can by achieved by putting a station in

the centre of local life, with pedestrian and cycle routes passing along and through it and
with activities around it. Of course this is necessary too for commercial success of the
railway, The concentration of streams of "weak traffic participants" moreover enables the
planner to provide them with separate facilities enhancing traffic safety.

Public safety prcdorninantly is a problem of late hours and for relatively helpiess
people. Then offering help might be a solution: demand responsive transport from hou se
door to train door, and not to station door, as is the case with the Dutch train taxi. An
additional solution is reduction of the operating space of the station at night: using only a
restricted area both at the roadside and at the railside and keeping it under continuons
professional surveillance.

The Ede-Wageningen case-study showed that a comprchcnsive approach is no
common practice as yet. The station was located at a railway crossing in the road between
the towns of Ede and Wageningen. Ede gradually expanded to the station and across th e
line. About 15 years ago a new station was built and the road was led through a tunnel at
a few hundred meters distance. Cyclists too were supposed to use that tunnel. For the
inhabitants of the town quarter across the line it is a dctour though and therefore they use
the pedestrian tunnel of the station, often cycling through it in spite of threats with high
fines. Pedestrian safety, or at least ameniry, is threatened in the tunnel, which is the onl y
access route to the intercity tracks . From the environment there is neither sight nor social
control on the platform. Massive concrete walls, sharp curves and hidden corners spoil sight
within the station as weil. Both the road and the pedestrian tunnel are perceived as unsafe
by the general public. The main entrance of the station is nearly hidden for passengers
approaching the station, the waiting buses to Wageningen are hidden from the passengers
leaving the station. The lighting of the station is continuously intensified, the station squares
look all the more dark because of that.

Vet on the basis of registrated incidents social safety is not a big problem at Ede
Wageningen, in spite of a number of tramps. One evening we counted passengers and
observed behaviour in and around the station. To our surprise women were
overrepresented, but elderly people were practically absent in spite of good light and
weather.

The station has a frequent train service and it is weil used, as the conneetion for two
towns with higher education facilities . The squares at both entranccs are under (informal)
surveillance of local transport drivers long after the station personnel has gone home.

Chemica] transports to nearby Akzo synthetic fibre factory are handled close to the
platform. Really frightening are the Eurocities thundering along too narrow platforms at a
speed of 140km/h. The station manager for the region thought it out of date : shouldn' t
platforms be sealed of from the tracks , to be opened only at the arrival of a train? At least it
would save the waiting passengers from witnessing suicide. The only fixed design criterion
for non-HST stations, no platforms along HST tracks (200km/h), may increasc subjective
safety but it will not prevent these incidents .
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Abstract. A wo rking gro up installed by th e Ministry of the Int eri or perfom led a safety
study for th e adve nt of high-speed trains to th e N eth erlands. T he pers peetivo of loca l
disaster response agcncies was chosen. T he mai n objective was to incorporatc
cons ide rations for disaster respon se in th e design of the train and the track.
Rcprescntative accide nt and response scenarios we re drafred. It became evident that at
sorn c locations the re is a discrcpancy be tween th e dcmands of a representative response
and the acrual respon se potenrial. Solut ions have to be found for these locations, cithcr
by measures in th c infrasrru cru rc, o r by adding to the support facilitics . or the response
po tenri al.

1. Introduetion

Currently decision making on High Speed Trains (H ST ) is an issue in th e Netherlands. The
main issues are: the conneetion with the surrounding co untries, spatial incorporation and
environmental consequences. Safety is one of the factors for de cision making.

Several approaches can be taken for safety considerations. The Duteli Ministri es of
Housing, Spatial Planning and the Environment respectively of Transport, Public Works
and Watermanagement take a risk approach . A working group installed by the Ministry of

the Interior took the perspective of disaster response instcadl . The results are pre sented in
this paper.

It is rclatively new to take the perspective of disaster response in safety stu dies for
major projects regarding Dutch infrastructure. Hence its scope and signifi can ce are still to

be determined.

1 The wo rking gro up resorts under a proj ect team co nsisting of represcntati vcs fro m the D utc h R ailways, several
M inistries (the Int erior ; T ransport . Public Wor ks and Watennanagem ent; Soc ial Affairs and Employmcur:
Hou sing, Sparial Planning and th e Enviro nme nt), th e opcra tio nal serv ices (Po licc , Fire Brigad e. Pu blic Hcalth
Services) and an ind ep endent advisor.
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The concept of safety only has meaning in a societal context. Inherent in the concept of
safety is that a safety-level exists bel ow which the remaining risks are accepted by society.
Disaster response teams are instituted to deal with these rcmaining risks. The basic objective
of thc working group has been to rationalize the efforts and expenditures for dealing with
the remaining risks of the HST. More matter of factly, the objective was to incorporate
considcrations for disaster response in the design of the high speed train and track in an early
stage.

Early consideration of disaster response has several advaurages. It creates a "win-win"
sicuacion where the designers as wcll as the disaster response organizations can benefit in
terms of tailor-made plans . Most importantly it enables early inco rpo ratio n of easily
adaptable aspects in the design, e.g . the adjustment of rnaintenance-roads to allow for access
by disaster response teams. In addition it facilitates a rational choice between preventive and
preparative measures, e.g. between investments in the infrastructure, in supporting facilities
or in disaster response.

3. Approach

A hazard and response assessment was performed. Both accident scenanos and response
Scenarios we re drafeed. Basic health-standards were adopted to develop operational testing
criteria. This resulted in representative accident and response scenarios that served as
guidelines for an adequate response. Finally local response agencies we re asked to make an
inventory of points along the track w here the respo nse capacity did not measure up to the
representative response .
Overall the assessment consisted of five steps:

• inventory of potenrial accidents,
• selection of representative accidents,
• specification of representative effects and consequences,
• specificatien of representative response,

followed by:

• evaluation of actual response capacities .by loca l response agencies along the track.

4. Accident-types

With the aid of event trees a range of potenrial accidcnts was identified and characterized,
Accident causes resulting in a similar accident were aggregated, e.g. dera ilment by sharp
CUrves in, obstacles on, or dislocation of the track. Overall, seven types of accidents were
distinguished (Table 1). These types of accidents will serve as checklist for (future)
evaluations of design characteristics, e.g. the construction of stations such that individual
accidents are not likely to occur upon entrance of the HST, or with (high speed) passage of
the station.



254

Table 1. Types of accidcnts.

D erailment
Collisio n
Fire

Suicide atternpt
Individual acc ide nt
Bomb threat

Scssion 2: Modaliry and Na tioualitv

Subsequ entl y, accid ents w ith a potential for m ajo r loss of life w ere identified: derailm ent,
collision, fire and bombing threat, From these, derailmcnt and fire werc selec te d as
rcpresenrative for a type of conseqllences and/or response. D eraiIment was chosen as

rep resentative for der ailm ent and/or collisio n (w ith co m parable co nseqlle nces and

response). Bombing threats w ere not co nside red w ithin th e working group fo r
co nfide nt iality reasons.

T he next step was to choose th e most rel evant settings for th e remain ing types of

accidents. For derailment an open field setting at full speed was chosen (soppy pastures),
whereas for fire a standstill in a tunnel was deerned most relevant. Only derailment will be

dealt with in thi s paper",

5. Derailment scenario

T he drafting of scena rios is a creative rather than a scient ific process. A mo re or less
objective assessment is onI y partly possible . C ouseque n tly, ex pe rt opinion is of pararuount
im po rtancc, A(n un structurcd) co nse nsus approach was ad opted to elic it ex pe rt opinions. A

co nse nsus approach was pr eferred over intersubj ecti ve weighing methods, becau se
improvcment of the curre nt sirna tio n seemed of more interest th an sorne " true value".
Ther efore th e working gro llp set th ernselv es to the task of devising a scenario tha r was

highl y realistic and would form achallenge for local response teams for th e first ten years or

so to come.ê

Derailment causes acu te dec eleration for ces that result in th e propeIling of luggage
and passen gers, mech an ica! distortion of th e train and fragmentation of glass. As a

co nseqllence a sign ificant number of passen gers w ill be killed or wounde d, especially in the
first two co m part ments. The types of lesions can be specified and grouped an d numbers of
vic tims can be estima te d .

The lesions w ere gro uped by level of sev erity into so called " triage -groups". T riage
is the continuous process of determining the urgency of treatment for acute patients. In th e
N etherlands a uniform tri age system has be en ado pted for mechanical lesions, suc h as occur
with derailment of trains (Ta bIe 2). This syste m has been adapte d to field oircumstances.

Triage groups presuppose free acc ess to th e patients.

2 T he tu nnel-sce nario is currently undcr invcstigarion in rhe bronder context of tun nel-studies.

3 The dcve lop mc nt time of the high speed track is almest ten years.
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Table 2. Durch triage systcm for mcchani cal lesion s.

Tl lmmcdiatc threat ra life, stabilization of vital functions necdcd within I hr
T2 Indirect threat to life, stabilizarion of vita l fun ctions nccded within 8 hr
T3 No life thrcat
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T his system has been slightly adapted to allow for patients that cannot be readily rescued,
because of the mechanical distortion of the train . In thc moderate elimate of the
Netherlands the body temporature of victims may drop to dangerously low levels after
about two hours during a large part of th e year. T his is even more true for patients with
little or no body movemen t because they are serio usly inj ured . If rescue is delayed for a
lon ger period of tim e excess mortality is to be expected. T he triage system has to take th is
into account (Tab Ie 3) .

Tab le 3 . Adaprcd triage sysrcm for situatio ns with delaycd rescuc of victims.

Tl lmmcdiatc threar to life, stabilization of vital functions needed within I hr
T2 Indirect threat to life, stabilization of vital functions needed within 2 hr
T3 No Iife thrcat

For some types of accidents empirical data are available about the division of patients over
the triage groups . No such data are available for HST's, howevcr. As a matter of fact no
valid data were found for trai n accidents. The accident- type with valid data most similar to
HST-derailment was: start and landing accidents of airp lanes. From these data a estimate was
derived (Tab le 4).4

Table 4. N um bcr of vict ims in scenario dcrai lmcnt.

Access Tl T2 T3 TOTAL

Unhindered aeeess 1 3 18 22
Hindered access 3 7 12 22
Entrapped victi ms 8 8 5 21
TOTAL 12 18 35 65

6. Response scenario

Major accidents and disasters rcqu ire a coordinated effo rt of response agencies. Several
interrelated processes and sub- processcs can be distin gu ished . For the globa l pu rposes of
draftin g a rcpresentative respon se, how ever, it is suffic ient to co nside r the overall respon se
proeess. T he response process can be divide d into a num ber of phases (TabIe 5) .

T he phases can be charactcrized by the build- up of capacity over time and be related
to the dernands posed by the triage system. T he demands that Tl -victims have to be
stabilized within ene hour and T2-victims within two hours put a time limit to the "end

4
Modeling oflcsion s was not within th e rcnlm of the working group.
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phas es" of the response activities . Now it has be corne "only" a matter of counting back to

the start of the acc ident to derive the representative response . Indeed , this exercise was
performcd, again by means of expert opinion (Figure l/Table 6) .

Table 5. Phases in disaster response activities.

Phase Short description
D etection Time interval between start accide nt and its de reetion
Int ern al alarming Time int erval between detection and alarmi ng passengers in train
Evacuation Time int erval between alarm and reaching a safe place outside train or tunnel
Extcrnal alarming Time interval between dereetion and alarming of rescue servi ces
Att cndance T ime interval between the first alarm and th e arrival of th e first rescue service

unit at the dcploymcnt locat ion
Deploymcnt T ime interval between the arrival of thc fire and rescue service units at the

location of th e incident and thc op erational dcployment o f the respon se
agen cies

R escuc Time wit ch elapses between th e internal eme rgcncy officers/ fire and rescuc
serv ices bein g dcployed and the moment whcn everyb od y has been
evac uated from the imp eriled area and if need ed has go t modi cal first aid

Aftereare l' eriod after rescue nced ed, for rc-esrablishin g of th e normal func tioning of
the HST system

rs:
I
I
I

111.

Fig ure 1. Time schedule for phases in disaster response activitics.

I
cat.t1 • 8 vk:tIms

I

I

cat. 11- 3 vk:tIms,
I

I
I
cal t1 - 1 vk:tim
I
I

I
I
I

lIJ..

With train accidents it is generally most troublesome to reach the accident site (throug h
soppy pastures and over canals or sound barriers), to gain access to (the rernain s of) th e train
and/or to extricate entrapped patients. The time estimates for th ese activities are relat ively
uncertain . Especi ally the time required to reach the site can vary quite drastically, as it
depends on the distance response workers have to go on foot. Further investigations sho wed
that firemen can walk about ten minutes with the necessary equipment, e. g. for gain ing
access to the train. Fro m these investigations it was fur ther concludcd th at the maximum
walking distance is 250 mand dut there should bc an access (incl. turning point and
dispatchment area) for motorizcd vehicles, suc h as am bulances and fire fighting tru cks, up
to that distance all along thc track.



Railroads

Ta ble 6. Time schedulc for phases in disaster response activitics.
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Phase T ime (minutes) Cumuiared time (minutes)
(1) dereetion 0 0
(2) internaI alarming 0 0
(3) external alanning 5 5
(3a) charge removal 2 (30)
(4) arrendance 5 20
(5) first exploration 15 (25)
(6) accessibiliry of rail and train 5 45
(7) safe wo rking conditions 25 45
(8) rescuc of victims outside the train 0 (50)
(9) rcscue of readily acccssiblc victims in train 5 (55)
(10/ 11) make access to victims in closcd train 5 60
(10/ 11) cxtricate trappcd vict ims in train 15 60
(10/1 1) stabilize victims 15 60
(12) modica l help to preven t supercooIing 0 120

7. Evaluation oflocal bottlenecks

local disaster respo nse agencies have uscd the above guide lines to evaluate thei r potential
response to accidents wi th high speed trains. Especial1y the maxim um walking distance of
250 m was gra te fully ernp loycd as testing criterion . Several excecdings of th is maximum
were noted. In some cases it is rath er sim ple to co rrect these exceedings by extending or
~nlarging a road. In other cases, however, suc h rneasurcs are less feasible or simply
1Il1possible, e.g. restricted by waterways, and other solutions have to be sought.

8. Conclusion

T he scenario method for incorporating co nside ratio ns of lo cal disaster response in an early
stage of the design process pr ov ed to be useful in th e case of th e HST in the N etherlands.
It result ed in th e identification of local bottlen ecks alo ng th e planncd HST railroad .

Of co urse, th is is only in co ntribution to a more ge ne ral safety approach . With a
11l0 re gene ral appro ach it is possible to weigh th e var io us solutions. Very often it is bet ter
to preven t acc ide nts fro m happ ening th an to erea re facilities for dealin g with accidents. But
it is very difficult to state th at a certain acci de nt, say de railme nt, can never occur. O nly
when a scena rio can no t occur, o ne can safely say that no measures are needed to co pe wi th
it. Usefulness of th e describ ed meth od in othe r cases wi l1 be investigated.
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The Ergonomies of Traffie Signs
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1. Introduetion

From th e user 's point of view, th e ro ad signs are understood as a wh oie , and at th e sarnc

tim e, as a part of th e dri ver's env iro nme nt. The observatio n and analysis of th eir effective
corn ponents allows us to say that th e eleme nts of th e env iro nme nt and the interpretation of
th e signs may be classified into rwo gro ups, endogeno us, intra-individual and exogenous,
co ming from th e env iro nme nt wh erin th e user lives.

When used as a simpl e codified associ atio n betw een color and message signs do not
assure user cornprehension. The fact th at a code works for its ori ginator do es not impl y th at
it w orks in th e same w ay for th e user. In thi s case, th e co mmunicatio n may be flaw ,

An informative eleme nt is designated as a sign , w hich is co rnposed of two elemenrs:
th e significan t, in th is case th e roadsign and th e meaning th at it co nno tes, the co ncept or
m essage. The roadsigns are at th e same tim e code and language: sometimes th e former.
othe r tim es the latt er. For cxa rn plc , a co de in associatio n with the co lors and a Iangu age

represented by a slach.
Lucet et al. (1975) divided th e roadsi gns in accordance with the way in which the

object was represented . The first bein g manifested wh en the object is easily identified e.g
a bicycle. T he seco ud bein g a srylized rep resentarion , w he n the object is represe nted by a
symbolic picture, as in th e case of a straight road and the third being a co nventio nal arbitrary
representation. The reacti on tim e of a verbal message is less th an th at of a symbolic sign
(Dewa r et al., 1976; Loo , 1978).

An aln lysis of the driver's task rises th e qu estion whi ch is th e availabl e tim e in terrn s
of mental load and perception. Which would be th c actual readiness tim e for the ro adsign s?
Mourant(196 9) studied the driver's eye movim ents during dri vin g activity and pr oposed
that th e tim e spe nde d in th e reading of th e roadsign s is less than 10% of th e to tal time
measured , with th e remaining tim e distributed betw een look ing at th e ve hicle in front ,
looking at th e ro ad, or glan cin g rand omly. Shinar and Drury (1983) sho we d that th e signs
seen during the night w ere more easily reaclied than those seen during th e day. T his result
could be due to th e (Kt that the perceptive field at night co ntains less visual distraction th an
the perceptive field during the day,

The recognition of th e roadsigns is influ en ced by th e visual ang le in interaction with
the envi ro nme nt and eve n in thi s case th e ve hiclc's spee d does not influ en ce the perception
(Ladan & N elson, 1973). On th e e ther hand , roa dsigns placed in a position above rhe
high way are secn more qui ckly than th ose placed by th e roadside (Forbes , 1969).
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Some studies indicated that there is a difficulty in relation to the visual record of the
roadsigns, related to the interest of the road user or the importance of the sign for his
behaviour. Initially the sign is detected at the sensoriallevel, but the information may be or
rnay not be stored mnemonically. The storage process occurs when the roadsign provides
an important due for the driver (johansson & Backlund, 1970; Surnmala &

Hietamäki,1984). Roadsigns were placed along a highway in such a way that they may be
wen seen by the drivers. When questionned about the last roadsign seen, it was found taht
Speed limit signs and police warnings were more identified than pedestrian-signs (Iohansson
& Rumar, 1966).

Michault(1984) showed that therc wcrc three variabIcs influencing thc rccognition
of the roadsigns: the age, the cultural level and the amount of time since the initial issuing
of the driver license. Whitaker (1985) studied the "airport sign", with a silhouette of an
airplane and a directional arrow, The drivers did not interpret the oricntation of the airplane
as direction information when the arrow was absent. The rcaction time was faster when the
two symbols (i.e . airplane and arrow) were in agreement with the direction. Positive
l11essages are easier understood than prohibitive ones and the slach; placed in the drawing
obscures the perception of the symbol (Dcwar, 1976).

2. Experiment I

The Brazilian Traffic Code includes warning and regulatory signs. This study was designed
to investigate the knowledge of roadsigns by the professional drivers, in order to ascertain
the pr ésence of possible differences in th is knowledge among professional drivers who work
only in the urban area of Ribeiräo Preto and other who drive longer distauces (Alves dos
Santos, 1988).

Sample:

Group 1- There were 500 drivers, residents in Ribeiräo Prcto, employees of company
carriers, driving cargo trucks in the city and the near area.
Group 2- A 150 professional drivers of the sarne category, driving cargo trucks in the same
area and at longer distances.city, ncighbourhood and further.

lnstruments: Plastic cards were used containing 10 roadsigns and an answer blank for
the subjccts .

Procedure: Each driver received a card and was asked to write out the official name
of the roadsign which has been learned previously in a driving school as weil as he/she
should behave in response to the sign. A total of 65 responses were obtained for each sign
including the names and the behavioural meaning.

Rcsults: Statistical Analysis revealed that only 4% of the official narnes were correctly
recalled. In reverse, 43% of the answers concerning behavioural meanings were correct. In
other words, the correct names of 96% of the roadsigns were not recalled and in 57% of the
behavioural meaning wc re not known. The hit rate of some roadsigns did not reach 10%.
\Varning signs we re recognized 1.67 times less than regulation signs (i.e. ratio of 3:5).
Pictorial roadsigns were recognized more frequently than abstract and schematic signs.The
AlO brazilian roadsign indicating - traffic emerges from right and A11- staggered junction



260 Scssion 2 : Modalitv and N ationality

first junction first to th e left we re inc orrectly identified 92% of th e tim e. In co nt rast. correct
identification of th e airpo rt roadsigns was 93% whereas the A30 sign(cydists) was 66% . The
co nti nuo us and interruptcd dernarcation lin es of th e high ways were badly identified.

T hese results may j ustify thc condusion that one of the difficul ties lies in the
licensing proccess. A low level of instruction is required from the candidate: simple learning
and technical narnes, without no accornpaning symbol to behaviour learning.

3. Experiment II

Untill now th e braz ilian engi nee rs were responsible for th e roa d co nstruc tio n and rhe
vehicle safety. But th e best highway and th e best vehide do not make traffic safe without
th e uscr 's co llaboration. To impro ve thi s beh avier an approp riare learning program is
necessary, acquire d throu gh instru ction, training and more dem anding driver exams ,

R egarding th e results of Expe rime nt I, it was prop osed to work out a link between
th e tec hnica] engineereing code and th e compre hension of th e road user. The traffic signs
are not ergo nomically adap ted to th e brazilian dr ivers. R oadsign seem nor to be an efficient
conveyer of th e coded message. Alth ou gh it is extrernely difficuit to change roadsigns in
Brazil, th e authors have suggested a new teach ing and learning program (R ozesrraten , 1996;
Alves dos Santos, 1988).
In ergono rnies four main types of action may be distinguished :
1) th e enviro nmental erg ono mics(tempe ratur e, illurnination, ox igen)
2) th e ergonomics of furniture and d othing (chairs, tables. shoes, trousers)
3) th e ergonomics of machine and human w ork activities (w hcc l, gearshift, do mes tic and
industrial machines with handl es and pusbuttons)
4) rhe perceptual- cogniti ve ergonomics regard ing the co mprehe nsibi lity and facile learn ing
of all types of symbols. For ezamp le: co mpute r ico ns may be not ergo nornical, and even
useless, if th ere is no co mprehe nsio n of keyboard manipulation ,

All roadsigns are symbols wic h maye not allways be clcar. As a sim ple example: the
roadsign with an up ward vertical arrow must be understood as a straight horizo ntal

direction .
During instruction at th e driving schools in Brazil candidates must associates naIl1CS

with roadsigns. Expe rime nt 1 showe d th at pictori al signs as airp ort, school and workers werr
better rccognized than signs indi cating intersections and juncti on s. Besides th e und ear
design for th e dri vers with a low level of educa tio n, th e teehuical narn es seerns to be in an
for eign language: because neither th c designs nor th e language are we il un dersto od.

In o rder to make th e learning process easier and to provide an adequate bchavioral
repertory for the road users, th e nuthors develop ed a manu al "The T raffic signs and Safe
Beh avio r" (Rozestraten, 1996) . T he most essencia l is th e beh avior involving "knowing
w hat to do" rath er th e nam e of th e sign per se.
Thc manual follows th e immediate rul es:
1) R anging signs in appropriate categones
2) C ombining th e technical name with a popular name
3) lndicating th e most frequent location of th e sign
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4) Establishing the be haviours appropriate to the sign requirements or suggestions.
This program is referred to as: the Explicited Behavioural Method. If the signs are

noj very clear and do not provide ergonomically adequate behaviour, th en signs must be
better cxplained in order ra associate them with the correct behaviours, There is some
similarity between the icons on the computer screeu/related keyboard manipulation, and
the roadsignsl the rela ted behaviours of the road-users.

In order to test the efficiency of this Explicite Behavioural Method, Silva (1993)
studied two gro ups of 15 men and 10 wornen: an experimenral and a co ntrol gro up, using
the matched group ex pcrimcntal designs (Mcguigan, 1968) .

T he cxperimcntal group was subjected to a pre test (A) of re lated behaviou ral
knowledge of roa d signs . Aficrwards thc sarne group studicd the signs using the Explicit
13 eh avioural Method (Independent Vari abi e). T he foll ow in g step in vo lved the
adm inistration of the postest (B) co ncerning beh aviou ral Inowledge of roa dsigns; and finally,
the official government traffic exarn (C) co ncerning signnames was administrated.

The contro l group followed the trad itional learn ing method, where the names and
designs associations was required. T he gro up was then subjeered to both : test B, requiring
behavioural relatcd knowledge of the roadsign and th e official governments traffic exarn.

An Analyses of Varianee showed a statistically significant difTerence between test A
and B of the experimental group in fave ur of the test B. The same test Band the official
governments traffic exam were used with both groups. The results of test B showed a
statistically significant difference between the two groups, showing better results in the
experimental group. However not no significant difTerence was obtained for resu lts of the
official government exam. Thus it was clcar that the simple association between name and
design do not guarantee the aquisition of appropriate sign related behaviour, T he same
results obtained in the official government exam does does not show any difference
between the gro ups regarding be havioural Inowledge.

4. Conclusion

Res ults of the ex periments, described above, suggest th at ergonormcal effic iency, spec ially
involvin g pcrccptive-cognitivc ergono mie activi ry, may be rclative, and dep ends on th e
educa tio nal level of th e po pulatio n un der study. In one cultural co ntext roadsigns may be
very clear and elici t appropriate beh aviou r, whe reas in anothcr cultu ral co ntext th e sarne
signs may not be understood . In add it io n it was showed that ex plicit beh aviou ral learn ing
programs improve th e ergo no mical efficiency of transmitted traffic messages.
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Low-Cost Safety Irnprovernents at Freeway
Discontinuities

T homas Dijker, Bernard Jan Boekholt, Piet H.L. Bovy
Delft University c1 Tecllllology, Paculty if Civi/ Engineering and Ceo Sciences,

Transportation and Traffic Engineering Section, The Netherlands

Abstract . Dc spitc rhe alrcady vcry high level of traffic safety 011 motorways, road
operators are co nstantly trying to dcvclop and test measures to imp rove safety on the se
roads. The high share of motorway traffic in th e total car mobili ty in thc N eth erland s
(nca rly 40% of all carkm) is onc of the moti vcs to look for further safety improvcm cn ts.
Tra ffic movemcnts at mot orway discontinuiries, such as on and off ramps, wcavi ng
secrio ns, and lane dro ps, are potential sourees of accidents . T his paper reports on thc
effects of low-cost measures to imp rove traffic operations at "tapcrcd" freeway exits.
These are two lane exi ts wi th one initial exit lanc and one tapered exit lane, Little is
know n about driver bchaviour at such tapered exits although thcy are widcly applied,
Especially, the efficient and safe m e of these facilirics by drivers is of conce rn .
Two tapered exits we re uscd to test ncw pavement markings and traffic signs. Effects of
these changes were dcrcrmined by an observational befo rc and after study, Traffic
opera tions were evaluared and drivers we re intervicwcd.
Analysis showed a considera ble dee rcase (more than 50%) of thc manoeuvres
cons ide red most undesirable. Also , the safety measures did no t intlucnee flow
charac teristics negatively. The exits wcre generally perceivcd as safe to very safe by thc
drivers.

1. Introduction

In the N etherlands improving traffic safety is one of the priorities of th e government.
Al11bitious goa ls have been set for traffic safety policy. It is intended to decrea se the number
of <asualties by 50% and the number of wounded by 40% by th e year 2010, compared to
thc 1986 level.

To achieve these goals, large scale schemes have been initiatcd, gene rally referred to
as "sustainable safety" (1), which have important co nseque nccs for th e roa d network as a
whoie. Apart from the cost of such large scale schemes, implcmentation of th e sche rn e will
take a very long period of time. Possibly, measures on a more detailcd infra structural level
ean achieve co mparable results for much less cost. Also, sma ll infra stru ctural changes may
eonside rably improve th e traffic e peratio n qu ality as perceived by th e individual dri ver.

This pap er describes th e effects of small adaptatio ns to motorway faeilities. The
reslI!ting differences in trafli c op era tio ns have been evalua ted and indica te co nseque nces for
traffic safety. The describ ed case co ncerns the change of the pavem ent markings and traffic
signs at freeway ex its with a tapered lane. T he changes were intended to co unte r th ose lan e
changing movernents which enda nge r other traffic at the ex its.
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The next seetion describes different concepts of measures for improving safety.
Then, section 3 describes the evaluated siruacion. Section 4 describes the evaluation results.
Conc1usions are given in seetion 5.

2. Overview ofpossihle safety measure concepts

In general, (Wo forms of safety can be distinguished. Safety which is dep endent on rhe
drivers' behaviour (active safety) and safety which is independent of the drivers behaviour.
Drivers can, for instanee. "activcly" influence their own safety by maintaining larger
distance gaps. On the other hand, the driver's safety can be influenced "passivcly" by
driving a car with air bags. In this paper only active safety is discussed. Measures which
influence active safety in fact always try to influcnce behaviour. Such measures can be
divided into thrcc categories:

• "changing the driver": e.g. with inforrnation and cducation;

• changing vehicle characteristics: e.g . adding col1ision warning systems;
• changing infrasrructure design.

In current practice, efforts are made with al! thrcc active safety measure categories.
However, the level of safety often strongly varies by location. If the first (Wo safety mensure
categoties have an effect, this wil1 only be on a long term and will probably not help much
in relieving speeifie loeal safety problems. Therefore, the only option to improve local
unsafe situations is by adjusting the infrastrueture.

A large scale schemc, generally denoted as "sustainable safety", became the long
term government policy since the pubheation of the "Third Scheme on Traffic Safety".
This seheme consists of a large seale rearrangement of the current traffic system. All roads
are to be categorized according to their funetions and the infrastructure is to be (re-)
designed with design standards that are focussed on traffic safety (see [I D. The cost of rhis
scheme and the time it wil! take to implement are both very cousidcrable. To increase safety
at known unsafe locations, measures on a smaller scale are faster to implement and may bc
just as effective. AIso, the cost of small scale measures are limited.

Fitzparrick et al. [21 dcscribe an evaluurion study of such smal! scale measurcs. They
cvaluate the effects of changes of pavement marking at lanc drop exits at motorways. Lanc
drop exits are exits with one of the carriageway lancs used as exit lane. For insrance. at a 3
lane carriageway thc shouldcr lane may serve as exit lanc, which means that downstrearn of
the exit only 2 lanes remain for the carriageway. At such exit configurations, drivers at the
shoulder lane who want to stay on the carriageway need to change lanes. This !ane drop
was only indicated by traffic signs. Because rhe situation could be unclear to some drivers,
lane changing could occur very late, and in an erraric fashion. To better communicate rhe
lane drop to the road uscrs, pavcments markings were addcd at three test sites. These
markings consisted of different lane striping starting 800 metres in advance of the theoretica!
gore point. AIso, arrows indicating the exit lane were added to the pavement markings. T'he
traffic operations before and after implementation of these measures were evaluated. In rhe
ncw situation, two of the three sites showed that lanc changing occurred significantiy earlicr
and rhat the occurrence of erratic lane changing behaviour significantly decreased. It was
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hypoth esized that changes at the o ther site might have oee urred outside the stud ied area.
Another study showing the oppo rtu nities for similar measures to influenee traffie operations
is prese nted by Dijker & Vermij s [3]. T hey found, that traffie signs at !ane drops at
n10torways influ en eed both the loeation of lane ehanging and the oee urrenee of differen t
types of !ane ehanging manoeu vres co mpa red to the same site witho ut these traffie signs.

In safety, objeetive and subjeetive safety ean be diseern ed . Subjeetive safety is safety,
as pereeived by the roa d user. O bjeetive safety is the observa ble safety. Subj ective and
objeetive safety do not need to be th e same. Situ ations w hie h are subjeetively pereeived as
dangerous, may be objeetive ly very safe. N ext to the effects on traffie ope ration (objeetive
safety), also th e effects on subj ectivo safety have to be taken into acco unt.

T his paper deserib es the effec ts of small adj ustme nts made to the design of so called
"tapered exits" at mot orways. At these exits, manoeu vres oee ur whieh are co nsidered
Unsafe. T he design ehanges eo nsist of different pavement markin gs and traffie signs. T he
effects of the measures on traffie operatien are evaluated. The next sect ien describes
eharaeteristies of traffie operations at tapered exits and the evaluated sites.

3. Cha r ac teristics of exits with tap er ed lane s

On Duteli motorways off ramps are designed in different ways . Depending on the traffie
flow on the off ramp, the availablc space , and design speed, a specific design is chosen. One
type of off ramp is the tapered exit. An exit !ane to which, after a certain distance, another,
ealled "rapered" in Duteh traffie engineering, !ane is added characterizes th is type of exit
~Figure 1). Eventually there are two lanes to exit from the rnain road. This type of off ramp
IS uscd in situations in whieh the capaciry of a single lane is not suffieient.

~ : : : : : : :: : : : : : : : : : :: : : : : : : : : : : : : : : : : : : : : : : : : : :: : : : : : : : : : : : : : : : : : : : : : :: : :: : : : : : : : :
~"""" " "" """"'"~~'V'''' ' '' '''' ' ' : ' '''' ' '
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Figure 1. Layou t of a tapered mo torway exit

I he eo mposi tion of the tapered off ramp allows some vehic le movements whieh are
tlndesirable in terms of traffie safety and traffie flow (Figure 2). T he manoenver whieh is
considered most problematie is the manoeuve r w here a driver first uses the initial exit lane
and then uses the taper to overtake another vehicle . T his manoenver ean lead to a conflict
wich a driver who wants to exit direetly using the raper. Besides a decreased safety, this ean
lead to less than optimal utilization of the tapered exit, and to clustering of traffie on the
right lanc upstream of the exit. The secend undesirable manoenver is a temporary return to
the carriageway, and then exiting again by the tapered lane (manoeuver 2) . The last
tlnWanted manoeuver is a very late exit, from the median or middle lane (manoeuver 3). A
driver performs a late exit when he stays on the median or middle lane until less than 150
n1Ctres before the nose of the island and then exits via the tapered lane.
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Figure 2. Undesirable exit manoeuvres,

To improve th e qualiry and the safety of the traffic operation, two changes were proposed
to the standard design, specifically to the pavement makings and traffic signs. The effects of
these design changes were eva luated by comparing measurements before and after rhe
implementation of rhe changes . To improve the use of th e tapered lane tw o adaprations
have been impiemented in combination at each of two test sites. T he pavernent markings
have been cha nged in sueh a way that it is no lo nger permitted to overtake via the raper
from the initial exit lane. To accomplish th is, a continuous line on the right side next to a
dashed line is implemenred (Figure 3). As aresuIt, it is allo wed to change lanes from left to

the right, but not th e other way aro und.
Also , a co nfiguration sign has been placed, approximately 600 metres upstream of

the exit, to info rm the road user abo ut th e presence of a tapered auxiliary lane . This wa y,

drivers can anticipa te th e co ming situa tio n.

~UIII""""ln.•

In~ial exit Iane Tapered e~ Iane Exit

Figure 3. Pavcment marki ngs at a tapered motorway exit ,

U nfortun ately, it appeared impossible to carry out a desirabie experiment using randomly
chosen experimental and control location s to perferm before and after measurements
(Ha uer [4]). In contrast, two test Iocations have been selected that seerncd most appropriatc
to implement te design changes and to pe rform the req uircd meas urernents. So, the srudy
design was confined to a simpIe observational befere and after study without control group
Therefore, the study resu its have to be co nsidered as prelim inary.

The first location of the experiment is the 6 lane A20 motorway southbound to the
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A16 motorway, at the junction îTerbregsepleinî near Rotterdam. This off ramp is
characterized by a relatively short exit lane, after which a tapered lane with a length of 270
metres is added to the off ramp, which is almost 100 metres longer than the ROA-standards
(Dutch guidelines for the design of motorways) prescribe. The second location is the exit
to Zoetermeer-West southbound to Utrecht on the 6 lane A12 motorway. In contrast to
the other location, this off ramp is characterized by a very long initial single exit lane (435
l11etres), followed by a relatively short distance on which the tapered lane can be used (160
metres) .

Driver behaviour was observed using video surveillance, at both sites for one
Working day before and after implementation of the changes. The morning peak and
evening peak, and a less busy afiernoon period we re analysed. During the measurements,
the external conditions did not influence the traffic operation negatively. For 5-minute
intervals, flow rate by lane, and the location and manoeuvres of lane changing at the off
ramp were determined. To determine the drivers' perceptions, a survey was conducted as
well, For this survey car drivers were interviewed at two gas stations, because of high
response with this kind of survey. A distinction was made between a gas station within city
limits and a gas station on a motorway, because it was assumed that different categories of
road users are customers at these gas stations. The most important parts of the survey are
questions about the familiarity with the composition of tapered auxiliary lanes, the way the
taper is used, and the perception of safety by the driver, i.e. the subjective safety. This
resulted in 200 useable interviews.

4 Observed effects of the implemented measures

4.1 ~ects on mal/oeuvres

'The most important reason to implement the continuous line between the initial auxiliary
lane and the tapered lane is to reduce the number of drivers that use the tapered lane to
Overtake. It appears that with respect to undesirabIe manoeuver 1 there is a cIear reduction.
'The levels of the other two undesirable manoeuvres are not significantly changed after
impIementation of the measure. Cornparison of traffic operations on both locations before
and after impIementation of the changes shows a great sirnilariry. Not only does the sarne
percentage of exiting drivers perferm undesirabIe manoeuvres, but aIso the observed
changes in driver behaviour after impIementing the measures at both locations appears
abo ut the same (Tabie 1, Figurc 4) .

Frorn the resuIts in TabIe 1 it can be derived that the implemented measure probabIy
lnay lead to a significant decrease in the number of undesirable Iane changes. This means
thar the proposed measure is very promising and its effects shouId be tested more carefully
in additional experiments.

In contrast to the frequent occurrence of the undesirabIe manoeuver 1, there are
only few drivers who return to the carriageway fram exit lanes . Less than 1 percent of the
Car drivers performs this manoeuver (Tabie 2, Figure 4). Although there is a slight increase,
the data do not allow any conclusion about an influence on th is aspect of traffic operations.



268 SC SS;Otl 2: Modalitv and Nationalitv

For the late exiti ng manoeu ver, the results on both locations are very much similar. About
1 percen t of the exiting traffic are driv ers that exi t at the last mom en t (Tabie 3 , Figure 4).
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Fi gurc 4 . Percent age o f undesirabl e manoeu vres befere and aficr implcmcnrati on of

design changes.

Hardly any difference is observe d for the occ urrence of th is manoeu vre 3 before and after
implementation of the measures. Fro m this can be co nc1uded that the measure hardly has
any influence on this aspect of driver be haviour. Apparcntly, the new overtaking regulations
at the exit do not encourage drivers to exit at the last possible moment. T he decrease of rhe
nurnber of drivers overtaking via the tapered exi t lane can only be attri buted to the neW
lining at the tape red lane wh ich is di rectly aime d at th is manoeu vre.

Table 1. Percentage of th e exiting drivers who change from thc initial exit lane to rhe
tapered Iane (U ndesirablc manocuvcr 1).

Terbrcgscplein (A20) Zoetermeer-Centrum (A 12)

Befere design changes 12,6% 13,0%
After design changes 5,6% 5,6%

Table 2. Percentage of exiting driv ers wh o change from th e exit lancs to the
carriagcway. (Undesirable manecuver 2).

Te rbregscplein (A20) Zoetenneer-Centrum (A12)

Befere design changes 0 ,1% 0.2 %
After design changes 0 ,3% 0,7%

Table 3. Percentage of late exit ing drivers (U nwa ntcd manoenve r 3).

Terbrcgseplein (A20) Zoetermeer-Centrum (A12)

Before design changes 1,3% 1,3%
After design changes 1,3% 0,8%

4.2 COIlSCqllCl/CCS [or capacity

T he objectivo of th e measures is to deercase the number of undesirable manoeuvres on a
tapered exit lane, as we ll as to improve the traffic flow. In any case, it is not desirabie that
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the implementation of a continuous line disturbs the traffic flow . It is assumed that the flow
is optimal when traffic is equally distrib utcd over thc two exit lanes . This distr ibution is
deter1l1ined by observing the amount of cxiting traffic on both exit lanes. This ratio depends
on the total flow rare of cxiting traffic. If this flow rate is smalI, it is hypothesized that onl y
few car dri vers will postpon e exiting until they reach the tapered \ane .

Frorn the Figures 5 and 6 it can be learned that the percentage of initial exit lane
users ind ecd increases with decreasing exit flow rates.
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Figure 6. Share of exiting rraffic using thc initial exit lane (A12 mo torway) ,

Befo rc the design changes wcre implcmcntcd. ex trcmcly high flows (> 3000 veh/h) were
l1leasurcd in the shoulder lanc of the carriageway, just upstrcarn of the exit . The
l1leasurcmcnts show a slight improvcm ent in the flow distribution arnong thc exit lanes after



270 Scssion 2: Modality and Nationality

implementation of th e measures: 5 percent more dri vers use th e tapered exi t lane (Figures
5 and 6).

T he observatio ns show th at on th e "Terbregsepl ein " a higher fraction of car drivers
uses th e tapered lane th an on th e exi t Z oeterm eercentre. T his can be explained by the
differen ces between th e two sites. In co ntrast to th e exit near Zoetermeer, the exit on the
"Terbregse plein" has a sho rt sing le initial ex it lane, after w hich over a distan ce of270 metres
th e tapered lane can be used to exit. Therefore th e fraction of drivers who use the tapered
aux iliary lane on th e "Terbregse plein" is higher than near Z oetermeer.

4.3 E.ffccts 0 /1 subjectivc safe ty

A surv ey was conducted under 200 persons at two gas statio ns. The response gro up is
characte rized by certain aspec ts that are rypical for car drivers. The majority are male
between 25 and 44 yea rs old w ho drive on th e motorway for bu siness purposes. T his agrees
with statistics data (Cen tral Bureau for Statistics, [5]) of nation wide ave rage characteristics
of car drivers on m ot orways.

Ca r drivers appea r very familiar w ith th e co mposi tion of the tapered aux iliary lane.
N o less du n 90 percent of th e interview ed drivers indicate th at th ey were fami liar with this
type of exit lane and 98 pe rce nt of these dri vers we re able to nam e a location where a
tapered exi t can be found. Because of th e fam iliarity of drivers with tapered exit lanes in
gene ra!, it seemed interesting to exa mi ne if drivers w ho do nor know the re is a tapered exit
at the studied off ramps, perceive the presen ce of tapered exit lanes, Only 29 percent of the
interviewed drivers indicated that they co nscio usly look for th e presence of a tapered exit
lane. Fo r verification, th e survey incl uded a qu estion abo ut how car drivers orientate, as in
the old situa tion this was hardly possible. 32 percent of the car drivers indicated they
orientated on the pavernent markings. T his implies that they were not aware of the
prese nce of the tapered exit lan e until th ey reac hed it, because the markings are just visible
at th e moment th e taper is reach ed.

In th e survey, quest ions we re incl ude d abo ut th e way dri vers experience safety of
bo th reg ular exits and tapered exits. T he safety of a regular auxi liary lane is rated very high.
80 percent of the interviewed indicated that th ey expe rience tapered exi ts as "safe" to "very
safe". In comparison, it is not ed th at about 6 percent of th e intervi ew ed drivers rate the
regular, non-tapered exits as un safe. It can be concl uded that both th e regular and tapered
exits are perceived as save clernents of th e road netw ork by th e road user. Also , it appears
that th e co nce rns of the road autho riry about "objective" safety of tapered exits are not
reflected by the drivers' "subjective" not ion.

5. Concluding remarks

T his paper desc ribed an exa mplc of simple, low cost adjustments of infrastructure design to

im prove traffic safety. In this case, th e adj ustme nts concerned changing the pavement
ma rkings and traffic signs at a tapered exit. It was int en ded to decrease a number of
manoeuvres co nside red as un desirable (dangerous). T he following resu lts we re found:
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• The number of overtakings from the initial exit lane Vla the tapered exit lane
de creased significantly after implcmentation of the continuous line . In the old
situation about 13 percent of the exiting drivers used the tapered lane to overtake.
Aftcr the adaptations th is percentage came down to about 5 percent.
• T he length of the initial aux iliary lane most prob ably determines the number of
road users that uses the tapered lane to exit. The longer th e initial exi t lane , the less
car dri vers use the tapered lane to exit.
• The implem entation of the co ntinuous line between the exi t lanes may lead to a
bett er use of the tapered lane. The fraction of car drivers that uses the tapered lanc
increased by 5 percent.
• With high flow s a relative high er fraction of the car drivers uscs the tapered lan e
than with lower intensities.

Additionall y, a survey showed the following:
• Ca r drivers are very farniliar with the tapered exit lane. No less than 92 percent of
the int erviewed indi cated that they were familiar w ith the design.
• Ca r drivers find the exits on Duteli motorways safe or very safe (80%). There is no
difTcren ce between the j udgme m of the regular exit and the " tapered" exi ts.

These findin gs strongly sugges t that with simple design measures the drivers' behaviour may
be influ en ced . It is expec ted that similar design me asures eau improve traffic operations for
othe r situa tio ns as weil. A more elaborate exp erimental design is need ed to co rro bo rate the
findin gs from this preliminary study.
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Safety Considerations for Road Tunnels

J.F.M. Wessels

Safety and Risk Advisor Lloyd 's R egister, Tlic Netlierlands

Abstract. T hc co nstruc tio n of tunnels is incrcasingly being don c with thc aid of tunnel
boring machines (T ll M) . Thc costs of safety mcasurcs, including cmergency escape
routes, for such tunnels are rclativcl y high , so that it makes scnsc to optimise safety
m casures in rcl ati on to risk levels. H owever , th is cn tails th c risk th at atte ntio n lllay shift

away from "safety" towards " risk levels", overlo okin g sccnarios with un acceptablc
co nscq ucnc cs howcvcr low th c probability of thcir occ urrcnce might be .

This paper deals wi rh th c safety co nsiderations applicd by L1 oyd 's R egi ster M anagement
Services (Rotterdam . T he Ncthcrlands) bascd on a combincd "p robabilisric" and
"de terminis ric" approach and taking int o acco unt. in addition to individual risk level.
public percepti on versus gro up risk and cve uts wh ich oughr to be non- credible.
Specific atte nt ion is givc n to thc ALARA (As- Low-As- R easo nably- Achievable)
prin ciple , whic h the aut hors believe shou ld be governed primarily by safety elcm ent s
cather than the cost consequences.

1. Minimum safety level and risk calculations

The design of a road tunnel sho uld meet a certain min imum saferey level. N o matt er what
the construc tio n method is (a traditi on al tunneling meth od like cu t-a nd-covcr, im mersed
tunneling, etc. or the method with the tunnel boring machine; for H olland a rather new
phenomenon) this minimum safety level should be the same. When a minimum safety level
is stated and accepted the other side of the safety problem is how to calculate thc risks or
how to prove that all the taken measure s lead to at least the minimum safety level. So thcre
seem to be two problems: how to calculate the risk and how safe is safe enough?

To calculate the risk the first step to be taken is clear and without doubt. The futu re
functions of a tunnel should be known, because the functionality stipulates partly thc safety
problems that will have to be solved. If cargo is allowed in the tunnel , the safety probl em s
will be different. With all kind of weil known risk assessmcnt tcchniques the failure mod es
can be found. The next steps are still under discussion in H olland.

One method, which is espccially suitable for the calculation of the influ en ce of
measures, is the dctenninistic scenario analysis. In thi s technique a limited number of scenario's
is subj ect of a thorough analysis, The scenario's are meant to describ e spec ial parts of
imaginable and predictabie accide nts . The influence of mcasures on the developmen t of the
accide nt can be predi ered in a qu alitative and somc rimes qu antitative way. Scenario -anclysis
is a very explanato ry technique. The problem with the technique however is that it is hard
to find out how broadly based a me asure is and how mu ch measures are needed to fulfill
rhe minimum safety level requirem ents. Going back to the two probl em s: how safe is safe
eno ugh and how to calculate the risk, the scenario analysis is a useful techniqu e to solve (at
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least partly) the second question, but not directly the first.

Another possibility is to make a quantitative riste asscssment (QRA or probabilistic
approach). These assessments are especially useful to give an impression of the expecred risk
which can be compared with minimum safety levels used for other activities. In Holland

for industrial installations such quantitative levels are stared in regulations, but are not
applicable for the safety in tunnels. The minimum safety level is on the one hand a level for
the individual (individual risk) and a set oflevels for a group of people dying because of the

sarne accident (societal risk). The disadvantage of these calculations is that often not enough

statistica! information is available to make areliabie calculation. A second and related
difficulty is to prediet the influence of certain measures. Especial!y the influence of measures
to minimise the probability of occurance of an accident can only be guessed. For exarnplc

there is no quantitative rclation known between an increase of light in a tunnel, or the
decrease of the maximum speed with ten kilometers an hour and the probability of an
accident happening.

The scenario analysis is used in the QRA, or probabilistic calculations. These

calculations are based on accidcnts that are described as a chain of events. Each event can
be fol!owed with a certain probability byeven worse events. The result of each accident
description is twofold: a probability of occurance, calculated with the individual

probabilities of the evcnts, and thc consequences, mostly expressed in the number of deaths.

Sommun these probabilities and consequences in the right way and the quantitative risk
analysis gives the chance to die using the tunnel and a relation between the number of

deaths and the frequency of occurance. SA the input of the deterministic scenario analysis
is essenrial for a probabilistic calculation.

Although this relation exists, the scenario arialysis is more th en input for a
probablistic calculation. Looking at the perception of risk by society the scenario analysis is
an essential tooI. Quantitative risk assessment is mostly based on the calculation of the
number of dearh, Society, and especial!y victims of an accident, is inrerested also in the
wounded people. The less severe the wourids, the better it is. These features are not a
subject of the probabilistic calculations. The scenario analysis is the best way to show the
responsible persons the effect of some measures on the number of wounded people and the
severity of the wounds. Of course a quantitative risk assessment incuding the wounded and

the scverity of the wounds couId be made, but a lot of investigation wil! be necessary to do
so.

In the design ph ase of a construction we allready want to be prepared for the possible
accidents and be able to anticipate on them. When it is known that certain cvents or

accidents can lead to severe problems, who wants to take responsibility for not taking
I11easures because the probabilisitic calculations have proved that the chance of occurance is
srnall enough? The scenario analysis is the perfect tooi to show which measures can be

taken, which effect they have on safety and what the cost consequences will be . With
information about the scenario arialysis the responsiblc people are able to take their
dccisions weil informed. In case of an accident, investigations to evaluate the designphase

will lead to the conclusion that the responsible persons were weil informed and all possibIe

l1leasures were taken.
If an event can lead to a reaI disaster we will have to do everything to prevent this
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from happening. Only taking measures to minimize the probabili ry of occ urance is no t
enough. Measures CO minimize the consequences sho uld be taken, eve n if the probabiliry
of occurance is very small and the measures are not expec ted to be used ever in the lifetime
of the tunnel. For exam plc if transport of flarnmable goo ds like fuel is allowe d in the tunnel ,
we know that a disaster can happen. If onl y the probabiliry of an accide nt wi th this truck is
decreased by rneasures, the disaster still can happen . The tunnel can be declared safe eno ugh
onl y if the real disaster (consequences) cannot happen anyrnor e. For example rneasures
should be taken that people can qui ckly flight from th e tunnel in case of fire, that the tunnel
is strong enough to bear the heat , that no cars eau enter the tunnel from the moment the
accident has taken place, ete. If these measures are too expensive th e transport of flammable
goods cannot be allowed in the tunnel.

So during the analysis, scenario's could be found that lead to accidents that eauno r
be tolerared. If the se accidents cannot be excluded by wat erproof legislation and the
accompanying regulation and enforcement (for example the exclu sion of tranportation of
dangerous goods in a tunnel) and it is not possible CO take enough measures to make the
consequences acccptablc, thc decision should be taken not to build this co nstruc tion. T he
probablisitic approach doesn't help to analyse and find information for these kind of
decisions.

Probabilistic calculations are not very useful to the design of innovative measures co
improve safety in an eco no mie way. The detailed view on certain circurnstances that is
needed to find the causes and design the right solutions, canno t be obtained from a
calculation using hundreds and hundreds of smartly compose d scenario's and resulting in a
few numerical valnes. A detailed scenario description that is explanatory and imagin ative is
on the other hand very useful to designers .

Even more useful to and the designers and for verificatio n goals is a set of scenario's
which is norrnativ e for all the fàilure modes in the tunnel. The prob abilistic calculatio ns can
help to put the scenario's in order and to dctermine the relativ e influen ce on the outco rne
of the calculations of th e differ ent scenario 's. So the probabilistic calculatio ns give a lot of
insight into the importanc e of certain failure modes and scenari o's and can help to find an
important part of the nonnative set of scenario 's.

2. The combination of deterministic and probabilistic approaches

Apparently both approaches have their pro's. The simple solution to co mbine the
approaches is of course often used. Only in case of determining the miniminurn safety level
both approaches seem to co nflict in practise. All measures taken , a probabilistic calculation
can lead to the co nclusion that the minimum safety level requirem ent is met. So no more
measures are necessary acco rding to that approach. But for some of the (no rma tive)
scenario 's improvem ent can still be found and some of the scenario's still have un acceptable
consequences. Measures ne ed to be taken , but wh o will pay the bill? To define an objective
minimum safety level that can be used in a scenario-a nalysis maybe is impossible. But
some ho w the wei gh between mon ey and safety has to be made.
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3. Decide on safety
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It is c1ear that a sharp line betw een safe eno ugh and un safe does not exist. T his kind ofsafety
levels need attention of th e respo nsible people. It is not like a technical normative, w he re
calculations are enough pro ve that th e minim um level is me t.

O f co urse, once set, a minimum safety level based on th e probabilistic approac h
shoul d allways be m et, but all measures that can reasonably be taken to improve safety,
sho uld be taken.

T hc risk assessrne nts sho uld produce eno ugh information for an objective weigh
betw een safety, costs and may be o ther issues by the respon sible people. T hese assessments
sho uld th erefore be made by very experie nce d peopl e. O nly a co nt inuo us we igh betw een
l11easures to improve o n safety and th e cost co nseque nces can lead to an optimal design with
respect to safety.

Only persons with lon g term responsibi lity sho uld weigh betw een safety and costs
and decide on safety issues . The possible meas ures to imp rove safety and th eir costs sho uld
th erefore be reported c1early to th e responsible peopl e. To repo rt in a c1ear and explanatory
way both methods, th e prob abilistic approach and th e scenario -a nalysis, are usefiil. The
responsible persons wi ll m ostly be no safety expe rts, th e expert responsible for th e rep ort
sho uld take this into acco unt.

4. Conclusion

The two techniques, probabilistic risk calculations and scena rio -a rialysis are both very useful
for risk assessments. Both are neede d to dec ide on safety meas ures to be taken. T he
probabilistic approach has better possibilities to defi ne a m inim um safety level , but is not
very explanatory and does not take int o account certain perceptions of society, like the non
credible accidents and the possibilities to flight w hatever happ en s. T he scenario-analysis is
On the other hand very expla natory, but mi nim um safety levels can no t be defined . T he
minimum safety level based on the probabilistic approach sho uld allways be me t, but above
this mi nimum level the use of the ALA R A (also called ALAR P) principle sho uld lead to an
acceptable safety leve!. To achieve this safety level, risk analysis sho uld be m ade by very
experienced people in a co nt inuo us opt imisatio n betw een safety and cost co nseque nces .
This should lead to a c1ear and explanatory report on safety rneasures, that sho uld be used
by the people that carry a lon g te rm responsibility for the safety meas ures . T hese people
should dec ide on the safety measur es to be taken, beca use th ey will held responsibIe for
futu re co nscque nces, if an accide nt will happ en .
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Safety of Underground Public Transport

Elaine Weinstein
National Transportation Safety Board, U.S.A .

[ would like to share with yo u th e N ational Transportation Safety Board's experience of a
fatal co llision on the M etrorail syste rn in the M aryland suburbs. T his accide nt shows ho w a
co urpany's attitude or th e co rpo rate culture provided a negati ve influe nce on safety. The
accide nt involved a collisio n in Janu ary 1996 betw een tw o trains on M etro 's R ed Line. A
moving train struck an un occupied standing train that was not in service, killing thc
operator of th e m oving train. T he Safety Board 's investigation of this accident found
exarnples of an orga nizational culture that co nsiderably detracted from safe rail transit
operatien.

At first, it appeared that a train operator simply did not comply with his training.
Then different pictures emerged suggesting that a superintendent at the train dispatching
facility ignored warnings and did not stop the train. Later still, it appeared th at an executive
manager had acted capriciously when he changed a long-sta nding operating policy without
consideration of the co nsequcnccs. This accident resulted not from singular actioris but
from an organization-wide set of beliefs held about the infallibility of the automatic train
contro l eq uipment. The Metro accident occurred shortly after a major snowstorm had
begun and trains had starred to overrun station platforms at several of the abovc-ground
stations. T he accumulating snow and ice red uced the effecriveness of the train's braking
system . All trains we re operaring in the fully auto matic mode; that is, they were being
controlled by the system computer, not by the operator on board the train or by controllers
in the systern's central control facility, Shortly after 10:00 pm, train 111, northbound out of
Washingto n, D.e. enroute to th e Shady Grove station in sub urban Maryland, emerged
from below gro un d to above gro und track. When it reac hcd Twinbrook Station, 12
minutes befe re th c acc ide nt, the auto ma tic train con trol directed the train to stop at thc
platform . T he train did stop, but co mpletely overran th e platfo rm. At the next stat ion in
R ockville, the train partially overran the station. Because the operator had to secure the
co ntrols to assist passengers at that station, th e train had lost its automated commaud to

opera te at the red uced spee d of 44 mp h. So, after departure fro m R ockville, the train began
acce lerat ing automatically above that speed, heading for 75 mp h, still within the design
limitations of the rails and signals, at least w hen weather co nditions were favorable. The
train 111 operator called the controller to report the over-speed sirnation and was told thar
th is was due to his overrunning the previous station and that he was to continue in
automatic eperation. As the train approached the Shady Grove station, the controller, who
could see the location of train I 11 on his monitor, called the operator and asked if the speed
had dropped. Because it had, the controller later told Safety Board investigators that he had
a feeling the systcm was doing what it was supposed to do and didn't believe that he had
to put his job on the line by telling the train operator to go into manual mode.
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Previously, when the rails were slippery, operators were given the authority to run
the trains manually so they could properly adjust the approach speeds to fit the weather.
However, a new policy had been put into effect just two months before the accident thar
prohibited any manual operatien.. .l'll talk about this a little more in a moment. At the
Shady Grove station, where the accident occurred, a gap train was parked 470 feet beyond
the platform on the same track that the accident train was using. A gap train stands by to
fill in for unexpected needs, such as when a scheduled train breaks down. It was parked
there despite an unwritten Metrorail order that these trains were to be kept on the adjacent
inactive track . You can guess what happened next. When train 111 arrived at the Shady
Grove station, it slid past the platform at about 30 mph and struck the standing gap train.
The operator of train 111 was found crushed in wreckage near the cab door. There were
no other injuries. The operator of train 111 had no advance warning of the gap train's
position because the trackside signal showed a clear indication. Metrorail had learned a
procedure for circumventing the signal system to keep trains from slowing or stopping
before they reachcd the station platform when the gap train was on thc same track.

The Safety Board's investigation team was launched the night of the accident. Once
the follow-up investigation work began, a fairly clear picture emerged of what had
happened and why. Here are several of thc findings from our investigation that address the
organizational and management issues thar I think are important to consider for safe
underground rransporration.

• Metrorail had recognized that leaving the gap train on the incoming active track
presenred an unnecessary hazard . But we learned that the gap trains were frequently
stored on the active track, apparently because of confidence in the automatic train
control system.
• There was no formal training program for controllers at the con trol center, other
than an annual operaring ru les examination. Consider that the controller knew of
the accident train's overruns at two previous stations, he knew about the
deteriorating weather, he knew about thc unusually high speed of the train, and he
knew thc gap train was parked beyond the Shady Grove station. And yet he did not
see a need to stop train 1 11.
• Equally disturbing was our finding that no one, including the superintendent of the
central control center, had the authority to intervene and stop the accident train
unlcss a co llision was certain. The controller felt that he would be putting his job on
the line if he were to allow the operator to take manual control of the train .
• Bccause manually operared braking was being blamcd for a perceived flat-whcel
problem, which would indicate poor braking technique, a decision was apparently
made by the Depury General Manager to eliminate all manual operation, even in
inclement wentlier. No train operator knew of or was consulted about the change,
and most of management incl ud ing the General Ma nager did not learn of the
decision until after the accident.

The Safety Board found that the management sryle, processes and organizational structure
at Metrorail were rigid and militaristic from the Deputy General Manager on down, with
rio toleranee for opposition that could have provided better informed decisions. This
created an organizational environment that enabled experienced managers at Metrorail to
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prod uce an ill-a dvised and unsafe operating policies, and allowed these improper methods
to be tolerated .

It would be tempting to blame the conditio ns and circumstances of this accident on
one person, the Deputy Ge ne ral Manager. But this would not have recognized the entire
corporate culture at M etro rail as a safety problem . Certain ly the Deputy General Manager
was part of th e probl em , but w hat abo ut the appare nt indi fTerence and disregard by some
emp loyees' for safety precauti ons, and the absence of informed oppositio n when flawed
solutions to probl em s are bein g cons ide red? T he logic for ide ntify ing the corporate culture
of Metrorail as the cause of this accide nt only holds togeth er whe n we co nside r the extent
to w hich manage me nt and opera ting personnel believed the au to rna red train control system
would prot eet them , and that th e system would provide adeq uate ma rgins of safety
regardless of the qu ality of the decision s and policies.

T he Safety Bo ard made 20 recommendation s to the Met ro rail Authority as aresuIt
of the Shady Grove accide nt and as a result major changes took place in Metrorail
management and in their ope rating practices. Several top level exec utive ma nagers left the
transit agency , including th e Depu ty Ge neral M anager. A new Director of Safety was hired
and wil! be reporting directly to the Ge nera l Manager. T his is an organizational structure
that the Safety Board has been reeommending for years in all modes of transportation and
is par ticularly evide nt among the maj or airlines. T he root cause of this accident goes beyond
a mere lack of plann ing or poor personnel decisions. It involves:

• Futility in the belief in an infallible technology,
• The lack of appreciation for the ro le of the human in a highly technical system,
• T he lack of an avenue for divergent opinions, and
• T he establishment of an organizational culture that discouraged communication,
divergent opinion, and an appreciatio n for the importance of safety.

In the last 15 years, mu ch has been written, learn ed, and co mmunicated about the role of
co rpo rate culture on transportation safety. As aresuIt transportation companies and
governme nts around the wo rld have co me to recognize and un derstand better how
operator erro rs, irrespec tive of their imme diate causes, are often influenced by ma nagement
co nduc t and attitudes. In conclusio n, you can see that any one of 5 people could have
prevented this accide nt;
1. T he Operator co uld have sto pped his train but was apparently too afraid .
2. T he Operations C ontrol Center op erators co uld have sto pped the train bu t feared for
their j obs.
3. T he O peratio ns Contro l Center supe rvisor co uld have in tervened but he was also afraid
for his j ob.
4. T he Deputy Ge ne ral Manager co uld have involved all par ties in the dec ision to eliminare
manu al operatio n during inclem en t wea the r.
5. T he Shady Grove Statio n manager co uld have placed the Gap Train on the other track
per M et ro policy.

What we learn ed from th is accide nt is how important it is to recognize that
manage me nt has responsibility for crea ting and fostering a elimate that encourages safe
opera tio ns.
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Abstract. Aviation is among th e safest way s of transporring goods and pcopl c and
Schiphol is amo ng th e safest airports in th e world. These facts norwithstanding,
understan dablc public conce rn over aviation accidcnts - intcmation ally but cspec ially in
th e N eth erland s - has led to inten se efforts to improve aviatio n safety, both by th e
airport and the government. In th e N etherland s th e govenunc nt has set a level of
maximum risk dut an aviat ion accide nt cause th e death of person s not engage d wi th air
transportation: th e risk is assessed by a risk cont our mo del. As air traffic vo lumes
increase at Schiphol, thc risk model is limited in its m easur e of risk, nor taki ng into
account dem on strated safety improvcm cnts. A more corn prchcnsivc asscssmcnt of th e
actual risk that takes into account pre sent and projeered safety improvements at
Schiphol w ould show that the demand for ext ern al safety eau bc m et , even as air traffic
vo lurn e incr cases.

1. Aviation is safe but...

Ir is widely recognized that air transportation is one of the safest modes of getting from one
place to another; on a per-passenger-kilometer basis, it is safer than rail or water and much
safer than raad. Similarly, air transportation of cargo is safe compared to alternative modes.
Despite this recognition, there is a dread of aviation accidents. Researchers have extensively
studied this dread-bcyond-rhe-numbers and several explanations, which go beyond the awe
of flying , have emerged:

• Multiple deaths. Accidents involving airplanes tend to cause multiple and violent
deaths and the perccived harrn of multiple deaths is significantly greater than thc sum
of individual deaths. For exarnplc in 1996 there were two major aviation accidents
in the Netherlands: the Hercules accident at Eindhoven airport and the Dakota
accident off Den Helder, at the cost of more than 30 lives each. But in the week of
each aviation disaster, there were at least as many people killed in car accide nts in
the Netherlands. Vet the aviation accidents receiv ed far more public attention and
have been much more intensively investigated.
• Fluctuation with events. The public perception of risk fluctuates with recent
events: clusters of accidents spaeed in short periods of time raise the public
perception of risk, even though there is no evidence tint one accident makes the
occurrence of another one more likely. After a period with no major accidents, this
co ncern is reduced. For example, after the 1996 ValueJet accident near Mi ami and
the TWA accident off the coast of New Vork City, the public outcry practically
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forced th e U.S . go ve rn ment to co nvene a co m missio n to rccommcnd impro vemen ts
to Ameri can aviatio n safety.
• Ex te rna] risk. An important aspec t of public co ncern for avia tio n safety is the so
called external risk: th e risk to peopl e on th e gro und of an aircrafi crashing on them.
T he acce ptabiliry of externa l risk is low compared to othe r risks. This has been
explained by a well-known finding of psychological research that the acceptabiliry
of risk is greater in th e case of voluntary expos ure by th e individual to the risky
activiry, C haracteristics of cxternal risk inclu de the lack of co ntrol and non
vo lu ntary ex pos ure to the risk of the individu al. So , for cxarnple, people go skiing
but don't like second hand smoking. Boein g estirnated th at in th e period 1970-1 992,
879 people worldwide were killed on the gro und as a result of aviation accidents.
The Bijlmerm eer disaster of 1992 is on e of th e worst cases in histo ry of external
harrn resulting from aviatio n .

That th e public co ncern for aviatio n safety is grea ter th an ratio nally co uld be ex pected is 110

exc use fo r not impro vin g aviatio n safety . lndeed , th e aviatio n ind ustry has a remarkable
record of safety impro vem ent and the public ge ne rally seems wi lling to accept the current
level of risk. H owever, the cu rre nt increase in global air traffic vo lumes threatens a
prop ortion al increase in acc idents. T his means tin t for a given rate of safety, the number of
accidents might be ex pected to inc rease according ly. lt is very Iikcly that the sarne public
th at acce pts th e cur rent number of acc idc nts, would not acce pt a greater number of
acc ide nts resulting from th e sarne acc ide nt rate w ith high er transport vo lumes.

2. Schiphol is safe, but... .

Schipho l is safe. As the 1993 RAND safety audit stared . Schipho l is a modern and safe
airpo rt, a safety leader eve n in th e "most safe" category of mod ern first-world international
hu bs [1). Bu t in spite of thi s acknowledge d safety reputation , safety is a m uch more
promi ne nt issue at Schiphol th an it is at co rnparablc airports .

Part of th e increased Dutch public attentio n for aviatio n safety is due to the 1992
Bijlmermeer disaster in which an El Al cargo 747 crashe d into an apartme nt building in the
Am sterdam Bijlmenueer . Almost 50 people who happerred to live near th e airport were
killed. To illustrate th e power of public perception when it co mes to aviatio n accidenrs,
m ost Dutch peopl e, w hen asked, beli eve th at man y more Iives wc re lost in the crash. T his
ph en omen on can be ex plainc d by th c fact tint origina lly it was feared that about 250 people
would have been killed in th e crash. T his number of casualties has stuck psyc ho logically in
the public mind.

An other reasen for th e heighten ed co ncern for airport safety lies in the fact that for
th e past seve ral yea rs a series of highly publicized policy debates have been going on in the
N etherlands about th e future o f aviatio n, Topics of debate include d quest io ns like w hether
or not th e N etherlands should accom rnodate a proportion of th e inte rna tio na l increase in
air transport, whether to do th is at Schiphol airp ort (by co nstructing a fifth runway) or to
build a seco nd nation al airpo rt. In each of these debates ex te rnal safety lu s emerged as an
Issue.
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Associa ted with th ese public debates have been an increased awa reness and outcry
regarding negative aspec ts of th e growth o f traffic at the airpo rt. Ex terna l safety is linked to
other public issues concerning the growth of the airport. T he number of no ise complaints
is about 20 times higher at Schiphol than it is at other European airports with comparable
levels of decibels and ex posed populat io n. Because noise is associated with safety - if one
eau hear an airplano close by, one can im agine it crashing in the dir ect vicinity - public
co nce rn for external safety is accordingly heighten ed .

In response to th ese co ncerns, a nu mber of steps have been taken to improve
external safety . T he airport itself has made pio neering efforts at safety improvemcnt. As an
exarnple of the type of improvements, the ISM S (Integrated Safety Ma nagement System)
can be mention ed. W ithin th e frame work of th e ISMS , the most important actars at th e
airport, incIuding AT C , AAS, KLM and othe r D utch and foreign car rie rs and airline
handling companics, have set up a safety info rma tio n exc hange system, which incl udes
reporting of sensitive in formation on near-accidents. Also, th e government has im posed
externaI risk lim its on the airport.

3. Government regulation of external safety

T he government has decl ared that Sch iphol must main tain a level of externa l safety, w hic h
is rneasured in term s of the likelihood of an accident . T his level is compara ble to extern al
safety levels th at hold for fixed-site installations suc h as nu clcar reactors or che mical
processing plants.

J ust like for these fixed -site installations, externa I risk for Schiphol is determined by
a risk co nto ur model, w hich is calculated by using probabilistic risk assessment. This model
is largely based on historical acci de nt data for Schipho l and othe r "cornpara blc" airports.
Without going into de tails abo ut th c model, th e basic input for th e model consists of:

• fligh t path patt ern s;
• the number and type of aircrafi:
• the safety record of the type of airc raft.

Sa , th e exte rna l risk posed by a single fligh t is mostly determined by th e recent safety record
of the typ e of airc rafi passing overhea d and by how many peopl e live underneath.

T he levels of ex tern al safety Schiphol needs to m aintain are measured in terms of
individu al risk; the likelih ood of the loss of 1 hu ma n life in one yea r must be less than 1 in
a million. And in terms of gro up risk: the likelih ood of th e loss of 10 or more hu man lives
in one yea r must be less than I in 10 million . T he accumulate d risk of air traffic is th e sum
of th e risks of each individual flight.

4 . What happens when air transport volume increases

Based up on the risk co ntours, Schiphol is nearing its ex te rna l safety limi t. T hat is, th e
inc reasing vo lurne of air traffic at th e airport wi ll exceed the regul atory lim it in the near
fUture . A risk assessment based on vo lume wi Jl see risk increasing as th e vo lume cxpands,



282 Session 2: Modality and Naiionality

all othe r things staying co nstant. If we assume th at the risk co ntour model is an accurate
estima tio n of the level of ex te rna l risk , Schiphol is left with four options:

t. Try to change the external safety limit.
Given th e current heated debate on th e noise restriction s o n th e airport, this option can be
co nside red impossible.

2. R educe growth to stay within th e lim its.
Given th e stared position of KLM and other Dutch carncrs, thi s option is economically
highly dam agin g.

3 . Movc people from underneath the flight paths
Again, give n th e heated debate o n th e costs and benefits of Schiphol , thi s is impossible.

4 . R evise th e way one thinks about safety.
This last option is viabIe only if th e ex te rna l risk is actually less than the model states. If so,
changing th e way we th ink abo ut measuring external safety can achieve two goa ls:

• main tain th e regulatcd limit for ex terna l risk
• ma inta in economie prosperity resulting from Schipho l

5. A risk model based on volume alone is not enough

T he use of th e risk co nto ur model to capture cxternal safety is not eno ugh, for a number
of reasons:

t. T he assumptio n of lincarity of risk in th e vo lume of ope ratio ns is too limited.
A co rne rsto ne of th e model is its calculatio n of th e Iikelih ood of an accident for an
indi vidual flight. Individu al flight risks are then summe d up over all fligh ts to calculate th e
tot al risk. The mod el th us simply assumes that th e grea te r th c air traffic vo lume, thc greater
th e risk. But acciden t rates do not necessarily rern ain co nstant as volume increases. If th e
airp ort can increase its traffic vo lume and its safety capabilities at th e sarne tim e, the acc ide nt
rate co uld actually decrcase. Examination of histori cal data and analogies with ot her
disciplines of expe rt performance sho ws that th e biggest are th e best. A study of aviation
accident records by Arn old Barn eet of MIT dem on strared that th e largest carriers and rhe
airpo rts handling th e largest traffic vo lumes are actua lly th e safest. In othe r disciplines there
is also pr ecedent for thi s ph cn omen on . H ealth serv ices research has shown that hospitals and
surgeons w ho perform the largest numbers of risky surgicaI pro cedures generally have th e
lowest complication and mo rtality rates. These data suggcst that high vol umes of expert
operations gene rate a cri tica l mass ofadde d experience and expertise that increases the safety
perform ance .

2 . T he mod el has no causal struc ture.
T hc risk co nto ur model o nly looks at accide nts and no t on precursors to accidcnts, or th e
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facto rs co ntributing to the occ urrence an accident. Fo r instance, th e model does n' t take into
acco unt well-known differen ces in carrier perform ance, crew training and experience.
Beca use there is no incorporated causal mod el, imp rovem ents in safety are no t reflected in
the risk contour. So, safety improvements Iike the increased surveillance of risky carriers are
inv isible in the model.

Howcver, to claim that these safety improvemcnts are untncasurablc, is the same as stating that thcir
iffecr is z ero.

6. Towards a more comprehensive way of measuring safety

In concIusion, what is needed is a more co mpre hensive way of measuring ex ternal safety at
Schiphol airport. A risk model based on vo lume sole ly has its limitations, Also , accidents 
fort unately - occ ur too infrequentIy to be a comprehensive souree of information. O ur
poi nt is that because the risk co n tour model only loo ks at accide nts, it does not make use
of all the safety information, which is available. M or e data are needed to estima te the safety
level of airport operations. To ge t at thi s info rma tion , one needs to look at data from
incident and hazard reports, data from training and sim ulation, data from inspeetion and
rnaintenance reports as we il. If these data are unavailable, use could be made of expert
opinion in a systema tic way. Experts could be asked to supplement the safety data with the ir
knowledge of the situatio n, T his sho uld be don e be making use of methods like focus
gro ups. Getting these data migh t pose problems in terms of the co nfidentiality of the
sensitive information and of conflict of interest between the actors involved. N obody likes
to report to the competition that one of his or her employees nearly caused a serious
accident. However, th e workings of the ISMS at Schiphol airport dernonsrrate that these
problems can be solved. Actors with co nflicting interests will have to work together w he n
ir cornes to improving safety.
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Downsizing Power and Speed, the Safe
Road to Fuel Economy, Road Safety and

Sustainability
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Abstrac t . T he power and speed of cars, tru cks and motorcyclcs are unn cccssarily high .
Enforcing motorway speed limits and sett ing lowcr speed limits are effect ive
instrum cn ts fo r rc d uci ng fue l co nsum ptio n and cm issio ns and impro vin g raad safety .

The trend towards more powerful engines and higher performance must be halred if
the dcsircd redn etion in CO2 cmissions and the dcsircd imp rovcmcnt in fucl efficiency

and traffic safety are to bc achicvcd. Speci fic power ratings nccd to be halvod at least
and perform ance levels nccd to bc rcduced substantially if future vchicles and traffic are
to be "sustainablc". T he "Car of thc Fururc" can crubody cvcry reasonablc consumcr
feature such as intc rior spacc, co mfort, safety and image profile . but - to be sustainablc
- its engine power, performance and we ight necd to be rcduced. Putting "Iess of the
samc" into a ncw generation of vchicles - instcad of putting more (rcchno logy toys and
perform ance) into thcm - is a pro mising, safe and cost-effective route towa rds rcal fuel
cco nomy, safety and sustainabiliry.

1. Introduetion

T raffic is one of th e main causes of th e most serio us enviro nmental problems world wide,
such as acidificatio n , ph otoch emical air pollution, elima te change, local air quality and noise
level s. When assessed against th e crite rion of "sustainable dcvclopment" in troduccd by rhc
Brundtland C omm ission and in th e light of the co ncepts o f sustainability and safety [1], and
given roa d traffic' s total dep enden ee on oil, th e cur rent transport syste l11 is clearly
envi ro nmcntally unsustain able . Ab ove all, growth is th e probl cm, Assuming that th e
number of vehicles will rise to over one billion w orldwi de wi thin two de cades, and raking
into account its co ntrib ut io n to CO2 crniss io ns and th e refering to th e Kyoto agree ment,

th e co nsum ptio n of oi l by th e T ranspo rt sector will have to (111 sharp ly. In addition to

cur bing car use - an illusion at cut rent fuel pri ces - th e on ly effec tive measure is a forced
decline in th e average fuel co nsum ptio n per ve hicle per km of at least 50% between now
and 2010. T his see ms a feasible target if technical vehicle im provemcnts are genred m ore
to wards fuel efficiency instead of up grading pow er, per form ance and weight and if, at rhe
same tim e, driver beh aviour could be gu ided toward s fuel efficiency and away frorn
speeding and strong accel era tio n. R ecent research projccts in the N eth erlands show th at a
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combined approach of downsizing power and speed, enforcing speed limits and in-car
guidance of drivers ' be haviour can achieve a 50% reduction target. H ow can th is be
inregrated into future road safety and environment po licy?

2. Speed, emissions, fuel consumption and other vehicle characteristics

Speed kills. Bu t wh at is the effec t of spee d to th e enviro nme nt? It is w idely known that fast
driv ing speeds up fuel co nsumption. N ever th eless, little is known abo ut the overall
cnvironme ntal and fue l efficiencyeffects of reducin g vehicle speeds in vario us dcgrccs
th rou gh enforcing and lo werin g spee d limi ts in various ways . T his qu estion has bee n
targcted in a recent research project in th e N etherlands int o rhe cos ts and benefits of spee d
lim it enforcement and of redu cin g speed limits [2]. R educin g spee ds throu gh stric t
enfo rce me nt or through introducin g int elligent, in-car spee d-retarding systems and
downsizing th e performance levels of cars will yieId large ben efits to society at large. Up to
1% of G N P co uld be saved, accordi ng to thi s study, if speed limits are fully en forced and
Optim ised to th eir maximum effectivi ness, giving overall CO 2 eruissio n and fue!

cons umption redu ctions of up to 30% and risk red uctions of up to 40%. Thus current
Duteli elimate change po licy targe t for passenger cars (C02:- 1O% by 2010) co uld be

achieved by enforcing and lowering speed Iimits alone. Table 1 shows the potenrial effects
of these approaches .

T able 1. Direct and indirect effects of lowcr speed limit s and optimiscd cnforccm cnt.

Parameters Base = current Improved Optimum in-car enforcement
Base index limits (1995) enforcement plus lower speed lim its

Average High

VMT 100 94 91 86

Energy 100 89 79 68

CO, 100 89 79 68

NO, 100 85 64 48

Casualties 100 85 83 73

Fatalities 100 79 75 60

Travel time 100 99 99 98

T he co nnee tion between veltiele design and speed on th e one hand and emissions and fuel
consumptio n o n th e other lias been examine d in detail [3], showing th e following
correIa tions (tho ugh exceptions occur in practi ce). In so far as th ese lead to avo idabie effec ts
(extra emissio ns or fue l co nsurn ption), th ey sho uld be give n priori ty in abatement policies
dcsigned to achieve optimum cost/ be ne fit ratios,

1. Vehicle weight - fuel co nsum ptio n/C'Oj emissio ns

Large, heavy cars co nsume mor e fue! than small, lighter ones. H eavier ve hicles req ui re a
higher power output for th e same performance, especially w hen acce lerati ng and under
urban driving co nditio ns.
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2. Cy linde r capac ity/power/ pe rformance - fuel consump tiou/C'Oj emissio ns

Cylinde r capacity, maximum power, acceleration capacity, top spee d, and, above all, the
spec ific power ratin g (kW / kg) are significant indi cators for fuel consumption and COz
emissio ns. T he largest engines and highest power and performance ratings tend to be found
in the heaviest vehicles. H igh-powercd (petro l) cars co nsume more fuel - other things being
equal - than those with smaller engin es.

3. Spe ed - fuel co nsurnptiou/C'Oj emissiona/N'Ó ; emissions

Above abo ut 60-70 km/ho ur , fuel cons umptio n, COz emissions and NOx ernissions

inc rease. Above abo ut 80 km/hour in the case of goods vehicles and abo ut 100 km/hour
in the case of private cars, the increase begins to rise faseer on acco unt of the increase in air
resistance, On average, a mod ern 1,100 kg car requires a power output of less than 30 kW
to travel at 120 km/hour .

4. Dri vin g habits - fuel co nsump tio u/C'Oj emissions/other emissions

Consume r surveys and car tests show that the difference in fuel co nsump tio n between a
" racy" and an econorn ical drivin g sryle can be over 40%. A "racy" or "aggressive" driv ing
sryle wi th freq uent accele rations and braking also causes a slurp and even extreme increasc
in CO, c.n, and N O x emissions.

5. Spee d - accidents and fatalities
Accident freque ncies and fatality rates increase more than prop ortionally w he n speed levels
inc rease, espec ially above a give n spee d limit . Passive safety features sueh as crush zones are
most effective at lower speeds that triggered their design. T he se -called safe German
Autob ahns wi tho ut a general speed limit, are twice as unsafe as the Dutch highways with a
mixed speed limit system of 1001120 km /hour.

T he above shows that there is a significa nt causal relationship between fuel consumption.
COz emissions and emissions of N O x' CO and CxH y on the one hand and vehicle design

features such as weight, speci fic power, per form ance, and behaviour patterns (speed and
acceleration) on the other. TNO M otor Veh icles Test Lab co ncludes that optimum speed,
with rhe lowest emissio ns and fuel co nsumption, is between 60 and 80 km/hour for goods
vehicles and between 70 and 90 km /hour for priva te cars. T hus, red ucing the power and
speed of veh icles is highly effect ive in attaining environmental as we il as road safety goals.

3. Road safety: the hidden power< > risk paradox

In theU .S.A. a fierce battle has bee n go ing on co nce rni ng the (assumed) lack of safety of
sma11 and fuel efficient cars in co nneetion wi th the possibili ty of ach ieving furt her energy
savings by means of bo dy downsizing [4]. As regard s passive safety, there is iudeed a general
statistical co nnee tion between vehicle weight and risk. But accident statistics do not prove
that large, heavy cars are intrinsically safe. Collisio n tests and statistics from, inter alia, the
US H ighway Loss Data Institut e (H LD I) and the Swedish Folksam [5] prove that in practice
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it is not weight or size tint determines risk, but the qualiry of the safety structures and,
above all, the vehicle's "character" in terms of (too much) power, performance,
roadholding and "macho" image. Vehicles in the sarne weight class perform very differently
in both collision tests and accident statist ics. In German statistics the highest risks occur not
only in the structurily unsafe category of very small cars (minis) designed in the 50s and 60s,
but also in the category of the latest fast sports cars, with twice the weight, such as the Audi
Quattro and BMW M3. What is the reason for this?

The active safety of private cars has increased significantly in recent decades thanks to
improvements in vehicle design. In this connection, a paradoxical phenomenon, which can
be explained in terrus of compensatorv bchaviour, occurs: the so-called "ABS effect" . German
experiments revealed that, contrary to expectations, a disproportionate number of cars with
an anti-blocking system were involved in accidents. Apparently, the perception of extra
safety removes inhibitions characteristic ofa safe, defensive driving style . Available insurance
statistics [5] show that cars with perfect road-holding and a high power rating are involved
in accidents to a disproportionate degree, especially sports cars and Mercedes, BMW and
SAAB modeIs, which achieve high scores for both active and passive safety. In the U S A.,
the two-door (first generation) SAAB 900 - usually a Turbo - has been found to be three
times as unsafe for its drivers as the four-door model, whereas the passive safety of both is
the same. In conjunction with specific driver characteristics such as age (young) and sex
(male), this aspect resulted in recorded risk variations in the USA. of up to 800% within
the same weight category (see Table 2).

Tablc 2. Accident risk within sizc classes,

Type risk of death accident frequency

Ave rage 1.0 100

Mer cedes 5 0 .9 160

Cadillac Fleetwood 1.0 87

BMW 520 1.0 157

VOLVO 240 0 .5 - 0.8 91

VOLVO 740 0 .7 88

SAAB 9000 0 .5 135

SAAB 900 4D 0 .6 143

SAAB 900 2D 1.9 178

Porche 944 2.2 very high

Nissan 300 ZX 4 .0 very high

Corvette 4 .7 very high

VW Jetta 1.1 93

VW Golf 1.5 130

Golf GTI 1. 5 164

Mazda 323 1.9 100

Sourcc: HLDI staristics 1985 - 1989 (USA).

The obvious conclusion is that, in the case of fast cars, design features (such as character,
performance, perfect active safety features, airbags and sop histicated crash testing) in
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co nj unc tio n with psycholo gical facto rs, such as ovcrestima tio n of one's own abilities and
risk co rn pe nsatio n, lead to a high level of activc III1S*ty. Since the new car fleet average top
spee d is now up to 190 km/ho ur, this ph en omen on is true for all cars except real minis .

lndeed, sorne cars m ust be regarded as "killers", especia lly large and heavy cars (such
as 4WD and piek- ups) and "rn uscle cars" , Taki ng into account the no t monitored fate of
"collisio n partn ers", any car's risk profile sho uld include accide nt freque ncy and active
un safety as we il as risk and crash test figures. Furthe rmore it must be no ticed that specific
car model risk staristics vary co nsidera bly over tim e and place. For exe mple, the Volvo 240
or Mercedes 200 series perform less we Il in Australian risk ratings than in the US ratings .

It is therefore disappo inting that H LDI and the US Insurance Institute for Highway
Safety co mpletely ignor e these hidden risk facrors and wrongly pro c1aim vehic1e size to be
the best safety guarantee ("buy big ").

4. Trends in vehicle performance, market segments and car culture

O n the basis of the correlatio ns described above, a review of recent developments can help
to ind icate the necessary rem edies. After a cen tury of development, the car has been
pe rfeered techn ologically, with enormous improvernents in user friendli ness, comfort.
handling, safety, perfo rmance, costs and emissions. In every respect, the car is big business
and in ma ny ind ustria lised co untries it acco unts for over 10% of GNP. The dominant
imp act of thi s industrial product on our stree ts, the eco no my, activity patt erns, our cu lture
and erno tio ns canno t be explained in terms of eco no mie and dem ographi c facto rs alone. A
study of the factors determining car owne rship, car use and drivi ng habits [6] shows that
" intrinsic" (affective) motives , connected with life sryle, sarisfactio n of emotional needs and
cultural trends, have a major influ ence on mot ori sts' behaviour and, consequently, on
vehicie design and road safety.

Viewing the subject from a psychological angle, Sachs and Di ekstra 17] show how
the car fits in perfectly with the factors dctcnuining bchaviour: the nce d for security and a
territo ry; auto -regulat ion; ant hropo morphisation; the need for physical power, hero ism and
soc ial supe rio rity (chivalro us co mpe tition); the desire to be differe nt and project an identiry:
and the need to expe rience risks (ne uro nic stim ulation). Ca r design and the irratio nal aspectS
of the car system canno t be properly understood without takin g these un conscious motives
into acco unt . T he usual co nce pts of status, freedom and privacy do not pro vide an adequate
exp lanatio n. Being aware of these moti ves, one can no tice how they work out in our
culture and in poli tical decision s th at relate to cars, fuel prices o r rhe car industry. lndeed,
no othe r industrial product offers so mu ch satisfactio n for so many desires.

In recent decades, almos t unnoti ced ISJ, it has becom e custo mary for each new car
model to be faseer, mor e power ful, larger and heavier than the last mod el it in its own range .
As a mi e, cars are distingu ished by the ir exact place in a hierarchy that is stric tly dictared by
dimensio ns, engi ne capaciry, power, per form ance and image profile. T he technological.
psychological and eco no mie developments of the car market are exprcssed in various form s
of up gradin g, which are part of the car cultu re and our spending patt erns, and which
co unteract fuel efficiency:
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1. All cars are getting larger and heavier,

Every model change since WW II proves that rhere is a law of continuous upgrading, due
to the competition between car manufacturers, designing towards offering more than the
current models or competitors in class, The interior space and the weight of the average
European and japanese car in each model range is now at the same level as that of the range
abo ve in the 19705. The VW Golf Diesel body weight increased from 830 kg (model 1) to
1130 kg (model 4). The new Mazda 626, BMW 5 series and Mercedes S are the first
exemptions, offering more interior space and performance with less size or weight than
their predecessors,

2. All cars are getting faseer.
Current small cars have the same performance as medium-range models 25 years ago, while
medium-range modeIs have the sarne performance as sports cars 25 years ago, and sports
cars have the sarne performance as racing cars 25 years ago. The proportion of affordable
cars with a top speed of over 200 km/hour is soa ring, dunks to turbos, four-valve cylinders,
1110re swept volume and power output and low air rcsistancc. It is not so much the

Upgrading in the top range that is striking, but that in the bottorn and medium ranges. The
average European family car now has a higher performance rating than the renown Mini
Coop er S or the SAAB 850 GT, with which Eric Carlsson won the toughesr rallies in the
19605.

3. The number of models and variants is steadily incrcasing, as is the use of accesseries
thar increase fuel consumption, such as air conditioning, tuning sets, and wide tyres.
Uneconomical modcls such as Jeep-type vehiclcs, Piek-ups and MPVs are increasing their
share of the market. Turbo-Dl diesels offer petrol-level performance, and low powered
variants (2CV, RA) have disappearcd anyway. The number of cngine variauts (in cm-' and
kW) and performances levels for each model range have dramatically increascd. The result
is a dynamic and more enticing range of models, with (upward only) variations in power,
comfort and accesseries to suit every taste. Publicity is generared by mcans of a massive
l11ultimedia campaigu. with the trend being set by car magazine journalists, who, in their
professional capacity, come into contact almest exclusively with the fastest cars .

4. Motorists are buying ever larger, fàster and more expensivc cars,

the sale oflarge cars and model variauts with a high power rating and fuel consumption is
of great commercial value: more is earned from these cars than from smaller or simpler
vcrsions of the same model. For instanee. the basic VW Golf or Mercedes E or S is about
half the price of the 1996 top versions. For many motorists, each car they buy is larger and
faster than the last.

S. Effects of upgradings

A comparison between European car models today and those of 10, 20 or 30 years ago in
terIns of power ratings, fuel consumption and performance shows that nearly all the progress
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in engi ne techn ology and efficiency has led almost exclusively to an increase in top speed
and accele ratio n. From the standpo int of global warming, ene rgy co nserva tion and raad
safety, th ese trends are all in th e wrong dir ection. The up grading of the vehicle fleet has
ensured that in most OECD countries th e average fuel co nsumption of new (pe tro l
engined) cars has ceased to decline, after falling continuously since the first oil crisis. As a
result of engine and matcri als technology and of lower air resistance , the performance of
new car models will steadily incre ase, and at the same tim e they will become sligh tly more
eco no mica l at co nstant spee ds (by an estirna ted 1% per year) but not in practi ce.

The Kyoto C O 2 reduetion targets and the ene rgy co nserva tio n targe ts of most

O ECD co untries wil\ nevertheless not be achieved, if these trends are to sustain. ForecastS
of tran sport C Oz-emissio ns in OECD and ECMT co untries tend to show large in creases

rather than reductions or a stand still [9]. In a word, sustainable devcl opment tem ains
una chi evable within cur rent "laissez-faire" approac hes that do not address upgrading and
performance.

As far as road safety and drivin g habits are co nce rncd, the future looks eve n less rosy
Add-on (passive and active) safety features increase we ight and offset part of the efficiency
gains. Road nerwork spee d levels and driving dynami cs have risen sharply in just a few
decades. Speed limits in the Netherlands are exceeded during a third of the total mileage

driv en and the problem of overall and effective enforcem ent seems insoluble on the basis
of current priori ties.

Attempts to improve drivin g habits by the "soft" means of information , education
and public campaigns will rernain virtually ineffective as long as performance co nti nnes CO
provide the wron g behavioral "stimulus co nfigura tio n". Assurning that the intrinsic and
affective motives [7], or the quality of the infrastructurc, canno t be influe nce d in the short
term, a reduction in the potenrial speed of vehi cles is an absolute prerequisite for achievi ng
speed reductions. Thus, since driver self-c ont rol is becoming incre asingly difficul t CO
achi eve voluntarily, on e mu st think of "vehicl e self-c ontrol" [10].

6. Limitation of speed, power and performance

Signifi cant reductions in fuel consurnption and C O z emissions per vehicl e require not only

best available technology but also the Iimitation of the top speed and - eve n more - the
limitation of acce leratio n capacity by me ans of reducin g power output and power-CO
we ight ratios. These ratios need to be reduced by at least 60% in every vehicle c1ass CO
enable C O 2 emissio ns to be halved in the medium term despit e a mod erate growth in car

use. In addition, weight reduction will remain necessary to compensate for the effects of the
growth in car use. This would require a stru ctural shift in the market so that the share of
compact cars increases at the expense of cars weighing over 1,000 kg. The use of large
capacity engines of over 2,000 cc or 100 kW would not be appropriate any more. Speeific

power ratings would have to fall gradually to under 3 kW/100 kg.
R educing absolute spee d in all traffic co nditio ns and co llisions and redu cing rhe

frequ ency of overtaking behaviour will redu ce both accide nt frequen cies and fatalities
dramatically!
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Tec hnologically, engine and performance downsizing is not a problem. The motor
industry is qu ite capable of designing vehicles w hic h meet modern safety and comfort
requirements while being extremely economical in terms of fuel consumption (3 litres/100
km). On the basis of the performance level of popular diesel -powered cars from around
1980, such as the VW Golf and Mercedes 200D, the average fuel consumption can be
halved if - using the best technology available - driving habits improve and the average
vehicl- weight declines.

The scmi-sustainable Eur opeon medium-range (Golf class) petrcl-fuclled car in the year
2000 gcared to a low fuel consumption, could have following characteristics:
lcngth: 4 metrc s; 4/5 scats: weight: <800 kg; engi ne capaciry <700 cc; variabIe valve
timing and/or compressor for high torque at low rpm ; fully electr oni c engine
mana gement and intelligent transmission. top speed: < 140 km /hom; 0-100 km /hom
> 20 seconds; 3 11100 km fuel con sumption. A fuel con sumption computer ("economy
meter"or "bl ack box") will optimise driving habits and save an extra 5% fuel.

7. Poliey eonsequenees

Ho w can current trends be revcrsed, given that fierce competition, low oil prices and the
dominant car culture force manufacturers to participate in the race to constantly upgrade
car modeIs? What role can governments play in rolling back current upgrading and in
downsizing power and speed? How can car manufacturers and retailers be brought to
develop and sell fuel-efficient/low-powered cars that they do not believe to be profitable
under current market conditions? And how can consumers be brought to purchase cars
which they feel do not meet their basic needs as far as power, performance and image are
concerned? One thing is for sure: those cars will not sell on the basis of curren t market
preferences.

The first political statement in this direction was made by the European Conference
of Ministers of Transport (ECMT). In their resolution of 2 1 N ovember 1991, they came
OUt unanimously in faveur of limiting power and performance ratings for all categories of
vehicles in the interest of road safety, environmental proteetion and energy conservation.
The ECMT's call is also directed at the OECD, ECE and EU. More recently, in its
communication on "A Communiry strategy to reduce CO2 emissions from passenger cars

and improve fuel economy", the European Commision finally acknowledged the role of
Upgrading and the need for reducing power and weight. The Commission underlines the
need to encourage fuel effien cy through fiscal incentives, but unfortunataly it fails to
idemifY engine downsizing and in-car feedback instruments as a "no rcgret" approach .

The question therefore needs to be addressed: what single or combined measurcs
should be taken to achieve the "downgrading" of market trends and the downsizing of
Power and performance? Four different but rclated approaches can be distinguished:
J. social-psychological instruments, such as communication and education;
2. fiscal and economie incentives;
3. covenants or voluntary agreements with manufacturers;
4. (international) regulations, directives and standards.
A brief survey of these different instruments suggests that instrument 1) cannot be
considered effective, given current market preferences and "auto-cultural" values. The
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measures under 2) and 3) are favo ure d as an alterna tive to 4) and can be highly effective
on ce industry supports a target or a deal. But this will not happ en in the foreseeable future.
given curren t market preferences and the low oil pric es and th e promise of abundant fut ure
supplies, at least in the medium term. Thus the regulatory approach seems inevitable if
politicians have the courage to promote stricter fuel efficiency and road safety at the expensc
of the current cmphasis on performance. However, even if this were to happen , wc sho uld
not harbeur any illusion s about the resistancc whi ch limiting the power-to-weight ratios or
performance of cars will provoke. The "car- industrial-c ultural complex" is likely to prevent
any such approac h from being embodied in dire ctiv es until serious o il crises arrive. It mu st
be co ncluded that it is the car industry that holds the key to any effective impl ementation
of downgradin g, be it voluntary or regulatory. In view of Kyoto and the lon g way to go ,
the first steps should now be taken by the OECD and EU mernber countries towards a
comprehens ive set of measurcs, start ing with "no regret" measurcs and shifting to mor e
unpopular and painful ones, as set out below:
1. Tax measures sho uld be introduced to encourage purchase and owne rship of
compact and economical cars and discourage purchase and ownership of powerful, heavy
and un economical cars, Such measures are curre ntly being prcpared in the N eth erland s.
2. CO2 emission stand ards and fuel consumption standards should be formulated for

relevant vehicle size classes, and regularly tightened up. CO2 standards need to prevent

market reaetanee to upgrading, 50 fleer-average efficiency standards need to bc incorporared
as well. Standards can be set voluntarily or by EU dir ectives.
3. Econometers, board computers and cru ise con trol devi ces should be fitted as a
standard in-car instru ment that supports drivers in safe and fuel-efficient driving.
4. Speed limits should be enforced continuously and effectively so as to reduce real

vehicle speeds and to improve driver's awarencss of speed and fuel consumption. Current
speed limits should be lowercd to the levels where to tal costs/ benefits to society are optimal:
90 or 100 km/hour on highways (LDV only; HDV: 80 km/h).
5. Speed limiters sho uld be fitted not onl y to goods vehicles and bu ses but also ra
motorcycles, private cars and delivery vans, as a transitional measure towards the limitatio»
of power ratings in all vehicles.
6. Power-to-weight ratio s and the performance of passenger cars, motor cycles and, ra
a lesser extent, goods vchicles and bu ses sho uld be limited within a ticred stepping- up time
table for 2000, 2005, ete.
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Safety and Cornrnercial Realities
Avionics Application

.
In an

E. Kesseler and E. van de Sluis

National Aerospace Laberatory (N LR), Tlie N etherlands

Abs tract. To f1y aircraft und cr all (adverse) co nditions, pilots must re!y fully on the data
presenred to them, and on thc rcliablc and timcly forwardin g of their co nuna nds to thc
relevant aircraft subsystems. Thc avionics applicatio n, Flight Co ntro l Display Modul e
(FCDM), con nects these subsystcms wit h the aircraft f1 igh t deck by means of modern
digital data buses. It combines, controls, processes and forwards the data between the
subsysterns and thc f1 ight deck. High reliability of these functions is required to cnsure
thc safety of the aircraft. T he cxpc riences with the software devc!op ment methods ra
meet these requirernents arc presenred.
For air transport the safety rcquirerncnts are stated in DO -1 78B; software considera tions
in airbo rne systcms and cquipmcnt certification. Thc main part of thc FCDM software
is subject to the most scvcre classification of 00-1 7813. Compliancc to DO-1 78B is
assesscd by an independ ent . government aut hor ised, third party. This third party issues
a certi ficate releasing the produ ct for opera tional use. T hc influence of these safety
rcqu ireme nts and thc inde pendent DO-1 78B com pliance assessment on the software
devclo pmen t and vcrification me thods arc describcd . T hc black box lias a successful
application in air transport . Th e extension of the black box approach in FCDM is
discussed.
The deve!opm ent of aircrafi is a comme rcial vent ure . In order to meet the market
demands, perm anent changes occur during thc software devclopmcnt process. Many
different versions of and/or extensions ra the product for the variou s customers arc
requircd. T he re!iability, maintainabiliry, safety and certifiability of the produ ct may nor
be com promised. The impact of all these custo rnisations on the dcve lopmcnt and
verification meth ods is assessed.
General standards for safety crincal software are emergi ng. Some differcnces and
similarities with DO-178B are highlightcd. T hese standards provide oppo rtunitics for
general purp ose produ crs. Thcir possible impact on airworthy cquipme nt is assessed
using the FCDM case.

1. Introduetion

To fly aircraft under all (adverse) conditions, pilots mu st rely fully on the data presented ro
th em, and on the reliable and timely forwarding of their commands to the relevant aircraft
subsystems. An avionics application w hich is currently being developed by NLR, th e Flight

Control Display Module (FCDM) , connects these subsystems with the aircraft flight deck
by means of mod ern digital data bu ses. It combines, controls, pro cesses and forwards the
data between the subsystems and the flight deck. Hi gh reliability of th ese fun etions is
required to ensure the safety of the aircraft. In this paper the exp erien ce with the software
devclopment methods to meet these requirements in a commercial env iro nme nt are
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presented. The final sectio n highlights some differences and sim ilarities between the
emerging general standards for safety critical software.

2. Air transport software safety requirements

For air transport, apart from th e normal custom er-supplier relation relating to the fun ction al
requirements, th e safety requirements are stared in DO-1 78B: softwa re co nside rations in
airborne systems and equipment certification [1J. The aim of this do cument is to provid e
guidance to both the software develop ers and the certification authorities. Usually
acceptance of software is based on an agreem ent between the developer and the customer.
In civil avionics an independent third party, the certification authority, performs th e
ultimatc systcm (aircraft) acceptance by ccrtifying the aircraft. It is only then that th e
softwa re is airw orthy and can be considered ready for use in the aircraft co nc erned . DO
178B provide s a world wide "level playing field " for th e co mpe ting industri es as weil as a
world wide proteetion of th e air traveIer , which are important du e to th e int ernation al
charac ter of th e industry. T he cert ificatio n aut hority is a national govern me nta l institut io n
which in our case del egated some of its technical activities to a specialised co mpany.

Based on the impact of the systcm failure th e software failure can contribute to , th e
softwa re is classified into 5 levels. The following is a ve rba tim co py of th e DO-1 78B
text.The failure probability in flight hours (i.e. actual op erating hours) according to th e
Federal Aviation Requirernents/joint Aviation Requircmcnts FAR/JAR-25 [2] has been
added.

l evel A: Ca tastrophic failure
Failure conditio ns which would prevent continue d safe flight and landing

FAR/JAR-25 cx trerncly improbable, < 1x1 0-9

l evel B: H azardous/Sevcre-Major
Failure co nditio ns w hich would reduce the capability of th e aircraft or the abiliry of
th e crew to cope with adverse op eraring conditions to th e ex ten t that th ere would

be:
• a large redn etion in safety margins or functional capabilities
• ph ysical distrcss or higher workload such th at the flight crew co uld not be rclied
o n to perform th eir tasks accurately or completely
• adversc cffect on occupants including serio us or potentially faral injuries to a small
nu mber of those occupants
• FAR/JAR-25 ex tremely rem ote, lxl 0- 9 < hazard ou s failure < Ixl 0- 7

l evel C: Maj or

Failure co nditio ns which w ould reduce thc capabiliry of the aircraft o r the ability of
th e crew to cope with adverse ope raring conditions to the extent that there would
bc, for example,
• a signi ficant redneti on in safety margin s or fun ctional capabilities
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• a significant increase in crew workload or in conditions impairing crew efficiency
or
• discomfort to oc cupants, pos sibly including injuries

FAR/JAR-25 remote, Ix 10-7 < major failur e < l xlO-S

Level D : M inor
Failure co ndi tio ns which would not significantiy reduce aircraft safery and w hich
w ould in volve crew actio ns tint are weil within th eir capabilities . M inor failure
co nditions may include for exa mple,
• a slight reduction in safety margin s or fun ctional capabilities
• a slight increase in crew workload, such as, routine flight plan changes, or
• some inconvenience to oc cupants.

FAR/JAR-25 probablc , minor failur c > l x l Or>

Level E: N o Effect
Failure co ndit io ns which do not affec t th e ope ratio na l capabiliry of th e aircraft or
incre ase crew workloa d.

The following text will only co nside r the part of the applica tio n which is classified as level
A.

DO-1 78B o n purpose refrains from making a statement abo ut an appropr iate
software life cycle. The life cycle is described rather abstra ct as a nurnber of processes rhat
are categorised as follows:

• softwa re planning process,
The softwa re planning process entails th e production of th c following documents

- Plan for Software Aspects o f Certificatio n. The main purpose of thi s document
is to defin e th e co mpliance of the software development pro cess to DO-1 78B for
th e certificatio n autho rities. This document co nta ins many refer ences to th e project
documentation gene rated as part of th e life cycle model used.

- Software development plan , which defin es th e chose n softwa re life cycle and the
software development environment, including all to ols used

- softwa re verifi cation plan , which defin cs th e mean s by which th e ve rificatio ü
objectives will be met

- Software configuration management plan and software qu aliry assurance plan

• software development pro cesses co nsisting of
- software requirem ent pro cess
- so ftware design process
- software co ding pro cess
- integrati on process

Each software development process has to be rraceable, vcrifiable and co nsisten t.
Transition criteria ne ed to bc dcfincd by thc dcveloper to dctermine whether the
next process may be starred. In case th e inputs of a process are incomplet e, e.g. rhe
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previous process has not been complctcd, transition can be allowed when the
transition criteria arc satisfied. Special attention needs to be paid to the verification
of process inputs which become available after the subsequent process is started.

• integral processes
The integral processes arc divided into

- software verification process
- software configuration management process
- software quality assurance process
- certification liaison process

The integral processes are a result of the criticality of the software. Consequently the
integral processes are pcrformcd concurrcntly with the software development processes
throughout the entire software life cycle.

Verification is defined as "the evaluation of the results of a process to ensure
correctness and consistency with respect to the inputs and standards to that process".
Verification can be accomplished by review, analysis, test or any combination of these 3
activities. Review provides a qualitative assessment of correctness. Arialysis is a detailed
examination of a software component. lt is a repeatable process that can be supported by
tools. DO-178B recognises two types of tooI:

• software development rools, which can introduce errors
• software verification tools, which can fail to detect errors

The FCDM project has only developed software verification tools. Every tooi needs to be
verified against the Tooi Operational Requircmcnrs (TOR), the contents of which is
prescribed in 00-17813. Software development tools need to be cesred using normal and
abnormal conditions. Software verification tools need only be tested using normal
conditions. For software tools the same documentation and configuration control
procedures apply as for the airborne software. Every software tooI needs approval of the
certification authority. Testing is "the process of exercising a system or system components
to verify that it satisfies specified requirements and to detect errors". By definition the actual
testing of deliverable software forms only part of the vcrification of the coding and
1l1tcgration processes.

3. Expcrience gained with safety critical software development

Usually the software development process is agreed between the customer and the supplier.
For certifiabIe software a third party is involved, adding a stage in the approval process. The
organisational independenee improves the position of the assessors. In the om case the
CUStomer had ample experience with DO-178B certification and decided, after approving
the process documentation, to postpone the review with the certification authorities until
the completion of the coding process . Only minor modifications were needed in the
process documents, implying that 00-17813 can be adhered to without prior knowledge of
certification.
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The project team was set up co nsisting o f 2 separate groups, a developmen t gro up
and a verificatio n group. The ve rificatio n group was hcadcd by a team member with
sufficient authority to rep ort, at his ow n discretion, to th e co mpany managemen t outside
of th e project hierarch y.

To en sur e a strict traceab ility from requirements to design, to co de and to int egratio n
a review was planned after co mpletio n of each process. Exp eri ence with pr evious mission
critical software de velopment suggested variability of detailed system requirem ents, so
analysis is used wherever possible . Part of th e analysis can be strictly defin ed and
subsequently implementcd in a customised tooI. Tooi suppo rt reduces th e costs for rep eated
analysis. The softwa re verifi cation tools performcd acco rding to expectations to reduce the
impact (both in time and costs) of th e many late rcquircrncnts changes.

The customer rcquired use of the C programming language wa s co nside red a
potenrial risk for the successful application development. The C langu age co ntains
numerous construc ts th at are unspecifi ed, undcfined or left to be defined by the co mpiler
supplier [3] This risk was reduced by choosing an ANSI-C co mpliant co mpiler
co mplemented by a project coding standard defining, amo ngst others, a safe subse t of C.
Complianc e to thi s project co ding standard can be chec ked au to rn atically by custo mising a
co m me rc ial tooI. During ve rificatio n o f th is tooi the vers io n management by th e tooi
supplier turned out to be inadequate. The to oi was already sold at least 5 years to hu ndreds
of custo mers. This illusrrates th e rigour of th e applied ve rificatio n processes.

4. Overview of the avionics application

The flight display subsystem is design ed to ope ratc in both Visual M eteo rological
Conditio ns (VMC) and Instrument Meteorological Conditio ns (IMC). Under visual
meteorological conditions th e displays aid the pilot during flight, under instru ment
mercorological co nditio ns th e instruments are necessary for th e pilot to be able to fly .
conseque ntly th e correc t functioning of th e instrumcnts is safety critical. The latt er
co nditio ns imply th at a number of equipment items needs to be duplicated to achieve rhe
required failure probability.

When configured for instrument meteorological co nditions th e display subsysren!
co nsists of th e following cquiprnent:

• 2 Flight C ontrol Displ ay Modules,
• 4 Smart Multifunction Displays,
• 2 Instrument Control Panels,
• I R econfiguration Control Unit.

The FCDM is th e interface between th e on- board senso rs and the displays. The sensors and
some aircraft subsysrems send flight param eters via digit al bu ses to th e FCDM, w hic h
validates th e param eters and scnds th em to th c displays. A nurnber of param eters is also
co rn puted within FCDM itsclf

In case of failure o f an equ ipment item or a discrep ancy between tw o sensors, rhe
R econfigurat ion Contro l Unit permits th e crew to choose betw een different
configurario ns. When a senso r is reconfigured , it is logi cally swi tche d-off T his illllstrates
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how software and a mul tiplied hardware device reduce the failure rate to to rhe required
level. Conseque ntly the softwa re becornes safety cri tica].

During normal e peration FCDM pro cesses about 100 different flight pa rameters,
coming from la different sensors. Eac h parameter is classified as:

• critica]: loss o r un det ected error co uld lead to a catastrophic failure condition.
Examples of cri tical para me ters are th e atti tude parameters: pit ch , ro il, and heading.
T he software that handles th ese parameters is classified as level A.
• essential: loss o r undetect ed error co uld lead to a major failure co nditio n . An
cxa mple of an essential param eter is th e VOR (VHF O mnibearing R ange for
position det ermination). T hc softwa re that handles th ese param eters is classified as

level B.
• non-essential: loss or undetect ed error co uld lead to a minor failure co nditio n.
Examples of th ese param eters are th e lon g term navigation param eters, lik e th e flight
plan. The softwa re th at handl es th ese param eters is classified as level D .
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Instrument Reconfiguration Smart Multifunction
Control Panel Control Unit Display

t t
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Figure 1. O verview flight control display module environment.

Depending on the criticality of the data, validatiou is perfomled in four different ways:
• coherency test : a check on correct length and parity of the data,
• reception test: a check on the timely arrival of the data,
• sensor discrepancy test: a comparison between two parameters produced by rhe
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two independent redundant sensors,
• module discrepancy test: a comparison between two parameter values produced by
the same sensor; one value directly read by FCDM from the sensor, and one
obtained from the redundant FCDM via a cross-talk bus.

FCDM itself does not have a black box capability. However, since FCDM is a spider in the
web of the avionics subsysterns, it is made responsible for monitoring the health of these
subsystems. Any discrepancy between multiplied equipmcnt and abnormal behaviour is
logged into non-volatile FCDM memory and also send to the on-board maintenance
device. The logged errors can be downloadcd from FCDM during on-ground
maintenance. This log allows an early warning system to prevent possible future
malfunctions leading to accidents.

5. Experience gained with safety critical software developrnent rncthods

The definition of the FCDM software development method has been guided by previous
experience with mission critical software. In spacecraft the software on which success of a
mission depends is classified as mission critical, The Attitude and Orbit Control SysteIl1
(AOCS) software for the Italian-Dutch SAX (Astronomical X-ray Satellite) [4] has been
developed using the following software development method:

• customer supplicd specifications provided in plain English
• use of ESA PSS-05 life cycle model [5]
• software analysis using Structured Analysis with Hatley and Pirbhai Real Time
extensions (SAIRT) supported by the Teamwork tooI. The process-specifications

are written in plain English, including a copy of the relevant requirement number(s)
• software design using Yourdon Structured Design (SD) supported by rhe
Teamwork tooI. Thc module-specifications are written in pseudo code and includc
a copy of thc relevant requirerncnt number(s)
• coding in the customer prescribed C-language. A proprietary C-coding standard
was used, enhanced for this specific project. The entire module-specificatien was
included as comment in the code
• module testing and integration testing with a sclf imposcd 100% code coveragc

requirement.
After validation and dclivery the resulting system containcd 1 error in 20,000 lines of non
comment source-code. This error was found during the SAX satellite intcgration tests plu s
the entire operational life of the satcllite. The resulting error density is 0.05 error per 1,000
lines of code. This can be categoriscd as an cxtrerncly low value, refer also to [6]. This error
density was achieved even though the first dclivery consisred of 16,000 lines of code and
subsequently about 8,000 lines of code wcre added/modified resulting in a total size of
20,000 lines of code.

For FCDM the customer prescribed the use of the DOD-STD-2167A [7]life cycle
model and the use of the C-language. Based on thc successful SAX AOCS developmcnt
the following elernents of the SAX AOCS software dcvelopment method are retained:

• custorner supplied specifications provided in plain English
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• software analysis using Structured Analysis/Real Time supported by the Teamwork
tooi
• software design using structured design supported by rhe Teamwork tooi
• use of NLR proprietary C-coding standard, with project specific enhancements

Based on the SAX-AOCS experience of a very substantial amount of changes during and
after the implementation phase, even more emphasis is placed on tools to support the
dcvelopment activities. Added to the software development method are:

• autornared test tooi to aid the construction and cost effective repetition of module
tests and as many of the integration tests as practical
• amandatory 100% code coverage for level A software. This code coverage consists
of statement coveragc (cvery statement executed) plus decision coverage (every
decision executed for pass and fail) plus the modified conditionldecision coverage
(mc/dc). Mc/dc requires that for every operator in an expression, its independent
effect on the outcome of the expression is demonstrared
• execution of all module tests and the integration tests on the target system with a
hardware emulator with instrumented code. Subsequently repetition of all these tests
with non-instrumented code to check whether the same results are obtained as with
the instrumented code. An emulator considerably expedites the analysis of
uncxpected results.

6. Commercial realities versus safety critical application development

Due to the commercially defined short time to marker, the customer definition of the
system requirements was performed concurrently with the software requirements process.
The resulting analysis was subjected to a number of informal technical assessments, but no
formal verification was performed. The commercial nature of the aircraft development even
resulted in concurrent updates of the system requirements during the design, coding and
integration processes. Consequently the planned deployment of separate development and
integration teams turncd out to bc infeasible.

To aid the integration of the FCDM in the customer developcd displays and
subsequently in the existing aircraft, a first version of the software with very limitcd
fllnctionality was delivered. This version was produced based on a successive completion of
the documented software devclopment processes. However none of the formal reviews
with the customer or the certification authoriry had been performed. The first version
served its purpose weil. A lot of feed-back was obtained, resulting in many changes to and
clarifications of the system requirements.

Due to the success in eliminaring systern level problems by the informal co
devclopment of the first version of the FCDM and the displays, the customer requested to
continue the informal co-development and allocate all project resources to it. The
personnel resources of both teams were combined, however the 2 separate team managers
with their complementary responsibilities remained. All activitics we re executed for only
one of thc teams. The respective team leader ensured that the relevant procedures are
strictly enforced.



302 Session 2: Modality and Nationality

From a functional point of view th is concentrated development effort resulting in 4
pre-releases of the software, has been very successful. Up to date the software contains
nearly all functions while at the same time around 150 changes to the system requirements
have been accommodated. Valuable feed back from the user (pilot) has been obtained. Also
the development of the displays and espec ial!y its integration with FCDM and the aircraft
have been expedited considerably.

This informal co-development has only been possible because the documented
software requirement process and software design process had been completed before the
coding of the first software version started. The available Teamwork modeIs also aided in
assessing the consequences of proposed changes. The drawback of the informal co
development is that a very considerable amount of documentation work remains, as based
on the software size it was impossible to enlarge the team. Also all verification and the
exhaustive mc/de testing still needs to be performed. It is inevitable that the verification wil!
result in a new version of the software, which wil! be submitted to the certification
authorities. T he reverse side of the early and successful delivery of the co-development

versions is the risk of the invalidating some already completed flight trials of the aircraft.
An important lesson learned from the informal co-development is to try to keep the

verification process up with the actual implementation to comply with the commercial time
to market. Thc many system requircment changes require a cheap and easily repeatable
verification process. This can only be achieved by using strictly defined development
methods which allow strictly defined analysis. The well defined analysis should be executed
by automated tools. These tools should be sufficiently user-friendly and efficient to allow
the analysis, design and testing to be updated concurrently with the code modifications
resulting in a spiral development model. As a complete intcgrated suite of development
tools is not commercially available, the best option is to use as much available tools as
possible . For some simple unsupported (verification) tasks proprictary tools can be produced
cost-effectively. Only the tooi for checking compliance to the coding standard was
sufficiently user-friendly to be uscd during the co-development. The Teamwork tooi is roo
labour intensive to keep the analysis and design up to date.

Independent personnel is required for the verification of the coding and integration
processes . This requircment combined with the outdated status of the analysis and design,
means that the verification can not keep up with the co-development. After the last pre
release delivery costly re-work needs to be done, which also delays the certification
schedule. It is unclear how much of the schedule time gained during the co-development

is lost due to the resulting delay of the certification. At least co-development saves re
certification effort as well as the generation of much documentation describing pre-releases.

7. Comparison of standards for safety critical systems

This section will highlight some differences between several standards for safety critical
systems, based on the avionics application experience.

DO-17813 has been specifical!y constructed for airborne systems and pre-dates the
other standards. Currently other standards for safety critical systems are available, ISO/DIS
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15026 [8] and IEC 1508 [9]. Like DO-178B also ISO/DIS 15026 recognises an "integrity
assurance authoriry" besides the customer and supplier. This authority issues a certificate of
compliance. The number of software integrity levels and their criteria are to be negotiated
with the integrity assurance authoriry, As an example the IEC 300-3-9 [10] is included in
the standard. JAR/FAR-25 requires a catastrophic failure to occur less then once during
10-9 flight hours. IEC 300-3-9 classifies a system exhibiting a failure with catastrophic
consequence and an incredible frequency (defined at < 10-6 per year, which at a commercial
utilisation rate of 1000 flight hours per year for the aircraft involved, equals 10-9 per {light
hour) only as intermediate. Like DO-178B ISO/DIS 15026 does not recommend a life
cycle. An example life cycle with methods to achieve confidence are included. This
example life cycle defines 8 phases based on the waterfall model and consequently does not
accommodate the commercial necessities of co-development and short time to market.

IEC 1508 classifies the failure frequency in 4 levels, the most severe allowing
between 10-6 and 10-4 dangerous failures per year. This is more frequent then DO-178B
cornbined with jAR/FAR-25. IEC 1508 declares itself unapplicable for lower failure rates.
IEC 1508 defines a safety life cycle with 16 phases which include modifications after
delivery, retrofit and decommissioning. The inputs and outputs per phase are specified.
Highly recommended techniques are prescribed. Not using these requires amandatory
justification. As a minimum ISO 9000 quality assurance is required. Although the need for
iteration is mentioned, the software life cycles and the recommended techniques do not
seem to accommodate this commercial necessity. DO-178B is based on independent
execution of the verification by the supplier combined with the organisationally
independent certification authority. IEC 1508 prescribes the independenee of the assessors
per safety level for a number of activities. The options are independent person, independent
department and independent organisation. For systems with the highest integrity level IEC
1508 states a structured method supported by a tooi as "highly recommended". C is
classified as "positively not recommended" and IEC 1508 is impartial for C with subset and
coding standard. The cruergenee of these standards means market opportunities for tools
which support the development of safety critical systerns. This may benefit the development
of safety safety critical systems in various ways:

• tools l11ay be qualified once by the vendor, reducing considerable project
qualification effort,
• tooi checks may becorne more comprehensive reducing (re-)verification effort,
• tooi operations may improve allowing to support the commercially necessary co
development,
• commercial tools should significantly lower the effort needed to produce safety
critical systems and hence their price, making those systems affordable for many
more applications.

8. Conclusion

For software development in air transport the safety rcquircments are stated in DO-178B.
This document is sufficiently clear to allow a first-time developer to define, without
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external support, a compliant development process. This document is used by both softwa re
producers and by the independent certification authority which ensure s compliance .
Developing software according to the traditional waterfall model allows compliance to be
achieved.

Producing aircraft is a commercial venture which me ans that the various aircraft
subsystcms need to be co-developed in order to achieve the comme rcially determined tim e
to market. The spiral model is more appropriate then the waterfall model. An int egrated
tooi set is needed which supports the co-development i.e. whi ch allows when a change
occurs to concurrently update analysis, design, code, int egration and verification (including
traceability information). Currently available tools do not provide this capabili ty. To
minimise the effort of the recurring verification, analysis is the prcferrcd mcthod , supported
by tools wherever available. For simple verification tasks customised tools can be develop ed
cost-effectively. Emerging gcneral purpose safety standards suggest that safety criti cal systems
will also have to be build for other appli cation arcas. This could make the required tools
comrnercially attractive for tooi vendors, which in turn, could rednee the costs associated
with safety critical system development.

The need to deploy all human resources to dcvclopmcnt has significantly reduced
the devcloprnent time as weil as allowed co-developmcnt of thc avionics appli carion with
several other aircraft subsystems. lt can not be assessed wh ethe r this time rednetion is offset
by the resulting dela y in updating the do cumentation and certifi cation. By performing these
iterations before certification at least the re- certification costs of the intermediate versions
have been avoided.
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1. Introduction

This paper investigates the rescue vessel design process and analyses changes in it resulting
frorn the creation and integration of a computer based forma! safety asscssmcnt tooI. The
research is being undertaken by the Department of Marine Techno!ogy at Newcastle
Universiry. in collaboration with the Royal National Lifeboat Institution (RNLl), both in
the U.K.

As safety becomes more central to thc planning of transportation systems, so thc
crnphasis is shifted from conforming to prescriptivc rcgulations to a more goal setting
approach, as in the safety case technique . Rescue vessels are subject to extrernely hazardons
conditions, requiring unique safety and reliability standerds to be achieved far in excess of
normal regulatory requiremcnts. Safety is therefore a central performance consideration
throughollt the design process. At present safety decisions are based largely on the
experience of the designers, expressed in a serni-formal way. However in their search for
improved performance in all aspects of design, including safety, the RNLI have funded this
research to investigate the rescue vessel design process and to consider in detail how
decisions concerning safety should be made. The overall aim is to provide a software tooi
based on formal safety analysis methods. which can assist the designer.

A formal safety ana lysis system has been developed, based on failure mode and effect
analysis (FMEA) and the modified Boolean representation method (MBR.M), which
generically models safety information such that the consequences of design actioris eau be
identified. A supporting software framewerk lias been written incorporating the FMEA and
MBRM formal safety assessment theory. In order to produce a safety assessment tooi
specific to the dornain of rescue vessels, thc generic software framework must be populatcd
with data relevant to the safety of rescue vessels. The "Trent" class rescue vessel, one of the
most recent additions to the RNLI fleer, was used to ereare a standard rescue vessel safety
model, which was then embedded into the software framework. The resultant software
6'Ïves the rescuc vessel designer the power to conveniently manipulatc or input new data
concerning the various systerns on the vesscl.

The influence of changes in design, operational factors or environmental inputs on
various aspec ts of safety wit hin the system can be assesscd in both qua litative and
quantitative terms. With this new facility, the design process is changed from a top-down
assessment approach to a bottorn-up investigation of the influence of design decisions.
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Formal safety analysis is thus int egrated at an early stage, and rem ains a co ncur rent activity
throughout the design process.

2. Design for safety

Safety analysis refers to the studies of process and equipme nt failures and their influence on
op erability. Safety analysis of an item involves studying both the probabili ty that it wi ll
perform a required fun ction under stated conditions for a stared period of time, and also the
consequences of the failure in terms of possible dama ge to property o r envi ro nme nt and
injury or death of people 11). An item could be a piec e of equipment, a compo ne nt, a
procedure, a subsystem, or a complete system. A risk is defined as the probability of a hazard
occurring, combined with its associated effects or consequences. Pormal safety analysis is
devoted to the process of estimating the safety of a product and identifying appropriate
measures to reduce risks to an acceptable level.

Traditionally, safety arialysis has been primarily used in many industries for
verifi cation purposes [2). However, this approach fails when large and co mplex engineering
products with signifi cant elements of no velty are designed . For such cases safety aspects
sho uld be integrated int o the design process from the initial stages , wi th the aim of
systema tically reducing or eliminaring serious risks at the design stage . As such, the emphasis
on safety must shift from conforming to prescriptive regulations to a more open approach
with safety becoming central to th e planning of transportation systems.

3. Current rescue vessel design

The Royal National Lifeboat Institutien's co nuni tme nt to th e co mbined maritime rescue
services of the United Kingdom and the Republic of Ireland is to provide all-weather
rescue vessel cover for up to 50 miles offsho re within 2 hours ofla unching [3). T he RNLl's
1983 Strategie Plan demanded that all offshore rescue vessels be of the self-righting type by
1993. This in conjunction with the policy to rctain afloat rescue vessels for 20 years resulted
in a need to replace the early Wav eney and Arun class rescue vessels. In respo nse to these
requirements two new types of rescue vessel we re develop ed with a spee d of 25 kn o ts,
propeller protection, and the ab ility to take the ground. The "Treur " and "Severn" class
rescu e vessels have evolved out of th ese developments [3].

In order to inv estigate the implementation of formal safety assessme nt in the context
of RNLl rescue vessel design it is necessary to look first at cur rent rescue vessel design
pro cedures. In th e design of any product the designer must co nsider many different, and
possibly co nflicting, performance objectives in orde r to formulate the design requirements,
from which possible solutions will be synthesised [4]. T he design and development of rescue
vessels recogni ses the ex treme and particular ope raring co nditions that the rescue vesscl
service can on occas ion have to cater for. Safety is an impo rtant aspec t of pe rformance in
rescue vessel design , and during the design process it is necessary to make specific decisions
co nce rn ing safety. At present safety dec isions are based largelyon the experience of the
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designers, expressed in a serni-formal way . Whilst successful in the past, the complexity of
vessels is increasing: a modern rescue vessel is a combination of many systerns, subsystems
and components, linked together in complex and sometimes unexpected ways. Some of
these links may not be apparent to even the most experienced designers. This makes it
difficult to form safety judgements during the design process which take account of the
myriad interaetions on all systems, sub-systerns, and aspects of safety throughout the vessel.
In addition it is difficult to experiment systematically with alternative design solutions, As a
result of th is situation there are increasing possibilities of overiooking combinations which
could cause malfunction or worse, as well as incurring costs caused by having excess
redundancy. A diagrammatic representation of how safety is incorporated into the current
rescue vessel design process can be seen in Figure 1.
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Figure 1. Conceptual reprcscntation of the existing rescue vesscl design process scope .

4. Formal safety assessment

In order to explicitly reduce or climinate serious risks by design, safety must become a
fundamental and continuous activity within the design process: "design for safety" must
provide a systematic approach to the identification and control ofhigh risk areas [5,6]. This
is achieved by the application of various safety analysis methods within the design process.

System risk can be assessed using top-down or bottorn-up approaches by
investigating respectively the causes or the consequences of a failure event, on ei th er a
qualitative or quantitative basis. A "top down" safety study begins with examination of
previous accidents and incident reports of similar systems, in order to define the top or
ultimate events, the causes of which can then be identified deductively to the required level
of resolution. This method is acceptable only if relevant failure data is available, and even
then it can be difficuit to be certain that all system failure events, their respective causes, and
the complex links between events have been identified. For exarnple, some plausible fault
conditions may be so rare that no recorded occurrences exist. However, these conditions
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may be sufficiently serious to not be ignored. Fault Tree Analysis is an example of a top
down method. In contrast, a "botrorn up" safety assessment procedure breaks down an
overall system into sub-systems and th en into components, allowing hazard identification to
occur initially at this level, and then to progress to the system level. Failure events and thcir
combinations can then be studicd cornprehensively at all levels. The resulting
computational burden can be high but is manageable with modern computers. Event Tree
Analysis is a typical bottom up method.

In pursuing the above, a qualitative approach, which only looks at the chains of
events, can be used to locare possible hazards and to identify appropriate precautions that
will reduce the frequencies or consequences of such hazards. On the other hand, a
quantitative safety analysis incorporates event probabilities and can provide the designer
with the quantified probability of occurrence of each critical failure condition as weIl as thc
associated consequences. Whcn design for safety is implemenred throughout the design
process, various fonnal safety assessrnent tools can be applied individually or in combination
so that as the design process advances, and as the available information increases in detail,
safety assessment can move from being a qualirative to a quantitative analysis. The process
also progresses from an initial assessment function to a decision making fiinction and finally
to a vcrification function.

5. Integrating format safety assessment into the design process

Formal safety assessment can provide the designer with the power to rationally assess the
int1uence any design decision has on all aspects of the safety of the vessel. By integrating
safety into all aspects of the design procedure it becomes possible to monitor the effects of
design changes rapidly. The designer can then bath idcntify the consequences of design
decisions and explorc possible options for improvement, especially when risks are judged to
be unacceptable with respect to corresponding criteria. Figure 2 demonstraces conceptually
how this can be achieved. Formal safety assessment activity parallels the conventional design
procedure, providing a model to sirnulace the impact on safety of changes in the design
variables, and operational or environmental factors.

6. Creation of a format safety assessment tooi

Having conceptually identified how formal safety assessment will affect the design process,
the practicality of creating a tooi to fulfil these requirernents has been investigated. In the
development of a design for safety system applicable to rescue vessels, three objectives wcre
idcntificd, with the first rwo being addressed in parallel, the third then combining their
results:

• A formal safety analysis system with supporting software, based on formal safety
assessmcnt methods, which generically modeIs safety information such that the
consequences of design actions can be identified.
• A clear description of how individual systems interact within the overall design of
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aspecific rescue vessel.
• A design aid for rescue vessels, produced by popu lating the generic formal safety
assessment software to oi w ith data from the rescuc vessel desig n study.

Bascd on the examinatien o f bo th the req ui rements of des ign for safety in rescue vessels and
the available for mal safety assessment meth ods th e resultant fonnal safety ana lysis system
develope d co ntains two safety assessment pro cedures: failu rc mode and effec t ana lysis and
modified Bo olean representatio n m eth od.

. .
.....

Figure 2. Conceprual reprcscntation of a design process incorporating formal safety
aSSCSSIncnt.

6. / Faiture iv/ode and Effect A nalvsis (FiV/EA)

FMEA rigorou sly exa mincs systems , sub-sysrems and compon ents to disco ver all th e mod es
of failure, th cir causes and effccts. This spccific failur e aria lysis of th e co mpo nents, sub
systems and systems rat ionally ex plo rcs the design er's knowledge, and is useful in that it can
provide an initial exploration of areas th at may need more detailed work. The ana lysis
includes th e influence of human and cnvironmental factors in addition to purely on- boa rd
ph ysical systems and can bc performeel on a qualitative (event chain) or qu antitative
(pro bab iliry) basis. FMEA follows a weil documented format , and is advoc ated by the rec ent
Int ernational Code of Safety for High Speed Craft [7] .

6.2 Modificd Boolean Reprcscntation Methad (M BRM)

M13RM is an induct ive bottom up m ethod for identifyin g system top eve nts and associated
causcs, and as suc h is a good method w he re th ere is a high degree of innovatio n.
Information is held in a tabu lar format whic h is easie r to dea l with in a large arialysis of a
co mplex system such as a rescue vessel. H eld integrally w ithin the tables are the logic
relationships between co mpo ne nt/ sub-sys tem/ system failure events. The M13RM
app roach looks at th e probl em in ternis o f co mpo ne nt mod es, usin g th ern to ide nt ify
hazards, and ensuring reliable hazard tracin g. W ork done in a failure mode and effect
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analysis feeds directly into the creation of MBRM tables. In MBRM, component or sub
system decision tables are combined into a single composite decision table [8]. This is
efTectively a pooling of associated information corresponding to any system state. The final
system MBRM table contains all the possible system top events and the associated cut sets
(paths ofbasic failure cveuts resulting in that state). Data held within the final MBRM table
represents the qualitative system model, and is the basis for both qualitative and quantitative
system safety analysis, providing the designer with a hierarchy of possible actions that can
be taken to improve safety. This is because the MBRM tables can be treated as component
or sub-system descriptions at any level of aggregation and changes in design are
implemented simply as changes in the MBRM tables.

The complexity of the inter-dependenee between components and systems in a
rescue vessel requires the manipulation of MBRM tables to be achieved with the aid of
appropriate software. The principal requirement of the software is that it must provide a
fraruework for the safety model of the vessel's systems and their interactions, and must
facilitate the MBRM calculations to result in a final system MBRM table . It must also allow
the designer to input and manipulate data easily, both in terms of changing design variables
within the model, and of altering the model structure as a whoie, with the results of these
changes being efTectively monitored. Issues of practicality constitute a major driving factor
in development of the software: it is important that the designer is cornfortable with the
marmer in which information can be entered and altered, and the results obtained mu st be
of a form which can be integrated easily into the design process. A high level graphical
programming package, "LabVIEW" [9], was chosen as the primary software development
tooI.
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Figure 3. User int erface for inpur/nltcration of an ircm's safety infonnation.

Using LabVIEW, software has been written to accept qualitative safety data in the form of
MBRM tables and process them to produce a final system MBRM table. Many additional
on-line tools have been created to make the process of inputting and altering MBRM data
easier and error-free, with alluser interfaces also being created using LabVIEW. An exarnple
of the user interface for inputting/altering an item MBRM table can be seen in Figure 3 .
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6.3 The rescue vessel safety injormation model
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The MBRM data manipulation software created is essentially generic and could be applied
to any safety analysis situation. In order to create a dedicated rescue vessel design tooI the
developed software framework must be populated with standard rescue vessel safety
information: the RNLI "Trent" class rescue vessel, shown in Figure 4, was used to provide
this data.

Firstly, a rigorous functional analysis of the vessel was carried out, resulting in
explicit diagrammatic representations of the on-board physical systems, outside events that
affect these systems, and operating procedures goveming the use of the on-board systems.
All items were then defined and tabulated as were all physical or other links, between
systems, sub-systerns and components [10]. A qualitative failure mode and effect analysis was
then perfomled on the "Trent" rescue vessel in liaison with RNLI designers. The resultant
information was devcloped into MBRM tables and input to the qualitative software
framework, allowing the software to derive a final system MBRM tabIe.

With th is information model now embedded in the software framework it is a
dedicated rescue vesscl design tooI. This can now be used to ereare and manipulate
alternative rescue vessel safety information, including that for a new design.

Figure 4. Thc RNLI "T rent" Class Re scuc Vessel,

7. Qualitative and quantitative analysis

Having created a model of rescue vessel safety in terms of a final simplified modified
Boolean represcntation several conclusions can be drawn. Qualitative arialysis software has
been written in LabVIEW. This identifies those paths to an undesired top event which have
the fewest component failure modes. It also highlights the events which lead most
frequently to undesired top events. However it must be borne in mind that qualitative
analyses can only indicare areas of concern, and the addition of probability values to the
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tables will significantly increase the usefulness of th is assessment, as risk is the combined
effect of likelihood and consequence. This can bc achieved by assigning probability
estimates to the basic event states which make up the final master table, and processing these
probabilities in conjunction with the logical relationships between events held within the
tabie, in order to derive cstimates for the probabilities of systern output event statcs. With
this additional probability data the designer can identify the critical paths requiring attention
on the basis of these probabilistic estimates. The development of probabilistic data to
accompany the existing qualitative "Trent" model, along with the quantitative analysis
software, is currently under development.

8. The practical irripact of safety assessrnent on rescue vessel design

The successfully implemenred software wil! enable the designer to study the influence of
changes in design variables, operational factors or environrneutal inputs, on different aspects
of safety within the system. It is anticipated that the software will be used in several modes.

At the beginning of the design process, when data is scarce and only rough estimates are
required, the software can provide a summary of which areas might be affected by a
particular design change. At othcr times, for instanee when the design is increasing in
cornplexity, or is complete and only verification is necessary, the software would be
required to perform a full range of analyses. The designer can choose the level at which he
wishes to work, with an option to increase complexity at any time.

As with the creation of a finite element model, the creation of a formal safety model
is expensive and time consuming, but both greatly increase the level of confidence in the
final design. It should be recognised however that incorporating formal safety procedures
into the design process rcquires a major conunitment of resources . The safety information
model described here, and embedded in the MBRM software is a model of the proposed
design, formulated exclusively in safety terrus. This model is au additional design output not
required in the conventional design process . It is howcver analogous to a finite element
model used by designers, when appropriate, to analyse the structures of their product, and
to improve the design if possible. All interesting by-prcduct of formal safety assessment is
that it maintains a convenient and inhcrcntly updarable (and herree up to date) model of the
artefact to which it is applicd.

Once fully functioning, this software will become an integral part of the iterative
design process: on the basis of qualirative and quantitative arialysis of the master MBRM
table the designer can consider making alterations to the systcm or components and sub
systems within it. These lllay require a major change in the arrangement of the system or
simply minor changes such as in the specification of a component. MBRM can easily
accomrnodate both of these types of alteratien. Alteratien of systems, along with qualitative
and quantitative comparisons allow the designer to use the formal safety arialysis system to
compare various design options on the basis of formal safety criteria . In doing so the
designer is able to approach safety as a fundamental part of the iterative design process.
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When developing a methodology for tackling safety in rescue vessel design, it is important
to look at the role of safety analysis in the design process as it is at present, allowing
alternative design procedures to be proposed. At pre sent safety is considered in a semi
formal marmer, relying on the experience and knowledge of the design team to ensure that
safety issues are adequately considered at all stages.

In contrast, other important considerations in the design process adopt much more
rigorous procedures. With the increasing complexity and sophistication of rescue vessels,
the design team may be unaware that a critical combination of individual system failures
could present an unacceptablc level of risk. T he outline methodology developed and
reported on here describes how design variab les, operatioual facrors and cnvironmcnta l
factors may be combined with safety criteria by using formal safety assessment procedures
in such a way that the development of a specific design can be guided by safety
co usidcrario ns.

Failure mode and effect arialysis (FMEA) and modified Boolean represcutation
method (MBRM) have been used to model and analyse the complex dependencies found
within the sophisticated systell1 of arescue vessel. Using the graphical prograrnrning

language "LabVIEW", a framework embodying MBRM has be en created to store and
qualitatively analyse safety data provided by FMEA. A case study of the "Trent" c1ass rescue
vessel has been performed, dctailing rhe vessel's functionaliry, performing a qualitative
FMEA, and converting the data to MBRM format.

This "standard lifeboat" model has been embedded in th e software framewerk.
crcating a computer based tooI which manipulates the safety information to identify prime
arcas of concern . The fun ctionality of the fraruework is constantly being enhanced thus
becoming a system dedicated to rescue vessel design. The forrnal safety assessment system is
currently being developed to incorporate probability data , and to en able quantitative
evaluation of alternative design solutions.

With this tooI, forrnaI safety arialysis can be integrated into the design of rescue
vessels, so ensuring that the high safety standards of the RNLI are maintained as complex
technological designs planned for the fut ure are exe cuted.
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Technical Design and Implementation of a
New Transport Concept: Combi-Road

S.T.H. jansen t and A.W. Benschop-
lT N O Road- Vehicles R esearch lnstitute, The Netherlands

2T N O lnstitute Jor Applied Physics, The N etherlands

Abstract. Co mbi- R ond is a ncw transport concept for containe rs that lus been
dcveloped in Thc N etherl ands. For thc transpor t of containe rs, an unm ann ed
autorna red guid ed vchicle is used thar run s on a dcdicared track. This paper discusses
the dcvclopmcnt process of the vehicle guidance- and cornmunicatio n systcm. T he
various systems have been developed in parallel to get an early overview of the cost of
realisation and utilisation of the vehic1eand conunun ication system. Generally. the same
dcve lopmcnt steps have been made for both the vehiclc design and the co mmu nication
system before all systems we rc int egrated in a prototype. This prototype has bee n testcd
on a full functionaliry track where all interaetion s between thc sysrcms have been
investigatcd und er a widc range of co nditions. This has provided importa nt infonna tion
for thc design of the systcms in a sho rt tim e.

1. Introduetion

Combi- Road is an autornated transport system for co ntaine rs, using unmanned
Automatically Guided Vehicl es (AGV) that run on a separate track to allows safer and more
reliable transport of goods then on congested roads. The concept of Cornbi- R oad has been
initi ared at the end of 1994, the development under discussion has been carried out in the
period until the end of 1996.

Thc motivation for starting any dcvelopment is thc economie balance between cost
and benefit of utilising the system . To make a good estirnate of the cost of the vehicle and
its utilisation, the technical concept must be known in some detail. With a c1ear
identification of the technical con cept, the consequences for the infrastructure are also
known.

lt is chosen to develop a full-function ality prototype of the vehic1e and (part of the
-) infrastructure as there were quite a number of new technologies involved in the defined
concept.

This publication discusses thc dev clopment pro cess of th e vehicle guidancc- and
communication system . Thc prototype vehicle is equipped with electrical traction, which
has been developed at HOLEC Ridderkerk. The hardware of the communication system
has been developcd by thc TNO lnstitute for Applied Physics. The vchiclc and steering
system have been devclopcd by Terberg Benschop in co-operation with the TNO Road
Vehicles Research lnstitute.

Following a general description of the development process, the developmcnts for
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th e vario us systems are discussed. Finally, a review is m ade on integration and testing of the
various systems in th e prototype vehicle.

2. General development approach

T he various developme nts in th e vehicle systems have bee n carried out in accordance with
th e sche me presented in Figure 1.

Figure 1. Dcvclopmc nt steps,

In th e initi al phase of th e development, th e function al dem ands are de fined for the various
systems. At thi s phase, th e co nce ptua l idea of auto rna te d tru cks is fur ther speci fied in terrns
of transport capac ity, resulting in ope rational spee d and payload requ irements, These
requirements lead to fun ctional spec ifications for th e co mm unicatio n, traction system and
veh icIe.

A concept design is made and various alternatives are evaluatcd and the result of this
evaluation leads to an overview of how existing technology can be ut ilised and w hat new
developments are needed to meet th e fimctional specifications.

Conce ptual systems are built and exp eriments are carricd out to test new
developments. For th e vehicle guidance syste l11, a model was made and simulations of
vario us (adv erse) circumstances were cat ried out. The results of th ese tests and sirnularions
are used to combine existing technology wi th th e new develop ment for the design of the
prototype. Further analysis is carried o ut o n th e prototyp e design as pr eparatien for the tests
with th e full-functi onality prototyp e.

After the se devclopment steps, th e tests with th e full-function ality proto type are
carried out under a wide variery of conditio ns, testin g all interaetion s of th e various systems
on th e vehicle.
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3. Vehicle development

3. 1 Gel/era f concept

3 17

The concept of using auto mated vehicles for transport of semi - trailers is the starting point
of the development. T he most straightforward solut ion is to apply autornated drivi ng and
steering to a standard trac tor for pulling semi-trailers. A guidance system which
mec hanically stee rs the vehiclc is chosen as the co ncept to be investigated.

3.2 Concept desigl/

The starring point for thc C ombiRoad tru ck design study was a series of MultiBod y
sirnulatio ns to compare the performance of various design options. The design optio ns that
were studied are the axle co nfiguratio n of the towing vehicle and the gene ral co ncept for
thc guidancc system. A gene ral tractor semi- trailer model was extended wi th vario us
stecring systems for th is purpose.

A steering system lay out with non stee ring wheels w he re guidance is achieved by
force was co mpare d to a lay out whcre the wheels are stee red by the guidance system.
Alth ou gh thc stabiliry of guidance by for ce is better. the systcm with stcc ring wheels since
the guidance farces are co nsiderably less. The stability of th is set- up can be made suffieien t
and fur the rmore it offers more possibiliti es for active steering. The basic lay out of the
vehicle and steering system is depicted in Figure 2.

Another key aspec t that was investigatcd is th e requircd width of the track to ensure
that there wo uld be sufficient clearance for the tru ck and trailer to negoti ate the track
successfuIly, even under ex treme w eath er co nditio ns. For th is purpose , dem iled
considera tio n was given to the effect of cross winds, the slope and gradie nt of the track, and
the dynamic effec ts associatcd wi th high spee ds of travel and co rne ring .

~':rl
set J

Figure 2. Ccncral lay out ofComb i-Road Vchicle,
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3 .3 Conceptual tests

Scssion 2: Modality and N ationality

To test the general concept of steering by guidance wheels, a stretch of track was realised
using road barriers at a test site (see Figure 3). A standard truck was modified to facilitatc
steering by guidance and the vehicle was tested in various loading configurations.

Figure 3. Modificd tru ck on the first test track.

Tests we re mainly conducted to check the system's sensiti vity to uneven track surfaces and
underinflated tyres , as weil as to define the basic relationship between spee d , load and
stability. It was found tint the steering concept is quite inscnsitive to vcrtical disturbances
and that variations in steering angle are mainly induccd by lateral track disturbances. The
general stability of the vchicle is sufficienr in all tested configurations over the full speed
range .

Figure 4. C UITent co llector systcm.
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Frorn these tests, it was concluded that the concept for steering the vehicle is suitable. The
test results have been further used to set up more detailed specifications for the power
collector system that is mounted at the ends of the guidance system . Figure 4 shows the
current collector system that is on the prototype vehicle and in the purpose built test track
that are discussed further on .

3.4 Prototype design

The vehicle is designed by Terberg Benschop BV and verificd by Multi-Body simulations
to evaluate the design in combination with the guidance system. For this purpose, a detailed
simulation model has been built for vehicle and active stecring system . Active steering is
achievcd by an hydraulic actuator that givcs the vehicle a preferred direction at junctions.

This involved modelling the individual components of thc suspension system such
as the track rods, roil bars, pneumatic springs, leaf springs and shock absorbers in some
detail, as wcil as the proposed steering geometry (see Figure 5). For extra precision, non
linear tyre characteristics were included using DELFT-TYRE software.

Figure 5. Demiled simulation model.

3 .5 Prototype studies

The above described simulation model is used to study thc behaviour of the vehicle and the
forces on the guidance system in the design configuration. Thc stability of the vehicle is
assessed for a variety of dcsign variations in the suspension (i.e. damper settings, wheel
orientation), to investigate tuning possibilities.

Purthermore, the lay out of the guidance system is varied to study the stability of the
vehicle as weU as the forces tint occur due to irregularities in the track. The concept of
activc steering is studied and the specifications for the steering systcm are set up to ensure
thar a preferred direction is maintaincd also when disturbances (i.e. side wind, road
gradient) occur.
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4. Communication development

4.1 Gel/eraf concept

Session 2: Modalitv and Nationality

The development of the Combi-Road control system involved the development of a
system for obstacle detection as weil as the development of a speed con trol system. The
speed control system is based on the information from the obstacle detection system, the
status of the vehicle, the status of the road surface and its destination . It calculates and
controls the speed of the vehicle. A system tint combines obstacle detection with
communication to and from the vehicle is chosen as the general concept.

4.2 Concept design

The primary requirements for the obstacle detection were:
• fail safe behaviour
• fault tolerant
• detection range larger than the minimal braking disrance of each individual vehicle
• capability of coping with merging traffic
• robust, capable of working under all weather conditions
• graceful degradation

In the concept design phase different concepts were evaluatcd Iike sensors mounted on thc
individual vehicles, external sensors but interpretation of the sensor readings in the
individual vehicles, fully supervisor controlled obstacle detection and only communication
of obstacle position from supervisor to the vehicles. The requirement that the detection
range under all circumstances covers the minimal braking distance of the vehicle excluded
thc concept of vehicle mounted sensors. The supervisory controlled concept is not
favourable because of the fact that when the supervisor goes down all vehicles under its
supervision will come to a stand still. The concept of the autonornous vehicle on the
intelligent track (track incorporating sensors) was the most promising.

A feasibility study was carried out to find out what sensor concept could be used for
the obstacle detection. Infra red and micro wave techniques were studied. The outcome of
the study was that the effects with micro wave techniques Iike reflections an multi-pach
interference could give serious problems on a track incorporating sensors and an infra red
technique was chosen.

4.3 Conceptual tests

Lab tests we re mainly carried out to set up the basic design for the transmitter and the
receiver. Infra red light is transmitted by ordinary LED's and a photo diode is used for
reception. In front of the photo diode Frcsnel opties is used to focus the light coming frorn
the LED's.

Tests showed that a ranging disrance of 40 meters was no problem with different
contamination levels of the receiver and other disturbances. Outdoor tests were done to
assess the level of contamination that may occur on the receivers and it was concluded rhat
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the infrared system would function properly under the required range of environmental
conditions.

4.4 Prototype desigll

The infra red system is used for borh communication and obstacle dereetion. the absence of
communication is used as detection of obstacles. For this purpose, a distributed sensor is
realised in a beacon system wherc the detection and cornmunication functionality are
combined. The concept of obstacle detection is depicted in Figure 6.

direclion of travel of vehicle

Figure 6. Bencon system with obstacle dereetion concept.

Infra red transmitting LED are placed in the track at fixed intervals. Along the track, also
receivers are placed at the samc fixed interval as the transmitters, which normally receive
the signals from rwo different transmitters. When a vehicle is on the track, the signal pattem
is disturbed as indicated in Figure 6 and the position of the vehicle is derermined. One of
the prototype receivers is given in Figure 7.

Figure 7. Prototype receiver along the track .

The receivers along the track also get the status from the vehicle, which is equipped with
the same kind of LED transmitters as in the track.
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The Combi-Road vehicle receives free space infonnation from the LED
transmitters in the track just in front of the vehicle. The absence of communication
between two transmitters indicates that an ob stacle is present on the track in front of the
vehicle.

The speed of the vehicle is set by command from the transmitters in the track, but
may be interfered by the obstacle detection system. The design of the speed controller was
done within a Matlab/Simulink simulation environment, using a vehicle model as weil as
a model for the obstacle detection system. The controller was extensively tested in the
Matlab before it was ported to the target hardware of the truck controller.

4.5 Prototype studies

An optical simulation study was carried out to define the exact position, orientation and
geometry of the optical system. Too large deviations in vehicle position may disrupt
communication from the track to the vehicle. The magnitude of deviations in vehicle
position that may occur was assessed with the detailed simulation model of the vehicle that
is displayed in Figure 5. It was found that a system of eight receivers is required for the
Cornbi-Road vehicle. The receivers on the left side of the vehicle are displayed in Figure
8. A working prototype was tested to verify that thc range of alignment errors the systcrn
can handle is sufficient for the vehicle motions that can be expected.

Figure 8. Receivers 011 the vchiclc.

Porting of the software for speed control was dorre by automatic generating of C-Code by
Matlab and compile and link these sourees in the real time environment based on the VAX
works operating system and DEC-alpha based hardware. After the porting the controller
implementation on the target platform, it was coupled to thc computer that runs the sensor
and vehicle model and it was tested in this controlled development environment.

5. Prototype testing

The prototype vehicle has been built and all systems have been installed on the vehicle to

be able to test the full concept. For this purpose a 200-metre-Iong section of track,
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including power supply and communication system has been built at HOLEC's premises in
Ridderkerk. A picture of the vehicle and test site is given in Figure 9.

The vehicle has been tested under a wide range of conditions over a period of 6
months. Prior to the overall testing, some system failures were induced and tested to ensure
safe operation under all test conditions.

After general verification of the vehicle stability over the test speed range, the tests
that were done previously as concept tests for the guidance system were repeated to assess
the influences on communication and power supply. More specific tests for the vehicle
concerned the active steering system, and vehicle operation under extreme conditions.

The main aspects that have been ncwly identified during the tests with the prototype
are given below:

• Noise levels depend on the materials that are used for the power collector system
and the lay out of thc track
• Using a high qualiry track strongly reduces the strain on the steering system and
the vchicle
• Reflections from the surface of the track may disturb the infra red sensors
• The position of the track transmitters must be chosen carefully to prevent blocking
due to pollution
• The vehicle operates satisfactory under all conditions as long as wheel slip is
prcvented

...... -.,-

Figure 9. Prototype vchicle in test track.

These tests have resulted in a thorough knowledge of the systems and their interactions
under realistic and more extreme conditions.

Making the prototype , the technological limitations become clear, new
developments are carried out and detailed specifica tions for the systems are identified. This



324 Session 2: lvlodality aud Natioualitv

knowledge facilitates a far better evaluation of thc transport concept and opens a view on
new applications.

6. Conclusions

Two different hardware dcvelopmcnts of the Combi-Rond transport system are presenred.
The systems have been developed in parallel, to rednee lead time. A cornmunication- and
obstacle detection systcm has been developed by TNO's Institute of Applied Physics and
the vehicle is a joint development of Terberg Benschop and the TNO Road-Vchicles
Research Insriture .

Similar steps can be identified for the developments: A concept is defined and
various general analyses are carried out to assess the potentialof alrcrnativcs. With rhe
selected set-up, test settings are defined to verify the behaviour of the systern. These test
results are used to develop the final systems that are integrated in the prototype vehicle.

Making the prototypc, the technological limirations have become clear, new
developments were carried out and detailed specifications for the systcms are spccified. This
knowledge facilitates far better evaluation of the transport concept and opens a view on new
developments. It was found that Combi-Road is a teehuical feasible concept for safe
unmanned transport of containers on a separate track.
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1. Welcome

Safety as an Industrial Issue

Ab van Poortvliet

Delft Univcrsitv 4 Tcchnoiogv, The Nethetlands
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Ladies and gentleme n, I arn very plcascd to have the opportunity to present and discuss lllY
research findings on this co nfere nce. During the last four yea rs I have worked on a Ph .D .
project at the school of Systems Enginee ring, Policy Analysis, and Managem ent, w hich is a
departme nt of De lft Universiry of Tcc hno logy. Like the project, the presenta tio n IS on
govern lllenta l and industrial risk decision making, and the co nseq ue nces for safety.

2. O verview of the presentation

The prese nta tion starts with a short introduetion to a particular kind of safety problem in
passenger transport. Next, the framework for analysis is discussed, which is used for the
analysis of three cases: roll-ou/roll-off passenger shipping, passenger transport by rail, and
large co mmercial av iation . T he presenration finishes with conclusions and
recommendation. As always with sho rt presen tations, [ can not escape from some simp lism.
In partienlar when examining the cases [ wi ll be blunt. Fortunately, we have time for a
discussion afterwa rds, [ wilI be glad to try to answer your questions.

3. Examining high-risk issues

T he presentation is abo ut high-risk issues and the occ ur rence of disasters in passen ger
transport. Analysis can be don e at several levels:

• Ind ividual level. T he focus is on the actions of the individu al w ho is involved in
the opera tio ns. An im po rtant issue at this level is the man-machine inte raction.
• Group level. T he focus is on small gro ups such as crew. Coordinat ion and team
work are the important issues herc.
• O rgan izatio nal level. T he focus is on procedures, organizational culture and
manage rial decis ion making within a single company (and its subcontractors). Fleet
manage me nt is an important issue.
• Seetoral leve l. The focus is on interaet ions between different organizations.
Rcgulatio n, the transfer of goods, and the dissemination ofknowledge are important
Issues.
• Socictal level. T he focus is on the function of the transport system in the society.
Issues such as risk acccptance by the public, mediation, and dccision making by the
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demoeratic institutions suc h as Parliarnen t are im portant here.
In some respect , th e levels range from narrow to wide. T radi tio naIly, th e focus was on rhe
individual leve l, w hich w ide ne d to th e group level. N owadays, th e organiza tional level is
also employed in the pract ical inves tiga tions. As a co nseq uence, th ere is much knowledge
of th e processes on these levels.

H igh-risk issues, however, are often indusrry-wide. And th ey are dealt w ith within
a sec to r w he n, for exa mple, formulating and enforc ing standards. Therefore, it is desirable
to exa mine suc h safety issues (also) at th e secto ral leve l. Because very littl e analysis has been
done at the level , th e exc ursio n we are go ing to make is a littl e explora tive .

The main interes t here is in struc tu ral cha racteristics of th e secto ral systems, and in
th e m echani sms which drive th e risk management process. The goa l of suc h an analysis can
hard ly be a precise expl anation of a single event, but should yield an understanding of rhe
main long-term developments. Regarding the report of th e "Gore Cornmissio n" on
aviatio n safety, th is is an intere stin g issue.

4. Frarnework for analysis

Literature survey suggests th at th e organizatio nal struc tu re and th e strategies for risk co nt rol
are im portant at th e sectoral level. M ore precise:

• actors, i.e . o rganiza tio ns, grOllpS and individuals w hose actio ns are im portant at the
level
• th e socia l and formal status of th e acto rs
• th e relationship s betw een th e acto rs, th eir co ntacts and th e m utua l dependencies
• diverse influe nces from th e env iro nment
• me asur es th at eliminate or reduce a hazard
• measures th at reduce th e spread o f th e possible outcomes
• measures to aim at th e largest risks
• measur es to leam from events

T hese facto rs influen ce th e occurrence of eve nts, and eve nts influen ce th ese facto rs. T he
perspective which has been applied in th e research is th at th e risk decision making process

is a result from th ese factors, H ere, it should be noticed th at th e actio ns are not sim ply based
o n th e best insights, but that these are the resu lt o f procedures and exerted influ en ce because

of personal and/ o r gro up int erest. To inquire into th e facto rs and th e risk management
process, I used document ana lysis and intervi ewing techniqu e.

N ow, w e will examine three cases in passen ger transport. I wi ll start each case
arialysis by pr oviding fatality data. O f co urse, thi s is a simple and limited indicato r for safety.
but o n most points it suffices for th e present discussion . N ext, a small number of
mechanis ms are per case suggested for understanding th e developments in th at sector.

5 . RolI-on/rolI-off passenger shipping

In th e case of roll-ori/ ro ll-off passen ger transport we see senous problems. After a
considerable period in which disasters were absent in N orth-W estem Europe, three large
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scale disasters occurred within a period of ten years .
• the Heraid of Free Enterprise capsize in 1987
• the Scandinavian Star fire disaster in 1990
• the Estonia capsize in 1994

In partienlar the issue of transverse stabiliry has been discussed regarding the Heraid and
Estonia disasters (and other accidents and incidents as well) . How could this have happened?
Three me chanisms are distinguishable in the industry, which make it vulnerable to major
adverse safety developments.
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Figure 1. Fatalitics in roll-o n/roll-ofT passenger shipping (North- Wcstern Euro pe) .

1. Managing safety onl y by prescriptive, international regulation
Safety regulations are highly means prescriptive in shipping, which is a highly competitive
industry. De facto, safety regulations limit the commercial exploitation. Therefore, each
organization goes for the maximum which is allowed under the regulations (or even
funher). Here , the main point is that safety awareness is not stim ulated in such an
environment. In fact there are hardly groups which focus on safety and act like advocates
for the issue . And the groups that exist are not in the position to say: "this will not pass!"

Due to the minimum com pliance culture, the safety level really is strongly
dependent on the adequatcness of the regulations. Each inadequate norm or each
uncovered issue in the regulation can be literally fatal. In reality, the regulations are not
fOnl1ulat ed nationally but internationally agreed upon within IMO . These are a
cOl1lpro mise between what is politi cally correct and publicly appealing and wh at is
COll1mercially and practic ally realistic over the glob e.

One of the consequences is that the standards are not always up to the Western
desires (technical norms, required instruments such as quality assurance , managem ent
Codes).

2. R eacti ve risk managem ent
'The maritime sector did not Jack the insight to risks inciden ts and accide nts . H owever the



328 Scssion 2: Modality and Nationality

insights were not coupled to sectoral aetions or concrete policy proposals on how to deal

with the issue.
The stabiliry issue, for example, is not a popular issue to put on the agenda, be cause

of the high costs to the industry, and the small to zero chance of political success. Thus risk
decision making was primarily non-decision making, until disasters occurred.

Then, by the lack of well-thought proposals prepared in advance, disaster driven
regulation resulted. This is not optimal, regarding the Estonia disaster. Ironically, rhe
tragedy within ro-ro passenger shipping can be partly understood by the fact that no large
scale disasters happened within Western societies for decades . During this period , all

expensive fleet of ever bigger vessels developcd, which only widened the gap between the

insights into what should be done, and what policy aetions were actually taken .

3. Limits in learning

Learning is limited in several ways. First, incidents and accidents are almost by procedure
attributed to individuals. This is comfortable for thc establishment, but dangerous in the
case of a structural problern, which is not solved this way.

Second, the results of accidents are hardly disseminated to (and processed by) the
different manufacturing and operating companies. Learning, if present, is often group or
organizational learning rather than secteral learning.

Third, decision making on safety policy occurs only within IMO. No rivalry

between different fora stirnulated the risk decision making process, and no match of
problem to forum could be made.

6. Passenger transport by rail

Accident statistics in Dureli rail show a single large disaster which occurred in 1962, and
nurnerous fatal accidents. I wil! put forward that the freedom of large-scale disasters over
the last three decades is not purely a coincidcnce, but that thc risk rednetion is structural

The effective risk rednetion can be understood by 3 mechanisms:

1. Enabling factors
The onc-dimensional charactcristics of the railway track, as wcll as the large reservoir of

public financial resources, cnablcd the introduetion of highly reliable railway technologv
The strong engineering culture within the sector stimulared the approach of solving rhc

problern of human fallibility by rncans of technology.

2. Priority setting
The main risk which was identified was fixaeed upon until it was reduced significandy
(which took decades). It should be noticed that the priority setting was possible by the
strong centralized decision making. It was functional as no equally large risks - both

objectively and subjectively - existed at that time.
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3. Learning under controlled conflict
Though learning was until the nineties Iimited to technical issues, it was of good quality. In
a situation of rivalry and structural conflict, the NS internal accident investigation and the
arialysis of the rail accident board were adequate for the problems that were covered.

Recommendations had ra be rejected or adopted. In partienlar for the Minister of
Transport, th ere was always pressure to adopt the recommendations. It is difficuIt to reject
the rccomrnendations on the sensitive issue of public safety after fatal accidents. Thus the
recomrnendations could not be put aside easily.

Due to formal procedures, the information on safety issues was adequately
distributed over the sector, learning from accidents was sectoral learning.

In conclusion: bccausc of incrcmcntal adjustments after accidcnts, thc gap between
what measures were considered to bc necessary, and what actually was done never grew
very large .
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Figure 2. Patalities in passenger transport by rail (in thc Ncthcrlands) .

7. Commercial aviation

Air disasters have occurred and will continue to occur, is my opinion when I look at the
accident statistics. The number of fatalirics has been fairly constant despite the growth of air
traffic. However, it should be notcd that the social and political reacrions have 6'Town much
stronger and that "new" issues such as third party risk. Altogether, the safety problem lias
grown over the decades. Again, duce mechanisms are introduced to understand the
devclopments:

1. Risk management by standardization
l'he number of standards is impressive in aviation. The use of srandards implies an
?rganizational structure with main roles for standard-setting fora, inspecrorates, and
lnspected companies, whereas the demoeratic institutions such as Parliament were more or
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less excl uded fro rn risk decision makin g.
T houg h th ere is a compliance culture in the aviatio n sector, th e goa l oriented

cha rac ter induces int erp retation whic h induces discu ssion between equally influential
groups, whic h ind uces actions. In th is way, standards not only standardize the products and
the productio n processes, but also the interaetions between different groups. Altogether,
standards yield an efficient process of corrections unril the nonns are met. This is po sitive
for technical risk contral (as long as the standards are adequate), but nega tive for the so cial
dimension of risk management. What is not covered by the standards, is obviously not
im portant in risk ma nagement. Risk communication was consequentiy paid little attention
to, w hich may weIl have co ntribu ted to the great number of crises after air disasters .
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Figure 3. Fatalitie s in commercial aviatio n (world-wide) .

2. Multi-fora risk decision making
Due to the presence of international, regionaI, national, and organizational fora many
processes flow in para llel in risk ma nagement. This is not efficient due to a lack of
coordination, but the system has a high problem solving capacity, which allows many
problems to be addressed sim ultaneously. In addition, due to m utual competition rhe
efficiency of each form is relatively high , w hereas the safety problems are in practice
matched to be best fitt ing forum .

3. Learning from all kinds of events
Learning occurs at several levels, and from all kind of events: from irregularity to large scalc
disaster. The instrumental learning is efficient, but limited by the fact that safety norms are
seldom cha llenged. In addition, cultural constraints make that each country had to solve irs
national problems (which started top change recently), and that the cooperation between
manufacturers and airlines on important issues such as human factors is not as clo se as it
should be o
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Integrated examination of the technical and social dimension of risk management in the
three sectors, and comparison of the factors and the developments, yields the following
"determinants of safety":

1. Take preventive action by fail-safe design, which is stimulated by advocates for safety and
the experiences from the past. Note: fail-safe design was in the cases the most effective
technicaI measure for risk contro!.
2. Guarantee quality by means of standards, which only works when the organizations
involved have equal influence. Note: not all aspects are covered by standards, remain
sensitive for societal issues.
3. Set priorities by means of programs, which requires coordination (often by means of
centralization). Note: the strategy should only be applied when a small number of risks is
bath objectively and subjectively dominant.
4. Learn by analysis, which requires formal methods and advocates for safety. Pay attention
to dissemination to obtain sectoral rather than organizational learning.
5. Reduce the negative effects of the use of strategies for risk control, by applying a mix of
strategies rather than relying on a single strategy.
6. Learn by interaction, which is stimulated by organizational redundancy and (controlled)
professional conflicts . Define explicitly "public functions" for governmental organizations
in order to avoid toa isolated, completely technoeratic risk decision making.

Most of these research findings have been covered in the presentation. Though these
do not give answers, let alone finaI answers to all questions, I hope to have made clear that
ir is well worth to examine structural factors and the consequent decision making processes
Within a sector.
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Safety Certificate for Rail
Transport Companies

Developing an audit method

H.G.O . C ramer
R ailned Railu/uv Safety, Utrecht, T he Ne therlands

As is the case th rough ou t Europe, major changes are currently u nderway in the Dutch rail
transport systcm. Propelled by European po licy (EU directives 9 1/440, 95/18 and 95/19),
the aim is to achieve free access to state- ma naged infrastru ctu re. T he Dutch govenunent
has enthusiastically welcomed th e libcralisation of th e rail transpo rt system and lias taken the

necessary steps with regard to domestic traffie.
T he first moves in thi s field came in 1994 with the reorgani sation of the narional

railway co mpany NS int o a governrnent-comrn issio ned and a mark et sector. T he three
government-conunissio ne d organisations (1. N S R ailinfrabeh eer BV, 2. N S Verkeersleidi ng
BV , 3. R ailn ed BV) manage th e in frastru cture, allocate timetablc path s, provide access ra
ro utes and direc t day- to - day operatio ns. The transpo rt co mpanies N S Passengers and NS
Ca rgo have been placed in the market sector and offer transport products to the market in
competitio n wi th new comers.

T he government-commissioned organ isatio n R ailned has two missions: capacity
ma nagement, which wc wi l1 not discuss here, and assumi ng the govcrnment's rcsponsibilitv
for railway safety . T he Ministr y of Transport lias granted R ailn ed the necessary powers ra
perfe rm th ese tasks on th e now ope n rail netw ork. T he new arra ngement still requires
nation al legislation but has been pro visionally implem enred via a series oflegal co ntracts.

R ailned 's R ailway Safety Department (R nV) has been charged with a series of tasks
incl uding ascertai ning whe ther users of the public rail nerwork meet the prevailing
requirements in tenns of expertise, organisatio n and railway safety and are able to comply
with the safety and other regu lation s to w hich rail traffic is subject, and to issue a certificatc
to th is effec t. T his task can only be fulfilled if R ailn ed has a consistent overview of rhe
requi rernents transport companies have to meet and an app ropriate method of ascertaining
(by means of a certificatio n aud it) whc ther they are indeed meeting them. This paper
describes the br oad o utlines of the rneth od dcvcloped to thi s end by R nV. T he project got
o ff to a flyin g star t.

T he first ncw transport co rn panies had already co me forward and had been take n
into account by Rn V befere dcvclopmcnt co m rncuccd. T he m eth od described herc is (.lr
fro m a finishe d product. T he outlines of th e audi t me thod have been estab lished but



lnstitutional Bodles 333

development wi ll continue for the time being. Only prac tice wi ll show w hether it ts
effective and further adjustment and refinement is inevitable in the co ming years.

2. Traditional safety management

Prior to 1994, the rail transport system in the N etherlands consisted of a single company:
NV Nederlandse Spoorwegen (NS). NS was a monopoly in economie terms and an
integrated railway company in technical terms (i.e . it was responsible for the entire system:
infrastructure, rolling stock, operations}. T he governmcnt gave N S full responsibi lity for
safety in 1920. Government regulations were scanty and not kept up to date. T he R.ailways
Act (Spoo rwegwet) dates back to 1875.

The Serv ice Regulations for Main and Local Railways (RDHL) are more recent but
are no longer geared to the current situation. Both rcmain in force but have significantly
diminished in importance. Government oversight by the R.ailway lnspcctorate was patchy,
ad hoc and reactive .

T he level of safety achievcd under this regime was cerrainly acceptable and in some
respects actually very good, bu t the way in whic h it was achieved displayed a nu mber of
characteristics that made it inappropriate for the newly created situa tion.

• Safety management was not made exp licit but was interwoven to a significant
degree with ether aspects of eperation. Consequently, it was not clear to what extent
many rules, working methods, requirements and customs were intended for reasons
of safety or for other purposes (e.g . commercial).
• To a large exrent, safety was a technical issue and was spread across the three pillars:
infrast ructure, ro lling stock, and operations.
• Safety was more a quest io n of culture than of systematic manage me nt.
• Safety was bascd to a large cxtent on experience, with expertise passed down from
one generation to another.
• Safety was primarily rcactive - drawing on a long history of accidents and damage
and the collective memory of what had gone wrong in the past.
• Safety regulat ions consisted to a signi ficant degree of detai led, situation and
operation-s pec ific rules of co nd uct .

Working methods of this kind cannot cope with major changes, they are too operationa lly
specific, are not transferable and eaunor bc certified. Even before NS was transformcd, it
Was recognised that things could not continue as they were. A process of change was
initiated but was far from complete at the moment the NS monopoly was broken up and
the netw ork opened to pot en tial new users.

3. Prineiples for a new poliey

Work began at the outset in 1994 to develop and promote a more modern fomlof safety
llJanagement, which co uld be summed up in the following terms:

• An integrated approach to infrast ructure, ro lling stock and operations;
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• Proactive and systematic;
• Based on risk assessment,
• Explicit management task;
• Measurable objectives;
• Pursuit of constant improvement in the overall rail transport system.

One implication of th is is that companies taking part in the rail transport system must be
able to make their contribution to the whoie. For the supervisor, RnV, determining
whether th is is the case is the most important criterion for the awarding or withholding of
a safety certificate. RnV also has to have sufficient instruments at its disposal to be able to

mount effective control in accordance with the principles mentioned above. As far as
transport companies are concerned, important characteristics of the requirements to be
developed and the audit method to be applied include the transport company having
sufficient freedom to be able to structure its business as it sees fit, whereby the requirements
and procedure are non-discriminatory for new and existing transport companies and the
procedure offers the transport company sufficient legal guarantees.

It was deemed necessary on this basis that (1) transport companies should be
explicitly informed of what is required to operate a safe railway company, (2) a policy ought
to be formulated on this basis regarding how RnV should determine whether or not the
requirements are being met and (3) a procedure and criteria should be developed for the
safety certificate audit.

4. New transport companies

The purpose of the entire eperation is, as stated, to enable new transport companies to enter
the previously closed rail transport sector. Providing access to new businesses generates
certain tensions that have to be taken into account. The most important are set out bel ow.

4.1 Political aspirations versus safety requirements

There is astrong political desire to achieve real competition on the railway network as
rapidly as possible and hence to allow access to new transport companies. However, as a
result of the fact that for many decades rail transport has been the exclusive preserve of NS,
a number of substantial obstacles first have to be overcome by the newcomers. The
availability of safe and infrastructure-compatible rolling stock, properly trained persounel
and expert management has to be ensured. These elements are, however, virtually non
existent outside the NS group . What's more, new companies are often start-ups that lack
the capital to buy them in. It has been frequently noted that new entrepreneurs severely
underestimate the prevailing demands . Another aspect of the problem is that their lack of
expertise in the railway field means RnV runs the risk of being pushed into a consultant'S
role, which is clearly incompatible with its function as an assessor and supervisor.
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Safety in the rail transport system is - and will always be - based on thorough planning and
preparation, effective co-ordination between parties. fixed procedures and predictabie
behaviour on the part of all concerned. New firms in the pioneering stage of their life-cycle
will generally find it difficuit to operate in such an environment.

4.3 Independenee <if the certifyillg body

Por the time being, until legal regulations have been drawn up, the certifying body RnV
remains part of the NS grollp and is hence linked to the main commercial transport
companies NS Passengers and NS Cargo. In some peoplc's eyes, therefore, NS decides
whether competitors should be allowed onto the system or at least has a major inf1uence on
this via the safety certificate. This situation is, of course, undesirable from the point of view
of free access.

5. The development route

The following activities were carried out, one after the other: (1) definition of a policy
regarding thc way RnV is to fulfil its supervisory role, (2) definition of a standard for safety
management systems for rail transport companies and (3) definition of an audit method and
criteria for testing whether a safety management system exists, whethcr it is operating,
whether it is producing the desired results and whcther it is being properly maintained.
lnformation from a number of sourees was used during the formulation of these definitions,
including:

• Learning by do ing. As noted, the first would-be rail transport companics had
already come forward. As a result, and perhaps despite themselves, these companies
served as guinea pigs;
• Study of existing practices elsewhere. Grateful use was made of Railtrack's
experience with the "Railway Safety Case" used in the United Kingdom and that
of the Netherlands Aviation lnspectorate in conneerion with the issue of Air
Operator Certificates;
• Consulration of existing rail transport companies and thc Ministry of Transport
(Railway lnspectoratc);
• Experts at TU Delft (Safety Science Group);
• Experts in the field of ISO 900X certification;
• Safety management literature.

5.1 Supervisorv policy

Ta play the controlling role of regulator and supervisor properly, a consistent model is
required in which regulatory methods and the marmer of supervision can be linked. The
SUpervisory policy is approached below from three different angles.
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The first thing that has to be don e is to estab lish the points of applicat ion with respect to

the object that needs to be co ntrolled, namely thc rail transport companies. T he widely used
bu sin ess model is applied to this en d. T he mod el co ntai ns the following three distinct levels:
1. Executive level, at which:

• Tasks are per fomled in the primary process;
• In acco rdance with procedures and/or crite ria fixed in advance .

T he procedures and cri te ria may co rne from outside, may be deve!op ed within rhe
company (sec level 2 and 3 below) in co nnee tio n with its own business objectives or rnay
be based on high er, goal-orien ted regulations from outside .
2. The planning and implcmentation level whi ch:

• Shapcs the primary proccss and ensures that the prccondition s are met to this en d
(people , resources and meth ods);
• Establishes implernentation rules and criteria on the basis of the goals or resources
fixed by level 3 or by exrema l bodi es;
• Oversces implcm en tation.

3. T hc strategy and struc ture level w hich:
• D etermines the bu siness's policy/direct ion;
• Establishes objectivcs within the extemally im posed frameworks and rules;
• D etermines the overall structure of the orga nisation and hence its general
co he rence;
• O rganises the planning and imp leme ntation level;
• Provid es reso urces for the underlying levels;
• Sup ervises the underlyin g levels and ensures that the cstablished objectives are met.

It sho uld be made clear that this business model incorpora tcs a distinction between tasks rhat
are impleme nred and canno t necessarily be translated one by one acco rdi ng to the hierarchy
in a diagram of th e organisatio n. Generally spea king , level one tasks will be implemenred
by the lower echelo ns of the bu siness and level three tasks by senior management.
Signifi cant varintions can occ ur, however, depending on thc co mpany. T hc model is open
to furth er refinem ent.

5. 1.2 Types of regulation

A seco nd eleme nt of supe rvisory policy relates to the marmer in w hic h the supervisor
establishes rules, frameworks and standards, T his is broken down int o th ree strands:
1. Dctailed mi es, whic h prov ide direct and co nc re te specifications or rules of conduct.
E.g. the driver mu st stop at red signais; it sho uld be checked once a month that tyr e width
is at least 30 mmo
2. M eth odological mi es, which indicatc how a result ought to be achieved.
E.g. local safety rules sho uld be fixed by the R egiorial Manager of NS Traffi c Contral ; rhe
transport co mpany mus t register and analyse all incidents to allow improvernents to be
form ulatcd .
3 . Goal-oriented mi es, w here only the result to be achievcd is dcfincd.
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E.g. the transport company must ensure that its drivers act at all times in accordance with
the prevailing characteristics of the infrastructure.

The currently available rules we re largely inherited from the former NS group,
wh en it was still an integrated railway company and primarily take the form of detailed
ill1plementation rules ,

5.1.3 Types <if supervision

A third element in this regard relates to the characterisation of the actual supervision being
ill1plemented. Once again, there is a three-way breakdown:
1. Inspeetion
Inspection is the oldest form of supervision and cntails the direct investigation, arrncd with
a checklist, of whether all the implementation rules prevailing in the primary process are
being properly observed.
2. Audit

The audit idea is more recent. It can bc summed up as a more cxtensivc form of inspeetion.

which also cxamines the organisational context: how are things organiscd and do they
function in the intended manner? Issues like communication, the breakdown of
responsibility, training, procedures, etc. are all typica! audit questions.
3. Meta-supervision

This type of supervision is another step further away from the grassroots. The emphasis here
is on verifying the management systems within the business. Meta-supervision means that
cOll1panies are asked to demonstrate that they have organised their business on thc highest
level and that their management systems work in every respect. The role of thc supervisor
thus shifts even further away from simply investigating what is wrong at practical level
towards evaluating what the company brings forward.

In rough terms, we can state the following:
• Inspeetion is supervision at business level 1, using detailed mies as its referencc.
• Auditing is supervision at business level 2, using methodological rules as its
reference.
• Meta-supervision is supervision at business level 3, using goal-oriented rules as
reference.

Table 1.

Business model Regulations Supervisory form

Execution Detailed rules Inspeetion

Planning/implementation Methodological rules Audit

Strategy and structure Goal-oriented rules Meta-supervision
'-

Table 1 reveals a vertical relationship, in that there is a consistent progression in each area
of attention from rough to more detailed, and a horizontal rclationship indienring that e.g.
strategy and structurc, goal-oriented rules and mcta-supervision are linked, and that for each
row, That still doesn't tell us anything about what mix of supervision forms will be required
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in practi ce. It me rely indicates, for instance, th at me ta-supervision can only take place at the
strategy and structure level and that th e pr esen ce of goa l-oriented rules is a precondition.

5.1.4 Rtl VS policy

It has been determined , in lin e with th e principl es set out in sectio n 3, that:
• R egulations sho uld take th e form of goa l-oriente d rul es rathe r th an the traditional
type in th e rail transpo rt systcm ;
• Sup ervision ou ght to bc carrie d out to a significant ex ten t in th e form of meta
supe rvlSlon;
• There should be a grea ter focus in th is respect o n th e uppermost co ntrol level
within th e organisation of thc transport companics;
• Safety management at th e transport co mpanics oug ht th us to m eet dema nding
standards.

This has been formulated in terms of a shift toward s goa l-oriented rul es and rneta
supe rvisio n , without saying anything abo ut how far th is shift oug ht to go. For a number of
reaso ns, it is still necessary at tim es to maintain detailed rul es (with respect, for instanee. to

personnel and ro lling stock rcqu irements). There are also reaso ns w hy random checks,
based o n audits and inspectio ns down to sho p- floer level, ought to be used in additio n to

meta-supervision in or de r to ascertain w hether successive levels of translation frorn
objectives to implem entation have been adequately impleme nted . What this means in temlS
of the certification audi t for thc safety certificate is that one mo re step has to be taken than
is the case with qu ality certification. N ot only does th e system have to be audited, its
practical impact on working has to be evalua ted in the approved marmer.

5.2 R equirements tiffeetillg safety lIIallagemCllt systems

H avin g establishe d that testin g systema tic safety management within the companies
th emselves is an important mcans o f co nt ro l for Rn V, the need arose to determine what
requircments have to be imposed on systema tic safety managemen t of th is kind. A standard
was developed to thi s end in co nsultatio n with th e existing transport companies. Having
taken stock of th e available method s and stand ards, it was deci ded th at the framewerk of
ISO 14001 ought to be ado pted and that aspecific standar d should be developed on this
basis. T his gave rise to R nV standards paper V- 001 R equ irem ents for safety contro l systerns
for rail transport co mpanies, w hic h now applies to all rail transport companies operating on
th e Dutch network. Althou gh th e argume nts in favo ur of ISO 14001 were somewhat
mcagre at th e time (late 1996), there is no reason thus far to sup pose that the decision was
a bad o ne. It proved relatively easy to achieve consensus and gain support in consulration
with th e transport companies . T here are two ch ief reaso ns for th is: the quality of the system
and increasing familiarity with ISO 14001 . T he provisional conclusion, therefore, is rhat rhe
R nV standards paper has laid firrn founda tions for the safety certificate.
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Before examining the certification audit, which is described in (draft) RnV standards paper
V-002 Safety certificate for rail transport companies; Requirements, criteria and procedure,
We first have to determine certain characteristics of the certificate itself. The certificate is
issued for a specific range of operations (passenger or goods transport, hazardous or non
hazardous materiaIs, local or national, etc.). The certificate does not apply beyond th is
range. It is issued for a fixed period, during which RnV will continuously monitor safety
performance and mount interim audits and inspections.

6.1 What is asscssed?

The following e1ements are assessed as part of the certification audit:

1. The safety management system;
2. Management's expertise in the field of railways and railway safety;
3. The implementation of safety management in practice;
4. Production factors:

• Personnel:
- Medical and psychological suitability, and
- Training and qualifications.

• Rolling stock:
- Initial admission;
- Safe state of maintenance.

6.2 How is assessment carried out?

One consequence of the supervisory policy mentioned above is that the burden of proof
regarding complianee with the prevailing requirements lies with the transport company.
The latter must first persuade itself that its working methods are safe and appropriate within
the established framework. These working methods then have to be put forward for

assessment.

6.3 The Railway Scifety Report

The transport company presents its working methods usmg the Railway Safety Report

(Spoorwegveiligheidsrapport - SVR).
The SVR fulfils (Wo functions :
1. lt is used by the transport company to dernonstrate that:

• It is aware of the risks associated with its railway operations, it has assessed these
risks and will control them in accordance with the prevailing requirements;
• It has taken all the necessary precautions and has set these out in a safety control

system in accordance with standards paper V-OOL
2. The SVR is the document with reference to which RnV will carry out its interim audits.
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This means that the SVR has to be updared throughout the duration ofits validiry, to ertsure
that it reflects the actual state of affairs within the company.

6.4 Elements 4 the audit

The way in which the SVR submitted by the transport company is assessed is very sirnilar
to the customary procedure for audits relating to quality systcm certification.
The foUowing sequence occurs:

• Assessment of documentation;
• Management presentation;
• Practical assessmcnt.

Not only does assessment take place at system level, random checks are also held to
dcterminc whether the system has been implcmented according to the rules applying down
to operational level and whcrher, in the view of thc auditor, implementation of the
described system will ultimatcly produce effective safety results. This requires the auditor
not only to be aware of the demands that will be made of the system, but also to have a
sufficient technical knowledge of railway affairs. The depth of the investigation will depend
in part on the safety performance of the relevant transport company in the past.

Greater ernphasis is placed on the management presentation in th is procedure rhan
is thc case with quality system certification. The lack of expertise in the railway field, to

which we alluded earlier, makes it absolutely necessary that Rn V be persuaded that such
expertise is actually present at the company. The explicit intention here, therefore, is that
management should dernonstrate through its presentation of the SVR and by answering the
questions of the audit team that the SVR is truly part of its own thinking and not just a slick
presentation prepared by a hired-in consultant.

Practical assessment is done by inspections and audits. This is, of course, only
possible when there is some practicc to assess. In thc case of new transport cornpanics that
are not actually operating at the time they apply for a safety certificate, certain aspects can
be assessed in practice (e.g. training of personncl), but others cannot,
Thcrc are several ways to address th is problem, at the discretion of the chief auditor: (1)
pormission can be grantcd for trial eperation (without passengcrs) supervised by Rn V, (2)
temporary permission can be granted to begin commercial opcration, also under Rn V's
supervision, and (3) ternporary permission can be granted, under the terrns of which rhc
company itself prepares an evaluation programme for the first few wceks and reports on it
regularly. The degree of confidence built up during the first two stages of assessment win
be a significant factor in detennining which of the alternatives are to be chosen.

6.5 Prcqualificatiou

As noted, new transport companies can sometimes underestimate the complexiry of starting
up a rail transport business. It has been deemed necessary, therefore, to apply a form of
prequalification prior to the certification audit. This is necessary to prevent either rhe
transport company or RnV in vesting too much energy in an enterprise rhat has no chance
of success.
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Thc test criteria are set out in the aforementioned draft RnV standards paper (V-002) and
relare to the elements described in 6.1. They are formulated in fairly general terms and refer
to the prevailing regulations which, as noted, are currently in a process of transformation
from detailed mies to goal-oriented frameworks. Meeting these criteria and assessing
Whether they have been met thus requires both the transport company and the auditor to
have the expertise to interpret them properly. The criticism might be raised that th is
undermines the legal security of the transport company, as such security can only bc
maximised when it is possible to dcterrnine by means of concrete yes/no questions whether
the rules are being met. This is espccially the case when, as indicatcd in 4.3, the certifying
bOdy is already somewhat suspect. Ncvertheless, it has been decidcd for good reasen and
with the agreement of the transport companies that goal-oriented mies should be pursued
to as great an extent as possible and that the transport companies ought to be givcn
maximum freedom with which to determine their own working methods. Another reasou
- and one primarily of importance to the supervisor - for avoiding the trap of devising a test
based on concrete yes/no questions, is that questionnaires of th is kind tend to encourage a
compliance-mentality, whereby pcople do what is asked of thcm but have no idea of why
it is necessary nor how the different questions relate to one another.

There is, therefore, a dilemma here - greater freedom leads to reduced legal security.
The repercussions of this may bc reduced, though not avoidcd alrogether, by formulating
the criteria as concretely as possible, depending on the situation. Different interpretations
will, however, rernain possible for each definition. This problem may be alleviated to sorne
dcgree by means of procedural measures (see 7.3).

7. Current situation

The working method presented here has been discussed with the transport companies and
is currently being applied in practice. As said earlier the mcthod is far from a finished
product. Peasibility still has to be demonstrated in practicc, and undoubtedly adjustments

wil! follow in the next years.
A number of things still have to be done to enable thc overall system to function

properly. The most important are:

7.1 Final settlcment and incorporation in fC~l?isfatiolt

EU directive 95/18 contains instructions regarding the award of licences and safety
certificates to railway cornpanies. According to these directives, licensing ought to
incorporate a test of professional competence, following which compliance with national
regulations alone is tested in the case of the safety certificate. Current practice in the
Nctherlands is for licences (only for internul traffic at present) to be issued without any
~esting of professional competence. It is for this reasen that Rn V has deemed it necessary to
Incorporate strict professional competence requirernents in the audit for the safety
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ce rtificate . When th e EU dir ectives come to be incorporated in D utch Iegislation,
th erefor e, it will again be necessary to determine w hat is to be done at the respective stages
of th e entry procedure.

7.2 Communicative control

A form of cont ro l by RnV as a govern me nt agency. kn own as "cornmunica tive control",
is linked to th e supervisory policy describ ed here. This may be distinguished from rhe
traditional marmer in which govern ments contro l ("com ma nd co ntro l"), in that the
governm en t is no longer th e bod y in charge that can or der implernentation in line with
poli cy. The gov ernment is now o nly one of the int erested parti es and mu st seek to close
th e gap between poli cy and implernentation usin g pcrsuasion, debatin g skills and o the r,
softer m easures. Giv en th e limited number of participants in th e rail transport system for rhe
tim e being and th e ease of monitoring. thi s form of co ntrol oug ht to be feasible. To th is
end , th e co nsultative struc tures regard ing railway safety that existed within thc old NS
gro up oug ht to be expanded to include th e new ope rato rs.

7.3 Independenee if thc certifyillg bodyllegal security for the transport cOlI/parlY

Solutio ns have to be found for th e problem of"soft" criteria and th c independenee ofRnV.
T he following solutions are possible and have already been implemenred to some degree:
1. Imp ro vin g the transparen cy and co nt ro llability of the certification process by:

• Certifying the aud itors;
• Properly doeu rn en tin g the assessment pro cess;
• Accreditation of RnV by th e Accreditation Council (in due co urse).

2 . Involving tru stworthy o utsiders in th e certification audit:
• At a distance, as members of a SupervisorylAppeals Board;
• Ext ernal m embers in th e audit team;
• R evol vin g co llabo ration with accredited certificatio n bodies.

3. C reating support for th e m ethods and crite ria used :

• Through co m municative co ntrol (see abo ve) :
• By advising and supporting transport companies in their pr cparation s (see 7.4)

7.4 Lacle if expertise

It has been ascertaine d that new co mpanies rcquire expe rtise in the fields of railway
e pera tio n and safety from th e very outset. It is also clear, however, th at suc h expertise is
scarce and almos t non-existent in th e N etherland s outside th e N S gro up. T here is no way
to solve th is problem co mplcrely. A parti al solutio n, how ever , is for dctailed information to
be provid ed on th e require me nts, th e reasons for the rn and how they might be met, and
for RnV to provide capac ity for coac hing new transport co mpanies . Efforts should be made,
how ever , to avoi d mixing up the assessme nt and coaching functio ns. To this end, the
respect ive tasks oug ht to be implcme nted separately within R nV and the coaching role
sho uld remain detach ed. What has to be avo ide d is a situa tion in w hic h the coach gradually
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assumcs a degree of responsibility for the final result. Other partial solutions would be to
have a railway safety course developed and to involve new transport companies in the
existing consultative structures from as early a stage as possible. What we find in practice,
however, is that new transport companies are concentrating on headhunting from the
Netherlands or abroad, poaching expertise that has been built up elsewhere in the rail

transport system.
Genuine solutions to th is problem, which is one of the main obstacles to be

OVercome by new entrants, ought not to come from the agency charged with assessment of
safety, but from other (government) institutions in whose interest it is to ensure free access
to the network. Means of achieving this might include encouraging the foundation of a
professional organisation with the necessary expertise in-house and subsidising new entrants

to help them hire in expertise.
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Safety of Transportation:
Regulation and Safety

Roger Lopez
Eastern Countries - Middle East, Acrenoutics & Space Division,

Bureau Veritas, Prattee

To be right, C ivil Aviation and Air Transport took off after the first wa r 19 14-19 18. In
FRA NCE and prob ably in all thc main Europ can co untries, at this time, States began to
become concerned by the safety of peopl e and places overflight, this due to the incrcasing
number of air crashes .

For instan ee in 1922 , the Prcnch Governe me nt sent thc first appeal for tenders
regard ing the setting up and the impleme ntatio n of new disposals for manufaeturing and
maintenance of the French registered aircraft in a safe airworthy co ndi tio n for operation.

Thanks to its background and experience in marin e, only Bureau Veritas answered
this tender. So, it go t its monopoly by fact rath er by law...
Aeronauti cs & Space Divi sion was born and began to set up and impl em ent:

• design and man ufacturin g rules,
• aircraft recording by registration , allowing to identi fy each aircraft by the essentia l
characteris tics in orde r to easicr the preparatien and carrying out of periodical visits
on bchalf of the States and to impro ve the follow up of the maintenance of the
aircraft, in time.

Both co nstit uted the Aeron aut ical R egister co nsisting of:
• the Int ern ation al Aeronauti cal regulations (it has been put in to practice, for a long
time, by seve ral Govern me nts, eve n overseas) and
• the R egister by recording.

Initi ared by FR A NCE, the first Int ern ational Aeronauti cal C onventio n was orga nized in
1939. The objective was:

• to make the Int ern ational Aeron auti cal Community co nce rne d by the realiry of rhe
worldwi de aero naut ical development and by its interna tionalization and
• to point out the direct involvem ent of the Staces in the process in terms ofliability
and safety for peopl e and goods carried and ove rflight.

U ndoubte dly, it was the starting po int of the States' awa reness and the prelude to rhe
crea tio n/signa ture of the C hicago Conve ntion and the organization of the International
C ivil Aviation by w hich Coverneme nes co mmitted th crnselves directly rega rding the safety
of people and goods carried and ove rflight.

But, at that tim e, Bureau Verutas lost delegation of the Frcnch Gevememe nt for
design and co ntrol of co mpliance of the standard mod el with the basic spccifications
Ge ne ral Direction of C ivil Aviation (M inistry of Transports) being in charge of.
The anno unce d objec tive of the IC AO always has been :
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• to gua rantee a comrnon nu mmum safety level, freely acce pted by th e memher

Srates,
• to easier th e exc hanges and relatio nships betw een the m ern bers and, the n, th e

internatio nal development of air transport.
This common level of safety, minimum and freely agreed/accepted by th e m embers is
fitting technical stipulatio ns (design, manufacturing, explo iting) wn tte n up by most of th em
in tern is of objectives or requircmc nts to co mply (so, th e terminology " IC AO co ndi tio ns
or ICAO recommendatio ns"); th en, spec ific national process make th em compulsory un der

stalldards or othe r forms, requircrncnts.. ..).
H owever , simultaneou sly, ICAO is allowing each m ernbcr to set up , implcm ent and

enforce /impo se (for import or ove rflight of its territory) its ow n level, in compliance with

its env iro nme ntal co nditio ns:

• technological development,
• level of ab ilities,
• improvement in the field of safety,
• mentaliry, gene ral beh aviour.

So, several " natio na l regulations" wcre co nfirmed. T hei r levels were different and high er

than the IC AO one. For instan ce:
US A .. C AR th en FAR
FR ANCE ~ AIR 205 1,52 (now: JAR)
U .K. .. I3 ritish Civil Aircraft R equ irem emnts (I3CAR)

U .R .S.S. ~ AP (now: FAS)
ITALY, H OLLAND , SWEDEN, N ORWAY. ..

Most of the m result ed fro m th e C AR / U ni ted States (American predominanee during and
after th e second wa r). T he danger, in th is situatio n, is to affirm to be implementing a high
level of regulations when th e level of human co nd itio ns, industri al abilities, skilIs and

Dlen talities is far (sometimes very far) to be reach ed for a satisfactory implem cntation o f suc h

reqll irem en ts...
Prcssured by th e different acto rs of international aero nautical life , i.e. manufacturers,

industrialists, op erators, users and Govern me nts, all decision s about rcgul ation are taken

accOrding to th e threc followin g main criteria:
• tec hno logical co ntrol and its improvern ent,

• safety,
• cost of implem entation.

Decisio n is not relevant to a barycentre but to a certain equilibrium agreed by th e different

partners bet ween th e threc crite ria above.
For seve ral years, tec hno logies and skills have been developped in th e field of design,

Dlanllf.lcturing, ex ploiting but nob od y was co ncerned (worrie d by the co mpulsory regu1ar
evo lutions) in orde r to set up new requirements for the best co ntrol of safety possible (as a

Corollary and not o nly a conseque nce, afte r a crash or accident).
D uring ma ny years, to evolutate from discovery to industrial implementation has

alIowed a certain progressivity in the change of habi ts, minds and reac rions ... N ow it is not
the sarne.
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People ask for safety improvement whatever the cost may bel They want "zero risk
level" and consider the officials and manufacturers as the first directly liable for.

Obviously, resulting from the change of behaviour and mind of all, users.
industrialists, Governments, the aircraft manufacturer winner should control this evolution
(in the industrial field or others...):

• the most quickly possible,

• at the lowest price,
• after proving its own "safety" (the same as the previous produets or higher).

Obviously too, industrialists always have been and are still, more and more, concerned by
"safety": it is a very positive marketing argument.

But is this self declaration sufficient? Of course, it is not. Notion of second and third
party is now put in weight.

This means that, more and more, impartiality of decision appears c1early and
pressuring groups ask Governments to commit themselves in tcrrns of direct obligation and .
therefore, liability. So, the main States or their delegates and representatives (as allowed by
ICAO) are determinated and:

• they are checking thernselves the main points (keys) of the procedures, processes... ,

• rhey are directly involved in the demontration of the compliance of the prototype
with the basic requirernents,

• they are directly involved in the checking of the conformity of materials and
organizations to their requirements,

• they simultaneously issue specific requirements, implementing in the same time
"novelties",

• they issue corrective requirements (airworthiness directives...) .

Many examples illustrate this evolution between the manufacrurer and the officials
regarding statement of conformanee with regulations:

• COMET ~ test of fatigue, fuselage ...
• Evolution from the flight controls by cable to hydraulical, e1ectrical ones with
segregation of circuits and the simultaneons studies of adequate standards and
requirements (refer the famous chapter FAR N° 1306),

• Evolution of the size of the aircraft and the security ~ cutting of fuselage
for depressions, electric power supply...

• Video screen devices/equipments/instruments, software arrival and standards and
requirements issuance on the levels of screen transmission and reinforcement and

specific training courses rclative to the plane and flight control...
• Arrival of supersonique transport and the simulraneous writting up of French and
U.S. specific certification regulation,
• Progress of environmental regulation (noise and pollution).

In term of liability, both StateslGovernments and industrialists/operators are in a very
delicate situation. Arc their responsibilities getting more and more shared? Who is more in
charge of? Designers/manufacturers? Governments?

Are only Governments liable and comrnitting themselves through adequates sysren»
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and procedures of the level of safety in front of international countries.
Between the two following methods it is difficult to know which one is the more effective:

• imbrication, due to the frequent and even continuous participation of the
Government to the certification processes for manufacturing and operation (where
the State itself seerns to be too much acting and engaged) and
• position where Government is setting up itself qualification/certification mies for
productslorganizations and for implemernntation by accredited organizations
according to guidelines (instructions, directives) offically recognized by a group of
States (European system E.E.C. for exarnplc),

On one hand, technological evolutions and novelties need more and more specialized
human resources and materials, which undoubtedly is in the favor of the industrialists,

On the other hand, the officials, directly liable for the safe aspect of the use of those
novelties, must have an adequate and qualified staff and level of marcrials in view to set up
how to proceed with the industrialist to reach the safety goal. Of course, th is is in the favor
of the delegation from officials to accredited/recognized organizations. Of course, every
Position will tend to the other with limitations due to the environmental conditions (cost,
liability restriction, feasabiliry) of each country in concern.

Another tendency in addition to the delegation is the fact, more and more, the
number of countries having the potentialitly and the national competency to design,
l11anufacture complete aircraft and operate them will be limited. Subcontracting work for
subparts will be extended to a greater number of countries worldwide (voluntary or for

compensation). This should require the officials:
• to check the equivalent safety of the national methodology and requirements
issuance,
• to check how they are really implemcnted on site,
• to continue to consider the ma in orderers directly liable and in charge of the safety
aspect of all subcontracting (i.e. asking thern to act directly in specific areas at

adequate intervals).

10 conclude, Safety and Regulations have been, are and will be always directly linked as

Safety is the objective of the Regulations.
The difficulty has been, is and will be to find the adequate equilibrium between:

• novelties,
• feasabiliry,

• cost,
Keeping in mind that passengers are always and, more and more, looking for the "zero risk"
and official actions must not replace thc industrialists ones.
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Risk Management for the Transport of
Hazardous Substances

The Dutch approach

Hans van Zwol
Department cfCargo and Risk Manaçentent, Ministry of Transport , Public vVorks and

Wat cr Manaç ement , Th c Ne therlands

1. Introduetion

T he N etherlands are one of th e most de nsely populated industrialized countries in the
world. Consequently, space for living, working, and nature is at a premium. Choices wiU
often have to be made in which a variety of purposes wi ll have to be served. One of the
qu estions that need answering is w het he r and to w hat ex tent the handling of hazardous
matcrials mi ght co nflict with th e safety in the direct vicinity.

Dep ending on th e vo lurne of th e transport flows and th e spec ific hazards these
involve for th e su rro unding areas, a certa in scparatien between transport routes and
residen tial areas may be desirable. In determining cri teria, the intercsts involved must be
weighe d up : the tra nsport industry as an economie factor, safety and the necessity to
sornetimcs plan socia l (often even vu lnera ble) functions near transport routes.

lrrespective of th e transport flow or th e !ocation, the resu lt of such considerations
m ust guarantee a ccrtain level of safety, but it mus t also be feasible and affordable.
T he risks are char ted using a figure -based approach (the risk analysis) and, if ncccssary

checked against th e appro priate risk criteria. O n th e basis of th e resu lts of thar check, any
additio nal measur es are taken int o co nside ration. T his approach is called thc "risk
approach".

T he risk approach is desirabIe for assessing th e handling (production, storage
transport and use) of hazard ous matcri als. Suc h an approach ens ures that the wel1
co nsidc rcd development of th e ind ustry using th ese marcrials as weU as of planned
developm ents remai n possible even in th e futu re.

2 . The risk approach in general

The risk approach regarding activities involv ing hazardons matcrials is explicitly concerned
with th e probability of faraliti es occurring in vulncrable fun cti on s, suc h as rcside ntia l areas

sho pping eentres. recreation al arcas and offices, as a result of th ese matcrials being rcleased
into th e enviro nme nt. It is characte ristic for suc h an accide nt thar the re is a relatively sligh t
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chance of it occurring, however hugc consequences may be possible while users of the
vulnerable functions have no influence over this .

The aim of the risk policy is to arrive at a well-considered positioning of vulnerable
functions on the one hand, and of activities involving the possibility of accidents that will
affect the surrounding area on the other. For th is purpose, the risks as calculated are checked
against criteria and if a relatively high risk is found, measures are taken into consideration.

2.1 The risk approach in practicc

Fo r an objective assessment of risks, a figure-based approach is used that combines the
probability ofserious accidcnts and their effects . In the risk analysis, the concepts, individual

risk (IR.) and socictal risk (SR.) are used.

2 .2 lndividual risk

Individual risk (IR) represents the probability of a fatal situation occurring at a partienlar
location with re gard to the activity in question. As the distance to the activity in question
increases, the risk of (faral) injury decreases. On certain distances of the transport route for

which a risk assessment has been made, identical so called individual risk contours can be
drawn on a map (like contour lines giving height on a topographical map). This makes the
IR suitable for determining a safe zone between a route and vulnerable functions such as
residential areas . A certain IR value is used as a threshold limit.

2.3 Societal risk

Societal risk (SR) gives an indication of the probabiliry of a calamity with a certain number
of fatalitic» occurring. The number of persons present in the vicinity of a route is therefore

l1laterial in determining the valuc of the SR. Accordingly, the SR indicates locations of
il1lportance with regard to possible "disaster situations". The airn of checking the

(calculated) SR against the provisional SR value (target value) is to reduce the probability
and extent of a serious accident.

The SR can also be used to oompare (route) alternatives by calculating the overall
societal risk of each (route) alternative and comparing the results of each. The SR is also a
J1"1easure on the basis of which priori ties for fighting disasters can be determined at alocal
level.

Societal risk is calculated per industrial activity (a plant, a storage with all the
handling involved, a railroad yard etc). In the case of transportacivities (free railroad track,
highways, etc.) it was important to define "location". The societal risk depends on the

lenght of rhe route. It was decided to use the societal risk criterium (target value) for 1 km

rOUtes. This 1 km approach fits weil in the possible effect-distances of accidents and is a
practical value for decision making.
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2.4 Risk criteria
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It is not possible to redu ce every risk to nil without grave social and economie

conseque nces. The purp ose of using risk criteria is to handle risks for aspecific location in
a consistent m anner co m pared with th e poli cy for all other locations in th e country. The
risk cri teria (a certain level of risk, i.c. safety) are based on an overall (whole country)

assessment of risks of a great number of representative locations. After that a political
decision has been made with respect to the consequences of risk criteria levels: costs of
measures and space (the area where vulnerable dwellings would be resticted). In this respect,
the criteri um is a chosen reference that is used to check whether a situation is involved for

which risk-reduc ing measures must be taken into co nsidcra tio n, given the fact that it is a

location with relat ivcly high risk.
T he risks referred to in thi s case are th e risks (po bability of death) to persons present

in the direct vicinity of transport ro utes for hazardons matcrials because of posible accidents

2.5 Risk policy and the transport ifhazardons matcrials

In spi te of th e m easures in ge ne ral use, hazard ous materials may bc rcleased as a result of a
serio us traffic accident. In th e eve nt of such an acci de nt occ urring in th e vicinity of e.g. a
residential area, the re is a chance of fatalities occur ring. T his affects the so-called external

safety, the safety of third parties in the direct vici nity of trans po rt routes. Therefore, rhe
following aspects are important when assessing the safety of transport flows relative to their

surroundings:
• T he vo lume of the tra nspo rt flow, w hic h dct ermines th e probability of an accident
that w ill affect th e surro unding area;
• T he type of hazardous matcri als invo lved, which determi nes the way in which rhe

surrounding area will be affectcd;
• R oad safety, w hich affec ts th e probability of a large-scale accident occurring;
• T he number of pcopl e livin g, working, recreating, etc., along the route, which
de termines th e number of possible fatal vic tims .

T he co m bina tion of th e above- mentio ne d aspec ts det errnines th e risk level for specific

locations along transport routes. The risk policy as referred to is used to assess th e risk per
location and to take into conside ratio n any location-specific measures. For eac h specific
situa tio n, th e optio ns (instruments) co m prise m easures at the souree and - where necessarv

- effec t meas ures (zoning).
Souree measures incl ude:

• th e avoidanee of vulne rable fun ct ions (ro uti ng);
• road safety measures suc h as speed lim its, traffic co nt ro l, rail co nveyor systcrns .

scparatien of traffi c flows, safety m easures at crossroads, improved infrastructure ..

• scree ning transport ro utes o ff from residential areas,
In addition, th e insig ht gained into th e risks makes it possible to prepare effectively in

an ticipatio n of the necd to co un te ract in the event of an accident (disaster control).
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2.6 Developinç. criteria
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Based on the assumption that the risks involved in the transport ofhazardous materials w ith
regard to vulnerab le functions are generally acceptable, the cri teria have been related to the
present risk level.

T he choice a risk level is th en based on a calculation of the risk levels of a large
number of locations. N aturally, suc h a stock-taking will show up location s with a relatively
hig h risk level. T he final cho ice of the cri teria is determined on the one hand by the desire
to provide a solution for suc h bottlen ecks, and on the ethe r hand by th e desire, bearing in
mind feasibility and affordability, to limit the number of possible fut ure situa tions in whic h
tlie cri teria will not be met. T he cho ice of cri te ria is therefore not a matt er of prin ciple, bu t
rather a pragmatic o ne.

T he prim ary purpose of setting cri teria is to prevent possible high-risk situa tio ns
when new developments take place . An effects study has been used as a basis to in vestigate
whether suc h a set ofinstru ments with risk criteria is and will rern ain feasible an d affordab le.
Some resu lts of th e study do ne for transport activi ties are given in Table 1.

In general, the locations in the table in which th e criteria are exceeded have a lenght
of a few kilo me tres at mos t. An exception is forrned by transport by sea, w hich involves
larger areas.

Tablc 1. Number of locations 310ng at least 1 km of route.

Mode of transport Locations invesrigared Exceeding IR (rcsidential areas) Exceeding SR

I--

ROAD 2505 0 -5 10 - 20
RA IL 304 0-5 5 - 10
WATER. 238 5 - 10 0 -5
PIPELINE 39 0-5 0-5
TOTAL 3086 25 locations max. 40 locations max.

3. Risk criteria

O n th e basis of th e stu dy resul ts and the talks with th e au thorities and th e industry involved,
agreement was reach ed abo ut th c introdu etion of criteria for individual risk and soc ietal risk .

The status (use and mean ing) of th e cri teria is th e same for statio nary plants and
transport activities alike. How ever, the cri teria (specifically for soc ictal risks) for transport
activities cannot be co m pared as suc h with stationary activi ties, especially when taki ng in to
aCCOunt the calculatio n method: in (1Ct the mentioned 1 km route app roac h (par 2.1 .2) is
a Pragmatic one and has an influence on the risk criterium for societal risk.

It is possible that relativcly high IR will be calculated that comply with the
Provi sional value for SR and vice versa . Therefore, relativcly high risk leve ls for IR and SR
need nor go together, as IR is linked to thc activity, whereas SR takes also into account the
nUmber of pe rsons in the vicinity of the activity.
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3. 1 Th e criterium for lndividual R isk
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With regard to th e transport of hazard ou s m aterials and to stationary actvities, in principle
a limi ting value for the IR applies of 10-6 per annu m (i.e. vul nerable functions wiU be
admissible only in locations w here th e probability of a fatality due to an accident involving
hazardon s materials is no mor e than o ne in a million per annum).

For new situations (a new ro ute, a significant change in the transport flow, new
vulnera ble fun ction s), th e [R criteri um applies as a limitin g value.

T he aim for existing situatio ns with an IR exceeding 10-6 per armurn is to reduce
th e IR to the set criterium along th e perimeter ofvulnerabl e fun cti on s. For situatio ns like
th is, th e stand-still principl e applics to new developments until thc crite rium is complie d

with. As many of th ese situa tions are histori cal in o rigin , it w ill not always be possible to
co mply with th e criteri um set for ncw situa tio ns. O ppo rtunitics for reducin g risks could in
suc h cases be presenred by infrastru ctural altera tio ns th at we re planned for quite different
reasous. In other words: it is no t th e intention to carry o ut an isolated reorganization policy.
For existing situations this IR cri te rium is a target value.

Fo r existing situatio ns, urgen t reorganiz ation will be requircd only when vulnerable
func tions lie wi thin an area wi th an [R in excess of 10-5 per annum. (T his [R criterium is
a limiting value) . N o suc h situa tio n has been found in the course of th e study, bu t th is does
not pr eclude th e possibility of one pr esenting itself.

3.2 UsÎl lg tlic IR criterium

For new developmen ts, an improvem ent of th e situat ion can be anticipated. However, suc h
an improverneut must be foreseeable within a pe rio d of no more than five years.

For spec ial situa tions, the possibility is left open to deviate from the IR limit on the
basis of an integ rate d we ighing of int erests. In situatio ns like tha t an undesirable sirnation
co uld be acce pte d in spite of th e criteri um being exceede d. T he co nclusion that rhe
criterium for individual risk be deviatcd from o n th c basis of this integrated weighing of
interests is presented to th e relevant ministries (transpo rtlinfrastruc ture and environrncn tal
affairs/physical planning) for approval. C o nsequcntly, th e nati on al au tho rities become co
respon sible for situat ions in which an increased individual risk is accc pted. T he integrated
we ighing of interests deals with (a co mbinatio n of) possiblc interests and facts relati ng to rhe
risk suc h as:

• T ranspo rt interests, mos tly of supra loca l im po rtance; in some cases international
co nnectio ns are involved.
• T he possibly disprop ortion ate costs resu lting from co mp liance with the cricerium
In th is respect , it is also impo rtant w he the r ot he r argume nts exist to resolve a
probl em location through th e use of souree measur es.
• Interests of loca l and regiorial significanee (public planning).
• Any alte rna tives possibly involvin g a high er risk whi ch would o the rwise be
involved .
• The degree to w hich th e IR limit is exceedcd in a partienlar area, taking into
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account th e develop me nts in transport.

• In sit ua rio ns in w hich a sma ll change at th e souree has an ex treme effect o n th e
disrance at w hich th e limit for individual risk is co m plied with, and thus on space
req uiremcnrs.

C hec king against the crite rium is done on th e basis of the IR calculatcd at th e perimeter of

vulne rable fun ctions alo ng a route. Vulnerable firn cri o ns are de fine d in th e same way for
both statio nary situa tio ns and transport routes. Vulnerable are: livin g areas, hospitals,
schools, e tc. Lcss vulnerable are: industri al ac tivi ties , reereatien arcas, et c.

3.3 Thc ai teriumJor Socictal Risk

The provisional SR value per km of route has been detennined at 10-4 per an nu rn (one in

ten th ousand per annum) for 10 faralities: 10-6 per annurn (one in a milli on per annum) for
100 fatalities; etc .

3 .4 Usillg the provisional S R valuc

In assessing th e SR, th e local and regional autho rities are give n the oppo rtunity to dev iate
from th e provisional SR value w ith proper m otivation. T he primary function of the

Prop osed figures is to fac ilirate weighing at locallregional level. Interests sho uld be
co nside red in a public and clea r marmer and, based on the assurnption tha t th e pro visional
SR value sho uld be co rnplicd with, the reasen for deviatin g fro m that value in a specific
case must be given .

T he manner in w hich th e SR is th us used implies that local and regiorial authorities
are the mselves responsible for situa tio ns in w hich a high er risk level is acce pted . H ow ever ,
the decision to deviare from th e provisional valuc is subjeered to appea l.

3.5 Possible iffCCfS Jor transportroutes

It is exp ected that overall, th e risk criteria will (possibly) he exc ee ded in less than five
percent o f th e locations along transport routes. These are th e locations to note for which
additional mc asures and/ or additional planning requircmcnts will be need ed.

Fo r most (95%) of th ese five percent ofloca tions, th e use of the IR criterium m ean s

that, depending on th e possible measure s, a zone on either side of a ro ute of less th an 100
n1etres sho uld be design ated in which vulne rable fun ctions canno t be realized , or only in a
Vcry limited fashio n. For railroads and roads it is calculated that th e maximum zo ne is 40 rn

and less th en 100 m respectively.

T he societal risk is calculated for th e ent ire relevan t area. "Relevant" means w he re
there is sti ll a lethal effec t in th e neighbourhood of the (part of the) ro ute been calculated.

If necessary and possible, measures are taken at th e souree to redu ce the risk at least to th e

Provisional va lue , H ow ever , w he re planning pr er equi sites are in volved , for practica l reasens
(feasibi lity and affordability) th e area to be co nsidered is maximized to 200 metres from the
rOUte.

In frastru cture for road and rail transpo rt often incl udes a zo ne as a result of noi se
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redu cti on requi remen ts. In such cases there may be other reasons than j ust external safety
for limi ting developments along a ro ute. H owever, ex terna l safety may weil impose
additional restrictions.

4. Calculation instrurnents

It is of principal importan ce to standardize risk assessment whe n usin g risk criteria . The
Ministries of Transport/infrastru cture and Enviro nme nt/ physical planning, rogether with
the provincial autho rities and th e railro ad company, developed a tooI for the PC to calcu late
both soc ietal and individual risk. This program is used for all kinds of purposes: to compare
route alternatives, and to compare risks of a certain location with the risk crite ria.

Sometimes it is necessary to go into more detail because ofdeviations with a standa rd
situation and/or in the case a discussion co nce rning the results of a risk assessment are very
tou gh . In that case a mor e spec ific assessme nt is required : protocols for risk assessment and
mor e sophistica ted analysis meth ods are available. T he program is "free available": it was
distributed to possible users, co nsultancies included . T he program an d manual will be
translated into English.

5. Developrnents

T he risk managem ent approach as described is meant for external safety purposes only. Ir is
an approach to manage the risks of peopl e livin g or working near industrial or tran sport
activi ties. The approac h has proven to be a useful instrument for ph ysical planni ng ofboth,
new industrial activities and new vulnerable dwellings. H owever, passen gers in trains and
the peopl e on the road are excluded from ca1culatio ns and from thi s risk management
proces.

There is a differen ce in risk perc eption between so calied third parti es (for w hic h the
ex ternal safety poli cy is meant ) and peop le usin g traffic systems vo luntary (the so called
intern al safety) .

Until a year ago there was no part ienlar reason to be concerned about th e (low
probabilityI high consequcnces) risks of these people. Although th e number of people killed
in " regular" traffic acc ide nts are of great political importance.

T here are however reason s nowadays to dcvelop a QRA based risk management
system for internal safety. Apart from a better understanding of the to tal risk involved 0 11

certain locations, QRA based risk managem ent secme d to be a necessity in the po[itical
discussions co nce rn ing "vertical building" i.c. infrastru cture un derground: roa ds or railroads
with a roof above it or a road or railroad in a tunnel.

The advantages of "vertical bu ilding" are obvio us: in a crowded country as rhe
N etherlands, space for new developme nts is important. Infrastru ctu re, although a necessity,
is a nuisance fo r livin g area's because of noise, air po llutio n and external safety. Local
environme ntal problem s w hic h can be solved by bu ilding the infrastructure underground.
An un derground infrastru cture means less distan ce be tween infrastructu re and living areas,
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even the possibility of dwellings above the infrastructure.
However, the mentioned advantages for the neighbourhood causes disadvantages

within the infrastructure. A matter of concern is the possibility of a calamity because of a
huge fire or because of an accident with dangerous goods (traffic jam, a lot of people
involved, difficulties to help this people, no protection, difficult to evacuate).

The problem mentioned is the trigger for studies for a societal risk criterium for
people in tunnels and/or people on the road or railroad posed to the risks of dangerous
goods; again for locations with a rclatively high risk. One of the ideas is to find out what
the consequences ofsuch a policy would be by using a societal risk criterium a factor 10 less
stringent (in probability) then the criterium used for routes for the management of external
safety. The individual risk is bccause of its definition (a risk for a person staying under
standard conditions on aspecific location) not useful and also not necessary.

6. Conclusions

The chosen policy ofsetting criteria as outlined above for risks of transport activities is based
On the idea of a consistent and rationalised risk approach. This approach is used for both
stationary installations (rail road yards) and transportactivities (roads, rail, waterways and
pipelines) .

The outlined policy will be converted as much as possible into easy to use tables in
?rder that (additional) risk calculations may be dispensed with in most situations. The policy
IS already developed and accepted by parliament for external safety purposes. Studies will be
carried out to develop such an approach also for internal safety.

A consultative body is necessary for obtaining and securing a uniform and as
generally accepted as possible calculation method for the risks involved in the transport of
hazardous materiais.
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To Irriprove Safety per Unit Distance of
Mobility is to Increase Mobility

per Head of Population

Gerald j.S. Wilde

D epartment cfPsychology, Qlleen 's Univcrsity, Kingston, O ntario, Canada

1. The proposition

To improve safety per unit disrance of mo bility rhrou gh traffic engineering technology is ra
increase drivers' moving speed, to increase mobility per head ofpopulation cornmensurably
and therefore, to have essentia lly no effect upon the ann ual traffic accident rate per capita.
Conversely, to crea te road co nditions, suc h as traffic calming intcrvcntions, that compel
drivers to slow down if they wish to maintain the same level of accident risk, is to decrease

driver's moving spee d, to decrease rnobi lity per head of population and to have essentia lly
no effect on the annual traffic accident rate per capita. T he latter depcnds llpon the level of
accident risk pcople are willin g to accept on th e road in return for thc benefits thcy expect
from the amount of mobil ity thc achieve and th e behaviours they display in traffic.
T herefore , in order to be effective in redu cin g the accident rare per head of populariou
accident countermeasures mu st be able to reduce the level of traffic accident risk people are
willing to accept. T his is the basic propositio n of this paper.

2. The argument

It eau he argued that there are prcdictable relation ships from year to year be tween rhe
following thr ee variables: (1) thc accide nt rate per kilorn etr c dri ven (ace/km), (2) the
vehicle kilome trage per head of population (km/ cap) and (3) the accident rate per head of
population (acc/cap). Some of these relation ships are trivial of co urse: (ace/km) x (km/cap)
=ace/cap. But why sho uld there he an inverse relatio nship between ace/km and km/cap?

According to R isk H omeostasis T heory (earlier introdu ced and sometimes still
known as "risk co mpensatio n thcory." W ilde, 1982a, 1982b, 1988, 1994), accident
co unte rmeasures successful in lowering the rare of ace/km allow drivers to proceed at a
grea ter spee d whilc kceping thcir risk of acciden t per hour of exposure to traffic at the sal1le

level. T he underlying rationale of accident co untermeasures in th is category appears ra be
that safety can he enhanced by offering driv ers prot eetion from th e co nscqucnccs of risky
behaviour and that this can be done by makin g the environme nt more forgiving. We will
sec below that , paradoxically, there is ano ther catego ry of technological accide nt
countermeasures, the ration ale of which app ears to be that safety can be enhanced by
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making the conscquence of risky behaviour more severe.

Neither category of counterrneasures, however, does alter the level of traffic
accident risk accepted by the mombers of the driving population. Exarnples of measures that
airn at protecting drivers from the consequences of risky behaviour include the
nlanufacturing of more crashworthy cars, the installation ofseatbelts, anti-loek brakes (ABS)
and airbags, the widening of roads, and the construction of divided motorways, Because the
accepted level of accident risk is not reduced by these measures, the perceived potenrial
safety benefits of such interventions induce drivers to travc! at higher speeds and to drive
more kilometres per year (km/cap).
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Figure 1. Traffic death rare per disrance travclcd . traffic dcath rare per capita. and rhe
raad disrance travelcri per capita in the U.S.. 1923-1987 (Wilde. 1994).

SO, if travc1 time budgets are stable from one time pcriod to another. as has been argued by
Zahavi and Ryan (1980), more kilometres will be driven within those time budgets and the
per capita safety wiII not bc favourably affected.
. lt may be inferred from thc above that the provision of grearer safety per km driven
Jncreases vehicular mobility in the nation in two ways: more kilometres per hour of driving
~nd a higher rate of km/cap per annurn. Thcrefore, instead of calIing these interventions
safety measures," a more appropriate label might be "mobiliry promotion measures", They

~lave the ensuing consequences of increased use of cnvironmental resources, but no change
111 the rate of ace/cap . It is conceivable, however, th at thc increases in speed and arnount of
nl0 bility of pcople and goods make a positive net contribution to the Cross National
PrOduct despite the attendant losscs (Karncrud, 1988). This issue wiII not be pursued here ,
but it has been elsewherc (Wilde, 1994).

3 E...... " I cl • .. mpmca ata, trrne senes

Available archival data were inspeered on the association between the accident rate per unit
dlStance of mobiliry (acc/km) and the rare of km/cap . Annual Japanese statistics presented
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by Koshi (1985) were subjec ted to furth er analysis. T his showed that, betw een 1966 and
1982, the rate of acc/km of car and tru ck travel dro pped by an annual avcrage of 11%, and
the rate of km i cap rose on average by 8% in that period (fatal accidents cons idered only).
T he product-moment correlation between the tw o annual rates was r = -0.97 (Wilde,
1994 , p. 136).

Between 1973 and 1983 , the rate of fatal acc/ km on Brit ish motorways dropped by
10% per ann um (Departme nt of Transport, 1984). T he average year-to-year increas e in
mo torway travellikewise was 10%, while the correla tion betw een the two variables equa1cd
r = -0.88 (Wilde, 1988, p. 458). Precisely the same statistics hold for U .S. interstate
highways in the period 1966- 1975 (U .S. Department of Transportation, 1977, p. 89;
W ilde, 1988, p. 458). Analogous Ca nadian data between 1955 and 1964 (W hitlock, 1971)
sho w a correlation r =-0.78 between (fatal) acc/ km driv en and nationwide km / cap, wich
a slope of -0 .96. Data for O ntario alone in the period 1955-1 972 show a corrc1ation r =
0.90, with slope -1. 05 (W ilde, 1982b , p. 250).

In the U S, between 1943 and 1972, the corrc1atio n between the ace/km and the
kmi cap amo unted co r =-0.91, wi th slope - 1.01. In 1987, the fatal acc/cap rate was about
the same as it had been in 1927. In the course of th is 60-year period , km/cap rose by the
same amo unt as the drop in fatal ace/km, i.e. , by a factor 8. These data are shown in graph
form in Figure 1 (after Wilde, 1994 , p. 60, on the basis of data published by the N ation al
Safety Council, various years).

T he seven cases of (partly ove rlapping) archival data discussed so far show inverse
relationships between the death rate per uni t disrance driven and the kilometrage per capita,
amounting co corrc1atio n coe fficients vary ing between a minimum of r = -0.78 and a
maximum ofr =-0.97. T he slopes in th e seven cases we re ( -0.73 (japan), (-1.00, r ( 
1.00, - 0.96, -1. 05 , -1. 01 , and ( - 1.00 , respectivc1y. With the exceptio n of Japan, all slopes
are close to uni ty, meanin g that the increase in mobil ity per capita close1y rna relred the
decrease in the deat h rate per kilometre driven . T he Japanese data are marked by a few
ot her oddities as has been pointed out elsew here (Wi lde, 1988, p. 459) .

4. Empirical evidence: cross-sectional

Again we will refer to archival data. The first is a study by May (1959) which investigated
the relationship between the two-year accide nt histo ry of 40 road and street secdons in
Detroit and the moving spee d of vehicles trave ling in these roads and streets, Accident
severity was not co nsidered, on ly accident nu mbers. For each road section, the number of
vehicles was co unted over a period of 48 hours and the avcrage driv ing speeds were
determined ove r 84 ho urs.

Frorn the data plotted in Figur e 2 it can be seen that drivers move faster in locations

where the accident rate per km (million vehiclc miles) driven is lower. May fitted a slightly
expone ntia l function to the data, bu t the data po ints do not deviate significantly form a
linear function A =k.T, meaning that the accident loss (A) equals a constant (k) tim es rhe
arno unt of time (T, mi nutes per mile) spent travc1ing in each section. T his is equivalent ro
saying that the accident rate per tim e unit of exposure is essentia lly the same from road
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section to road sectio n and indep endent of th e road geometry which varies fro m downtown
streets to ex pressways. In other words, th e rare of ace/km varies, but dri vers adj ust th eir
speed so th at acc/cap remains unalter ed.
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Figure 2. Accident rare per million vehicle miles (m.v.m.) driven rclated to average
speed and tata] travel time per milc in various raad scctions of different raad design
(after May, 1959).

T he secend cross-sectio nal comparison involves samc -year stansnes fro m 21 diffe rent
COuntries publishe d by Borkenstein (1977) . Data poin ts from three countries were omi tte d
from analysis because th e reported ann ual diving distances per vehiele of 250,000, 200,000
and 2,000 km respect ively appear unreason ably high . The corrcla tio n between (fatal)
ace/km and km/cap across th e rem aining co untries equals r = -0.78, with slope -0.924.
T hus, in co untries were th e fatal acc ident rate per km driven was tw ice as low, people drove
approxi ma tely twi ce as m uch.

5. Macro-economie effects "pon the fatal traffic accident rate per capita

EVide nce has been offered for th e prop osition that th e rate of km/eap de pends on the rate
off ace/km, bo th in a time-series and from a cross-sectio rial perspective. What has not been
discussed are the major fluctu ations in ace/cap from one tim e period to another. An
~Xal11ple o f suc h fluc tuation may be see n in Figure 1. T he traffie death rate per 100,000
lnhabitants varies from not qu ite 20 per armurn to j ust above 30 in the tim e period
considered.

As these fluctuations are unlikeIy to be explained on th e basis of traffic engineering
nleasures, as we have argue d above, rhe question arises as to their actual origin.

Several studies would seem to offer evidence that these fluctuations are the
Consequence of the business cyele: economie booms are associated with high rates of
acc/ cap in traffic, w hile economie busts are seen to lead to lower rates of traffic accidents
per .

cap ita (e.g. Jokseh , 1984; Parryka, 1984, 1991; Wagenaar. 1984; Adams, 1985; Sivak,
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1987 ; R einfurt, Stcwa rt & Weaver, 1991; Wilde, 1991). O ne of these studies (W ilde, 1994)
shows the relationship between the per capita death rate on the road in the U .S.A . and rhe
rate of un employm ent as an indi cator of macro-econ omie prosperiry from 1948 to 1987.
Duri ng th is period , 24 of the 39 transitions form one year to the next (1987 minus 1948
equals 39) showed a dee rcase in the unem ployment rate. In 22 of these 24 transitions rhere
was an increase in the traffic death rate per capita . In th e same time span , 15 transitions fro rn
one year to the next sho we d au increase in the un employment ratc , In 12 of these 15
transitions, there was a reduction in thc traffic dcath rare per inhabitan t. T he correlatie»
between rhe unemp loymen t rate and the same-year death rate per capita amounted co:

r = -0.66 in thc U.S. (1948-1987)
r = -0.(,1) in Swedcn (1962-1987)
r =-0.83 in West Ge rmany (1960-1983)
r = -0 .86 in Finland (1965- 1983)
r =-0.86 in Canada (1960-1986)
r = -0 .88 in thc Unired Kingdom (1960-1985) and
r = -0.88 in thc Netherlands (1968-1986).

In a more recent study (W ilde & Sim onet, 1996), the tot al number of full- time positions

held was aggrega ted across all sectors of the cco no my and divided by the resident
po pulatio n. T his ernployme nt rate was used as an indicato r of the business cycle and irs
association with the quarterly varintions from 1967 to 1994 in the traffic death rare per
capi ta in Switzc rland was investigated through an ARIMA time- seri es analysis, This resulted
in a cross-c orre lation r = 0.92 between th e tw o variables. When the ind ex of indlls trial
production was used as an ind icator of the eco no my, a correlatio n r = 0.95 was observed
on th e basis of quarterly data (sce Figure 3) and r = 0.96 on annual data . The number of
jobs held, and the index of ind ustria l production showed co rre lations r = 0.87 and 0.93
respectively, wi th the annual insurnnee claims data for prop erty damage duc co accidentS,
the darnage bein g exprcssed in co nstant-va lue francs.
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Figurc 3. Actual and modeled (prcdic rcd) traffic deat h rare (DEADTRAF) per 100,000
rcsidcnts in Switzcrland, using the inde x of industrial production as the predi etor
variable in an ARIMA analysis; quarterly data (after Wilde &: Sirnonet. 1996).
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It would seem reasonabIe to infer that the economy has a rather finn grip on the
accident rate per head of population. This may be explained by reference to the level of
traffic accident risk people are willing to accept. When the economy is in arecession, and
time is worth less money, the benefits expected from risky behaviour are reduced. There is
less to be gained from driving longer distauces and from driving fast. Similarly, there is less
to be gained from driving through a red or amber light or from cutting corners in other
ways. At the same time, the casts expected from risky behaviour are increased, because the
Casts of accidcnts, gasoline, insurance surcharges incurred, and of car repairs, erc., rise
relative to rcal income (Wilde, 1994, p. 67). There is some evidence that, in periods of
economic stagnation people reduce their driving and the driving they still do is at a lower
accident rare per km (Wilde, 1994, p. 76).

The fact that economie factors have astrong influence on thc per capita accident rate
can also be used to the advantage of safety. In the area of occupational accident prevention,
incentives for accident-free operation have generally shown to be the most effective farm
of accident prevention . Incentives have also been used for the promotion of safe driving in
the general driver population. A discussion of th is do main of expertise is beyond the focus
of th is paper. Individuals interested in these issues are referred to the available lirerature
(e.g., McAfee & Winn, 1989; Wilde, 1994, Chapter 11; Geiler, 1996).

6. What may be expected from traffic calming measurcs?

As noted above, there is a puzzling paradox in the safety policies that may weil be pursued
by one and the sarne accident prevention agency. The first policy airns to reduce the severity
of the consequences of risky behaviour by the installation of seatbelts, airbags, reinforced
doors, crashworthy vehicles, guard rails, crash barriers, wide and forgiving roads, collapsible
lamp posts, and sa forth. The second policy aims to increase the severity of the
Consequences of imprudent behaviour, and thus "to scare people into safety". Examples are
speed bumps, narrow street passages, barbed wire, rumble strips, pavernent undulation,
speed tables, traffic throttles or pinch points. While these two policies seem logically
COntradictory, it has been argued above that neither policy has an effect on the fatal accident
rate per head of population, but they do affect the accident rare per km driven; the first
policy rcduces it, and the second can be cxpected to increase it.

One problem in the cvaluation of traffic calming measures is found in the possible
shifts in traffic volumes, and thus in accident migration. In a recent paper showing crash
reductions due to replacement of traffic signals by multi-way stop signs in Philadelphia, the
authors noted: "At th is point we can only speculate on the causes for the favourable impact
On safety of the signal rernovals. It is possible, for exarnple, that signal rernoval was followed
by a diversion of traffic to other routes." (Persaud, Haucr, Retting, Vallurupalli & Mucsi,
1997). Such diversion of traffic is often one of the stared purposes of traffic calming.

lr would, of course, bc totally inappropriate for me, while visiting the f.1mous town
of Delft, where in 1972 the first woonerf ever was addcd to a city's streetscape, to suggest
that the practice of traffic calming should not be pursued. As traffic safety should not be
considered a summum bonum, society will be inclined to trade safety off for ether benefits
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such as the ones that traffic calming can bring. If safety were the high est go od of all, we
would not have been willing to take thc risk on th e w ad and in the air in return for th e
benefit of being at this conference.
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1. Introduction
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This paper deals with the managem ent of safety in the design of the D utch section of the

Amsterdam-Paris high spee d rail link .
Section 2 will outline the project. Section 3 adresses safety management. Seetion 4

sUms up the co nclusisons.

2. The project

2. 1 A European perspective

Over the next 20 years a ne twork of railway lines for high spee d (200-350 km/h) trains will
emerge, co nnee ring the larger Euro pean eities. lts goal is to meet a substantial portion of
the gro wing transportation nee ds on middle range distances (200- 1000 km ).

The European envi ro nme ntal impa ct assessme nt expec ts the railway's market share
to gro w from 15 to 25%. T his means less air pollution, less energy co nsum ption and less
casualties than would be the case if the modal split would rernain un changed . T he Dutch
Govcrnment has deeided to join in this strategie qu ality leap of Euro pean rail traffic. Two
high spee d rail links have been planned, both starting at Amsterdam, onc to Germa ny and

onc to Belgium and Francc .

2.2 Tral/sportatioll systent

T he Amsterdam- Paris high speed rail link proj ect encompasses the crea tio n of a
transportation system. T his means not on ly planning, designing and co nstmcting the line,
but also the development of stations, setting up an infrastructure controlling company and
creat ing vario us bu siness opportunities . Private investors will be invited to participate in
parts or possibly the w hole of the project, under terms that are currently being studied.
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2.3 Tlte Amsterdam - Paris Higlt Speed Rail Linle
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The new line will run from Amsterdam, Schiphol Airport and Rotterdam to Brussels and
Paris, thus conneering three capitals and two European mainports. Direct train services with
high speed trains wil! be provided between these cities and also with The Hague (the Dutch
Government Centre) and London . Travel!ing time from Amsterdam to Paris wil! drop from
appr. 4 and 3/4 hours to appr. 3 hours. From Amsterdam to London, an even larger
reduction in travel!ing time wil! be realised,

From Amsterdam to Schiphol trains wil! run on the existing, modified track. South
of Schiphol a new track of sornc 50 km wil! be built, connecting to the existing track in
Rotterdam. South of Rotterdam another new track stretches to Antwerp in Belgium, of
which the Dutch section wil! be appr. 50 km long. Bath new tracks are being designed to
a train speed of 300 km per hour. Next to international high speed train services, the line
wil! be used for improving national services between the West and South of the Netherlands
by trains travelling at appr. 220 km/ho

2.4 Project time table

In mid 1997, the final decision to build the line was endorsed by Parliarnent, The plan for
track layout is current\y, that is end 1997, open for comment from the general public. It is
expected to be fixed by the Governmcnt in the first half of J998. Construction work should
start end 1998 / beginning 1999. Thc southern part of the Duteli section is due to be in
service on 1 June 2005 and the northern part on 31 December 2005.

2.5 Desion

Design is wel! underway. Ncxt to track layout, the concepts of main strucrures, such as
tunnels and bridges, have been laid down. Quite remarkable is the appr. 7 km long drilled
tunnel under ..... open land. This land is known as Hollaud's Green Heart, an important
nature and recreational area not far from its maiu city band. Thc Government decided to
put in "some" extra money in order not to cut the heart in two. In built-up Rotterdam a
cut-aud-eover tunnel is planncd. River crossings wil! consist of one large bridge and tWO
immersed tunnels. The current design base line is a traditional ballast superstructurc

Alternative designs using concrete slab are looked into. Traction energy supply wil! be 25
kV. Control systems wil! comply to standards developed in the European Train
Managament Systerns (ERTMS) project, most likely on level 2 or 3.

3. Safety management

3. / Introduetion

The relatively high safety level of travel by train is na doubt one of its appealing features .
Railway safety, as it stands today, did not come about by chance. It is the result of a culture
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where safety awareness is traditionally very strong. Building on th is solid foundation, the
Dutch Ministry of Transport set out to make safety, which is often implicit in the design,
explicit and therefore m anagcable . In order co do so , an innovative approach is needed, laid

down in the integral safety plan.

3 .2 lnt cgra! sqfetyplan

The Integral Safety Plan is th e basis for both internal safety related design decisions and
externa l discu ssions about th e judgement of safety risks. The followin g crite ria for the safety

poli cy were stipulatcd:
• it should be compatible with individual and socictal perception of risk

• it should bc so cially and politically acceptable

• it sho uld be finan cially and economically viabie
• it should be compatible with design practice and time limits

• it should be consistent and transparent
The safety plan tak es a system approach, covering all its co m po nc nts, i.c. track , contro l and

cOl11 l1land syste ms, ro lling stock, ope ratio n, mainten anc e and emerge ncy handling, Ideally,
Optim izatio n of safety solutio ns sho uld take place across all int erfaces. The extent co which

thi s is ac tually feasible is cur rently bein g studied .
T he safety plan is limited to life and health risks co humans . The following groups

of indiv iduals under risk are identified:

• passen gers
• train person cl
• track side workers
• people living near thc track

• passers-by

3.3 Stifcty goals

The in tegral safety plan sta tes the fol1ow ing safety goa ls:
• th e safety level , both individual and soc ie tal, should be at least as good as for
co rn parable tran sportation systcms (in Frenc h: globalemc nt au moins aussi bon 

GAM AB)
• th e risk sho uld be as low as reasonably pract icabie (ALAR P)

• optirna l use o f resources
• a safety balan ce among part s of th e system (both fun ctional and geographical)

• prevention is pr eferred above repressio n, intrin sic safety above add ed safety and safe

syste ms above erro r- pro ne procedures
• ab ility for passen gers, train persenel and emerge ncy services co co pe w ith an

emc rge ncy situa tio n
There is cur re ntly some discu ssio n as to w hethe r th e latt er three are ends in th eir ow n right

or jusr means toward s th e first threc,
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3.4 Risk acceptante criteria
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As stared in 3.3 , th e safety level should be at least as go od as for co mparable transportation
systerns, To substantiate thi s, a comparative study amo ng existing transportation syste llls,
both rail and other, and new projects was carri ed out. This show ed tint for passen gers, train
personel and track side workers, Dutch criteria for conventional rail traffic are th e most
stringent. These are based o n recent accident statisti cs and the policy to achieve sorne
improvernent for passengers and substantial improvement for track side workers. T he refo re,
th ey w ere adopted for thi s project. For people livin g near th e track and passers-by, existing
Dutch criteria coinc ide with those used in Engl and by th e R ailw ay Gro up. Table 1 lists the
individual risk acceptance crite ria.

Table 1.

Indi vidual under risk M aximum toierabie probabili ty of dyin g per annum

passen ger 4*10-6 *

train person el 5*10-5

track side worker 5*10-5

living near track 1*10-6

passer-by 1*10-6

* In th e design a prob ability of 1,5-10-10 per passenger kilom eere is used . For the sake of comparison with orhcr
individuals under risk, this number is converted to a probability per ann um, assuming a travel volurne of 25.000
km per year per individua!.

These numbers are not cast in co ncrete. It is curre ntly believed that th ey are in accord with
soc iety 's demands, regarding both risk and cost. However, if th ese tw o turn out to be
incompatibl e, th eir mutual trade-off is again op en to political debate. Soc ietal risk
acceptance crite ria are curre ntly bein g studied.

3 .5 Scifety management process

The first step in the safety management process, which is currently bein g taken , is to bring
together th ose partics that design parts of the syste rn or may bc cxpec tcd to opera te it in rhe
future.

After th at , a safety assessme nt will be carricd out periodically, the resu lts checked
against th e goa ls of th e safety plan and design changes implem enred w he re necessary. These
changes co uld take th e form of revised and m or e detailed spec ifications as an input to the
next design ph ase. As for rolling sto ck and rule s o f op eration, influ en cin g international
standards and their national implemcntations would be th e way to go .

Safety assesso r is Railncd, th e Railway Safety Authori ty, acting as an agent for the
Ministry. Basis for th e assessme nt is th e cur rent design , together with assumptions 0 0

ope ratio n.
Sin ce th e safety assessme nt adresses all parts of th e system simultancously, risk

appo rtio nme nt is in gene ral not necessary. This is good , because to p-down risk
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apportionment is often a very cumbersome process and runs the risk ofjust reproducing the
current state of affairs, leaving little room for optimization. However, in some cases risk
apportionment is needed to steer a pressing design decision and make it independent from

other design decisions .
The greatest challenge in safety management is to tailor it to the various phases of

the design process, i.e. have the right level of detail at the right time.

3.6 Risk assessment

As usual, risk assessment starts with hazard identification. Rather than summing up large
nllmbers of low level hazards, a relatively small number of high level hazards, such as
collision, derailment, etc. is identified and rclated to the various groups of individuals under
risk.

Subsequently, causal analysis, typically using hult trees and consequence analysis,
typically using event trees, are carried out to establish the risk determining factors.
Qllantification of the risk is based on component or sub-systern failure data and accident
statistics of an existing system plus an appreciation of the differences between these and the
new project. The existing system providing the reference is conventional rail traffic in the
~ether/ands. It could also be high speed rail links elsewhere in the world, provided that data
IS available and open cornrnunication on its background is possible.

The final part of risk assessment is options analysis. This encompasses, using the risk
determining factors that we re established before, the generation of safcry-rclated changes to
the design that either reduce risk or save money. The most promising of these are selected

and their effects assessed.

3.7 Scifety report

The safety report is a key document, enabling management to make safety-related design

decisions on the best information avaliable. lts contents are:
• system description, i.e. the current design and expected operation

• hazard identification
• hazard control
• quantified risk assessment against risk acceptance criteria
• quantified assessment of costs, safety benefits and other major effects of safety

measures already implied
• quantified assessrnent of costs, safety benefits and other major effects of possible

additional safety measures
• recommendations for changing design, specifications or apportioned risks

3.8 Expcricllcc soJar

Experience to date comes mainly from a study into derailment risks. It shows that it is in
pnnciple feasible to steer design decisions on the basis of quantified risk assessment and cost
benefit analysis. It has managed to materialize one of the system's important safety features,



368 Session 2: Modality and Nationalitv

the absence of level crossings. It has put other risk control issues, such as hot box deteetion
and struc tu res to guide a derai led train, in perspective . And it has exemplified the possibiliry
of exc hanging risk control across sub -systems.

4. Conclusions

One of the conditions to make high speed train travel succeed in achieving its target market
share, is to retain the railway's high safety level whiIe improving safety cast effectivencss.
O ptimizatio n across technical and organisational inter faces sho uld be promoted .

Reliable and relevan t information on train accidents and incidents should trave l
across Euro pe as freely as peopl e and cargo. Quanti ficd risk asscssment, coupleel with cost
ben efit analysis, can be a power fiil taal in railway safety management , if we ll-tailorcd to the
design process.
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Over the years the acci de nt rate has come tumbling down and today stands at the very low
level of about 1.5 acc ide n ts per million departures. Althou gh very low, in recen t yea rs it has
mOre or less plateaued at a virtually co nstant level and is no lon ger co ntinuing to decline.
O n th e other hand traffic is rising and is anticipated to double or eve n treble in the next
12-15 years. Consequently un less we can ma ke significant reduetions in the acc ident rate,
We are goi ng to sec a significant increase in the act ua l number of acc idents. T he often
quoted "one major acci de n t a week somewhe re in th e world" is certainly a very real
possibility.

R egrettably, despi te their rarity, public co ncerns and perceptions are heigh ten ed
every time there is an aviatio n accident. Low accident rates are meaningless, and the only
thing that counts is the number of acc ide nts. C onseque ntly it is imperative th at we decrease
the num bcr of accidents. In th e face o f rising traffic, thi s rneans wc m ust decrease th e
accident rate.

We know when most acci de nts happ en . Statistics over the last ten years show that
the major risk is dur ing approach and landing. This is w hen 50% of all aircra ft acci de nts
OCCur. We also know w hat type of accident is causing th e most loss of life. Altho ugh th ere
are numerous types of acc idents, all of whic h m ust be addressed in one way or another, the
~eatest co ncern and by far th e leading cause of aviation fatalities during the past ten years
IS Controlled Flight into Te rrain . C FIT causes more than half of all co mmercial aviatio n
deat hs. Over the past 5 years loss of control has also cha llenged CFIT as a major cause of
fatalities.

Thc leading cause of accidents in any industry is human error or "human factors" .
O n sorne 80 per ce nt of occas io ns someone has ma de a mistake . This is also true of th e
aViation industry. Although they involved mos t of the time, it is no t always the pilot.
SOmetimes it is someone on the ground, a mechanic or air traffic controller. H ow ever,
gen erally the crew is involved. Conseque ntly with suc h large numbers it sho uld be no
sU.rprise tha t the four primary safety co nce rns that we have in the aviatio n indus try world
wIde are human factors, particul arly the fligh t crew; approac h and landing; CFIT; and loss
of Contro!. These factors are the ones that have recently been embraced by both the IC AO
and FAA as their main safety priori ties.

A lot is goi ng on in th e ind ustry to address the overall probl em and there are fo ur
fundamental areas where this effort can aimed. T hese are th e aircraft, the system, th e
fa ·1· .Cl tties and the operator.

. Let's take a look at the airpla ne first. Airplanes are fundamentally rathe r safe and,
~Ith each successive generation. they become safer. Second generation aircraft have a
sIgnificantly better record than first generation aircraft, and the th ird generation - th ose
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currently being built - has a better record still.
If we take a look at the distribution of the worldwide jet fleet we can see that a small

percentage of first-generation aircraft still continues in service around the world today;
however, older first and second-generation aircraft still comprise almost half of the eutire
fleet. One simple way to improve aviation safety might be to eliminate all first and secend
generation aircraft. That, of course, is totally intpractical and it must be recognized that most
of the existing fleet of aircraft, including many of the older generation aircraft that are
currently in service today, will continue to be with us for many years.

Since we do not anticipate any radically new types of aircraft in the near future and
existing aircraft types will be in service for a long time to come. Specialized equipment
designed to addrcss specific hazards continues to be developed and incremental safety
improvements will be possible through the installation of th is equipment in new aircraft, or
by retrofitting it, where possible, in existing fleet aircraft. However, it is highly unlikely that
there wil! be any quanturn lcaps in aviation safcty coming from the aircraft improvements
alone.

Same of the things tint we can do to improve the aircraft include automated flight
envelope proteetion systems designed to stop the pilot getting into adverse situations rhar
could lead to loss of control and enhanced ground proximity warning systems that will
provide warning of an impending CFIT threat. Full implementation of the use of
transponders and TCAS will help to maintain separation and lower the risks of midair
collisions, especially as the skies become more crowded. lee, particularlyon the ground,
continues to be a problem th at new detection systems could help eliminate. Although nor
mentioned sa often, injurics due to in-flight turbulence could also be reduced by the
development of cIear air turbulcnce detection devices. Data links, rather than voice
transmissions, could help to reduce errors caused by communications problems.

All of the improvements mentioned above are important in themselves as a means
of enhancing safety. Howcver, it must also be rerncuibcrcd that the aircraft itself is only
cited as the primary cause of an accident in some 10 to 15 percent of all accidents.
Consequently, even major improvernents to the aircraft will not produce dramatic
reduetions in the overall accident rate. Cernparing the accident statistics it is pertinent co
note th at the figures for aircraft operated outside North America are significantly higher
than those of North Amcrican operators. The accident rare for non-United States carriers
is somewhere between 3 and 5 times higher. Since there is little difference in the aircraft
equipment - operators around the world are fiying the sarne types of aircrafi - th is is a clear
indication that other factors are at work besides the aircraft itself.

Worldwide, the accident rate is about 1.5 per million departures, However, closer
examinatien of the accident rates in different parts of thc world shows that thcrc is a
significant variation from region to region. In North America thc rare is about 0.5 per
million departures; in the developed parts of the world, Europe, Japan and Oceania, it is
still weIl below 1.0. However, Latin Amcrica, Africa and S.E. Asia and China all have
horrendons accident rates in comparison. Dcspite Iraving considerably lower traffic,
proportionally they have many more accidents. Significantly, over the last ten years 70 per
cent of all accidents around the world have involved carriers who accounted, between
them, for only 16 per cent of the total air traffic.
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There's another way to look at it. In the past 10 years or so, 148 airlines have been
responsible for one or more accidents and, of thosc, about one third have been responsible
for repeated accidents. The majority of these were operators from under developed or third
world countries. We expect traffic to double in the next 12-15 years. However, traffic
growth varies from region to region and in sorne areas we expect that it will even treble.
Much of the most explosive growth is in third world areas where, combined with their
presently high accident rare, we can expect dramatic increases in their number of accidents
10caUy if the rate is not reduced. This is of partienlar concern in Latin America, Africa, Asia
and China.

It is also truc, that the types of accidents experienced from region to region are
different. Here we see the frequency of different types of accidents that have occurred in
the different regions, firstly over thc last 10 years and secondly over the last 5 years. Again
it eau be scen that approach and landing is a problern worldwide, particularly in those four
areas I have already mentioned. Similarly with CFIT accidents, which generally occur
dllring the approach and landing. However, the advent and installation of ground proximity
Warning systems (GPWS) has donc much to rednee the number of CFIT events in North
America. On the other hand , North America has its own problems. For instanee. runway
lOcllrsions, ice and snow, and in-flight fires are unusually high compared with other parts
of the world and, therefore, these are particular problems that have to bc addresscd in this
area.

I have already said some of the things that we can do to airplanes. Let us now turn
Ollr attention to what we can do about the aviation system itself. It is apparent that most
aviation safety problems today lie with under-developed countries where, regrettably, the
system is not always that it should be. Indeed, many countries, particularly in South
Alllerica and Africa, do not have the infrastructure or capability for appropriate oversight of
their air transport industries. In some cases they Iack the applicable law to cover aviation or
s~fety itself. Rules and rcgulations might exist but the regulatory authority may have only
hnlited oversight or capability to ensure that its operators are conforming to the minimum
ICAO srandards and its obligations under the Chicago Convention. Statistics are not
collected or properly analyzed and lessons learned are not implemenred. We are f:lmiliar
with the FAA's unilateral action to rate the regulatory authorities of individual countries
lInder its International Aviation Safety Assessment Program, and to deny access to U.S.
airspace by those carriers from countries that are not conforming properly. ICAO is also
taking a more proactive stance on th is matter. It is conducting its own audits and I believe
~hat is where the main policing effort should be. One of the prime ways in which we can
IInprove the overall safety ratc is to address the safety problems of the third world. In
paniCll!ar we must insist that they put their regulatory systems in order and assist them if
necessary.

Wc can also improve thc facilities. As we have seen, the industry's major hazards,
approach and landing, and CFfT, are even more critical in the third world. In many cases
the operating environment Ieaves much to be desired. Limited air traffic control and radar
COverage, deficient or non existent navigation and airport landing aids all add to the
Problem. Ways in which we can improve thc faciliries includc improving air traffic control
to help navigation and separation. lnstallation of Minimum Safe Altitude Warning Systems
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(M SAW S) would help significantly in preventing C FIT w hile the design and installation of
precision approach paths, rath er than non-precision step down approaches, would produce
a five-fold reduction in th e approach and landing risk. Upgraded and improved runway
signals and lighting would help run way incursions. Impro ved langtlage training should
include the setting of minim um standards for Enlish language use. T his, together with the
use of standard ph raseology for air traffic would help reduce co mm unication problems.

N ow I would like to co me to th e area that is always closest to the accident - the
improv em ents that we can make at the operating level. Histori cally we have achieved a
significant reduction in overall accide nt rate by bein g reactive. We have examined the
wreckag e, analyzed the flight data recorder , the black box , exami ned witnesses and
survivors. By all these means we have found the cause of the acciden t, mo ved to fix the
problem to ensure that it do es not happen again. While this has served us very we il in the
past, it is also the system that continues today that, as I have sho w n, is no longer produ cing
any real reduetions in the overall rare. If we are going to obtain significan t impro vements
in the accident rate in the future, we will have to be pro-active. We wiU have to look ahead
and identify potential accide nts so that we can stop thern befere th ey happen . A powerful
tooI is available to help us do th is in the digital flight data recorder (DF D R) that is fitred.
by law, into virtua Uy all co mme rcial aircra ft flying toda y.

The DFDR monitors the aircraft, its systems and its performance. It also monitors
what the pilot or crew is doin g, their co nt ro l of the aircrafi, if they have exceeded set
ope ratio nal limits , and their gene ral co nduc t of the flight. The DF DR is recording all the
tim e. Although installed originaUy as a means of pro viding information to assist in accident
investigations, it not only records accide nt flights, it is recording every flight. In the past
informatio n from DFDRs has been used primarily only to examine acc idents or serieus
inci de nts. Fortunately, accide nts are relative ly few and far between. H owever, this means
that , iffli ght data recorders are used only in this way, the information we can get from thern
about normal ope ratio ns is very limited. Acciden ts are the abnormal situations and provide
only a very limited number of reference points. Ind eed , if we only look at these instances
alone we can hardly kn ow what normal is!

Examination ofthe flight data recorder on a regular basis wiU show us w hat is normal
and it can also detect adve rse trends from normal ope ratio ns that can then be corrected
before th ey become a problem . C ontinuous analysis of the DFDR, co mbined with
confident ial reporting and non-punitive reporting systems espcc ially by pilots, kn ow n here
in th e U .S. as FOQA systems, can be a ver y effective mcans of preventing accidenrs.
reducing injuries, saving lives, equipme nt and costs. FOQA systems are used ex tensively in
other parts of the world but only hesitantl y are they now begin ning to be used in rhe
United States. Labor has co nce rns regarding j ob security; managem ents are worried abo ut
regul atory enforcing action in the eve nt that errors are detected. T he re are concerns that
the media, throu gh the Free do m of ln formation Act (FO lA), migh t get hold of and publish
adverse information and, of co urse, everyone is co nce rned abo ut the plain tiffs' lawyers
N everth eless, if we are go ing to be able to look ahead and identify accidents before they
happ en wc have to address these co nce rns. Pilo ts mu st be assured of co nfide ntiality and rhat
there will be no punitive action taken against thern for reporting inadvertent errors. In rhe
eve nt that an inadvertent erro r is revealed it is better to kn ow w hat the mistake is, and
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correct it, rather than to punish someone for making that mistake. If pilots anticipate that
they might be penalized for making amistake, either one that they have reported or one
that is shown on the DFDR, they are unlikely to make any further reports. As aresuit and
We wil! probably never be aware of it until someone eIse makes the same mistake and it
results in an accident.

Consequently the Flight Safety Foundation strongly supports analysis of the flight
data recorder as a means of monitoring crew behavior and performance allied with
confidential non-punitive reporting programs. We also call for appropriate regulations and,
if necessary, legislation to assure that FOQA programs can be fully implemented.

While accident investigations in the Unired States generally seek to determine the
Primary cause, it is weIl known that, rarely, is there ever one single cause of any accident.
Typically, there are several contributory causes that combine rogether like links in a chain
to ereare the event. If any one of the links is broken by the contributory cause being
eliminated, then the accident will be prevented. There have been many contributory causes
of past accidents, some of which occur repeatedly. If one tallies those contributory causes,
the one that occurs most frequently is the "flying pilot's failure to follow standard operating
procedures (SOPs)". The third most prevalent reason is that the "Non flying pilot failed to
folJow SOPs". If I have any message to leave today it is this. SOPs are an effective means
ofcombating the human error that contributes to some 80 per cent ofall accidents. Training
pilots to conform to SOPs, and ensuring that they are rigidly adhered to, is one of the most
Powerful ways we have of eliminating almost any type of accident and hence of reducing
the overall accident rate .

There are two types of failure that can contribute to accidents. These are active
~ailures and latent failures . Active failures. or active errors, are generally mistakes made by
~ll1e personnel. Latent failures are errors or mistakes that might have been made by others
In the organization or in the system that might lie hidden, even for many years, waiting to
combine with other circumstances and so contribute to an accident. Generally there are far
1110re latent failures lurking in thc system and seeking them out has far greater potential for
safety improvement than by focussing on activc (i.c . line) failures alone.

Typically, examples of latent failures are poor planning and scheduling; flawed
procedures; poor training; improper allocation or lack of resources . Fixing a latent problem
could also eliminate one or more active errors. For instance, improved training could mean
that a pilot is less likely to make an active mistake.

Most accidents involve human error. In fact, human error is a perfectly normal
phenomenon. People make mistakes all the time. I do, you do, we all do . Most mistakes
are involuntary in that we do not intend to make them but, the fact is, that errors are a
nonnal part of life. We tend to think in tcrms ofline pilots or mechanics as being the ones
who make the mistakes or active errors. However others, not line personneI, including
l11anagers also make mistakes. Generally managers do not make many active errors but they
are responsible for many latent errors - errors that come to light only when they combine
wuh ochers to ereare the incident.

lt has to be recognized that management of any organization is also responsible for
safety. This is a fundamental that dictates the culture of the entire company. It is the
1nanagement that sets the tone for the way in which the company operates and ensures that
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th e env iro nm en t and infrastru cture is o ne th at allows a safe ope rat io n. A co mpany without
a strong safety culture is not necessarily unsafe; however, ge nerally spea king, a company that
does have o ne will be a safer one and will have a safer operation.

Safety begins at th e top and it is the CEO w ho sets the policy with safety as a core
bu sin ess value . Airlines are not in bu siness to be safe; th ey are in bu siness to carry passengers
or cargo from one place to ano ther at a profit. H owever, witho ut safety rhey probably will

not have man y passen gers or much profit for very long. Conseque ntly safety is supportive
of th eir bu sine ss objectives. Further , especially in th e aviation industry, in the long ru n safety
is cost effective . To reduce its risk a company needs to have a culture of safety with
appro priatc safety program s. T his means a stro ng, inde pe ndent safety departm en t with

appropriate safety programs, including FOQA and co nfide ntial non-punitive rep orting
systems ; standard operating procedures; proper training for all personncl and, most
importantly, the provision o f adequate resources suc h as th e fàcilitics, the equipmen t and

th e financlal budget to ensu re th at it all works.

Su ch philosophies and attitudes translate into actio ns with aircraft that are properly
maintain ed , well-equipped and standardized; standard ope raring procedures tint are fully
developed , implem enr ed and strictly adhered to, and co m prehe nsive training and chccking.

all of w hich ensure a safer operatio n.

W e can improve th e ope rato r and , at rhe same time, th e ope rating personnel by an
ensuring th at management is aw are of its responsibilities and fully implemen ts proper safety

poli cies and pro cedures. C rew train ing sho uld include program s that address the biggest
industry co ncerns. These incl ude CFlT awa re ness and educa tio n training such as that

developed by the FSF industry task force over th e past five year; unusual atti tude recovery
training; crew resource management training; and stabilized approaches. If we are to obtain
the acc ide nt rate reducti ons we seek th ese standards must be imbued in all carriers

worldwide. Although th ese ph ilosophies and actio n program s apply particu larly to carriers
in the under developed co uut ries, the re are still co m panies here in th e United Statcs, as we il

as in o ther industrial nations, that might do well to heed th e sarne advice.

In co nclusion , we have to reduce th e overall acc ide nt rate and I believe that it is
possible by a co m bine d assault o n all fronts. It is po ssible to irnprove th e aircraft itself, but

only incrementally. Probably th e one most important improvemcnt w e can make is ra
install or retrofit EGPWS to address the major hazard , C FIT , while fligh t envelope

proteetion would reduce loss of control problems. Howcvcr, the aircraft is a relati vely smaIl
part of th e overall problein.

Human factors that give rise to active failur es, parti cularl y in th e coc kpi t, feature in

80 per ce nt of all accidents. C re ws sho uld adhe re stric tly to SOPs; th ey sho uld receive
CFIT, unusual att itu de and C R M training. FOQA program s can ide ntify adverse

opc ratio nal trends and human erro rs. If w e arc to really irnprovc safety in th e fut ure , it is
imperati ve th ar th ey be adopted fully in th e future.

But th e grea test potenri al for overall safety im provente nt lies in idcntifying and

elimina ting th e latent failures that invariably centribure to acci de nts . Late nt failures are
caused, primarily, by managem ent. The need to make managern ents awa re of rhei r
obligatio ns for safety is param ount. They have to un derstand th eir responsibility for rhe

development of proper pro cedures and policies. T hey have to provide comprehensivc
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training for both air and ground personnel and they must ensure that strong, internal safety
systems, together with adequate resources, are available to constantly monitor safety
performance. Management should also undersrand rhat although safety is not necessarily
cheap, it is cost effective. The regulators and civil aviation authoriries must undersrand that
they too can cause latent failures. They have a responsibility to ensure that they are capable
of properly perfonning their oversight responsibilities, at least to the minimum leAO
standards, as wel! as for providing an adequate infrastruccure of airport and navigation
facilities.

Although everything I have said applies to al! regions of the world, the major
problems lie in the undevelopcd world, particularly South America, Africa and large parts
of Asia, where so much is Iacking. These are the areas of the greatest risk and of the greatest
potential growth. We need to conccntrate on and provide assistance to these areas where,
if We do not, the problcms will only become exponentially grcater. Apart from the moral
necessity, the future economie viability of our industry could depend upon ensuring thar
these arcas contribute fully to maintaining a universally safe aviation system around the
globe.

In conclusion, I would likc to acknowledge the assistance that I have received from
both Airbus and Boeing in providing sorne of the statistical information used in this paper.
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Railroads

Elaine W einstein
U.S. Na tional Transportation Safe ty Board, U.SA.

1. Issues the US has in common with other countries

1. Over-reliance on au to ma tion (e.g . Shady Grove); at wh at point is a computer more
reliabl e than a human and visa versa. T he re should be system safety - an intcgration of the
man and th e machine.
2. Corporate culture - is th ere a managem ent elimate that fosters safe operatio ns?
Human facto rs issues - D oes th e work sche dule permit eno ug h time for the engineer to get
sleep? fatigue, alco ho l, drugs...
3. N eed for a D irector o f Safety w ho reports to the Pr esiden t o r Ge neral Manager
4. Emergency response preparedness - direct ph on e lin es, practice d dri lIs

Positive train separatio n - nceded to add ress inattention of th e crew to wayside signals - PTS
is a system th at can slowand sto p a train when th e engineer is not taking appropriate action
in response to a signal indicatio n

(1987 rec) - railro ads rely o n train crews to co mply with the operating ru les to prevent
co llisions; suc h as th e meaning of the signals & proper respon ses. Vet 80% of crashes are a
result of hu m an er ro r. A PT S co ntrol system auto ma tica lly int ercedes w hen an engineer
does not co mply with th e requirem en ts of th e signal indica tion.

• adequacy of wayside signals to reliably capture crewattent ion whe n competing
sourees of atten tion are present; Limits of human vigilan ce «1 hour); need for
redundancy
• cab signal systems - provide a constant display of th e govern ing signal indicatio n in
case th e engi nee r doesn 't see, misreads or forgets th e signal indicat ion
• automatic train co ntrol systems are capable of intervening sho uld the engineer f:1i l
to observe a signal

2. Passenger car safety standards (Silver Spring)

• emergency egress was impede d because th ere eme rgency doors release handJes
we re eithe r missing o r inaccessible (T- han dles were missing)
• no emergency interior lighting
• difficulty pushing o ut w indows because th e lu bricant hardened - na
mainten ance/i nspect ion
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• interior matcrials did not meet flammabiliry and smoke standards - that are 30 yrs

old
• structural crashworthiness of the cab control car - need for stronger collision posts

locomotive fue! tank integrity - the fuel tanks on freight and passenger trains are designed
to have a minimum clearance above the rails. There are no US standards for fue! tank
design, size, location or performance. In the Silver Spring accident (MARC vs Amtrak) the
fue! tank in the Amtrak train ruptured and sprayed diese! fue! into the cab of the MARC
train causing the train to catch on fire and 8 of the 20 passengers and all 3 crew died.
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Telematics for Slow TravelIers' Safety

Pi et H .L. Bo vy an d H ein Botma

Faculty of Civil EltJ?illccriltg and Ceoscicnces, Dclft University cfTedtnology,
Thc Ne thetlands

Abstract. T he attractivcncss of slow modes for pcrsonal travel is constanrly challengcd
by a diversiry of deve lopmcnts. O ne of these conce rns travelling safety. Most
tec hno logica l improvcm cnts in raad safety concenrratc on motorizcd mod es. T his is thc
more tru c for rhe applicatio n of telernati cs measures to wam and co ntro! car and lorry
drivers. R cm otc contro l of speeds is onc of these tec h nologies. Overall, thcre is a great

dangc r dut such mcasurcs are derrune ntal to the att ractiveness of thc slow modes for
personal travel. T he paper draws attention to thc nccd for dcvclopmcnr of similar
reehnologies for thc slow modes in order to improvc travelling conditions, cspccially
safety, for the non -motorizcd traveilers, to the benefit of thc total transportation system.

1. The threatened slow modes

The importan ee of the slow modes as a part of th e to tal transport system can be expressed
at vario us dimen sions. For thc captives witho ut access to a car the slow modes often are the
o nly oppo rt unity to particip ate in soc ial, cultura l and economie act ivities . But consider also
life in our cities: co uld we imagin e attrac tive cities without the Iively crowd of pedestrians

and cyclists? And thirdly th e env iro nmental co ncern: the slow mod es succeed in substituting
a co nsidc rable part of m ot ori zed travel. thus saving cncrgy co nsumption and damagi ng
ex hausts,

So , it is of pararnount irn portance th at th e slow mod es will remain , or better wi ll
improve th eir attractiveness as a trav ellin g mode in orde r to offer captives sufficient mobility
opportunities, to restri et cnv iro nmcntal dam age and to keep ou r eities liveablc. T his is no t
a sup erfluous appeal because there is a variety of for ces working th at co nstantly threat rhe
cur rent market position of th e slow modes relative to th e motorized modes. Spa tial and
economie developments lead to increasing distan ces between activity locations th at more
and more go beyond the application ran ge of th e slow mod es. O n th e other hand , a loss of
relati ve artrac tive ness is du e to th e permanent technolo gical and organizational
improvem ents of th e co mpe ting mot ori zed mod es. T his fact leads to a negative feedback
loop in th e mod al cho ices o f travollers. The more travelIers use th e car, the m ore is bei ng
done for their safety, co m fort, travel time, etc. And as a co nseq ue nce, the more cars are on
th e roa ds, th e less attrac tive it is to use these roads by foot or bicycle.

The questio n we Iike to address is how we can improve th e trave lling safety for thc
slo w mod es in o rde r to improve th e overall attrac tive ness of th ese modes as a means of
travel, but at th e same time to improv e th e overall safety o f th e to tal transpo rtation systcm-
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2. Telematics for slow mode safety

381

A lot of policies are directed tow ards improving safety for traveilers. An important ste p

forward are for exa m ple speed limits in residential areas. W e would like however to
conc entrate thi s paper on th e traffic situa tion outside built-up areas on rural ro ads. Ther e,
traffic safety is rclarively bad wher eas implementing the classica] measures would imply

en orll1ous costs and rclativcly limitcd benefits bc cau se of th e large network combine d with
low traffi c densities.

In our opinion, telernatics offers very cost-effective opportunities to improve traffic
safety for slow modes, and thus also for the motorized modes, in these conditions. This

assertion will be worked out using an exarnple in which through remote control of vehic1e
speeds actuated by the slow mode travelIers safe conditions can be created for encounters
of the different rraffic participants. Such conditions will not only enhance traffi c safety but

will at the same time improve the attractiveness of the slow modes. The paper is inspired
by two developments: the world wide development and deployment of Road Traffic
~nformation (RTl) systems; and , the plans in the Netherlands to rebuild the traffie systcm
1I1to a so called inherently safe system whieh is at least 10 tirnes safer than the present one.

In the Netherlands the road safety institute (SWOV, 1990) initiated a masterplan
toward s th e development of an inherently safe traffie system . One of the main points of this
appro ach is a rigorous separario n of traffi c modes when they are not compatible in terrus of

safety. Existing exa m ples are rhc motorway, separatio n of pcdestrian s and vehicles by rnean s

of side walks; scparan o n of cyclists and cars by means of separate eycle paths, etc. When
meetings of slowand fase traffi e are incvitable the spe ed of the fast vehicles should be stri etly

lunited to e. g. 30 km/ho This is the solution chosen in "Woonerf" and 30 km/h areas .
. The realization of an inherently safe systern on a larger scale will require a lot of new
1I1frastrueture or at least a rebuilding of existing faciliti es. This paper prescuts a case where
th e solut io ns of separation and speed rednetion are not effieient and the application of RTl

secms much more attractive. Meetings of motorised traffic at relatively high speeds with
pedestrian s and cyclists on single carriageway minor roads are potentially unsafe events due
to the differenee in speed and th c vulnerability of the unproteeted road users . Separate parhs

for slow traffie are finan cially unattractive and a permanent low speed for thc fast trafti e is
also costly to achieve and will be opposed by the public . Application of modern Road
"fraffic Informaties can solve th is dilemma in an elegant way. A system is proposed and

discussed that can accomplish a civilised and appropriatc speed bchaviour of the motorised
road uscrs, The slogan is: only speed reduction when it is really needcd. The system can

make minor roads attractive again for pedestrians and eyclists. Teehuical details will not be
treated but th e desirabiliry of thc system will be argued and sorne aspects and potential

Problellls will be discussed .

3. Description of the problem

Mixing of fast moving vehicles (FM V), e.g. cars , trucks, motorcycles, and slow moving

vehicles (SM V), e.g. eyclists, pedcstrians, wheel-chairs, horsemen. do es not fit in an
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inherently safe traffic system. Two directions to make the siruacion safe are available:
separation of traffic; and, decreasing the speed of the FMV.

In resident ial areas inside bu ilt-up areas traffic planners have chosen to lower the
spee d of FM V to a safe level of30 km /hoThe lower speed is atrained by means ofsigns and
the design of the infrastructu re . T hese measures have a positive influence on safety, see e.g .
Brilon & Blank e (1993), and can possibly be made eve n more efficient when the low speed
is obtained by means of rernot e co nt ro lled vehicle spee d limiters.

On ma in artcrials inside and outside built-up areas separatio n of FMV and SM V is
applied. Sometimes th is solution is difficuIt to apply, e.g . in old parts of cities there is not
always enough space for separation . A safety problem does also exist at in tersect ions whcre
FMV and SMV are using the same space but the se typ es of problems will not be co nsidered
in this paper.

Outside bu ilt-up areas separation of FMV and SMV is the preferred measure on
high er order roads. However, in all countries the road length wh ere FM V and SMV are
using the sarne carriage way is substantial, in the orde r of magn itude of abo ut half of the rotal
paved road nerwork length. In the Duteli guidelin es the rcquircme nt of a separate cycle
path is depende nt on the product of the intensities of FM V and SM V. In the design manual

for cycle infrastruc ture, C ROW (1993), separation is de pende nt on the int ensity and speed
of FMV and not on the int ensity of the SMV. T hese are both compromises and not
co mpatible wi th inh erently safe traffic.

We will now limi t the discussion to th e road type with only one lane for both
directions and used by FMV and SM V. Int ensities of bo th vehicle types are generally low
on these roads and in that case the measure prop osed is most relevant . H owever, one
certainly sho uld study the applicability to two-lane roads as we Il.
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Figure 1. D istribut ion of raad length and vchicle milenge over fivc main raad types in
thc Ne the rlands in 1986.

We will illustrate the size of th e probl em with Duteli stansnes in 1986. Of co urse rhe
situation may be somewhat different in othe r co untries but th is does no t invalidate our
argume nts in general. Figure 1 presents the road Iength and the distribution of the tota l
vehicle rnileage over seve ral road types. Onc-l ane roads are a subset of M inor R ural Roads
and have the following statistics:

• They co nstitute 32% of the total road length of the co untry;
• 4.4% of the vehicle mileage is "produced" on these roads and about 5.5% of the
vehicle hours;
• T he AADT is 3 14 mot orised vehicles,
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Unfortunate!y no data abo ut th e use of th ese roads by slow traffic is available. We may
how ever safely assurne th at the percen tage of slow mod e users on urb an roads will be high
and wi ll not be negligib le on the ru ral road categories.
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Fig urc 2. D isrribution of numbcr of fatalities and fatality rate over five main raad types
in the Netherlands in 1986.

Figure 2 presents the general safety statistics for several road types. For one-lane roads the
following safety statistics are avai lable:

• Of all peopl e killed in traffic 14 .2 percen t are on th ese roads ;
• Per vchicle distance driven and per vehicle hour spe nt th e nu mber of people killed
is the highest of all road types;

• 7 .1 percent of accidents with injuries occur on these roads;
• Considering accidents wi th inj uries, only main roads inside built-up areas have a
high er acci de nt rate (pe r vehicle distance and per vehicle time).
• T he number of acc ide nts per yea r is only .1 per km road length.

Ihis latter findi ng means that on single lane roa ds the acci dent co ncentra tio n is low est. T his
fact alone implies that a solution of the safety problem can be better sought in measures
changing the vehicles than in changing the characteristics of the infrastru cture.

Separa tio n of fast and slow traffic on th ese roads is not attrac tive because of th e high
costs. Lowering the speed o f th e FM V is neither an attrac tive m easure, because:

• Enforcement is difficult and costly in terms of poli ce hours;
• Modifying the road to force low speeds (humps, etc.) is also costly;
• A RTl solutio n would be to red uce the speed by speed limi ters in the cars that are
remotely co ntro lled from outside. T his is not efficie nt as will be shown in th e seque l.

An eve n more important co unter argume nt is th e acce ptance by th e public. T he roa ds w e
are talking about are nearly always ernpty. A perm anen t speed limit is not efficient because
1110st of the time it is useless. T he extra travel time for FM V due to a permanen t low er trave!
speed, surnmed over the total netwerk, would be a substantial amount, as can be illustrated.
In th e N etherlands 3.6 billion ve hicle km are driven annually on one- lane roads. If th e
aVerage trave l speed is reduced from 50 to 30 km/h , th en th e ex tra travel time will be:

(1 /30 - 1/S0)x3 .6 109 =48 million vehicle hours.

4. Outline of a possible rural road RTl safety system

In essence the prop oscd system co nsists of a moving space aro und a SM V and inside this
space th e speed of FMV is co ntrolled in suc h a way that at the meeting the speed of the



384 Scssion 3: ROl/lid Table Prcscutations

FMV is as low as safety requires. Conseque ntly th e systern does not only dereet the presence
of the SM V and signals this to the driver of the FM V, it also co ntrols the response of rhe
FM V; see Figure 3. T he system is co mpletely vehi cle based, no ce ntral intelligence or road
side equipme nt is needed. As stared bcfore, SMV can be pedestria ns, cyclists, wheel-chairs.
horsem en. etc. M ost important users w ill be usually pedestrians and cyclists. R egarding
FM V cars, tru cks and mot or cycles will be the most frequ ent users.

All roa d users are equipped with a system that measures their posi tio n, speed and
direction and quasi pcrm ancntly transmits these data to the other road users wi thin a eertui n
distance. The FMV also knows on whi ch section of the road network it is drivin g. T his is
needed for instanee whcn a scco ndary road goes over o r undcr a motorway.

----..
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no SMV '
detected

aSMV
detected

30 km/h Cyclist with
......-- -' , -:; reïector
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reflector ~

Figure 3 . Illustrntion ofhow thc systcm cou ld fitnetion .

T he RTl systems of the vehicles co mmunieare perm anently and based on th is it is decided
whethe r a meeting (either overtaking or oncoming) is imminent. The decision to take
action is taken by the FMV-intcl!igence. It might be a feature that thc SM V- user is signal!ed
that a FMV is takin g actio n. The response of the FMV is a co ntrolled speed reduction to

e.g. 30 kru/h. The accclera tion after the meeting can be left to th e driver.
The situation is becoming more co mplex whc n more than two road users are in

each o the rs nei ghbourhood. Thcn there will be several areas in the road-time plane w here

a spee d redne tio n is nceded . Thc most severe restrietio n will thcn gct priori ty. In this case
the situatio n is also mor e co mplex with respect to the co mm unicatio n.

The main ncw point of th is system is that also th e SM V are provid ed with RTl
equipme nt. This wil! bring about costs and certainly rcsistance from th e public. To prevent
this one might be inclined to develop systems w here only the FMV needs RTl becausc rhis
is the user who causcs the problems. An exarnple of such a system is the expc rimenta!
Prench vehicle Prol ab2; see Rombout (1995 ). This car is equippcd with video came ras and
auto matic image processing and it "sees" fixed and moving obstacles, included pedestrians

and cyclists. However, it is casier to develop syste ms w here both users are active in
co llecting and co m municating data. This will result in redundancy of information and that

is cer tainly needed to meet reliabili ry standards and gct a high hit rate and a low false alann

rate.
A possible in teresting solutio n in between would bc a so called passive "intelligent

reflecto r" (with transponder) on the SMV. This reflector makes it mu ch easier to de reet rhe
presen ce of a SM V by means of radar or laser in a co mplex enviro nme nt wi th all types of
objects. The type ofSM V can also be read from the reflector. This will make the equipment

of the SMV mu ch more simpIe, chcape r and there is no need for power.
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5. Aspects of the proposed system
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In order to judge the abilities of the praposed system sorne of its aspects will be discussed
in the sequel .

• Costs
Befere any estimation of costs involved can be made, the system must bc worked

Out much further. However, if the trend towards more RTl equipment on FMV is
Continuing, the extra casts for these road users will not be large. For the SMV this is really
aproblem. Sometimes the value of a bicycle is extrerncly low and then the RTl equipment
would be much more in value. Therefore it is more attractive to design a system that is
human bound. This is anyhow needed for pedestrians and sorne other types of SM V. One
could imagine that it could be part of a hand held tclcphone or, when it can be made small
enough, even part of a watch.

• Failure of the system
When the system fails somehow this could lead to unsafe situations. However, one

should compare the situation with that without any rneasure and we know that that is pretty
llnsafe, both in tcrrns of accidents happening and also in terms of subjcctive unsafery for the
slow traffic.

• Effect on level of attention of the FMV driver
It should be investigated if the drivers after some time rely so much on the system

that they become less alert . This is a point for every RTl system that assists the driver in his
task, e.g. an automatic anti collision system . At first thought this point does not seem to be
that important on onc-lane roads. The raad characteristics are generally such that they
require the driver to be alert in order to keep his vehicle on the raad.

• Liability
This aspect is a major point when replacing a part of the driver's task by an

automatic systcm. lf this point is not solved the application of RTl in traffic will be limited
to the supply ofinformation. In the case considered here it seems reasonable to let the FMV
driver be liable also in case of a systern failure . With respect to this point one should
certainly not abolish thc existing safety devices of SM V, such as lights and reflectors.

• Requircments for SMV
Supposing this is the only traffic situation where SMV wil! need the RTl

equipment, occasionally users will not be inclined to buy it . This can be solvcd by creating
the possibility to rent the cquipment. On the other hand is seerns likely that the sarne systern

could promote safety for SMV in more traffic environments than onc-lane rural roads only.

• The fast cyclist
Suppose acyclist rides 35 km/h and the cars have to slow down to 30 km/h, then

the FMV can nor overtake thc cyclist. Consequently thc FMV should slow down to a speed
that is dependent on the speed of the SMY.

• The slow, rclatively wide and difficult to manoeuvre whecl-chair
For this SMV the speed of thc FMV must be reduced even more than to 30 km/h,

dependent on the raad width. The samc might be uscful for horsemen.

• The moped
This might be a special Dutch problem. Compared to FMV the mopcd is a SMV,
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but co rnparcd to cyclists and ped estrians it is a FM V.
• Ca pac ity

It is a w idespread beli ef th at speed reduction s go at th e cos t of roadway capaciry.
H ow ever, in general it can be stated that in the situations w here capacity is at stake other
meas ures will be taken to gua rantee traffic safety, suc h as separation of modes. This is the
case for example o n freeways and urban artcria ls. Speed regu latio n is needed in these
situations w he re traffic is mixed and jointly use the same space such as in residential areas
and on rura l roads. In these lat ter situat ions however capaciry is not a factor of importance
in th e road design . T he speed reduction th rough RTl measures has hardly any effect upon
capacity,

O ne can eve n gene rally state th at capac ity is rclatively insensitive to the level of the
maximum spee d , a fact th at unfortunately is not w el! kn own. Over a large range of speed
values, say between 30 and 120 km /h, capacity is rclatively co nstant (see e.g. Sch leicher
J ester, 1995, for recent th eoretical and empirical ev ide nce of th is for urb an roads).

6. Operational aspects

6. 1 Ti me loss per mal/oeuvre

For a FM V th e manoeuvre co nsists of slowing down, dri vin g at a low speed during rhe
meeting and acee lorating to th e free spee d . To illustrate th is point we wil! choose some

param eter values. Suppose:
1. a FM V slows down to 30 km/h;

2. it decelerates with a co nstan t deceleration of 2 rn/ s-;
3. it drives wit h 30 km/h over 30 m (rneans during 3 .6 s);
4. it acce lerates wi th a co nstant acce lera tio n of 1 m/ s? to its free speed.
The extra travel tim e the n only depends on th e free speed and turns o ut to be surprisingly
sma ll: see Figu re 4.

Extra Travel Time (s)

1~
30 40 50 60 70 80 90 100

Free Speed (km/h )

Figure 4. Extra travel time a vchicle expcriences wh en decc leraring to 30 km /h and

keeping this speed during 3.6 s. Dccelerating wit h 2 11I/52, accelcraring with 1 111/52

T he objectivc travel tim e loss may be low but subjcctively it might seem large and the
irritation of th e dri vers might be grcat, especially in th e beginning. T his frustration sho uld
be co mpared to th e gain in safety; we do th e sarne w he n instal!ing traffic con trol at
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Jntersections for reasons of safety.
. In a reaI situation the extra travel time over a road section will depend on the
Jntensity ofSMV and it can be calculated with a relativcly simple model. Ifthis loss becomes
too large , the measure to be taken is separation by means of e.g. a separate path for
pedestrians and bicycles .

6.2 Exalllpie of operatien

We will consider a road section with only cyclists as SMV. Parameter values have been
cho sen to get round numbers as results . In reality time loss will be smaller because several
slow downs will partly overlap. Suppose:
1. Road seetion of 6 km :
2. In each direction there are 20 cyclists per hour with a speed of 20 km/h;
3. FMV maintain a speed of 60 km/h;
4. The time loss per manoeuvre equals 5 s.
Sil11ple calculations show that a FMV will be confronted with 8 oncoming cyclists and will
OVertake 4 cyclists. So a FMV has to slow down 12 times and willioose at most 60 s. This
leads to a reduction of the avcrage speed of 60 km/h to 51.4 km/ho
Ihe real time [oss will be lower because of the overlap of slow downs and because there
nlight be other FMV that lead already to a lower speed than 60 km/ho

7. Discussion

Ihe future of our traffic system is difficuit to prediet and the real break through of RTl is
questionable . However, nearly every drastic change in the traffic system has lead to
o~Position in the beginning. Even the introduetion of direction indicators on cars has met
W~th opposition long ago. Every new feature that limits the freedom of the driver will meet
wuh fierce opposition. Cases will be found in which the new system is less safe that the
Original one. However, eventually the overall loss or benefit should be decisive .

The proposed type of system has to be studied and developed much more deeply.
Ihere will certainly rise technical problems, e.g. the system should also function on narrow
hilly roads where communication between users might meet problems. One also has to
consider the sinration wh en not all users are already equipped with the RTl devices.

. The main obstacle for the proposed type of system might be the opposition of the
drIvers of SM V, because until now they did not have much obligations regarding the
equiPl11ent of there "vehicles", But their gain can bc very valuable in terms of objective
safety and in terms of feeling safe. The system might make the use of the low volume rural
roads rnuch more attractive for daily use and for recreational trips.

To accustom FMV drivers to externally controlled speed the introduetion of this
?stern for residential areas is a good start; see Ekman (1995) . Such a measure will certainly
e~d to an even better cIimate in these areas, in terms of safety, noise and air quality. And it

wil] allow a much cheaper road lay out inside those areas. A caution maybe relevant here
wuh respect to the introduetion of RTl systems in the car system. Application mostly is
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motivated by the higher efficiency that can be achieved in car traffic and road use . This may
be true for the short term. On the longer term however this easily may turn into its
opposite. A more efficient car traffic will stimulate car mobility, will increase car travel
distanc es, and will make long distance travel more attractive. These extra kilometers rnay
outweigh the efficiency gains.

8. Recommendation

T he deve!opme nt of RTl systems in road traffic has unjustly been concentrated on
applications for the mo torized mo des. In order to im prove the attractiveness of the slow
modes the op po rtuni ties that RTl systems can offer need to be stud ied. A frui tful area is
safety im proveme nt on rural ronds.
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VariabIe Speed Influencing: The Solution?

j.H.M. Diepens -, j.A.M. Hi nkcnkemper", E.G . Oostenbrink", B. Bac h>
I Vcrkcersadviesbureau Diepens and Okkcllla, Tlie Netlierlands
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:or a nu mber of years already one has been philoso phising abo ut the possibilities of
Intelligent spee d limitation devices buil t into passenger cars. Research surrounding th is
subject is bei ng carricd out on a sinal l scale, but up unti l the present day the re is no specific
policy w hic h is aimed at track ing down the possibilities ofspeed limitation and determining

the process which should lead to intelligent speed limitation. In this artiele . a pica is being
held to seriously start to consider introducing intelligent speed limitation in vehicles.

1. \Vhat is intelli gent speed limitation?

The essence of speed limitation is that the speed of a vehicle is limited through alterations
In the propulsion system. A car thus is simply unable to move any faster than the speed
which is desirable or allowed at that spec ific geographic point. The simplest form is the
fixed speed limitation device. This device, when fixed, ensures that a vehicle is permanently
lInable to drive at a higher speed than the speed which has been set beforehand. Fixed speed
11I1litation devices are already being used in lorries.

The matter bocomes much more interesting when the speed limit can be altered
according to the oircumstances. This rneans that the vehicle cannot drive faster than 30
kl1l/h in a 30 km/h zone, and not fister than 80 km/h on a 80 km/h raad. Also, there could
bc a limit of 15 km/h on a route and point in time when many school children are
~rave\ling, or a limit of 90 km/h in times of dense fog on motorways. This is referred to as
Intelligent speed limitation or Intelligent Speed Adaptation (to which we from this point
onwards will refer as ISA). In this situation there should be a farm of communication
between the vehicle (of which the speed should be regulated) and the roadside (where
Slgnals should be ernittcd wh ich provide information about the local speed limit).

ISA does not neccssarily rcquire that the speed limit catmot be exceeded at any time.
Less imperative measures can be thought of, such as thc methad of informing the driver
abollt the maximum speed being exceedcd by means of a sound (this is, in faet, Intelligent
Speed Information or ISI). An "intelligent accelerator" can be applied toa. When the speed

~nlit is reached, the driver win cxpericnce a more powerful pressure from the pedaIon his
O?t than usual. The driver may choose to push the pedal harder, therewith continuing to

dnve toa fust, but this will have the effect of making him tired.
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2. Start Programme Durable Safety

Session 3: ROl/lid Table Presentations

With the signing of the intention statement about the Start Programme Durable Safety by
the State, the provinces, munieipalities and polders, a new phase has started in the striving
towards a greater safety in traffic. A key element in the start programme is speed limitation
One seeks to aehieve this speed limitation through juridieal measures (sueh as a general
speed limit of 30 km/h within the built up areas) , infrastructural measures (sueh as
roundabouts), regulation, edueation and eommunieation. It is, however, striking that rhe
Start Programme does not mention any form of action eoneerning vehides as sueh. It is
evident, however, that the limitation of the speed of vehides offers eonsiderable
opportunities. It is not yet a suitable time to announee actions eoneerning the introduetion
of intelligent speed limitation. Yet it would have been appropriate if a point of action bad
been induded staring the introduetion of a research programme, aimed at the possibilities
of speed limitation. It might be tbe case that we may get closer to an inherent safe traftie
system if only vebicles tbat are simply unable to exeeed speed limits are allowed on the
roads.

3. The advantages and disadvantages of intelligent speed limitation

Tbe introduetion of ISA should, naturally, be eonsidered only if the system offers clear
advantages. In conneetion with a research programme into the feasibility of a test project
with ISA by TNO Wegtransportmiddelen (Road Transport Means) and Verkeers
adviesbureau (Traffic Adviee Bureau) Diepens and Okkema, tbe possible positive and
negative effects of ISA have been evaluated as weil as wbat the amount of eertainty is now
that sueh an effect will aetually take plaee. The major advantages of ISA might be :
1. An improvement of traffie safety
2. Less negative effects on the environment
3. A reduction of thc threat of traffie and an improved mobility of people with bodily or
mental limitations
4. A reduetion of the problem of traffie queues
5. More munieipal construction possibilities

Ad. 1: Traffic Safety
A proven conneetion between speed and traffie safety exists. It has been diseovered that the
total amount of aeeidents will be redueed and the severity of the accident will relatively be
redueed even more. Tbis will also apply to lower speeds as a result of ISA. The
homogeneity of the stream of traffie is important too. A smaller variation in the avcrage
speeds has an effect on traffie safety. Objeetively spoken, most casualties oeeur on 80 km/IJ
roads outside thc built up area and on major going-through roads (50 km/h) within the
built up area. These, eonsequently, are the areas where ISA eould be most effeetive.
Ad. 2: Environment

ISA may ensure improvements on the level of the environment. At lower speeds, the usage

of energy decreases (eoneerning the usage of petrol, 70 to 80 km/b is the optimal spee d).
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ISA aIso decreases the differences in speed between the various vehicles so rhat the usage of
petrol, and therewith the levels of emission, will be decreased. In addition, a lower usage
of petrol has as a consequence that the costs of travelling and transport will be lower. A final
point is that lower speeds reduce noise hindrance and more homogeneous speeds mean that
there will be less brake dust.
Ad . 3: Threat of traJlic and mobility
lower speeds of vehicles and the knowledge that vehicles are unable to drive faster then
locally allowed ensure that it becomes easier to cross roads. In addition, slow traffic does not
have to feel so threatened anymore by car traffic which makes travelling by bicycle and on
foot more attractive. Furthermore, the improvement concerning the crossing of roads and
the reduced threat of traffic ensure also have as an advantage that more people with bodily
or mental limitations can, or darc, use the traffic system . Perhaps it also means that more
parcnts will allow their children to play outside again .
Ad . 4: Trtiffic QIIClles

ISA can also contribute ro a smoother movement of car traffic and therewith to a reduction
of the problem of queues. The speed checks which are being realised currently on many
!hotorways have their basis in the idea that a lower and more constant speed ensures a larger
capacity of the road. ISA can be applied to ereare a similar effect, although it is much better
able to ensure that the speeds will indeed be lower and more constant.
Ad. 5: Possibilitics ifmunicipal construction
One of the advantages of ISA is, that a starting point is the certainty that speed limits cannot
be exceeded. This rneans that speed limiting infrastructural measures are not necessary.
However, the requirement in the Durable Safety plan that the appearance of the road meets
tbe desired speed limit rernains relevant. Yet within th is requirement the possibilities for
!hore diverse municipal building schemes will have been enlarged. On the one side, the
lower speeds may lead to narrower roads, leading to more possibilities for othcr applications.
On the other side, ISA offers the possibility to less acccntuate the lanes and construct more
aVenl1e_ or square-Iike arrangements without this leading to higher speeds.
. Apart from the aforementioned positive effects, negative effects may occur. For
lnstance, one fears that the drivers may stop checking their speeds but instead push the pedal
to the floor automatically, Also, drivers may behave themselves in an undesirable marmer if
~peed cannot be used anymore to free them from aggression and stress. It is essenrial to gain
In~ight in the question as to in what ways and in what strength positive and negative effects
WIlI occur. On the basis of th is knowiedge, regulation concerning the introduetion ISA can
be developed.

4. eh .OoslDg a strategy

The qllestion is whether the application of ISA may be a worthy substitute for other
nlethods, or nothing more than a complement. If we start from the goal that should be
reached, being speed controlling, then the essenrial point is to influence the behaviour of
t~e drivers in such a marmer that they will live up to the imposed speed limits. In essence
t lere are four different possible strategies to influence behaviour in traffic:
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1. T he arrangement of roads: forming an infrastructure in such a way that the desired effect
w ill be ach ieved (self-explaining roads)
2. Maintenance: permanent speed checks on all locations where specding offences mayor

do occur
3 . Education and information
4 . Vehicle telematics (the intelligent car, including ISA)
At this moment, the option of road arrangements is the favourite one. This approach has a

couple of disadvantages. It is, for insrance. virtually impossible to enforce a desired speed
anywhere and for everyone. Furthermore, the costs of speed decreasing measures are often
high. There are also experiments with maintenance. Among ether locations, the motorway

A2 is subject to permanent speed checks. It is, however, not unlikely th at permanent speed
checks may be introduced everywhere, especially within the built up area. The current

capacity of police and judicature, though, is insufficient and there are numerous principle
objections (Big Brother is watching you). Education and information certainly are of use

when influencing behaviour but they themselves will not lead to a complete subjection to

the speed limits.
Vehicle telematics, such as ISA, is the only option which has the advanrage rhat

speeding is not possible anymore. This makes speed reducing measures irrelevant (although
an appearance of the road that matches thc desired speed remains relevant) and rhe

maintenance can be limited to cnsuring that ISA works properly. A survey done for rhe
Project Bureau IVVS (Pceters and others, 1996) shows that the costs of the "intelligent car"
strategy may be up to half the total amount lower than the (approximately equally

expensive) maintenance or road arrangement strategies.

5. Support for ISA

One of the arguments which are often used against the application of speed limitation
devices is that therc would be insufficient support for it. It seems, however, that one's
attitude towards speed lirnitation is not as negative as is often assumed. This is shown by .

among others, a survey by thc Vrije Universiteit of Amsterdam. The research do ne by
TNO Wegtransportmiddelen and Diepens and Okkema shows that there is support for rhe
introduetion of ISA in domestic areas , Should one wish to introduce ISA in the future , th en
the acquisition of support should be approached actively. Two points of view are relevant

in th is ma tter.
Top-down: the government should make it clear that she strongly supports her oWI1

speed limits and will not be tolerant towards offenders. It is important that the social
dilemma between the "freedom of the motorist" and the "social disadvantages of spceding

is solved. The government will have to indicate that she does not wish to intrude on rhe
motorist's freedom but that there are limits within which this freedom is offered. She could
stress that the limitation of freedom is essential on any social level.

Bottorn-up: the people shall have to be effectively inforrned as to what rhe
disadvantages are of the present speeding behaviour and what the advantages of ISA ma)'
beo In this light, it is useful to associate ISA with positively valued elernents. The individual
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citizen seems to be primarilv interested in the following effects:

• a smoorher traffic flow and a reduction of the amount of queues
• the possibility to determine the total travelling time more accurately
• less, and especially less severe, accidents
• no higher costs, and preferably gains

6. The process towards general introduetion of ISA

393

The abovesaid offers enough reasou for serious research into the option of applying
intelligent speed limiting devices for speed contro!. Should (part of) the aforementioned
advantages indeed occur in reality, whereas the disadvantages rernain limited, then there is
basically only one reasen not to introduce the system and that is the possibly still limited
political and/or public support. To introduce the advaurages of ISA in a convincing
111anncr, it is essenrial that cerrainty co ncern ing the effects of ISA exists. In as far the effects
of ISA have been insufficiently proven, further research wil! be needed to provide this
certainty. Therefore, a strategie pro eess eoneerning ISA is necessary, aiming at two points:
1. Increasing the knowledge about the effects of ISA
2. Inereasing the support for ISA

The increase of knowledge can be achieved by exeeuting trial proj eets and experimenting
with ISA in various situations, In order to increase the support for ISA, it is nccessary that
thc trial projeets are arranged in sueh a marmer that they lead to a positive (yet, naturally,
fair) forlll ation of opinions.

R..eferences

Veenb aas, R . and E.G.Oostenbrink (ed.): Intelli gente Snclheids Adaptatie (3 sub-reports and 1 final report). TNO
Wegtransportmiddelen and Vcrkoersbur eau Diepens and Okkem a, Delft, 1996-1997.

['eeters, P.M. and Y. van Asseldon k (ed.): Mag het ietsje minder snel? main report . A survey into thc social and
cco no mical cas ts and b':1ins of a deerca se in the speed of passenger cars, Werk groep 'Zduizend , TU Delft
and VU Amsterdam. By order of Project Bureau lVVS. january 1996 .

Ri enstra, S.A. and P. Rietveld (cd.): Mag hel ietsje minder snel? Thc publi c support for alterations in thc
rcgulations concerning the speed of motoriscd traffic. VU Amsterdam. By ord er of Proje ct Bureau [VVS.
O ctober 1995.



394 Session 3: ROl/lid Tablc Presentations

A Sirnulator Study on Adaptive Cruise
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Abstract . T his paper describes a study that is aimed at asscssmcnt of driver behaviour
as a response to driv ing sryle and new tcc hno logy, in partienlar Adaptive Cruise Control
systems (ACC·s). AC C 's are Iikcly to be onc of the first applications of Automatic
Vehicle Guldance (AVC) systems that co uld become available in the ncar future . ACC's
have been engincercd to impra ve traffie safety and efficiency, becausc of the constant
and safe hcadway the y keep behin d a lead car. T he cxtcnt to which AC C systcms will
rcalise these goals depcnds among othe r thin gs on how they affect driving behaviour.
In the presen t study, carried out in co-o pcrat ion wit h the Cc ntrc for Enviro nmental
and Traffic Psychology (COV). possible benefits and drawbacks of an ACC systcm
were assesscd with parricipants driving in a driv ing simulator. T he four groups of
participants differed on their repo rted driving srylcs Speed (driving (1St) and Focus (rhc
ability to ignore distractions). The rcsults sho w rhat bchavioural adaptatio n takes place
in terrus of higher speeds, smaller minimal time hcadways, larger brake usagc with an
AC C . It is concluded that thcre are serieus doubts placcd on the expectation that AC C
sysrcrns will lead to enhanced traffic safety, and that drivers wi th an "unsafc driv ing
style" are not enco uragcd by the systcm to drive in a safer way.

1. Introduetion

Adaptive Cruise Controls (ACC's) are cur rently in development in the automotive industry
and are actuall y on sale in the higher mark et segment of passenger cars. An ACe is a sysreu'
that is capable of maintaining a certain headway behind slower vehicles ahead, in addirio!'
to the conve nt io nal C ruise Contro l function of contro lling a vehiclc's speed at a driver
chosen value. This headway keeping is done by means of adj usting the speed of the car in
order to prevent exceeding the pro grammed headway of the system, AC C 's are thus

assisting systems, capable of regulatin g both spee d and following disrance.
The possible advantages of ACC's are that they increase driving comfort and redu ce

workload. There mayalso be a positive effect on traffic safety. because an AC C maintains
a safe headway to the vehicle in front. The system might enable driving at sho rte r headways
and at higher spee ds, whi ch would increase roadway capaciry. By means of a smoother
acceleration and deceleration profil e, the system could also cont ribute to a more stabk
traffic flow.
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To what extent ACC's will realise these goals depends on the technical possibilities
like deceleration level and headway magnitude. Another important factor in the success of
these systems is the way in which drivers wil! use the system, their acceptance and their
reaction in terms of driver behaviour. This behavioural adaptation has been identified by
the OECD (1990) to be a significant issue, because "drivers employ the vehicle technology
available to them in order to suit their driving purpose, motivation, driving sryle and
CUrrent physic process."

1.1 Behavioural adaptation

A number of studies investigated the drivers' reaction to ACC's in terms of their
behavioural adaptation and acceptance of the system. For instance, Nilsson (1995) found in
an advanced driving simulator study that participants driving with an ACC spent more time
in the left lane than participants driving without ACe. Approaching a stationary queue was
found to lead to more collisions among ACC users than among unsupported drivers,
possibly because of too large expectations leading to too late and abrupt interventions.
Heino et al. (1995) found in a driving simulator study that driving with an ACC decreased
time-headway and the variability in headway. Driving with the system also decreased
(subjective) workload. Ward ct al. (1995) conducted a field trial of a prototype ACC and
also found behavioural adaptation reacrions . Drivers set the ACC at higher speeds and at
shorter headways compared to unassisted driving. Drivers were also observed to have poor
lane position with ACC compared to driving without.

1.2 Acccptancc

With respect to driver's acceptance of ACC systems, Becker et al. (1994) described a study
~n which the participants drove in real trafhc with an ACe. Their results show that ACC
IS perceived as a comfort oriented and safety enhancing system and thus implies a high
amOunt of user acceptance. Thc distance keeping behaviour of the system was experienced
verv positively and generally classified as acceptable, comfortable, safe and relaxing.
Hogema et al. (1994) tested different forms of ACC systems in a driving simulator and
found that most ACC's were considered relatively useful and comfortable. One type of
ACC, the one that intervened with an acoustic feedback signal, was judged to be useless
and uncomfortable. Panelier (1995) reported that participants stated after they drove a
predetermined route on local highways with an ACC, th at they feit safer using ACC
because it maintained a safer following disrance (headway) and required fewer interventions
by the driver than conventional cruise control. Regarding the issue of automatic braking,
participants were almost unanimous in their objection to automatic braking, because it
crossed the line that dictates who controls the vehicle.

1.3 Needs and drivillg styles

With or without driving with an ACC, drivers have different needs and driving sryles that
might be important in their (behavioural) reaction to ACC. The results of a questionnaire
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study about the needs and driving sryles ofDutch car drivers show that drivers differ in their
needs or motivations regarding driving and their reported driving styles (Hoedernaekcr,
1996). In the line of reasoning of the OECD (sec above), these needs and driving sryles are
important to take into account whcn investigating the effects of ACC in ternis of
behavioural adaptation and acceptance of the system because different needs and driving
sryles might lead to different reacrions. Whenever ACC systems frustrare these needs or
preterred driving sryles, acceptance of thc systerns may be low and unwanted or dangerous
drivers' reactions may occur.

EspeciaIIy driving styles regarding speed and the degree to which drivers are casily
distracted in the car by irrelevant events (focus) might be important, because of the reduced
control drivers wiII have on speed, and the enhanced susceptibility to distractions when
using the system, which will ereare safety hazards.

1.4 Present studv

The rnain objective of the present study is to sort out (safety) effects of ACC systems in
terrns of behavioural reacrions and acceprance. Needs and driving sryles are taken into
account by dividing the drivers into groups with different driving sryles and corresponding
needs, as was reported in Hoedernaeker (1996).

The ACC systerns th at were tested were either overrulable or not and differed in
their pre-set default time headways. Two of these time headways can be found in prototypes
of ACC's that are described in the literature (MoreIIo et al., 1994; MUller & Nöcker, 1992),
namely 1.5 s. and 1.0 s. The third time headway is one that is personaIIy preferred by rhe
participants as measured in a separate cal' following session.

The drivers were divided into groups based on two driving sryle dimensions of the
Driving Style Questionnaire (DSQ, West et al, 1992). These dimensions are called Speed
and Focus. The speed dimension measures whcrher drivers are inclined to drive fast and
exceed the speed limit, and the focus dimcnsion measures how capable drivers are of
ignoring distractions. Both of these dimensions seem to be important in ACC research
because speed is onc of the aspects of driving that is supported by an ACC systeJl!.
Moreover, driving with such a system takes away part of the control over thc driving cask

and might have negative effects on attention and alertness,

2. Method

2.1 Partielpants

Thirry-eight participants (25 male, 13 female, between 25 and 60 ycars of age) were paid
for thcir participation in the experiment. Non of the participants had previous experienCe

with the simulator; they were selccted from a sample of the memhers of the Dutch
Automobile Association (ANWB) on the basis of driving expericnce and their answers OIl

the (translated version ofthe) Driving Style Questionnaire (DSQ). The DSQ was developed
and validated by West et al. (1992) and contains six dimensions of which Speed (made up
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of ite ms abo ut drivin g fast and exceeding th e spee d limit) and Focu s (driving cautio usly and
ign oring distract ions) were th e discriminarin g factors for th e parti cip ants in th e pr esent
study. O nly persons w ho held a driving licen ce for at least 3 years, w ho were driving
regul arly (more than 50 km a week), and who fitted in one of the four following driving
style groups were selected:

Group 1: high score on Speed (last qu art ile of the sco res) and hi gh score o n Focu s (last
qllarti lc of th e sco res)

Group 2: low score on Speed (first quarti le) and high score on Focus (last quartile)

Group 3: high score on Speed (last quartile) and low score on Focus (first quartile)
Group 4: low score on Speed (first quartile) and low sco re on Focus (first quartile)

2.2 Thc drivillg simulator

Ihe driving simulator of the Traffic Research Centre is a fixed -based driving simulator
eonsisting of rwo integrared subsystems . The first subsystem is a conventional simulator

eOl11posed of a car (a 13MW 5 18) wi th a stee ring w heel, clutch, gear, acce lerator, brake and
indicato rs co nnected to a Silicon Grapbics Skywrite r 340VGXT co m puter. A car model

COI1Verts driver control actioris into a displacement in two-dimensional space. On a semi
circlllar projection screen, an image of the outside world is projeered from the perspective

of the driver with a horizontal angle of 150 degrees. Images are presented at a rate of 15 to

20 frames per second, resulting in a suggestion of smooth movement of the sim ulator car
through th e virtua l world. T he secend subsystem consists of a dy narnic traffic sim ulatio n
with artificially intelligent cars . These cars move independently through the world
accOrding to their own decision and be haviour rules and interact with each ether and with
the simulator car in which the participant is seatcd. T he simulator is described in more detail
elsewhere (Van Wolffelaar & Van W insu m, 1992) .

2.3 AdaptilJc Cruise Control

In the absence of a leadi ng ve hicle the ACC provides speed control, which means keeping

~he act ua l speed of the vehicle cqual to the reference speed set by the driver. If a lead ve hicle
IS detected th e ACC sw itc hes automatically to head way co ntro l, which m eans kee ping th e
aetual time hcadway at the reference time headway impleme nred in th e ACC. In the

ellrrent experiment three different reference time headways are used: 1.5 S., 1.0 s. and a
personally preferred headway indicated by the driver. The porticipants activared the ACC
onee at the beginni ng of eac h condition by press ing a button and rcleasing th eir foot off th e
gas pedal at th e moment th ey reac he d the speed they wa nted to set. A gree n LED light in

the dashboard then ind icates that the ACC is on. Two versio ns of th e ACC syste m are used:
In the "overrulable" ve rsion the drivers are able to overrule the system w he never they
Want. Thcy can do th is by eit her pressing the gas or the brake pcdal. As soon as the gas or
brake pcdal is released the ACC system is automatically swi tched on again at the previous

Set speed. In th c " no n-overrulable" ve rsion of th e ACC it is not possible for th e drivers to
Overrule the systc m . H owever, w hen the velocity of the car gets very low ( approximately

< 30 km/h) partic ipa nts have to switch back gcars, thercby overruling the ACe. As soon
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as the fourth gear is reached again the ACC takes ove r co ntro l. In ot her words: The ACC
system is onIy active in the fourth gear. In both versions, the AC C system was always able
to bring to the vehicle to a safe stop wi tho ut int erventi on of the drive r. T his was done
because reaction to a failing system was not subject of th is study and wo uid evoke different
driver reacrion s.

2. 4 Procedure

T he driving circuit in the simulator was made up of a two by tw o highway wi th lane widths
of 3.5 m. and a third eme rgency Iane for both direction s. In the middle a safety fence was
visible. Befere th e exp eriment started participants practised for about 15 minutes in the
normal simulator car and another 15 minutes with the ACC .

Preterred tim e headway was measured in a separate session, in which there was on ly
one lead car visible, whi ch drivers we re instructed to fol!ow at a "smal! but safe distance".

All parti elpants came to the institute twi ce, on tw o separate days. They first drove a
highway route without AC C and th en with th ree of the AC C conditions. Each co ndition
co nsisted of the same highway route in which several different traffic scenario's were
present, including busy as we l! as qu iet traffic, qu eue driving, merging int o the Ieft lane and
au emergency stop when driving in a traffic qu eue.
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Figure 1. M can velocity of thc four dr iving sryle groups in km/ho ur , with and wit hout
an Adaptivc Cruise Co ntro l.

3. Results

3. 1 D rivinç behaviour with and without A CC

In quie t traffic, whe n participants were free to chose the speed they wanred to drive with,
a main effect of AC C was found on drivin g speed (F( l, 1574)= 30.3, p<O.O). Mean speed
witho ut AC C was 107 km / h, wit h ACC it was 115 km/h (mean set speed in the ACe:
126 km / h) . T he four driving style gro ups differe d significan tly in their driv en speeds
(F(3, 1574)=30.0, p<O.O), bu t their was no in teraction betw een gro up and ACe. Figure 1
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shows the efTects on AC C and Group, indica ting clearly the differences between the high
and low Spee d groups, drivi ng wit h high and low mean veloc ities.

A main effect of ACC was also found on the percentage of the tim e that was spent
in the left lane (F(1,4)= 5.6, p<0.02). And when driving in the left lane the lateral position
Was Iarger with all AC C (F(1,608) = 4.7, p<0.03), meaning that participants drove more
close to the safety- fenee compared to driving witho ut the system. Figure 2 shows that th e
groups difTered in the percentage they spent in the left lane (F(3,4)=55.7, p< O.O), in

accordance wi th their high and low veloeities.
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Figure 2. Percentage of the time spcnt in the left lanc of the four driving sryle groups.
with and without an Adaprive Cruise Control.

:x' hcll drivin g in qu iet as weil as in busy traffic the standard deviation of the lateral position
Increased whe n driving with an AC C (F(1,422) =8.4, p<O.OS), indicating that drivers are
going to sway more co mpare d to driving witho ut an ACC ,. As Figurc 3 shows there was

rio interaction with the driver gro ups.
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Figure 3. Standerd De viation of the lateral position on the right lane in meters in busy
traffic, of the four driving srylc gro ups, with and with out au Adaprivc Cru ise Control.
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When partreipants had to perform an emergency stop while driving in a traffic
queue, two main effects of ACC were found , indicating that the average maximal braking
was larger (F(1,255)=4.6, p<0.03) and that the ave rage minimal time headway was sma ller
(F(1 ,255) =40.4, p<O .OO) when driving with an ACC corn pared to driving without. Figure
4a shows this effect of ACC, the ma in effect of Speed group (F(I,259)=3.5, p<0.06) and
the interaction effect of Speed group and ACC (F(1,255)=3.9 , p<0.05) on maximal
braking. T he effects indicate that the high speed drivers brake harder overall , but wh en
driving wi th the ACC the group differences are go ne; also the low speed driver groups have
to brake as hard in this situation. Figure 4b indicates the interaction effect that was found
between Group and ACC (F(3 ,255)=3.1, p<0.03) o n minimal time headway, togcther with
a ma in effect of AC C and of Speed gro up (F(1,259)=8.1, p< 0.005). W he n driving without
ACC grollp differen ces are clcar, i.e. large time headways for low speed drivers and small
time headways for high speed drivers , but drivi ng with an ACC system minimises these
gro up differences; everyonc drives with a sma ller time headway.
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Figure 4. (a) Average maxim al usage of the brakc pcdal cxprcsscd as rhe percentage of
a complete push down of the brake pcdal (=100%), shown for thc tour dri ving srylc
groups with and witho ut AC C , whcn lead cars pcrformed an cmcrgcncy stop driv ing
in a traffic queue. (b) Average minimal time hcadway in secouds of the four driving
srylc groups, driving with and without an Adaptivc C ruise Control. whcn lead cars
perform ed an cmergcncy sto p driving in a traflic queu e.

In general a main effect of Focus b'TOUP is found on srandard deviarion of th e lateral positio n

(1,3)= 7 .6, p<0.006). When driving in qui et traffic th e lo w focu s groups show a larger
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standard deviation of the lateral position than the high focus groups. Possibly due to the fact
that the low focus group is driving less cautiously, being less able to ignore distractions.

A main effect of Speed group was found when partierpants drove in the overrulable
version of the ACe. The high speed driving group overruled the system more by the using
the brakes than the slow speed driving group (F(I,2)=4.1, p<0.02) .

3 .2 Mental laad and acceptante

The answers on the Rating Scale Mental Effort (RSME, Zijlstra & van Doorn, 1985) show
that the participants experienced driving with an ACC as less effortful than driving without
an ACC (F(I,I)=22.3, p<O.O).

A main effect of driver b'TOUP was found on the scores on the comfort (F(3,4)=5.4,
P<0.002) and usefulness (F(3,4)=4.7, p<0.003) scales of the acceptance questionnaire (v.d.
Laan ct al., 1997) . See table 1 for the rnean scores on comfort and usefulness of the four
driver groups.

Table 1. Perceived comfort and usefulness scores of [he four driv ing srylc group s.

Group Perceived comfort Perceived usefulness.....
I. Driving fast High focus 0.98 0.84
2. Driving slow High focus 1.21 1.09
3. Driving fast Low focus 0.67 0.78
~ Driving slow Low focus 1.23 1.17

These group differences indicate that the slower driving groups perceive the Adaptive
Cruise Control as more comforrable and as more useful than the fast driving groups. There
was no effect of time headway condition rneaning that participants had no preferenee for
Onc of thc time headway conditions of rhe ACC (preferred, 1.5 s & 1.0 s).

A main effect of overrulability was found on comfort as weil as usefulness (comfort
F(1,4)= 12.1, p<O.OOI, usefulness F(I,4)=4.8, p<O.03). This rneans that all participants
~erccived the overrulable ACC as more comfortable and more useful. There was also an
Interaction between driver groups and overrulability on comfort (F(3,4)=3.4, p<O.02) as
well as usefulness (F(3,4)=3.8, p<O.OI). Indicating that all four groups score the overrulabIe
versions of the ACC as very comfortable and very useful. Only the slow driver groups also
pcrceive the non overrulabIe versions of the ACC as comfortable and useful. In Figure 5
the effect is shown for the comfort scale, but the same pattem applies for the usefulness
scale.

4. Discussion and conclusions

The main objective of the present study was to sort out safety effects of ACC systems in
te011S of behavioural reactions and acceptance , taking into account different driving styles
\Vuh respect to speed (driving fast and exceeding the speed limit) and focus (driving
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cautiously and ignoring distractions). The assignment of participants to one of the driver
groups was based on th eir own subjective reports. The present expe rime nt, however, shows
that the self reported differences in driving sryle are a good predietor of the actual driving
sryles when driving in the sim ulato r. Drivers wh o score high on the facto r speed of the
Dri ving Style Questionnaire significantly driv e faster than participants w ho score low on
th is factor. Also drivers who sco re low on the factor focus significantly sway more (they
show a larger standard devi ation of the lateral position) than parti cipants who score high on
this factor, which is a sign of less attent ion to the driving task or drivin g less caut iously.
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Figure 5. Interaction effect between thc high and low speed driver grOllpS and the
overrulable and non -ovcrrulablc versions of the ACC on thc comfort scalc. The same
pattem applies for the usefulness scale (not presenred hcrc).

With respect to behavioural reacrions to the AC C system we can co nclude that a lot of rhe
effects that were found are the same for all the driving style gro ups. All drivers dro ve faseer
with an ACC compared to driving without. The differences between the gro ups in speed
stayed, but with e1evated speed levels. Also all drivers sway ed more and drove mor e often
in the left lane with an AC C, keeping the initial gro up differen ces between high and low
speed drivers in tact. When drivers had to perform an emergency sto p while drivin g in a
traffic queue, th ey had to brake harder with the ACC, th eir minimal tim e headways
decreased and the differences between the groups disappeared. Also all driv ers experienced
driving with an ACC as less effortful than driving without. These effec ts are in accordance
with other behavioural adaptatio n studies on AC C from e.g . Nil sson (1995), H eino et al.
(1995) and Ward et al. (1995), who report higher spee ds, more tim e in the left lane, poorer
lane position, decreased subjective workload, sho rter headwa ys and decreased variabi lity in
headway.

Int eraction effects between driving sryle group and beh aviou r with or without an
AC C were found on minimal time headway and maximal brakin g level. Espec ially the low
spee d drivers increased their maximum brakin g w hen they had to perfe rm an ernergency
sto p with an AC e. When drivin g witho ut an AC C its not necessary for this group to brake
that hard. Also their minimal tim e headway decreased mu ch mo re with an ACC than rhe
high speed drivers.
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It is concluded that all drivers adapt their behaviour in a way whi ch is not ben eficial
for traffic safety. Bu t this main effect of AC C is more appa rent in the low spee d drivers
gro up; their driving sryle gets more un safe when drivin g wi th an ACe.

All three tim e headwa y co nditions were rated as co mfortabie and useful when
presented in an ove rru iabIe AC C , and very un comfortable in a non overruiabIe AC C .
T herefore it can be co nclude d that the perceived comfort of an Adapti ve C ruise Contro l
depends for a large part on th e ove rru lability of the system (see also H oed em aeker et al. ,
1997). This is especially true for fast drivers , because slow drivers perceive the non
ove rrulable versio n not very different from the ove rru labie versio n. In othe r words, slow
drivers don't mi nd if th e car can take over co ntrol or not , but fast drivers do. In their
acceptance of an AC C system in general, the driving style groups sho w differenc es. Drivers
who like to drive fast are less positive abo ut an AC C with respect to perceived co mfort as
well as perceived usefuln ess than drivers w ho like to drive slowly. The reason for this co uld
be thar fast dri vers like to dri ve them sclves and an Adapti ve C ru ise C ont ro l restricts them
in drivin g the way they want, contrary to the slowe r dri ving group who don't expe rience
driving with an Adapti vc C ru ise Control as restrict ive, but as co mfortabie and useful.

In terms of traffic safety it might be mor e important for the high speed drivers ro
have some headway control support. West et al (1992) co nclude from their study that there
is a direc t link be tween dri vin g style and accide nt risk. Peopl e who dri ve fast are at higher
risk to accide nts caused by dri ving too fasr, O r they may pull out into smaller gaps than
other drivers or artend less to the driving task. But unfortunatcly the se fast drivers are also
the drive rs who like the AC C the least. Therefor e, if we would like to see An Adaptive
CnJise Contro l as a safety system , there is a probl em with the acce ptance of the system by
the users who co uld ben efit the most in tcrrns of traffic safety : drivers with a high spee d
drivin g style and a smaller preferred headway. T hese drivers have a lower acce ptance of th e
system than drivers w ho already have a safer drivin g style: the low spee d drivin g style group.

R..eferences

Beeker S, Bork M, Doriscn HT, Gedu ld G, Hofmann 0 , Naab k, Nöeker G (1994). Summary of experiences
with autonornous Int elligent Cruise Co ntrol (AICC) . Part 2: results and conclusions. Proceedin gs l st
world congress on Intelligent Vehicle Systerns, Paris. Erico , Brussels. pp 1836-1 843.

Faneher, P.S., Barcket, Z., Johnson, G. & Sayer, J. (1995). Evaluarion of human facto rs and safety performance,
in the longitudinal control of headway, Proeeedings 2nd wo rld congres Int elligent Tra nsport Sysrcms
Yoko hama . VERTI S, Tokyo. PI' 1732-1738.

Heino , A., R othen gatter, J.A. & Hu lst, M . v.d. (1995) . Co llision Avoidane e Systems Safety Evaluation, DRIVE
II Project V2002 , Deliverable 33, Workpackage 0016. TRC, University of Groningen, The Netherla nds

HOedemaeker, M . (1996). Drivers' Needs and Behaviour. In: Handbook of the International Conference on
Traffic and Tra nsport Psychology, 22-25 May 1996, Spain . DL: V-1 787- 1996. PI' 147-1 53.

HOedemaeker, M. , Wi ethoff, M . & van Wolffelaar, P.e. (1997). Effects of differences in driving sryles on
acccptance of an Intelligent Cruise Control. In: FIOm Experience to Innovation. Proceedings of the 13th
Congress of thc International Ergonomics Association , Tampere Finland . Vol. 6, pp 334 - 336. ISBN :
951-802-193- 7.

Hogema, J .H ., van der Horst, A.R.A. & j ansscn, W.H . (1994). A simulato r evaluurion of different forms of ICC,
R eport TNO-TM 1994 C-30.

Laan, JO. v.d., Heino , A. & Waard , D. de (1997). A simple pro cedure for the assessment of acceptancc of
advanccd, tran sport telcmatic s, Transportation Re search -C , vol.5, no .1. Elsevier Science Lrd pp 1-10 .



404 Sessiou 3: R Ol/lid Table Presentations

Morcllo, E.• Benz, T h. & Ludm ann (1994). AICC Assessmcnt . Proccedin gs l st World Congress on Applicatio ns
of Transport Telernatics and Intelligen t Vehi cle Highway systcms, Paris. PI' 1900-1 907.

M üller, R. & N öcker, G. (1992). Intelligent C ru ise Contro l with fuzzy logic. Proceedings of the Int elligent
Vchi clcs '92 symposium. PI' 173-1 78.

Nil sson , L. (1995). Safety effects of Adapr ivc C ruise Contro ls, in crinca l traffic situations, Proceedings 2nd world
co ngres Intell igent Tr ansport Systerns Yok oh ama. VERTIS. Tok yo . PI' 1254-1259 .

OECD (1990). Bchaviou ral adaptatio ns to changes in thc road transport system. Publi cation service. OECD, Paris,
France.

Ward, N.J. , Fairclou gh, S. & Humphrcys, M . (1995). The effect of task auromarisation in the automo tivo co ntext ..
a field study of an AIC C system. Intern . Conf on Exp. Analysis and Measurement of Situat ion
Awarcness. Florid a.

West. R ., Eland er. J. & Fren ch , D. (1992). Dccision makin g, person ality and driving sryle as cor relares of.
indi vidual accident risk. Cont ractor report 309. Transport Research Laboratory.

Wo lffelaar. van P.e. & Winsum. van W. (1992). A ncw dr iving simulator including an int eractivc int elligent .
traffic cnvironment. Proe. 3rd intern. conference vehicle navigation & information systems. IEEE Service
Ce nter. Piscaraway, NJ. PI' 499-506.

Z ij lstra. ER.H. & Van Do orn, L. (1985). The con struction of a subjective cffor t scalc. Report : D elft Uni vcrsiry
of Tec hnology. The N eth erlands.



R oad Tclcmatics 405

Safety Irnpacts of Transport Telernatics in
Road Traffic

An exploration of certainties and uncertainties

Rob van der Heijden and Vincent Marchau
Faculty of Systcms Engineering, Policy Analysis and Manayemcnt,

Delft Univcrsits of Tecllllology, The Netherlands

Abstract. Large efforts are made to impr ovc thc int clligcncc of transport systcms by
developing and im plcme nting a varicty of relernatics systcms, T he driv ing forces bchind
this dcve lopmc nr are the uecd for a more cfficicn t use of transport infrastrucr urc,
redne tio n ofco ngestio n and the imp rovc mcn t of traffic safety and comfort of travelling.
Th crc is a widcsprcad belief that releu iatics systcms will have a positive imp act of
reachin g these goals. T his belief is, ho wcver, only partly suppo rted by cmp irical
cvidcncc. T he authors wc re involvcd in a study for the D utch Nat ional T raffic Safety
Board. aimcd at analysing the state-of-t hc-art in knowledgc abo ut the safety aspccts of
new tele rna tics systcms in transport . T his artiele discusses thc mainlines of thc study . ft

is co neluded that the knowledge infrastructure on safety aspec ts lacks vario us picccs,
Morcover the unccrtainty about positivo safety impacts is still considc rable.

1. Introduction

Thc importance of transport telernatics systems for the organisation and management of
dyn ami c transport processes increases rapidly (Banister, 1994; H all, 1995 ). On the one hand
th is can be explained by th e increasing technical po ssibilities to improve the intelligence of
cars and infra structure for the support of driver behaviour and a better guidance of traffic
flows. On the other hand it is generally expected th at telematics will centribure significant1y
to public policies aimcd at organising passenger and freight tran sport more efficiently, safer
and more enviro nm ental friendly (H arvey, 1995 ; Shladover, 1995; Levine and Undcrwood,
1996). C onsequently, macro economie developments will , according to this view, also gain
bencfits from the application of transport telematics.

The development and applicatio n of many of th e transport telematics systems is to a
large degrce technology-driven . Unfortunately, thi s approach of innovation is characterised
by a limited view on the complexity of transport processes. It causes a rather technoeratic
project view on innovations , instead of a more holistic transport systems view. This often
results in optirnism with respect to the positive impacts of the technology on the transport
pro cesses, and optimism with respect to the acceptance of changes by potential users. In
practice however, the implcmentation of technological innovative transport systems on a
large scale is often seriously cornplicated by impact un certainties, unexpected poli cy
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developmen ts and social and institution al obstacles (Underwood, 1990; Van der Heijden
and M archau, 1995). R eal inn ovations req uire a balanced processing of decision making
since institutio nal, organisatio nal, spatial and social-c ultural aspects simultaneously influence
the direction and spee d of change .

Since th e early nineties, growing awareness on this issue appears to be a driving force
for transport policy makers to seek for a more active w ie in the field of transport telematics.
At present, public autho rities play a major role in the field of dynamic traffic management,
simply because of the fact that as infrastru cture owners they are the major stakeholder in
th is field. However, increasingly also poli cy co nce pts and instruments are developed and
applied to influen ce telematics applications in relation to other aspec ts of the transport
system, such as the dev elopment of transport ne eds, logistical organisation, driver be haviour
and vehicle technology.

A major handicap for such an active policy approach is thar a great deal of
un certainty exists abo ut th e impa cts of transp ort telernatics. irrespec tive the enormous
amount of material being produced on th is subj ect (Z imme r et al, 1994). As mentioned
above, sign ificant positive imp acts on a variety of indi cators is expected: the volume of
transport need , th e efficiency in transport chai ns, the use of scarce infrastructure capaciry ,
the congestion probability, the traffic safety and th e driver 's comfort. Many of these
expec tatio ns are based on theoretical conside rations and op tim isation on teehuical
subsystems. To a substantial degree however, rhe empirica l evidence for these expectations
is still to be found: do the vario us technical systems actually deliver what they promise?

Given th e need for more precise answers on impacts, the first step is to better
organise the kn owledge infrastruc ture with respect to the impacts of transport telernatics. In
th is art icle, we will contribute to this step by describing the state-of-thc-art knowledge with
respect to the relation ship between transp ort telem atics systems and traffic safety on rhe
road. The artiele is based on a study in 1996 commissio ned by the D utc h N ational Traffic
Safety Board (Ma rchau et al, 1996), focusing on two qu estion s:

• which appli cation s of transport telernatics most prob ably have a positive or negative
impact on traffic safety on the wad?
• which transport telernatics systerns yield a large un cert ain ty with respect to their
safety impa cts?

These qu estions were answ ered by exploring the srate-of-the- art knowledge on this subject
in literature and by consulting experts in this field.

This artiele is struc ture d as follows. In section 2, a traffic safety co ncept is developed
based on a transport systems view. Section 3 describes the potentially related transport
telem atics systems. Sectio n 4 presents an overview of the available kn owledge about the
traffic safety imp acts of these telernatics systems. The artiele ends up in sectio n 5 with sorne
points of discussion , particularly with respect to the role of public authorities in this field.

2. Traffic safety concept

Answerin g the qu estion whe ther telern atics systems actually do (or in the future will) have
a significant contributio n to the improveme nt of safety on the road, starts with the que stio»
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whic h co nce pt of safety is adopted. Gene rally, the focus in traffic safety analysis is on
accident probability multiplied wi th effec t size, as the basic indicator for the safety level.
This view on safety is increasingly considered as rather limited. Criticism stresses the lack of
attention for the underlying causes of accide nts, o ften reiated to interferc nce's betw een a
variety of facto rs. T hey influence eithe r the probability ofaccidents or the size of the effects.
Pleas are held for a more mul ti-causal and mu lti-level systems view (Stoop and T hissen,
1997) . Traffic safety is the outcorne of an interaction betw een variables at vario us levels of
the transport system. To operatio nalise this idea for our study, the transpo rt systems view
expres sed in Figurc 1 is a worthy vehicle. In this view the transport system operates in terms
of three markets: the transport need market, the transport service market and the traffic
market.

transport naad market

transport service market

traffic market

infrastructure

Figure 1. A transport systcm rcprcscntation.

The transport need market rep resents the dynamic frictio n between the potentia l need for
transport and the transport, financ ial and tem po ral possibilities to fulfil this need . T he
pot ential need for transport results from the fact that individuals are part ofaspec ific spatial,
social-c ultural, econo mie, temporal and institutional organisatio n of society. Differen t ways
of organisation generate different needs for transport: for instanee a fast growing eco nomy
generates a relatively high transport growth rate. R eversely, differences betw een regions in
terll1s of transpo rt possibilities influ ence the societal orga nisatio n in these regio ns and can
~ause different economie growth rates betw een these regions. T he market friction is
1l1fluential by po licy measures rela ted to the social-econo mic profile of an area (e.g.
Europea n distribution versus high-tech tclecommunication activities), price for transport
(e.g. fuel taxes), hou seh old time budgets (e.g. opening hours of sho ps; flexible working
hours) and substitution possibilities (e.g. tele - lcarning, tele -working, tele-sho pping) .

T hc transport serv ice market repr esents the friction between the actual transport
del11and over space and time and the limit ed transport means avaiIabIe within the system .
As sueh the market is the playing field for logistical service providers. Transport co mpanies
(or individu als) spec ify logistical services in terms of the pu rsued use of cer tain transport
modes, wi th a certain capacity and price, at spec ific times and ro utes, in order to transport
passengers or freig ht . T his market friction between transport means and actual transport
needs can be influenced by a variety of po licy measures. For instanee, many policy measures
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airn at establishing a substantia l mo dal shift from car and truck use to the use of more
environmental frie ndly trans po rt modes.

Fina lly, the use of specific transpo rt services results in traffic . T he traffic market
represents th e fric tion between th e ph ysical transport infrastructure and the required use of
various transport means. T he result is a ce rtain amount of traffic in spec ific parts of specific
transport netw orks at a spec ific time period . T he tension at the traffic ma rket is erenred by
th e limited availability of transport infrastru cture capacity to facilitate all the req uired use of
it. Evidently, th is tensio n can be influ en ced by investm en ts in infrastru cture capacity or toll
paym ent.

C haracte ristics for thi s systems view is that lower levels facilitate (offer services to)
th e pro cesses at a high er level o f th e system . R everscly, processes at a high er level specify
fun ctional requireme nts to the processes and services at lower levels. Ir implies that options
for improvement of th e transpo rt systems performan ce canno t be evaluated by merely
looking at th e impacts at one level o f th e syste rn . lnstead a m ore systems (rnulti-level or
holistic) view is urgently needed . Since thi s inevitably imp lies th e nee d for taking into
accoun t a variety of aspc cts and vario us discipl ines, the systems view by consequence also
implies a more mulri-dim cn sion al and multi-disciplinary approach (Van der H eij den , 1997) .
T his also applies for policies wi th respect to traffic safety. Fro m a systems po int of view,
dea ling with safety starts as a strategie issue at the level of the organisation of society
(eco nomie, spatial, technological). H ow ever , since o ur study was more focusing on
tele matics systems for lower systems level , it was deci ded to limi t the scope to the result of
in terconnected decisions at the foJlowi ng levels of the transport system: the transport service
ma rke r, th e transport means, th e traffic mark et and th e ph ysical infrastructure.

• At th e level of th e transport service marker, traffic safety is related to decisions in
the co ntex t of rO l/te, time and modality plallllillg (logistics). In partic ular the organisation

of th e flow of hazard ou s matcrials th rough transport networks has to be memorised.
But also important is th e inc reasing implementation of tim e based production and
distribution strategies Gust- in- time), causing high er serv ice requ irem ents put upon
the transport services. Practi ce sho ws th at thi s causes m ore use of road transport and
more stress o n th e driv er's behaviour. Sufficient empirical evide nce is available
indicating th at different mod alities co nside rably differ in term s of safety records.
Transport by road is th e most popular way of tran sport of freigh t and passen gers but
also relativ ely th e most unsafe modality. Fur ther of importance is th e choice of
ro utes and th e moment of transport: what type of roads is used (highways are safer
th an seco ndary road networks), how large is th e probabili ty o f in terference's with
othe r traffic wi th othe r characte ristics, are urban arcas crosse d (external safety
probl em )?
• At th e level of transport means, traffic safety is rclated to various decisions in rhe
co ntext of vel/iele control and drivillg bchaviour. H ere, choices of e.g. correct speed,
latera l road position , following distan ce, mo me nt of braki ng, obstacle passing, etc.
are essenria l for th e safety perform ance togeth er wi th the specific vehicle
characteristics. T hese cho ices are based o n the drivers' subjective risk evaluation of
per forming pr efer red dr iving tasks wi thin the observed traffic conditions. Next, the
reliability of the technology itself (whar is th e pro bability of failure, the sensibility
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for in terference's between different technologies) and the co mplex ity of the ma n
mach ine interface are here of maj or importan ce. W ha t is the influ en ce o f th e variety
of in-car co n trol en information systems on driver beh aviour? D o drive rs adapt th eir
beh aviour? Are dri vers overloa ded and becoming fatigue in situatio ns with much
information?
• T he th ird level dea ls with th e characteristics (1 trqJJicJlOlVS. Safety from this perspect ive
is rcla ted to issues suc h as differences and variatien in spee d, steadiness in lane use,
traffic den sity and tim e headway in relation to th e local road capaci ty. H ere we ente r
the field of dy namic traffic ma nage ment . In thi s co ntext wc especially crnphasise the
issue of mixed use of roads by trucks and luxu ry cars, wi th often very different brake
cha rac teristics. In co nge stio n sensitive areas , small incidents du e ro th is mi x , easily
evolute into disasters. as has e.g. been illustrated in th e last yea rs too freque ntly wi th
seve ral large fog acc ide nts .

FinaIly, the charac teristics of th e pltvsica! iujrastructure desig« are important. How transparent
is the design in relati on to th e intended use? Does the design invite for a too high speed?
To w hich degree is th e interact ion avoide d with other transp ort mod es and traffic
participa nts from othe r direct ion s?

T his view o n traffic safety variables is th e bases for eva lua ting the im pacts of new
transport telernatics systems. The next seetion categorises th e var iety of th ese systems .

3. The telematics systems under discussion

The first ste p in our study was to catego rise th e relevant transpo rt telernatics systems.
R efer rin g to th e e1abo rated traffic safety view, th e three categories of tele ma tics systems are
co nside red relevant. T hey have been summa rised in Table 1.

Give n the potential safety impacts of logi stic decision s, th e soc ietal challenge wi th
respect to th e level of logistical planning, is to reach a substantial shift toward s the use o f
env iro nment- friendly travel mod es as w eIl as an optima l spa tial and tempo ral use o f
infrastructure networks by influe nci ng pre-trip decision making by drivers, passen gers,
logistic serv ice providers, etce tera . A substantial reduct ion of the use o f cars and trucks
illlpli es an increase of use of safer tran sport modes. Various telernatics systems have been
develop ed and implemenr ed in th e past decade to co ntribute to th ese aims. T he refore, th ey
are generally kn own in term s of th eir fun cti on ality and applicability. Pre- trip planning
SUpport systems pro vid e th e planner with information on available transport mod es,
Option al routes, tim e schcdules, costs, etc etera. Nowadays, a variery of information systems
IS availab le. M oreover, th e individua l access to th ese systems (using telephone or
homecompu ter) is im pro ving rapidly, sometimes allowing for automatic boe king. Durin g
the stage of actual transport, telecommunication -based information systems enable th e
I06>1stical planner for real-time ce ntro lling and influe nc ing th e continua tie n of th e trip . An
example is th e use of tracking and tracin g systems for th e co ntrol of freight transport .

T he basic aim of telematics systems supporting driving be haviour is to improve
vehicle co ntrol and op timise th e interactions between th e driver and th e vehicle . Evide ntly,
the public int erest in thi s development is to reduce th e prob ability of incid en ts on th e roads.
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Table 1. lndicative rclation ship between differen t aspccts of transport , poliey goals and
the variery of telem atics applicatio ns (not limitative).

stage policy goals telematics category possible epphcation

logisticalplanning • modal shift and route • pre-tripplanningsupport • park and ride information
choice in favour of systems • multi-modal tripreservation
safe and environment- • public transporton call
friendly transport • travel matching systems

• trafficinf. on radio
• route planning systems

• improve transport effi- • systemstor logistical op- • telecommunication tormarket -
ciency timisation ing. fleet management and con-

trol (tracking, tracing)
driver behaviour • improve driver's beha- • in car information systems • speed adaptatton

viour • crashrecorders
• reverse parking aid
• tutoringsyslems
• navigation systems

• improve vehidecon- • in car control systems • adaptive cruise control
trol • lateralllongitudinalcontrol

• co-operative driving systems
dynamic traffic • max imise use of avai - • real-time travel informa- • dynamic route information
management lable infrastrudure ca- non systems screens

pacity • traffic information on radio

• infrastructure capacity • differentiated electronic payment
management systems • dynamic (directional) lane as-

signment

• estab lish a smooth • traffic flow contral sys- • ramp metenng
and safe traffic flow tems • speed contro ! (radar detect ion ,

camera's)
• variabiemassagesign

• incident management • incident detection
systems • aid co-ordinationsvstems

T he ultimate foc us is to develop and implement driving and co ntrol-sys tems from che
perspecti ve of full auto ma tio n of th e driver 's task. With respect to th e co ntrol syste rn s, in
car electronics focu s o n registration of th e performance of vehicle subsyste ms in order to

give auditive or visual warnings to the driver or to automa tically interfer e in case of bad
performance. ln creasing att ention is paid to th e possibiliti es to store much of thi s status
information and information on speed and navigation in a black bo x to support th e analysis
of serious accidents. Further, assistanc e of th c driver can be realised by a variety of in-car
electronic information systcms giving inforrnation or taking over parrial tasks. T he airn is to

reduce th e complex ity of th e driving task and to elim ina re po ssible sourees of co nfusion
Some o f th ese systems focu s on speed headway suppo rt, forward or side collisio n avo idan ee
Other systerns focus on suppo rting lane keeping. Some systems give warnings in case of rhe
approac h o f difficuit to obse rve obstac les in the dead angle or in th e co ntext of rev erse

parking. N avigati on syste rns, based o n ge neral positioning syste rns (G Ps) give visua l or
additive adv ice's about th e route to be followed , after specificatien of starring point and
destin ation, D ynam ic ro ute information syste rns use rcal-time traffic status information
received by radio signais. Finally, intellige nt co - pilot systems (integration of systerns within
th e car) and systems fo r coope rative dri vin g (integra tio n of inform atio n systems frorn
int elligent infrastru crure) are being develop ed for coordina ting the vari ety of signa ls frorn
th e pr eviously mention ed syste rns and th e coordina tio n of interventions.

Especially in situations of high traffic density, traffic managers tak e decisions to
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actively influ ence traffic flow behaviour within infrastru cture networks. The goal is to
optimise the use of scarce infrastructure capaci ty and to establish a smooth and safe traffic
flow (reduce congestion probability, improve incident detection and handling). To reach
this goa l, a variety of systems has been dcveloped to suppo rt the guidance of road traffic
with respec t to route cho ice, access to (parts of the) networks, lane use and traffic spee d.
These systems deal with the tran slation of decisions by the road manager into signals to the
road uscrs. At present, whether the users adapt their behaviour acco rding to the se signals is
basically up to the driver. In the future. it will be technologically po ssible to give a
dctem1ini stic impact to these signals (e.g. with respect to local maximum speed level). In
the rnean time enforceme nt by road policy rem ains essent ial for yielding the pursued
imp acts on traffic flow behaviour. Thc systems used vary from general information on radio
to local measures like variabIe lane assignment, ramp metering and local speed co ntro l. It
sho uld be not ed , that the applicability of various dynami c traffic managem ent syste ms is
directly related to deci sions related to the ph ysical design and constru ction of the
infrastru cture network,

The spec ific telernatics sysrems indi cated in the table have been describ ed in more
detail in various publications (see references).

4. Reportcd traffic safety research related to telematics: overview

From the previously describ ed view 011 traffic safety, the qu estion arises: wh at do we
actually know about the positive imp acts of the variety of telematics system s on road traffic
safety and how certain (ernpirically proven) is thi s knowIedge? To find an answer to this
question, an int emational lirerature search was performeel. M or eover, some Dutch experts
were interviewed to colle ct their comments on the findin gs of this search, The small budget
ror the study limited the research possibilities. Nevertheless, without having the pretension
to be co m plete, some int eresting insights were gain ed .

From the screening of the lirerature in terms of statements about the safety impacts
of the variety of systerns, it was found that only a limited set of the telernatics systems is
subject of safety discussions in literature. Further, it was found that few studies follow a
systems view on safety impacts, mutually linking different telematics developments at
different systerns levels. Generally, these studies bear a the oreti cal nature and hardl y discuss
details. More studies can be found discussing spec ific telernatics systems in detail, often
Without linking these insights to more bronder points of discussion . A third observation is
thar a variety of research approaches is used in this field:

• theoretical reasoning;
• qualitative and quantitativ e data patt ern analyses;
• co mputer sim ulatio n expe rime nts, based on rhe application of mathematical
modeIs to simulate impacts of me asures on traffic flow behaviour;
• driving laboratory sim ulation experiments, mainly focusing on man-machine
int eraction and driv er behaviour;
• road experiments in test- sites, analysing man-machine interaction, driver bcha viour
and systems safety ;
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• experime nts on public roads, focusing on a full scale impact analysis under control
of co ndi tio ns: man- mac hine interactio n, driver behaviou r, systems safety and traffic
flow behaviour,
• monitoring and ex post evaluatio n of im pleme nted systems.

As yet, this meth od ological variety co uld be an artefact of the short histo ry and grcar
dyn ami cs of the technical developments. This is obstruc ting the cumulation of knowledge
in this field .

4.1 Sqfcty impact kllorvlcdgc

N ext, we come to a more detailed discussion on the findin gs of the lireratu re scarc h.
Following the abo ve elabo rated safety concept, we pay attention to the aspec ts of logistical
planning, vehicle control! driving support and traffic management.

With respect to the level of logisti cal decision makin g, it has bee n argued that
decisions might have co nsidera ble impa ct on the traffic safety. N evcrtheless, th is issue is
hardly discussed in lireratu re on telematics systerns suppo rtivo to logistical planning. Pre- trip
plann ing suppo rt systems need reliable data abo ut the availability of transport capaciry.
expec ted weath er co nditio ns, traffic density expecta tions, infrastruc tu re maintenance
planning, etce tera. O peratio nal logistical decision makin g is eve n stro nger dependent on the
availability and usabil ity of actual data abo ut the traffic systems performance (congestion .
road blockad es, ro ute alternatives). Hence, th ere seems to be a causal relationship between
the quality of thc logistical decisions (in terms of the realisation of undisturbed and safe
transport) and the qu ality of the underlyin g traffic systerns data (in terms of actualiry ,
reliabili ty and co mpleteness). Conseque ntly, the logistical plann er is to a large degrce
dependent up on the qu ality of the data co llectio n and data distribution activi ties, perforrued
by othe rs: traffic monitoring systems, radio, satellite systems for ED I- based tracking, tracing
and fleet managem ent. Alth ou gh the causal chain of qu aliry of performance data, qua lity of
logistical decision makin g and increase/deercase of safety risks seems a plausible one, no
studies have been found in literature that th eoret ically and empirically explore the more
exac t nature of these relationships .

In contrast, the lirerature search revenled a stro ng bias in studies towards telernatics
systems for (a) the support of vchi cle control!driving and (b) dynamic traffic management.
This is we ll understandable because of the relat ively bett er measurable nature of the
relationship between the se systems and changes in traffic safety. T he basic issues in relation
to vehicle cont ro l! driving are: technology performance (parame ter sett ing; failurc
probability) and man -machine interface . The basic issues in relation to dynami c traffic
management are: technology performance and driv er bchaviour in the co ntext of traffic
flow participation. With respect to the level of vehicl e co ntro l! driving sup po rt, Table 2
summa rises the main findin gs with respect to the relationship betw een driver support
systems and safety impacts. The findin gs have been expressed in term s of rather certain
positive o r negative impacts, non relevancy (no clcar theoretical relationship), lack of
kn owledge or un certainty abo ut the nature of the relationship . Overall, th e table indicates
co nsiderable un cert ainty co ntrasting with the gene rally expec ted positive safety impacts of
the telem atics systems under co nside ratio n.
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Table 2. Safety imp acts of some in-car driver suppo rt systems.

telematics safety and safety and safety and safety and type of referen ce to
system technological man- machine driver traffic flow research study

performance interaction behaviour

enforcing reliability cru- unknown uncertain : positive: theory Marchau et al
speed reduc - cial compensati- more steady 1996
tion svstem on flow
vehide diag · unknown positive negative: not relevant theory Gundy 1994
nose system panic reac -

tions
vehide con - reliab ility cru- negative: negative: uncerta in public raad Nordström 1995
trol system cial interference's compensati- experiment
(e.g. ABS) on ; skillioss
telepho- not relevant negative: more negative: negative: pub lic raad Brookhuis et al
ne/fax stimulus Iess alten - deviating mo- experiment 1989 ; Petica

tion vements 1995
driver tutor- not relevant positive positive more careful lab simula- V.d. Hulst 1995 ;
ing driving tion De Waard 1995

head up dis- unknown uncertain: uncertain: positive : driv ing lab Broughton 1994;
play for visi- more stimuli compensati- less acc i- sirnulation Harvey 1995 ;
bility on dents Hooey 1996
dead angle reliability cru - posilive uncertain: positive pub lic road Ech igo 1994
waminq cial ess attention experiment
lateral dri - uncertain: positive: pos itive : positive: driving lab anken 1994 ;
ving support parameter val- less working Iess stress less deviating simulation ; lsomoto 1995

ues ; interter- load movements road expe-
enee's riment

anti-collision uncertain: positive: uncertain: positive: computer NiJsson 1991;
systems parameter val- less working possib ly increasetime simulation; Janssen &

ues ; interfer- load compensati- headway public road Nilsson 1993 ;
ence's ; reli · on experiment Haervey 1995 ;
ability Sue- tomi 1995 ;

Landau 1995 ;
Ward et al 1996

adapt. cruise uncertain: positive: unknown uncertain: computer MoreIlo 1994 ;
control and parameter val- Iess working depends on simulation; Harvey 1995 ;
long . control ues ; interter- load parameters public road Nilsson 1995 ;

ence's experiment Watanabe 1995;
Van Arem et al
1996

nav igation uncertain; positive uncertain: uncertain: public road Verwey & Jansen
system accuracy of less alten- less attent ion experiment 1986 ; Schragen

information; tion 1993 ; Risser &

interference's Gna -vi 1994 ;Har-
vev 1995

co-operative uncertain: positive uncertain: positive: less computer Zimmeretal
driving parameter val- possibly accidents simulation; 1994; Broughton

ues ; reliability compensati- driving lab . 1994 ; Harvey
crucial; inter- on ; less at- simulation; 1995
ference's tention road ex-

periment

413

T hese insights are based on a mix of expe rimental sim ulatio n stu dies in laboratory
circumstanc es and small scale real world road ex pe riments. In terrns of the ex plana tio n, it is
stressed in literature th at the performance of various systems (e.g, speed enforcing, anti

co llisio n, ada ptive cru ise co ntrol) heavily depen ds up on the para mete r setting of th e

tec hno logy. AIso , man y of the systems still bear an experimental charac ter and cannot be
characterised as proven technology yet (e.g. lateral cru ise co nt ro l or intelligent co - pilot). It

creates un certain ty abo ut the reliabili ty and acc uracy of th ese systems . M oreover, some
literature stresses th e fact that hardly any kn owledge ex ists abo u t th e int crferen ce 's betw een
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tec hn ical subsystems (Heijer, 1996). For example , discussions have recentl y been initiated
on th e safety aspects of in - car use of telephone and elect ron ic driver support systems such
as anti-cellision and adaptivc cruise co ntrol (e.g. G un dy, 1994). Attention is also asked for
th e fact that in case of auto ma tio n or limitation drivers tend to adapt their behaviour, This
might lead to compensatory be havio ur, loss ofskilIs and less attent io n in traffic participarion.
T his co uld co unterbalance the positi ve impacts of elec tronic driver support. Further, the
more systems are used , th e grea ter th e possibility of cumulatio n of stim uli for the driver at
particul ar moments, causing high peaks of task load, For instan ee. th e teleph on e rings at a
moment th at a signal is given for a too high speed level , approaching th e end of a traffic
j am , and th e ro ute information system advice's yo u to take th e secondary road at the
highway junction approaching within 600 met res.

Table 3 . Safety impacts of dynamic traffic manageme nt systcms.

telematics safetyand safety and safety and safety and type of reference to study
system technologicaI man-machine driver trafficflow research

performance interaction behaviour

dynamic not relevant not relevant unknown positive: public road Kempter et al
P&R info less traffic experiment 1995

route info unknown not relevant unknown positive: public raad Van Berkum et al
screens Iess con- experiment 1993

gestion
information mot relevant not relevant positive: positive: public road Katteier 1996
on radio anticipation anticinat ion exoenrnent
variabie unknown not relevant negative: positive: public raad Kulmala and
ma ssage sudden ma- lower speed experiment Rämä 1995
sign vesireactions
dynamic lane unknown not relevant unknown positive : computer si- Bovy 1995
assiqnment betterflow mulation
incident reliability irn- not relevant unknown positive: computer si· Botma 1995
detection portant better hand- mutation;

ling.less public raad
congestion experiment

ramp unknown not relevant negative: ne- positive: computer si· Middelham et al
metering glect sign better traffic mulation: 1994

flow at hig. public road
her level experiment

Table 3 surnm arises basic knowledge with respect to safety impacts o f dyn ami c traffic
management syste rns . In thi s tabl e the sam e terms are used as in Table 2 for qu alifyin g the
available kn owiedge. In accordance with the aim o f th ese systems, studies ge nera lly indicate
a positive impact on th e traffic flow: less co nges tio n and a mo re smooth/steady traffic flow .
This has positive impacts on th e road safety too . Importan t to noti ce is that the knowledge

abo ut th ese impacts is to a co nside rable degree based o n rcal world empirica l observations
H en ce, thi s kn owl edge can be co nsidered as rath er ce rtain . M o reover, since these systcms
are inc reasingly applied (so far mainl y at high ways), th e cmpirical bases for improving rhc
knowledge on safety impacts grows rapidly. N everthelcss, still vario us pieces of knowledge

seem not available yet. In partienlar the impact of failure or inadequ ate parameter setting of
certain technologies o n dri ver behaviou r and traffic flo w beh aviour is only partially known
A key issue in this context is the acceptance o f signa ls followed by adaptatio n of behaviour.
Instruct ions forcing drivers to be have co ntra-nam ral (for insrance low speed at parts of rhe
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highway system) might yie ld neglecting or co mpe nsating be haviour. R ecent large fog
accidents at highways in the N eth erlands for instanee. are high ly due ra negleeting speed
warning signaIs. Another problern is that wrang, no n-realistic or non-actualised information
(for instanee overtaken co ngestion wa rnings or speed indicatio ns at a highe r level than is
actually possible) suggests lack of reliab ility of th e syste11ls and might generate a non
cooperative atti tude . Finally, in the case of ramp m etering there exists a trade off between
impraving a free flow at the entered raa d systern and ge ne rating co nges tio n at th e
underlyin g raad system du e to th e ramp rnetering system.

5. Conclusions and discussion

T he var iety of telem ati cs systems un der development to improve raa d traffic performance
is large. M any of th ese systerns are develop ed separately by different industries , driven by
the large co mpe titio n and booming possibiliti es in elec tranics . T he technology dri ven
natu re of th e develop ment yieIds a body of research that seerns ra put less em phasis on th c

impacts of the adva nced te le rnatics systems on the performance of the trans po rt syste rn as a
whoIe . C learly, not from an atternpt ra mislead potenrial users, but as a result of th e
fun damental believe that th is type of systems is always good for impraving driver beh avio ur
and, co nsequently, also traffic flow behaviou r, T he leading role of industries in safety

research is an explanation for th e crumbled nature of th e knowIedge, as can be co nc1uded
from th e stu dy. T he natural attitude of these industries is not to study the transport system
as a whoIe, but to focu s on those parts of the svstern that ge neraros potential mark ets for

the ir pra ducts.
The main finding of the analysis is that , in co ntrast ra wha t is generally suggested and

despite the enormous financia l and research efforts in thi s field , still a lo t of un certain ty does
exisr, T he grea test ce rtainty exists abo ut th e real world positive impacts of various dyn am ic
traffic managem ent systems. It has been possible to expe rime nt with th ese systems du rin g
the last decade in real world and th ey seem to co ntribute significantly to traffic safety. T hc
un certain ty of impacts with respect to othe r telem ati cs systems rnigh t in th e futu re also be
redu ced in favour of po sitivc co ntributions to traffic safety. H owever, more than in case of
dynami c traffi c management systems, th is seems stro ngly dependent up on the specific w ay
these technologies are implem cntcd . M ore th an o nce, lirerature indicates tha t th e direction

of th e safety impacts (pos itive or negativ e) depends on th e sett ing of the parameters o f th e
system, the sensitivity of th e system for interfer en cc 's with othe r systems and th e lack of

knowledge abo ut th e reac tive beh aviour of drivers.
T he qu estion is w hethe r co nt inua tio n of th e presently dominaring "sir, wa it and

react" attitude of public autho rities in thi s situatio n is acce ptable? It migh t lead to hardly to
Stop or to change developmen ts. For instanee full in-car (elec tranic) safety proteetion of th e
Car driver might cause less attention for o ther users of the raad . It becomes time to spccify
standards, co nd itio ns and rul es for these developmen ts from a public point of view. We
argued before (Van der H eij den and M arch au , 1995) tha t a more pro-active ro le of pub lic
~uthorities in this respect co uld very we il work in favour of industrial R &D efforts. For
Instance, the study indicated that new questions arise, among ot he rs related to legal issues
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and insurance rules. The large scale use of advanced telematics systern s might lead to a new
type of accidents, yielding new discussions on guild and liability. Imagin e an auto ma ted
guided car crashing on a special lanc , causing th e crashing of other cars at th at lane. Who is
responsible: the driver, the traffic controller, the industry that produced th e technology? A
lack of transparency in legal regulations might lead to hesitating stakeholders and as suc h
delay the development and implementation of systerns developed with high R&D costs .
The setting of clear conditio ns and rules is therefore of increasing necessity.

R esearch in the field of transport telematics devclops with high speed. The view on
resear ch with respe ct to the safety impacts, expressed in thi s article, is based on an
exploration mid 1996. In the meanwhile new study results mal' have been published, th at
reduce some of the uncertainty. On the other hand, it is also not unlikely that new studies
will add to un certainty. The minimum role to play by public au thorities is th erefore to m ore
cxpli citly and actively act as R&D manager for improving the knowled ge infrastru ctu re by
stimulating resear ch to identify and solve the remaining set of qu estions, lacks of
knowledge, and uncertainties from a systems point of view.
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Traffic Flow and Safety Analysis of
Longitudinal Driver Support Systems near a

Freeway On-Ramp Site

M.M. Minderhoud
Delft University cif Tedinology, Civi/ Engineering and Geo Sciences,

Transportation and Traffic Engineering Scction, The Netherlands

Abstract. Wi thin thc near futu re. thc introduet ion of longitudinal driver support
systcms on the public road is cxpccred. These in-vehicle support systcms can maintain
a predefined, efficient and safe disrance to their leading vehicle , taking into account
driving speed and speed differcnccs. These so-callcd intelligent vehicles will be
introduced in current roadway transportation sysrem without additional infrastructural
adap tations . Roadway capacity and safety advaurages are very much likcly to depend on
parameter settings of the control algorithms, vehicle dccclcration Iimitations,
operariorial speed range and acceptability of these veltiele characreristics by the drivers.
To investigate thc impacts of some possiblc systern settings on traffic flow and safety. a

case study was set up .
The paper describes and discusscs thc traffic flow and safety impacts ncar an on-ramp
of a freeway section. A micro-simulation model is used to study the effects of the new
traffic participants. Indicato rs for safety and efficiency, such as Time-To -Collision and
the fimdamental diagram, are uscd to evaluate the impacts of thc supporrcd driving

function.

1. Introduetion

A new generation of vehicles will be apparent in the cur rent road transportation system
Within a few years. T hese Intelligent Vehiclcs are equipped with technology which can
SUppo rt the lon gitudinal driving task. A short description is given abo ut th e fun ctioning of
these suppo rt systems.
. A sensor in th e front of the equipped vehicle measures th e distance to and speed of
lts precessor. Based on th is informatio n, the co ntro l unit calculates the desired accelera tion.
I his accele ratio n depends on the co ntro l algorithm applied, togeth er with the pre- set
desired headway. Current prot otypes (e.g. AIC C , Auton omou s Intelligen t C ruise Contro l)
are designed wi th target headways between 1.0 s and 2.0 s, whic h are relatively safe
compared with headways enco untered at Dutch freeways.

R ease ns for select ing such a safe time headway is the limited acccle ration and speed
range of the proposed lon gitudinal driver suppo rt systems. Mostly, the acccleratio n is
lin1Îted between +1.5 m/s- and -3 ru/s- and the operational speed ranges between 30 and
150 km/hoImpacts on traffic flow and safety are still uncertain and subject of study all over
the world,
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In th is paper, a comparison is made between three different driver support systems
and the situation without these new generation vehicles. Goal of th e study is to identify
benefi ts for traffic safety and effic iency and to gain insight in differences in AICC designs .

Section 2 discusses the model applied for the study and und erlying assumptions with
regard to driver support system usage. Seetion 3 describes the case study, inclu ding the three
suppo rt systems sclec ted for ana lysis. In seetion 4, the results are prese nted. Conclusions and
recommendations are given in seet io n 5.

2. The model

Assessing impacts o f driver suppo rt systems on traffic flow safety and efficie ncy requires a
microscopie m odel in which both human drivin g beh aviour and supported driving
beh aviour (e.g . man-mach ine inte rac tio n) can be dcpi cted on a detailed level. Since existing
sim ulatio n modeIs have not th e features desired to analyze th e mix of co nventional and new
generatio n veh icles we il, a new simulatio n model was develop ed fo r th is task . T he SiMoNe
(Sim ulatio n mod el ofMotorway traffic of New ge nera tio n vehicles) mod el is a research tooi
for analyzing traffic flow impacts of vehicles equi pped w ith user-defined longitudinal driver
support systems ex pected to be present in near future traffic.

In addi tion, th e model can be used for capacity estimatio n for various geometrically
different freeway co nfigurations. For the case study, an on-ramp freeway site was selected
as bottle-neck.
Some features of th e model:

• vehicle position s are calculated every 0. 1 s
• stochastic ge ne ratio n of vehicles at origins
• tim e delay in dr iving task perform ance
• multiple userclasses (no n-sup ported and supported) can be present in sim uIation
• desired speed can be no rm ally distributed per userclass
• desired car-following disrance can be normally distributed per user class
• car- following strategy and disran ce based on dr ivers' per ception o f traffic regime
(congestio n and non-con gestion )
• m andatory and discretionary lanc-change beh aviour

The m od el was calibratcd for th e Dutch three lane A2 Vinkcvecn site . For a de tailed
description of th e SiM oNe model, see [I].

For th e use of lon gitudinal dri ver support syste rns, some ge neral assumptions are
made. Firstly, it is assume d th at a driver will take over th e dri vin g task w he n th e lirn its of
th e acceleration range are reach ed.

Secondly, if th e actual speed is bclow th e lower speed boundary, or th e act ual speed
is above th e high er speed boundary th e dri ver w ill take over th e dri vin g task. In practice, a
drive r w ill receive a wa rn ing signal indicating th at th e suppo rt system has reach ed its limits-

Another reasen for a driver takin g over th e systerns ' co ntrol is a larie- change demand
fro m a neighbour Iane. If th e ve hicle must deccle rate to Iet ano the r vehicle merge in front,
th is implies that th e dr iver must overru le th e system. In additio n. th is aspect is the decisive
reasen th at only overrulable systems can be introdu ced app ro priately in today's road
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transportation system.

Fourth assumption is that a driver tries to avoid passing vehicles on the right hand
side. Although this assumption is strict for non-equipped vehicles, supported drivers do also
conform to th is rule, but accept more speed differences sincc otherwise they must overrule
their system.

At last, there must be a satisfying car-following strategy applied during the approach
of slower vehicles in front. Sorne threshold values are defined to take account of th is
requirement.

3. Set-up of sirnulation

Thc selected case study is an on-ramp site to a two-Iane freeway. The length of the
simulated freeway is 5 km. Thc on-ramp is located 2500 meter after the imaginary
beginning of the freeway. Length of the on-ramp is 350 meter. Two detectors measure the
traffic. One upstrearn detector is located 600 meter befere the on-ramp. The downstream
detector is located about 1 km after the end of the on-ramp.

Figure 1. On-ramp site

A simulation duration of 2.5 hour was selccred and included non-congested and congested
traffic. Traffic dernand at the rwo-Iane origin of the freeway increased from 2500 veh/h to
4000 veh/h. The on-ramp flow rate increased from 800 veh/h to 2000 veh/h in 15 minutes
after one hour, and decreased to 1000 vch/h at the end of the simulation.

Three driver support systems wcre selected for analysis:
1. AICC-"nonnal". This longitudinal driver support system is seen as the first system to be
available on the market. It has a limited acceleration range and a limited speed range (30
150 km/h), A relatively safe time headway of about 1.0 second was chosen as target car
following headway. The car-following strategy is a pure imitation of human driving
behaviour. It is furthermore assumed that the systcm must be reactivated manually after
overruling the system.
2. AICC-"extended". This driver support system is similar to the AICC-nonnal. However,
the target car-following disrance was equal to the average minimal desired disrance (about
0.8 s time headway) . In addition to the AICC-normal, the AICC-full was equipped with
an aUtomatic re-engage functionality.
3. AICC-"special". This AICC variant is especially appropriate during congested
conditions. The operational speed range is set from 0 to 50 km/ho The car-following
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strategy and desired car- follow ing distance is th e same as applied in th e AI C C "extended".
T he syste m will auto ma tically re-engage after human in terventio n.

All suppo rt systems had th e sam e Iimited acceleratio n range (+ 1.5 to -3 m/s-). The
maml al re-engagement A[C C syste ms are modelled on a marmer th at thi s react ivation is

initiated after 8 seconds of manual driving and acce lerating vehicle state.
A total of four simulation runs were conducted. Each simulation was performed

with th e same distribution o f traffic. The refer en ce sim ulatio n was car ried out w ith 10%

tru cks and 90% passenger cars, during th e othe r sim ulatio n runs th e passen ger cars were
replaced by one of th e described AI CC systems. O the r vehicle fleet distribu tions could be
selec ted, however, in thi s preliminary study we only focu s on potential benefits of the

syste ms if th ese syste ms are implemented o n a large scale in passen ger cars.

4. Results

In th is sectio n w e wi ll firstly describ e th e impacts on traffic flow efficiency. Secondly, the
safety aspects will be presented.

Figure 2 and 3 show th e fundam ental diagrams resulting from th e sim ulated current

traffic flow for respectively th e upstream and downstream site . Lin es in th e figures co nneet
consecutive speed-flow points (aggregated IS-minute counts) .

N otice th at the co ngestion branch in thc fundam ental diagram can not be observcd

at an up stream bottle-neck site. Furthermore, at a downstream measurem ent site, capacity

flow rates may not be attained since traffic breaks down du e to on- ram p traffic demand.
As can be see n in Figure 3, th e capac ity of th e two-lane roa dway is abo ut 4300

veh /h. T his value is simi lar to capaei ty values found in practi ce . The figure also shows a
differen ce between th e qu eu e disch arge flow rate, which is th e capacity after co ngestion

appeared (speeds bel ow 90 km/h), and th e pr e-queu e maximum flow rates (at speeds above

90 km/h). O bv io us from Figure 3 is th e co ngestio n encounte red downstream the on-ramp.
T he dotted curve represents th e ex pec ted relat ionship if traffic demand on the rwo lane
motorway was measured ove r thc whole ran ge.
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The fundam en tal diagrams ob serv ed with th e AI C C " no rrnal" are depicted in Figure 4 and
S. It was found th at capacity increased slightly. H owever, co m parcd to Figure 3, there is nO
di ffer en ce betw een qu eu e discharge flow rate and pr e-queu e maximum flow rates . Capacit)'
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is about 4500 veh/h at speeds above 90 km/hoThe downstream detector shows congestion,
similar as was observed in the reference situation.
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Figur es 6 and 7 show the simulation results with the AICC "extended" suppo rt systern. The
systelll differs from the AIC C "norrnal " by a smaller target headwa y and the automatic re
engagement functionality of the system after manual int ervention . It is apparent that
capacity increases substantially. Maximum flow rates of 5400 veh/h are observed at speeds
of abo ut 90 km/ho In addition to thc capacity increase, congcstion is not observed at the
llpstrealll detector (Figure 6). The freew ay traffic dernand is handled co rn ple tcly without
being affected by the on -ramp traffic flow. At flow rates of about 4000 veh/h speeds drop
below 100 km/ho

At last, Figures 8 and 9 show the speed- flow diagrarns with the stop-a nd-go variant
of the AIC C. The systcm is only operational in the speed range 0-50 km /ho These low
speeds are commonly observed at the on-ramp wh en traffic merges int o th e two-lane
freeway. Since the systern is aurorn atically activated (and re- engaged), it will reduce human
driver car- following response "errors" to a minimum.

From Figure 9 it is clear that capacity increases substantially compared with th e
reference situation. Flow rates abo ve 5100 veh/ h are commonly observed.

However, since the dri ver will take over the longitudinal driving task at spee ds
abo ve 50 km/h, the differen ce between qu eue discharge flow and pre-queu e is apparent.
In addition , maximum flow rates are now observed at lower spee ds (85 km /h) compared
to the AIC C-"ext end ed " .
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Figure 9 shows the relationship between speed and flow rate at the downstream detector.
Compared to Figure 7, the speeds are higher and do no t bil below 100 km/ho It seems that
the AICC-"special" variant is even a better option for reducing thc on-ramp merging traffic
bindrance for downstream frecway traffic.

Besides the impacts on efficiency of the traffic flow, an analysis was made for safety
impacts. This analysis was based on the Time-To-Collision (TTC) indicator, which is
commonly used for co rnparison of raad safety measurcs . N ormally, a TTC value is
calcu lated by div iding the actual foilowing distance by the relative speed to its precessor. A
slightly different approach was followed here.

During the simulation duration, the TTC per time step (0.1 s), per vehicle and per
lane was registercd. However, since we are particularly interested in a comparison of
red netion of nnsafe situarions, we focus on the distribution of the TTC in the range 0-10
seconds. This range was divided into 40 classes of 0.25 s and the frequency of occurrence
of TTC was determined. W ith these distributions (per lane) we can give some insight into
potential safety benefits.
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Figure 10 shows the TTC distribution for the reference situation. Lane 1 (Ieft lane)
is relatively unsafe cornparcd to lane 2 (right lane). Possib le explanation is that the left lane
is used for making lane -changes, even at high flow rates , The right lane is less urilizcd over
the complete sim ulation. Since Time-To-Collisions below 3 seconds may be qualified as
dangerous and undesired, the actual situation on the left lane secins not sarisfying, When we
compare Figure 10 to Figurc 11 somc major differences can be ob served. After introducing
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the AIC C "no rma l", th e left lane TTC distribution gets eve n worse co mpared to the
referen ce situation. The right lane distribution has a slightly better shape.

One explanation for the increase in smaller TTC 's on the left lane is the human
intervention which is not followed by an auto matic re- activation of the systern. This results
int o decclerations and accclerations to reach the individual desired distauces. and leading to
an inc rease in speed differ ences.

Figure 12 shows the TTC distribution which was observe d with the AIC C
"extended". It is obviou sly that this variant reduces the number of un safe situatio ns wh en
We co mpare the distribution to Figure 10 or Figure 11, although there is a shift in relativ ely
1110re un safe situations on the right lane. T he left side lane is safer, possibly sinc e the speed
differences are smaller, rogether with higher flow rates reducing the lane change probability.
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Figllrc 12. TTC distriburion - AIC C
"extended"

Figure 13. TTC distributi on - AIC C "special"

Figure 13 shows the distribu tion with the sto p-a nd-go AICc. This variant is eve n safer than
the AICC "extended" . Ti me -To -Collisions below 4 s are very rarely observed.

5. Conclusions

In th is co ntributio n, three different lon gitudinal driv er suppo rt systerns were evalua ted on
two cri teria: efficiency and safety imp acts. In this section, the results are summarized.

• C urrent capacity on a two- lanc frceway near an on- ramp, whi ch is abo ut 4300
veh/ h, can be increased by int roducing a driver suppo rt system on a large scale. Flow
rates exceeding 5200 veh/h we re observed after equipping the passenger cars w ith
both the AIC C "extended" and AIC C "spec ial" . T his capacity increase of at least
20%, togeth er with a red ne tion of un safe situations is surpris ingly large, compared to
earl ier findings in lireratu re.
• It is co ncluded that a driver support systern that autornatically re-engages performs
bet ter than manu al re-engage ment of the system (difference between AIC C
"extended" and AICC "normal").
• It is furt hermore found that longitudinal support during congestien (speeds in the
range 0-50 km/h) is sufficient to prevent the traffic flow breaking down. Small
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disadvantage of such a system is that capaciry is reached at lower speeds. In additio n,
over-all travel time is some what larger than in the AICC-"extended" version. H ere,
the capacity is reached at speeds above 90 km/ho
o The reduction of unsafe Time-To-Collisions is maximal for the AICC "sp ecial" ,
although th e AICC "extended" also performs weIl. The AICC "normal" result s in
an in crease of un safe Time-To-Collisions . This is mainly caused by th e manual re
engagement functionality of the syste rn, leading to many disturbances on th e left
lane.

There are some issues that should receive special attention in further research. Among
others, it is qu estioned how peopIe in a suppo rted vehic1e react o n sIower vehic1es in th e
left neighbour lane. Is one accepting to pass vehic1es on th c right lane with th e system
switched on, or will drivers overrule their vehic1e to prevent passing to the right?

Furthermore, the impact of penetration of the system in th e vehic1e fleet on th e

capaciry should be exarn ined. For examplc , if 50 percent of th e passen ger vehic les are
equipped with AICC do es that imply halve of the expected ben efit s found co mpared to

100% equipment?
At last, the impact of car- following strategy on th e capacity sho uld be studie d more

intensively. The underlying study is based on th e assumption that th e AIC C imitat es human
driver car-following bchaviour, although morc uniform and without erro rs. C hangi ng th is
implemented behaviour can possibly result in even larger safety and capaci ty gains as found
yet.
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Abstract. A variery of Advan ccd Vchiclc Co ntrol Systcms, aiming at rnaking driving
safer and more convenient, is cur rently bein g develop ed and tested . In this paper some
legal aspccts of AVCS are discusscd, focussed on rwo types of lcgislation , i.e. mandatory
vehicle safety standards and produ ct liability, Bath type of rules relare to the safety of
vchic les and future AVCS. The relationship betwee n mandatory vchicle safety standards
and produ ct liabiliry is exarn incd. It is concluded that produ ct liabiliry, in addition to
vchicle safety standards, could play an important role in stimulating a safe design of
vch icles and AVCS . At the end of this paper the question wherher product liability can
be conside red a threat for the dep loyment of AVCS is shortly addressed.

1. Introduetion

427

A varierv of systems acrively assisting the driver in performing his driving task is rapidl y
being developed by the automo tive industry and research institutes around the world.
These systems, often calied advanced vehicle control systems, driver assistance syste rns or
driver support systems, automate - to so rne degre e - braking, throttling or stee ring, aiming
at makin g driving safer and more conveni ent.

Advan ced Vehicle Control Systems (AVCS) currently under developrnent include
systet11S referred to as Adaptive C ru ise C ontrol, Collision Avoidanee Systems, Lane Keeping
and Lateral C ontrol Systems. Future developments of AVCS are generally expected to be
characterised by a gradual increase of automation in time, possibly leading to fully
automated vehicles. For instan ee. Adaptive Cruise Control (ACC), expected to be
imroduccd in Europe within the next fcw years, can be rcgarded as an enhancement of the
conventional cru ise control which automatically kceps a certain following headway to a
leadin g vehicle. However, du c to limitcd braking ability , it is necessary for the driver to
interven e in cases where the brakin g capacity of the AC C will not be sufficient to pr event
an accident or if vehicles or ether objccts are not being detect ed [1]. The driver will be able
to ove rru le th e system at any tim e.

C ur rent optimism abo ut the potential safety effects of Advanced Vehicl e Control
Systems, is only partly suppo rted by em pirical evidence [2]. T hese systerns, although
potentially reducing the number and severity of accidents, could also int roduce some new
safety issues. Safety could be thr eatened not only in case of technical malfunction s, but also
as a result of drivers ' impraper understanding of th e syste rn's capabilities and limitation s
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leading to misunderstandings about necessary interventions and/or unjustified reliance on
system performance.

AVCS raise a number of questions which go beY011d their teehuical feasibility. For
instanee. lack of transparency in legal regulations, espccially product Iiability, is subject of
concern, possibly slowing down deployment of AVCS [3]. In this paper some legal aspects
of AVCS are discussed, focussed on rwo types of legislation, i.e. mandatory vehicle safety
standards and product Iiabiliry. The emphasis wiU be on the relationship between the two
types of regulation. Both vehicle safety standards and product liabiliry relare to the safety of
vehicles and future AVCS. Vehicle safety standards promote safety by prohibiting unsound
vehicles to be brought on the market. Product liability enables a person who was injured
by a product that did not provide the safety a person is entitled to expect, to get
compensation for his damage. Both types of reguIations wiU be shortly discussed. Secondly,
vehicle safety standards and product liabiliry are discussed in relation to each other. What
relevanee does compliance with safety standards have for potenrial product liabiliry for
AVCS. AIso the question whether product liability can be considered a threat for the
deployment of AVCS is shortly addressed.

In th is paper mainly Dutch statutorial provisions, court decisions and legal lirerature
will be discussed. However, due to the fact that both vehicle safety standards and product
liabiliry have been harmoniscd to some extent, many sirnilarities between the legal situation
in the Netherlands and other European countries can be found .

2. Vehicle safety standards

First of all, a certain level of safety can be insured by setting mandatory vehicle safety
standards. Extensivc legislation exists, establishing all sorts of construction or performance
level requirements standards for motor vehicles or vehicle cquipment. To verify
cornpliance, motor vehicles have to be examined and approved by the authorities before
they eau be brought into circulation . OriginaUy dominared by national rule making, motor
vehicle standards have become subject ofa rapidly growing arnount of European Directives.
These Directives harrnonise teehuical standards between Member Staces in order to rcmove
barriers to trade and to crcate a single Community-wide internal market.

An important development in this context was the introduetion of EC Directive
92/53. It established a Community-wide system of whole vehicle type approval for
passenger cars [4]. This framewerk Directive contains procedures and a long list of separate
Directives specifying requirements for motor vehicIes, as well as for components and
separate units from which vehicles are assem bied. Thc European Directives also provide for
approval certificates so that the necessary tests and cxaminations have to be conducted in
only one of the Member States. As a result, a car that has been approved in one of the
Member States could be sold everywhere in the European Community without the nced
for further inspeetion or approval.

First of all, existing mandatory vehicle standards could form an impediment for the
introduetion of sornc Advanced Vehicle Control Systems, as far as their constructional or
operational characteristics wiU be in conflict with these standards. For instanee. existing
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braking legislation requires that the driver must be able to adjust the braking force at all
times, without taking his hands off the steering wheel [5]. For insrance. an ACC applying
the brakes without the possibility for the driver to intervene at all times (non-overrulable),

would be in conflict with th is Directive.
Of course, new technological applications could also lead to setting new standards.

For example, EEC Directive 85/647/ EEC introduced special requirements for anti
locking braking systems [6]. Some current issues which merit further attention are: the need
to resolve appropriate specificatien for parrial failure performance after any failure in the
anti-loek device, the need to prevent anti-loek devices from being adversely affected by
e1ectromagnetic interference, acknowledging the difficulty of checking such sophisticated
systems within the Type Approval system, and the need for access by type approvers of
Failure Mode Effccts and Criticality Anclysis (FMECA) data for the system submitted for

approval [7J.
It is possible, or even may be expected that some concerns about the safety of AVCS

will lead to setting some new safety standards. With regard to the introduetion of Adaptive
Cruise Control, Scott discusses some issues that may require human factor standards in order
to insure safe performance of Adaptive Cruise Control [8]. The key issues include: 1) User
interface e1ements needed by drivers to understand the current operatien mode of the
system; 2) Drivers' understanding of the operating characteristics, capabilities and Iimitations
of the system so they know what to expect and when to intervene manually; 3) Minimising
differences in certain operaring characteristics across vehicle manufacturers and platforms to
help insure that drivers' expectations are not violated.

3. Product liability

Product Iiability, i.e. liability for defective products, enables the person who suffered
damage caused by a defective product to get compensation for his damage. Product liabiliry
does not prevent defective products from entering the marker, but it shifts the darnage from
the persou who was injurcd by a dcfective product to the person who has brought the

product into circulation.
The Iaw on liabiliry for defectivo products developed on a national level. In 1985,

howcver, a European Council Directive on liabiliry for defective products was introduced
[9] and, as a result of this, liabiliry for unsafe products in Europe lias, to some extent, been
harmonised. The Mernber States must bring into force the laws, regulations and
administrative provisions necessary to comply with this directive (article 19) [10].

According to the Directive the producer shall be liable for damage caused by a defect
in his product (article 1). A product is defective wh en it does not provide the safety which
a person is entitled to expect, taking all circurnstanccs into account, including:

(a) the presentation of the product;
(b) the use to which it could reasonably be expected that the product would be put;
(c) the time when the product was put into circulation.

A product shall not be considered defective for the sole reasou that a better product

is Subsequcntly put into circulation (article 6) [11].
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A product bein g defective within the scope of th is Directive means being unsafe
rath er than inadequate for its int ended use. In the United Statos the words 'unreasonably
dangerous' are used [12]. In legal literature mostly three typ es of defects are distingu ished
[13]: manu facturing defects, design defects and instruc tio n defects.
Malllifaetl/rillg defeas
Vehicles, vehicle parts or vehicle equipme nt co uld first of all be co nsidered de tec tive if they
are un safe du e to the fact that they do not comply with the manu facturer 's self- imposed
standards, so-called manufacturing defects. Something went wrong in the production
process and as aresuIt the product fails to meet the product speci ficatio ns. T his could be the
result of raw materials or co mpo ne nts co ntaining ph ysical flaws or the fact that some
"mistake" has been made in their assembly in to the final product .
Desion dcfects
Although vehicle o r vehicl e equipment characteristics co mply with the manu facturer 's self
imposed standards they could still be co nsidered defective if th e design itself is unreasonably
un safe. A defect ive design implies an improp er balancing of the chose n design characteristics
against the likelihood and serio usness of injuries resulting from the product' s use. A design
defect effects a wh ole Iine of products.

First of all, design defeets may result from th e fact that the manu facturer sim ply
overlooked the defect in designing a product or that foreseeable uses, applications, users and
enviro nme nts were not adequately co nside red when crea ting the produ ct's design
spec ificatio ns. It is aIso possibIe that defects simply co uld not be foreseen or co nd ucted tests
did not reveal th em.

Another possibility is th at co nduc ted tests did not reveal th e defect . So ftwa re for
instanee. which is also an essential co mpo nent of AVCS , is never witho ut "bugs" . It is
assume d that, du e to its co mp lexity, it is imp ossible to design bug-free software [14] .
An other co mplicating aspec t of AVCS is that the input of the system is fomled by dynamic
traffic co nditions whi ch are characterised by great diversity (othe r vehicl es, non -mot o rised
road users, road geometry, etc.). Ideally, testin g should include all po ssible situatio ns.
However, real world traffic will probably always be more varied than th e circ umstances
included in the most co mprehe nsive testing.

A defective design co uld also be the result of a co nscious cho ice of the man ufacturer
for specific design charaete ristics. This cho ice is based on trade- offs among competing
factors such as safety, utility, attractiveness, costs and con sumer rcquirernents. For instanee .
the first ACC's expec ted to be introduced, will probably not detect statio nary vehicles,
because the technology is not suffic iently reliable to distingu ish stationary vehicles from
other stationary objects and/ or because tec hnology that is sufficicntly reliable is to
cxpcnsive . T his means that , under certain co nditions, th e system will not deteet a queue of
traffic. This could lead to dangcrous situations if the system gene ratcs a false sense of
security , makin g drivers inatt entive. Such safety drawb acks could pot entially lead to product
liabili ty, espec ially if a safer design was available at reason able costs [15].
lnstruction dcjccts

A product co uld also be co nsidered defective as a result of the failure to give adequate
warning or instruction or because of the way the product is presenr ed on thc markct. T he
producer has the duty to wam consumers for the dangers involved in (mis)using the
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product. Purthermere the presentation of the product could be relevant. For example,
advertising statements about safety can influence the level of safety a person is entitled to
expect,

Based on case law and legal literature some important remarks about potential
product liability for AVCS can be made.

• Producers must exarnine all possible safety aspects of AVCS
"As driver assistance systems are based on interactions between the electronic driver
assistance and the human driver, however, it is not sufficient to limit the testing of
such systems to the technical safety. The hu man side of the system has to be included
into the testing" [16). In legal literature it is assumed that manufacturers have a dury
to investigate the cautiousness that can be expected from users [17]. Ideally, testing
of AVCS should confront test persons with realistic traffic conditions, also checking
the functional limits in critical situations. Howcvcr, real world traffic will always be
more varied than could be sirnulated in testing.
• Foreseeable careless behaviour has to be taken into account.
Manufacturers must take into account rhat some consumers will not always use the
AVCS with the nccessary care [18], especially regarding the fact that automobiles are
used intensively in daily routine [19]. Foreseeable careless behaviour cannot be
considered a circumstance excluding the producer's Iiabiliry, For instance, the fact
that an ACC will be used exceeding the maximum speed with 10 or 20 miles, will
probably not be a valid defence for the manufacturer if this leads to dangerous
situations. This would be an entirely foreseeable (mis)use of the system that has to
be taken into account by the manufacturer [20]. The producer's defence that the
accident was (also) caused by the fault of the driver will not easily be accepted. In
the prearnble of the Directive it is stared that the defectiveness of the product should
be determined by reference not to its fitness for use but the lack of the safety which
the public at large is entitled to expect, whereas the safety is assessed by excluding
any misuse of the product not reasonable under the circumstances.
• Consumers must have a proper insight in systern performances and limitations
Manufacturcrs can, to some extent, influence the safety expectations of consumers
(and product liability risks), by stimulating a proper understanding of the operatien
characteristics, The limitations of the systern must be clear to the driver. This aspect
wiU be of great importance because consumers lack experience using AVCS. In
other words, consumers lack an experience-based systern reliability expectation.
Misunderstandings about system performance potentially creating dangerous
situations must be eliminared as much as possible. Producers must make sure that no
exaggerated impression about systern performances is given, for instanee through
advertising. Furthermore, the driver has to be aware of the Iimitations of the systerns
and the potential risks of (mis)using it, for instanee through instruction manuals or
wamings on or near the systern itself. Inadequate presenration or instruction can
make a product defective, which could otherwise be considered safe enough.
However, wamings cannot neutralise the defectiveness if the unsafety could have
been avoided through an alternative design (or the product should not be marketed
at all) [21]. It is the producer's primary duty to market a safe product.
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4. The relevanee of vehicle safety standards for product liability for AVCS

Both legal safety standards and product liabili ty deal w ith th e safety of products. About 50
European Directives are layin g down all sorts of co nstruc tion and/or performance level
requirements for passenger cars to insure a certain level of safety. Pr oduct liabil ity, altho ugh
primarily reactive in nature (com pe nsation for dam age) co uld also have a preventive effect.
The possibility to be held liable not only for production defects, but also for design defects
or inadequate warnings or instructions, will be an incentive for manu facturers to take all
po ssible safety aspects into account in designing th eir products and intro ducing the m on the
market . This is also o ne of the goa ls listed in th c preamble of the Europea n Directive [22] .
But w hat is th e relationship betw een rnand ato ry safety standar ds and produ ct liabi lity? What
relevanee do statu to ry safety standards have for dctermining th e defectiven ess of a product
within th e scope of art . 6:186 BW (and th e Europ ean Directive on product liability)?

The European legislator co nsciously did not mention co mpliance with rcgu lation as
a circumstance releva nt for determining th e defect iven ess of a product [23]. T he answer to
the qu estion whether or not co mpliance w ith legal regulations in gene ral (not specifi cally
vehicle standards) influences civil liability will be dependent o n th c nature and rationale of
th e regulation in qu estion [24] . This was stared by the " Hoge R aad" (the D utch Supreme
Cour t) in th e co ntex t of a licen ce based on thc Nuisan ce Act [25].

It can be assume d that mand ato ry vehicle safety standards will not exclude
manufacturer's liability. Those regulations serve th c necd to pr even t traffic safety to be
threaten ed by un sound vehicles, not to pr oreet th e producer fro m liability. In th is context
refere nce co uld be made to th e decision of the H oge R aad in the H alcion case. In that case
it was ruled by th e court th at th e required regisrration (approval by th e authorities) of a
mcdicine did not exc lude th e producer from civil liability [26]. In his co m me nt Brunner
states, with refercn ce to other autho rs, that th e same must be assumed for other products.

Althou gh statutory standards will not exc lude manu facru rcr's liability, compliance
with these standards can still be relevant in determining whe ther or not a vehic le or vehiclc
devi ce could be conside red defe ctive. These safety standards co uld use th e same basic
assumption as thc Di rective: " the safety w hic h a person is entitled to expcct" [27].

To co nclude th is it is requircd that th e safety standard rcg ulates those aspects of th e
vehicle or vehicle device w hic h, according to the injured person, make the vchiclc
unreasonably un safe, and that it eau be assumed that the defect in question was considered
and judged to be acce ptable by th e authori ties setting up th e standard [28]. In th at case th c
j udge must, in prin ciple, refrain from imposing a more strict standard based on product
liabil ity, because th e defectiven ess has already been j udged by the authorities , For instanee.
it can be argued th at a vehicle CaI1I10t be conside red de fective bccause an accident could
have been preven red if th e vc hic le would have had more braking capa city than was legally
requ ircd or if it had been equipped with ABS . H owever, cornpliance with a vehicle safety
standard regulating th e crashworthiness of the front of the vchiclc will bc irrelevant for th e
determination of th e crashworthiness that may be expcc tcd from th e rear end of the vehiclc
[29].

Altho ug h the re cxists a great number of vehicl e safety standards laying down all sorts
of requirements wi th regard to the constructio n or performance levels of motor vehicles,
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they certainly do not cover all possible characteristics of a vehicle which could make it
unreasonably dangerous. This is also expressed in the preamble of the framework Directive
for vehicle standards [30] stating thar a vehicle being in compliance with the provisions of
the directive, can still possess certain characteristics potentially threatening traffic safety.

New technological applications, such as driver assisting systems, could also introduce
new safety risks. These unprecedented safety risks, for example drivers' misunderstanding of
operational characteristics or functional limits of an ACC creating dangerous situations,
werc, of course, not taken into consideration when the existing safety legislation was
drafied. Compliance with existing vehicle standards will therefore be irrelevant for
determining the defectiveness of these systems.

However, it is also possible that some new safety standards will be drafted, regulating
AVCS specific safety issues, for instanee requiring a minimum set hcadway for ACe. If an
i~ured person states that an AVCS must be considered defective, and the manufacturer
defends himself arguing that the system is in compliance with thc legal requirements, again
the question has to be answered whether or not the alleged defect can be assumed to be
taken into account and judged acceptable by the authorities. Electro-magnetic comptability
requirements will not be relevant for deterrnining the defectiveness of man-machine

interaction design characteristics.
However, even if it could be assumed that the authorities setting up the standard

took the defect into account and judged it acceptable, liability of the producer could still be
justified. Compliance with legal standards is just one of the relevant circumstances for the
determination ofthe defectiveness. Other circumstances could well justify imposing a more
strict standard. After all, product liability is not about judging the acceptable risks in terms
of general traffic safety, but about the safety a person is entitled to expect, taking all

circumstances into account.
Given the fact that vehicle safety standards must be regarded as minimum standards

securing a minimum of safety acceptable to admit vehicles on public roads [31], other
circumstances could justify imposing a more strict standard. Such a circumstance could be,
for instanee. the way a vehicle is presentcd on the market. The presentation of the product
could influence the safety a person is entitled to expect. Introducing a car as more safe than
others or emphasising the safety characteristics of a vehicle or vehicle device can be an
argument to assume liability, although the vehicle meets all statutory safety standards. The
safety of other, but similar cars on the market will bc an indication of what may be expected
[32]. In genera\, a person is entitled to expect more safety, for instanee with regard to
crashworthiness, from a 50.000 dollar-car than from the lowest priced car on the market
[33].

Another circumstance justifying a more strict standard could be the fact that the
standard must be considered outdated or inadequate for another reasen. One should bear in
nlind that the process of creating standards (or adjusting thern) is, in most cases, a long one.
"In practice the inertia of the rule-making process in Europe results in standards which at
best only reflect the state ofknowledge ofabout three years ago . Many directives have been

undcr debate for much longer than that" [34].
Thc state of the art could be improved. It could also be that research shows that the

standard proves to be inadequate. Especially with new technological applications like
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AVCS , lacking experience ofimplementatio n on a large scale in reaI world traffic, one could
imagine suc h inadequacy proven in time.

5. Is product liability a threat to the deployment of Advanced VehicIe Control
Systems?

From th e previou s section it can be co ncluded th at, next to mandatory safety regulations,
product liabili ty co uld play an important role with regard to the safe design of vehicles or
vehicle equipme nt. D etermining th e defectiven ess of a ve hicle on th e basis of product
liability is not about judging the acce ptable risks in terms of general traffic safety (on a
ce rtain moment in tim e), but abo ut th e safety th e injured person was ent itled to expect,
taking all circumstances int o account.

And, altho ugh product liability does not directly preven t unsafe products from
ente ring th e mark et . th e threat of bei ng held liable for unsafe ve hicles or vehicle eq uipment
will also have a pr eventive effect. T his threat , however, sho uld not be that strong th at it
wi U be an imp ed im ent for innovatio n, in part icular with respect to safety improving
tech nology. The poten tial safety effec ts of automating aspects of the driving rask is often
brought forward in favour of AVC S. H ow ever , liability is subject of concern. It is
mentioned as a facto r explicitly taken into accoun t in th e developme nt of AVCS [35]. As
some of th e dri ver's j udgements and decisions wi U be taken over by technology,
ma nufac turers are confronted with ce rtain liability risks. lt could offer a new stepping stone
for claims against manufacturers and co uld shift liability for traffic accidents from the
drivers/owners to ma nufacturers . T hese (perceived) liability risks can slow down
development or even outweigh the benefits of produc ing suc h systems. Especially in the
United States, (presumably) due to sorne important diffe rences between the civil liability
systems of Europe and th e United States, liabil ity is being mentioned as an impediment for
th e (rapid) deploym en t of AVCS [36].

T he qu estion whether product liabili ty can be regarded as a constraint for the
depl oym ent of an innovative tech nology in its develop men t stage is diffic ult to answer.
Assessm en t of pot ential pro duct liabili ty for suc h technology req uires, inter alia, some

predi cti on as to how weil the liabili ty risk can be managed th rou gh plann ing the design,
production and introduetion of th e product . C ritical factors such as system rcliability and
th e degree to which co ntrol is transferred from th e driver are as yet unknow n or undecidcd.

It mu st be emphasised that it will be imp ossible for producers to avoid all liabiliry
claims. First of all, manu facturin g defects, i.e. a product fails to meet the manufacturer's
design specificatio ns, can never be enti re1y pr even red. If a product is dangerous because it
deviates from the rnanufac turer's self-i mposed standards, thcre will be lit tle discussion about
the products' defectiveness. T he question whether o r not th e manufacturer will be liable
will rathe r focus on the required causal re1ationship between defect and damage [37]; can
thi s defect , in a legal sense, be considered thc cause of the damage? If this requirernent is
also satisfied , liability wi ll be practically inevit able. T he same can be concluded for design
defects, as far as they, due to the complexity of the system, could no t be dctected by testing
(for instance, software bugs) . T he fact that these defects were impossible to prevent will nor
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be a valid defence. However, defectiveness resulting from other design defects seems less
strict. The standard of responsibility is more focussed on the conduct of the producer. Did
he act as a prudent manufacturer (reasonabie anticipated use of the product, foreseeable
careless behaviour, etc.) [38].

Of course, producers and there insurers will fear for claims being rewarded to help
the injured plaintiff, easily assuming a defect, rather than based on the fact that the
manufacturer was somehow negligent in producing, designing and/or introducing his
product. This could make them hesitate to market innovative products like AVCS.
However, as has been mentioned above, case law on the subject ofproduct liability has been
rather scarce. Based on the amount of published case law regarding product liability it
appears that producers are not burdened with a great number of claims [39]. However, the
srnall number of published cases can certainly not be regarded as the only or even most
important indication whether or not product liability must be considered a serious threat to

the dev elopment of innovative technology such as AVCS . It is aIso possible tint claims are

being held out of court because manufacturers concluded that defending themselves would
be useless or that they prefer to settIe cases out of court r40]. Another possibility is th at the
first cases based on the European Directive are still to come, due to the duration of legal
procedures [41] .

6. Concluding rernarks

lt can be concluded that cornpliance with vehicle safety standards will not exclude the
product from being defective within the scope of product liability law and thar product
liability, in addition to vehicle safety standards, could play an important role in stimulating
a safe design of vehicles and AVCS . Staturory safety standards could only be relevant for
determining the defectiveness of a vehicle or vehicle equipment if they use the same basic
assumption as the directive, "the safety a person is entitled to expect" . This implies that the
safety standard must regulate those aspects of the vehicle or vehicle device which, according
to the injurcd person, make the vehicle unreasonably unsafe, and that it can be assumed that
the defect in question was considered and judged acceptable by the Iegislator setting up the
standard. However, compliance with safety standards is just one of the circumstances to be
taken into account in determining the "safety a person is entitled to expect". Other
circumstances could justify imposing a more strict standard.

Whether or not (the threat of) product liability must be regarded a serious constraint
for the (rapid) development of AVCS is difficuit to answer. The amount of published case
law regarding product liability, although certainly not being the only or most important
clue, does not indicate that manufacturers are burdened with a great number of claims and
that, based on that [1Ct, product liability must already be regarded as a serious threat to the
deployment of AVCS . In this paper some remarks about potential product liability for
AVCS have been made. However, more research is needed to answer the question whether
this will seriously obstruct the deployment of these systems . Such research should include
product liability law in other European countries, especially outside the scope of the
European Directive, and aspects of product liability insurance .
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Road Safety Problerns and Traffic Accident
Trends in Nigeria

G.N . O mange and c.a. O foeghu
Niocrian BI/i/dillg and R aad R esearch Iustitute,

15 Awolowo R aad, P.M.B. 12568, Lagos, Nigeria

1. Introduetion

The R oad Traffic Accident (RTA) sirnation in N igeria has become a great souree of
concern. T his is because of the attendant hu ge human casualties, property damage and other
socio -econo mie losses. Ir is the general opinion of observers and researchers that the road
traffic accident (RTA) rates and fatalities in N igeria rank arnongst the highest in the world
[1,4,5,6]. Available staristics show that deaths by RTA in Ni geria between 1967 and 1974
was high er than that of any othe r major cornm unicable diseases in the country [5]. The
contributio n of RTA to to tal deaths rose from 38.9% in 1967 to 60.2% in 1974 [6], and this
trend has been increasing up till 1982 after which it became erratic. Between 1974 and
1983, th e number of accidents increased by 110.6%, total casualty increased by 57. 1% while
hurnan population increased by 27.2% [7]. The pattern of RTA beyon d 1983 shows similar
trends.

Studies have shown that some States in Ni geria have ind ividu al fataliry averages
exceeding the nation al average put at 11 per 100,000 popularion [8] while the total cost of
RTA to the nation is almost 2.2% of GN P by an estimate made in 1992 by the Federal Road
Safety Commissio n.

Several genuine atte mpts to arrest the obvio usly undcsirable situation have been
taken by successive Ni gerian Governmen ts at both Pederal and State levels. T he Nigeria
Police For ce (N P F) has ove r the years been equipped with vehicles and equipment to

facilitate the enforcem ent of traffic regulations on road users. Also the existence of Road
Transport Offi cers (RTO) has help ed to infuse a measure of sanity on the cond itions of
vehicles particularly co mme rcial vehicl es. All these are compleme nted by the setting up of
the Pedera l R oad Safety Commission to pivot the enhance rnent and management of road
safety and traffic accident redu ction in Ni geria. Govern me nt efTorts in these directions are
we il int enti on ed and mu st be commended. However, these institu tional arrangernents alone
are not sufficient to adeq uately address the multi- faeed problems of road accidents.

Evo lving effective RTA mitigative actio ris will involve undersranding the accident
pro cess and the road safety probl ems within the imrn ediare environme nt . Such an
undcrstanding will be based on two principles. T he first principle is that accidents are
undesirable and mu st be prevented at all costs. The other prin ciple is that R.TA will always
occur no matter the rernedial rneasures taken and so strategics for minimising their adverse
effects mu st be sought. Both principles require a reliable database which sho uld allow a
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critical analysis of accident causative factors just before, during and after accident events.
This paper reviews the current RTA situation, the trends, the associated problems

and the attendant combative measures in Nigeria. The findings are used to identify the
strengths and weaknesses of the present system, the institutional arrangements and the
administrative framework. The paper concludes with relevant recommendations which if
carefully implemented will effectively reduce RTA on Nigerian roads and minimise its
adverse effects .

2. Organisational framework for RTA management

Road safety activities and management in Nigeria has transcended from mere ad-hoc events
to weil articulated progralllmcs directed at mitigating RTA and cnhancing road safety.
Traditionally, road safety activities such as RTA data collection and collation, accident
rescue operations, litigation and prosecution of erring offenders, ete. were performed by the
NPF. As a result of the peculiar statutory function of law enforcement of this organisation,
little or no attention was pIaced on road user education and public enIightenment. In
addition to the role played by NPF, there also exists Road TrafTtc Officers (RTO) formerly
referred to as Vehicle Inspeetion Officers, whose responsibilities are to carry out vehicle
inspection and certify vehicle road worthiness . As a result of the multi-facered nature of
road safety practices and management, a third governmental body - the Federal Road Safety
Commission (FRSC) was set up in 1988 to complement the activities of the NPF and
RTO. Through the varied activities and programmes of the FRSC, the citizenry has
become more safety conscious, although there is still room for improvement.

Until recently, there has always been mutual suspicion amongst these three
governlllent organisations because of the overlap in their respective functions. This has had
negative impact on the effective co-ordination of road safety activities and programmes
which may have been responsible for the not too significant reduction in RTA trends from
1988 as shown in Section 5.

In the third quarter of 1997, attempt was initiated by the Federal Government of
Nigeria to bring the FRSC under the adrninistrative control of the NPF. This has generated
a lot of debate and apathy from the general public who preferred the strengthening of
FRSC to effectively perform its statutory function . This assertion was based on the
argument that the FRSC has by its operations infused sanity into road safety issues in
Nigeria . Ir is hoped that the matter will be promptly resolved so that the success recorded
in road safety activities will not be jeopardised.

3. Traffic Iaws and regulations

Traffic laws and regulations which facilitate safety and security of all road users have
undergone a lot of metamorphosis. The first traffic edict in Nigeria is the 1920 Road Traffic
Ordinance of Lagos Colony and Southern Protectorates of Nigeria. The 1958 Constitution
conferred powers on State Governrnenrs to create their own traffic laws. By 1964, the
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Northern R egional Government promulgated its own traffic reg ulations. Sinc e th en,
several traffic regulations have come into effect in different States of Nigeria. These include
the R igh t Ha nd Traffic C hange Over Act 1969, the R igh t H and Traffic Regulations 1972
and the Fede ral H igh ways Act 1971 , among ot hers .

The mul tiple traffic regulations did not give roo m for effec tive road traffic
managem ent. T his info rme d the need for th e harmoni sation of traffic regu latio ns in N igeria
which co nseq uently gave birth to reccntly promulgated N ation al R oad Traffic Regulation
1997. T he highligh ts of this R egulations incl ude among ot her things.

• the abrogation of the outdated 1920 Traffic Ordinance which had been in use to
date
• the establishment of D irec to rate of Mot or Vehicle Administration in all State s of
the Federa tion,
• the centralisatio n of vehicle registra tion, veh icle licensing and establishment of
central vehicle data bank

4. RTA reporting and monitoring

T he RTA statistics analysed in this paper were genera ted by the N igeria Poli cc Force
(N PF). This is the only organisatio n w hich has th e statutory mand ate to co lIect accident
records in N igeria. T hese records are usually kept in a sum mary form with inform ation such
as cens us of cases reported and casualty records. Since the primary interest and focu s ofNPF
is for litigation and prosecution of traffic offenders, the RTA reco rds and statistic s are nor
co mprehe nsive eno ugh. T his is because the spec ific causative factors prevailing befere.
du ring and after an accide nt are co nspicuo usly missing. T his does not allow for meaningful
interpretation and analysis of the accide nt process whi ch would facilitate the planni ng of
effective rem ed ial measures. T his notwithstanding the existing RTA data stock when
analysed is useful in pro viding some clues to the RTA trends in N igeria.

As a result of the RTA inherent problems with current RTA reporting systern, a
computer-coded format and software for accident reporting was developed by the Nigerian
Building and R oad R esearch Institu te(NBRRI). Here, the various causative factors which
directly o r remotely co nt ributed to the acc ide nt process bcforc, duri ng and after
occ ur rence, we re isolated and coded. The RTA forms were administere d by the Lagos State
Police Command on a pilot scale in 1989. Details of the outco me of the analysis and
interpretation are presented clsewhere. Such an approach can enable better and far reaching
deductions to be made abo ut the RTA trends to facilitate carryi ng out appropriate
mitigative actions. Prcvious attempts to get the NPF adopt this format for the use on a
nat io n widc basis was not very positive. It is however grat if)ring to note that at the moment,
th is co mputerised format is bcin g revised undcr the auspices of the FRSC, N PF and
NBRRI to produce an acce ptable N ational R oad Tra ffic Accid ent Forma t for use in
N igeri a. O n completio n. th is is expec ted to be a major co mpo ne nt of RTA Info rmation
System in N igeria. Consequcntly, du e co nsideration is being give n to four areas namcly, rhe
range and quality of info rmatio n to be collected; the personn el charged with data collection;
the sto rage and retrieval of info rmation and finally the analysis of the collected data.
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Ge ne rally, as is co mmon in most devel oping co untries , not all KTA cases in Nigeri a
are reported. So me acc ide nts not in volvin g death s are usually settled wi thout in volving th e
Po lice by the parti es w ho are eage r to avoid th e beauracratic bottl en ecks whic h normally
accornpany litigation process. Fur the rmore, KTA fatality is at th e moment tied to instant
death at th e point of acci de nt. H owever, acci de nt record update within th e internation ally
acceptable 30- days period of acc ide nt occur rence is not usually practised in Nigeri a. In
addition, ma ny casualties parti cularly those wi th slight inj uries resort to treatments in th e
tradition al or ortho dox ways or pri vately w ithout referen ce to th e NPF. T he implication of
th e above is th at th e official KTA cases and param eters suc h as casualty figures seve ri ty and

fatality rates are under reportcd .

5. Road traffic accident trends

In spite of th e deficien cies in RTA rep orting system, th e trend in traffic accide nts in Nigeri a
is alarmi ng and calls for co ncern . T he partem of KTA in N igeri a over a 25-year period
(1971-1996) is presented in th is paper. Table 1 shows th e KTA statistics and th eir analysis
in terrns of severity rate, casualty rate, death s per 100 acci de nts, ete. over th e period . T he
data shows a ge ne ral inc rease in re po rted acc ide nt cases, persons killed/injured and seve rity
whic h peaks aro und 1982 . T hereafte r, th e fatalities have been tluctuating. It is how ever
observed in Figure 1 th at areasonabIe co rrelatio n exists.

so
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Figure 1. Road traffic accident trends in Nigeria (1971 - 1996).

Figure 2 o n the othe r hand shows the KTA severity and fataliry rates in Nigeria over th e
period. T he seve rity rate refers to the total number of person s killed relative to the total
casualty record w hile th e fatality rate refers to th e number of deaths pe r 100 accide nt cases.
T he seve rity range d between 18-31 % with th e high est recorded in 1996. Also th e deaths
per 100 cases ranged be tween 17 and 39 . Betw een 1981 and 1994, the recorde d death s per
100 cases ranged from 30 -39 with the peak of 39 occurri ng in 1992. T hese values are very
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sign ificant. It is however importan t to mention that but for the mitigative actions of the
Federal R oad Safety Commission, the RTA situatio n may have been worse than its present
alarming dimension .
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Figure 2. Raad traflic accident fatality rare in Nige ria (1971 - 1996).

Table 1. R aad rraffic accident data and arialysis (1971 - 1996).

YEAR Severlty Oeath per 100 Total No of No of Total Severlty Oeath
Rate Accldenta Ca.e. Peraon. Person. Casualty Rate per 100

Reported Kllled InJured Accldenta
71 18 18 17745 3206 14592 17798 18 18
72 20 17 23287 3921 1616 20082 20 17
73 20 18 24844 4537 18154 22691 20 18
74 21 17 28893 4992 18660 23652 21 17
75 21 17 32651 5552 20132 25684 21 17
76 19 17 40881 6761 28155 34916 19 17
77 21 23 35351 8000 30023 38023 21 23
78 24 26 36111 9252 28854 38106 24 26
79 27 27 29271 8022 21203 29225 27 27
80 26 27 32138 8736 25484 34220 26 27
81 28 30 33777 10202 26337 36539 28 30
82 29 31 37094 11382 28539 39921 29 31
83 28 33 32109 10462 26868 37328 28 33
84 27 31 28892 8830 23861 32691 27 31
85 28 32 28976 9221 23853 33074 28 32
86 27 32 25188 8154 22176 30350 27 32
87 26 30 26215 7912 22747 30659 26 30
88 27 35 25792 9077 24413 33490 27 35
89 27 36 23987 8714 23687 32401 27 36
90 25 36 21588 7755 23449 32204 25 36
91 23 36 20724 7523 25627 33150 23 36
92 26 39 22178 8701 25154 33855 26 39
93 22 31 20141 6342 22882 29224 22 31
94 23 30 18237 5407 17890 23297 23 30
95 25 27 16217 4448 13849 18097 25 27
96 31 28 22737 6367 14431 20798 31 28

6. Road safety rneasures

R oad safety measures are genera lly aime d at reducing the risk of an accide nt occurring. In
N igeria, the three governmc nral organisatio ns menti on ed earlier perfonn severa l related
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road safety functions most of which overlap. The NPF not only engage in RTA data
collection but also in enforcement of safety regulations and litigation. The RTO ensures
that vehicles plying the road are roadworthy. The FRSC engage in several road safety
measures such as safety education, public enlightenment through the print and electronic
media, drama sketches, seminars and workshops, Ieaflets and hand bills, persuasion and
limited enforcement. All the three organisations are however involved in rescue operations.
Generally road safety measures can be divided into two. These are:

• Direct Measures: these are measures directed at improving road safety. They
include road safety activities such as road user education and training, vehicle safety
equipmenr e.g. scat beits and inspeetion. road safety equipment and black spot
improvement; and road safety enforcement.
• Indirect Measures: these are primarily intended to improve the conditions or the
transport systern in general but with focus on safety. These measures include land
use, road construction and maintenance, vehicle design and equipmenr: and medical

care services.

6.1 Improu ément of road uscrpeifonllallce

The raad user is the critical element in the road transport system. The performance and the
behavioural characteristics to a large extent influence the occurrence and severity of
accidents. Relevant safety measures ra improve the performance of pedestrians and
passengers are in place and these include screening, education training and testing, public
campaigns surveillance and enforcement.

Screening: This is to ensure that road users particularly drivers acquire minimum
requirements concerning vision, hearing and physical capability. Some of these
requirements are mandatory for obtaining the Ncw Improved Driving Licence which is
now centrally issued. It might however be necessary to include psychological tests and
mental capability particularly for heavy lorry drivers whose irresponsible conduct on the
highways have became a major souree of concern for raad safety.

Seifety Education and Training: This refers to teaching road users on how to behave in
traffic and becorne safety conscious on the raad. The scope of teaching covers such areas as

understanding traffic signs, obeying traffic laws and regulations, not exceeding speed Iimits,
using seat beits, etc. At the moment, the Iimited safety education activities carried out by
FRSC and other organisations are usually direcred at adults and special driving schools. For
greater effectiveness, it is advocated that road safety education and training be included in
the curricular of primary, secondary and tertiary institutions. Such measures will make
pupils and students to be safety conscious, develop good knowledge oflocal traffic situation
and impart such knowledge to their peers and families to the benefit of the society.

Road Safety Campaigns: These are usually carried out in the form of media releases,
flyers, inforrnarion leaflets, motor rallies. drama sketches, film shows, slogans etc. The
FRSC needs to be commended as significant pragress have been made in this regard.

Enforcemcnt (1 Seifety Regulatious: This is aimed at ensuring that raad users adhere to
traffic rules and regulations. In thc past, the time loss, procedures and the beauracratic
bottlenecks associatcd with Iitigation on traffic offendcrs was usually cumbersome. This
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often led to malpractice etc . At the mom ent, th is has been made easier as fines are promptly
imposed on traffic offenders exce pt w he rc dea ths are involved. H owever, for enforcement
to be rewarding to the society, the following conditions must prevail.

• The traffic regulations must be relevant to the local road user behaviour. This is to
en hance enforcement. It is therefore advocated tint traffic regulations be review ed
to reflect local needs .
• T he mechanism of detectin g violation and the penalties imposed on vio lations
must be suc h that they would serve as good de terrents. H ere, there are two schools
of thou gh t. The first emphasises very harsh penalties for traffic offences while the
other encourages effective detection of all viola tions. Experience from several
co untries have shown that in the former case, not all traffic offences are penalised.
In the latt er case, the imposition of small penalties with an effective detection
mechanism ensures that nearly all violatio ns are penalised. T his latter scenario is
prefe rred as the accumulatio n and compounding of small penalties tend to serve as a
better de terrent to traffic offenders . T his appears to be the focus of the FRSC but
they along with NPF need to be adequately eq uippcd with necessary gadgets to

enhance th eir capabilities for early de tec tio n of vio lato rs of traffic regulations.
• T he enforce me nt strategy adopted sho uld be scientifically de rived and routinely
adj usted to suit the prevailing situa tion and in ranking accident prone
situat io ns/ areas.

Special Marslials: T hese are vol unteers w ho devot e their resources and time to road safety.
T he Special M arshal Units which are formeel in all parts of N igeria are the creation of the
FRSC to co mpleme nt the efforts of R egular marshals under their employment. The efforts
of the Special Marshals have bee n co mmendable in traffic control, easing traffic congestien.
RTA rescue opera tio ns, ete.

6.2 Vehicular safety measurcs

The cha racteristics of vehicles affect the risk and seve rity ofaccide nts. To ensure a high level
of safety, vehicles sho uld bc we Il design cd, equipped and maintained. Vehicles should have
good stabiliry, effec tive stee ring and breakin g performance, we Il functioning lights and
reflectors and good visibility characteristics. Vehicl e occupants can be better pro tected if
safety accesso ries like head rests, scat beits, specia l scats for childre n ete. are provided and
their mandatory use enforced.

T he curre nt eco no mie situatio n in Ni geria has had its toll on vehicle ownership and
maintenance. T he preponderance of Used vehicles, popularly called "Tokunbo vehi cles" ,
which are imported int o Ni geria has given cause for co nce rn as they can be best described
as scrap es. These vehicles at the tim e of imp ortation are usually very old (sometimes as old
as 20 years) and rickety, havin g outlived its usefulness. To arrest the nega tive effect, the
Federal Government in its budget some years ago bann cd thc im po rtation of used vehicles
w hich are above eight years old.

Gencrally, as vehicl es age, vario us compo ne nts of th e vehicles such as tyres, break
pads ete. wear out and would norm ally require replacem ent and maint enance. Bu t many
mot ori sts are financially handi capp ed to carry out reg ular main tenance du e to prevailing
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economie co nstraints , th ereby increasing accident risks on Ni gerian roads. To arrest this
negative trend, th e RTO s sho uld be adeq uately equipped to conduct regular vehicle
inspection s on a co nt inuo us basis. H owever, they sho uld demonstrate absol ute honesty and
be of impeccable characters in the discharge of their duti es.

6.3 Scifety tncasu tcs relatcd to road duiraaeristics

T he risk of road accidents is greatly influ enced by the R oad characteristics. To ensure high
level of safety, the road sho uld be prop erly designed , equipped, maintained and operared to
ensure smooth traffic flow and eliminate sudde n elem ents of surprise. For this, sufficient
road width , smooth alignmc nt, suitable location and design of int ersections, sufficien t sight
distances, c1ear visible signs and markings, good street lights, etc. should be providcd on th e
road fo r it to perform efficientl y. Roads need to be timel y maintained to achieve th is ideal
situation.

In the recent past, the bulk of Ni geria 's road network of 200,000 kilometres have
undergon e vario us degrees of deteriorati on du e to delayed or lack of maintenance. R oads
are deteriora ting at a rate faseer than new ones are co nstruc ted. T he co nsequence of these
is that accide nt risks on severa l roads are very high . It is however gratifying to no te that
most of these roads are now being rehabilitated with funds provided by the Petroleum T rust
Fund (PTF).

During some road maintenance and rehabilitation activi ties, adeq uate wam ing signs
are not installed to wam on-coming drivers. Cases abound w here resulting accide nts have
led to preventabie dcaths. C losely related to this is the way objec ts particularly broken down
vehicles and co nstruc tio n vehicles are abando ned on roads witho ut adeq uate waming signs.
T his in creases the risk of accide nts on the highway. Appropriate legislation to chec k th is
development sho uld be enacte d and their enforceme nt effected by relevant agenc ies Iike
FRSC. Penalties may include impounding of vehicles and paym ent of fines.

It is not un cornmon to see many roads in Ni geria getting ripped op en to install
cables, pipes ete. for e1ectri city, water and telephone. Oftentimes, these roads are not
repaired to their form er status, th us constituting accident risks. Appropriate legislation
sho uld be made to forestall this development. Permission sho uld be sought from and
adequate refundable deposits mad e to appropriate agencies befere contracting compani es
elllbark on cutting up roads for the installation of services. The refund of such deposits can
be based on the restoration works.

7. Integrated emergency medical services

Wh en acc ide nts occ ur, suitable medical care services are necessary to redu ce their
co nsequences. Wheth er an accide nt vict im survives or dies is very much dependent on a
number of factors w hich incl ude:

• promptness of rescue ope ratio ns and provision of first aid trea tme nt
• the marmer of handling accide nt victims und er the atte ndance pani cky
circumstances
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• the marmer, speed and mode of evacuation of accident victims to medical eentres
which may be at the some distances away from the accident scenes .

While the prerogative for rescue operations mandatorily fal1 on the NPF, FRSC and the
RTOs, the general citizenry often gets involved in rescue operations on humanitarian basis.
The rescue operations are largely uncoordinated and ad hoc in nature. Despite the Iaudable
efforts of these organisations and wel1 meaning Nigerians, the lack of requisite facilities and
infrastructure have hampered effectiveness in rescue operations. Furthermore since
accidents can occur at anytime and anywhere, it is essential that every member of the society
be trained on how best to assist accident victims. Such training can be inc1uded in the
curricula of schools (primary, secondary and tertiary) and extended to members of the
National Youth Service Corps Scheme. The scheme refers to the mandatory one year
national service for al1 graduates of tertiary institutions.

It is important for Government to set up an Integrated Emergency Medical Care
Services Scheme which will incorporate among other things, an effective ambulance
services, a good alarm system for prompting rescue services, construction of accident c1inics
on major inter-city routes in Nigeria and incorporation of existing designated hospitals like
teaching and orthopaedic hospitals.

8. Research development

Research and Development activities are very essential in human endeavour, the road safety
sector inc1usive. General1y there is a lack of interest of researchers to explore the
transportation sub-sector. The reasons for this are unc1ear. However, NBRRI has several
areas where R&D could be carried out in order to generare relevant information which wil1
guide in appropriate policy formulation or review in respect of road safety. While NBRRI
is equipped with the manpower to carry out the R&D work, some levels of technical and
financial support are required.

9. Financing

Funding is a very important aspect required in road traffic accident mitigation and road
safety programmes. The implernentation of any of the road safety measures as wel1 as the
research and development activities earlier enumerated require funds. However the
economie down turn in Nigeria and the competing demands for the scarce federal
government funds exert a lot of strain on govcrnmental budgetary al1ocation not only to
research and development activities but also to the road safety sector. Consequently, in the
face of dwindling resources to carry out the enorrnous tasks involved in road safety, multi
national organisations such as UNDP, UNICEF, World Bank, World Health Organisations
as wel1 as philanthropists, etc., should fund specific road safety programmes. This gesture
wil1 enhance RTA mitigation and road safety in Nigeria.
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10. Conclusion
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A review of the RTA trend in Nigeria was undertaken to establish the urgent need for
appropriate rem edial measures. The RTA trend ove r 25 years (197 1 - 1996) presented
shows that the fatality and severity rates pro gressively increased from 1971 and has rernained
high to date . This is in spite of the establishment of FRSC in 1988 to co mpleme nt the
efforts of NPF and the R.T O s in road safety man agement. T he activi ties of these three
organisatio ns in roa d safety managem ent need to be properly co-ordinated fo r bett er
performance.

T he need for a systematic approach to road traffic acc ide nt problem s in order to
[lc ilitate effective mitigative aetions and road safety was highlighted . While att ention is
curre nt\y being paid to road safety campaigns and education, th e areas needing attention
such as th e sett ing up of R.TA lnformation Management System , establishme nt of an
Inrcgrated Eme rge ncy M edical Ca re Serv ices, review of motor traffic regulations/acts; and
cnfo rcc ment seraregies and practiccs have been menti on ed. Furrhermore, the need for virile
researc h and developme nt effort and funding of road safety programmes with suppo rt from
mul tinational organisations was stressed.
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Speed Control Project N216

Period under evaluation: 1993 - 1995

Lambertus Fortuijn
Head rif Trqffic Sectio/I, Prooinee rif South Holland, The Netherlands

Abstract. In september 1992 a speed control project was initiared on the N 216
pro vincial road betw een Schoo nhoven and Go rinche m. Thc rcsults of thc period undcr
evaluurion. 1993-1 995, are rcpor tcd hcre, The co uclusions are:
- a high level of surve illance, in combination with (dynamic) notice board s and lucid
in fonllati ~n of the public gcn crarcs a low percen tage of e ffences (1,3%);
- it is essenrial to maintain a 80 kph limi t on stretches of provincial roads (reduction of
the amo unt of accidents with bodily inju ry with 80%);
- 80 kph is and rcmains too fasr for intersections.
It may bc stated with some camio n that mcasurcs to control speed can play a
supplcme nrary part in thc pu rsuit of sustained safety. lts import ance might - even on
rclatively safe serere hes - wc ll be mu ch higher than has been hith erto assumed in
debatcs on thc prin ciple of susrained safety. Interscctions in any case requi re more
radical measures to achieve a sirnation of sustained safety. It is ncccssary to redn ee speed
there ro 30 to 50 kph, for instanee by construc ting roundabou ts.

1. Introduetion

In 1992 , th e South H olland South Poli ce D epartment. th e Municipality of Liesveld and th e
So uth H olland Provin ciaI Administrati on j ointly agreed to participate in a road safety
proj ect where radar equipme nt would be used to monitor and register traffic violatio ns
alon g th e N216 provincial road in South H olland. To thi s end, seve n fixed survei llance
points, which could be fitt ed with radar equipment, were set up near intersectio ris.

The project route is divided int o two sections by the traffi c lights at th e N 21 6-N214
intersection. Both appro aches to th is intersection are lined with illumin ated feed back
displays. The intersection itself is not included in th e measur cmcnts.

The project is suppo rted by eye -catching noti ce boards along th e route and has be en
give n wi despread publicity. The poli ce are usin g a rando m ro tatio n pattern to ensur e that
one or tw o of th e seve n surv eillance points are co ntinua lly eq uipped with cameras,

T he Provin cial Policy Document on R oad Safety 0un e 1991) states that this speed
control proj ect is an ex periment. In 1992, th e Provin cial Adrnin istration allocated NLG
300,000 for th e realisatio n of th is proj ect . In addi tio n , th e M in istry of T ransport , Public
Works and Water M anagement granted a subsidy to the Municip ality of Liesveld to
pur ebase radar cquiprnent for th e poli ce departmen t (2 x N LG SO,OOO) .
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Figure 1.

2. Objectives

2 .1 Strategie objective

The ultimate objective of this project is to improve road safety. In this context speed control
plays a vital role. The main aim is to reduce speed peaks, rather than average speed. There
is incontrovertible evidence that speed control helps to improve road safety.

It is predicted, on the basis of earlier research , that enforcement of the speed limit
on SO-kph roads will reduce fatal accidents by 25-50% and injury accidents by 20-40%.

2.2 Taetical objeaive

The tactical objective of this project targets the driving speed of motorists, taking into
aCCount average speed as weil as speed distribution . The concrete aim formulated in this
regard is that, once the radar equipment has been taken into use, no more than 2% of
nlotorists should drive faster than 90 kph.

Results of past projects have made it clear that credibility is a key factor in achieving
thc dcsired results. The credibility of enforcement is therefore central to this project. The
chance of being caught should thcrcfore be high and fines should be dealt with succinctly.
Motorists must be convineed that they will be fined if they excced the SO-kph speed limit
on the project route.

2.3 Opcratioual objectivc

The operational objective of this project depends upon the feasibiliry of the level of
Surveillance that ensures credibility. This ties in closely with the percentage of motorists that
exceed the speed limit. In other words, the feasibility of om operational objective (the
processing of fines within agreed staff parameters) is large1y dependent upon
accomplishment of om tactical objective (no more than 2% offenders).
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3. Speed control

3. 1 General

Sessiou 3: Round Table Prcscntations

Traffic spee d is permane nt ly measured with radar equipme n t installed at no less than one
(and some times two) of the seve n fixed surve illance poin ts. T he N21 6 speed co ntrol project
starts at hectometre mark er 2.5 (intersectio n Za ndkade) and ends at hectometre marker 15.0
(P rov incial road/ Veerse dijk- Veerstoep).

The projeet 's "susce ptib ility to vandalism" has been a co nstant souree of co ncern.
Fencing ev idently do es not provide sufficient protection. In 1996, a silent alarm was
installed to discourage furth er vandalism . During th e installation the came ra's were no t in

use and th e level of surveillance dcclined sharply in 1996.

3 .2 Speed measurcments "before"

Spee d measurements ob tained befo re the star t o f th e proj ect revea led that about 35% of
motorists exc eede d th e legallimit of80 kph . Every day, aro und 1,000 mot ori sts dro ve faster
than 90 kph . T his amounts to an ave rage of 20% of daily traffic vo lume.

T he current measurements give no indicatio n of ave rage spee d. It is assumed that
th e ave rage spee d is a littl e un der 80 kph.

3 .3 Speed tneasuremcnts "aftcr"

It was predi cted th at, up on initiation of th e proj ect, the number of m ot orists exceeding the
speed lim it would be redu ced by 90% . The rem ain ing offe nders would th en amount to 2%
of th e tot al traffic vo lume, which co inc ides with ± 30,000 fines annually.

Proj ect measurcm ents indi cate that vio lations no w total 1.3%, w hic h means the 2%
target has been easily met.

T he ave rage spee d in both direetion s has decreased from ±80 kph to ±73 kph , with
a standard deviation of 8.3 kph.

Owing to th e low percentage of offende rs, it is takin g longer than anticipated to fill
the films in th e came ras. As a resuIt, fines are not bein g pro cessed promptly. This sho uld be
a point of attentio n, as it affects th e credibility of th e proj ect.

3 .4 Speed measurements at all intennediatc, iuvisiblc checupoint

In 1992, 1995, 1996 and 1997 , spee d measur em ents in o ne stre tch of road we re obtained
by m eans of e1ectromagn eti c detectors installed in th e roa d surface of th e N 21 6, at
hectorn etre mark er 10.5 , approximately 200 metres north o f a surveillance point.
M easur ements w ere made in both direc tions.

At th e surveillance point th e came ra faces south. As a rcsult , southbound traffic is
ph otograph ed from behind, w hile northbound traffic is ph otograph ed from th e front.

Earlier measur em ents at hectometre mark er 10 .5 (in 1992) revea led that 52% of
traffic exceeded 80 kph , while 24% exceede d 90 kph o n th at stretch of road. There was
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strict surveillance in 1995 . This is c1early evident in the distribution of speeds: the
percentage of offenders decreased substantially.

Low level surveillance took place in 1996 owing to vandalism. This led to an
increase in the number of offenders. Surveillance was resumed in 1997, which in turn led

to a general decrease in speeding.

Table 1. Speed measurcmcnts at an intermediate point.

ycar Northbound traffic Southbound traffic

>80 kph >90 kph >80 kph >90 kph

1992 52% 23% 53% 25%
1995 8% 2% 14% 4%
1996 38% 9% 17% 5%
1997 32% 8% 12% 35%

This table shows a remarkable difference between northbound and southbound traffic .
When northbound traffic reaches the invisible checkpoint, it has already passed the camera,
which is directed towards oncoming traffic. This means that traffic that has passed the
camera eaunor be photographed. This is c1early visible . Motorists therefore accelerate after
passing the camera. This is borne out by the above data. It is interesting to note that this
did not occur when the level of surveillance was very high (1995), but did occur when the
level of surveillance was low (1996) . Southbound motorists are aware that they have to pass
a camera and, because they are unsure as to the exact point of surveillance, they slow down

in anticipation, We may conclude that:
• driving behaviour is strongly influenced by the level of surveillance;
• high levels of surveillance also have a positive effect on driving be haviour in places
where there is no surveillance (i.e. less location-specific behaviour).

4. Traffic volum e

4.1 Tra.Dic volunie 0 1/ the N2 16

Before 1 january 1993 , traffic vol ume was pe riodically monitored on the N 21 6 (then the
S38) . After this date the vo lume was permanently moni tored.

• In 1987, the average workday vo lume was 5,906 vehicles.
• In 1990, the average workday volurne was 6,785 vehicles .

The measurernents revealed that vo lurne increased ± 3.5 % annually between 1987 and
1990.

• In 1993, the average workday volume was 6,634 vehicles.
• In 1995, the ave rage workday volume was 6,458 vehicles.

lt is interesting to note that, contrary to predicted annual growth, traffic volurne on the
N216 decreased in the 1993-95 period compared to previous years .
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4. 2 Trqffic volume on alternative routes
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In the early 1990s, the Dyke Board carried o ut a major road im provem en t project. The
road surfaces of alternative ro u tes, we re renovated. The Melkweg and Peppelweg in 1989,
followed by the Gorissenweg in 1991. Owing to the smoother surface, these roads could

be negotiated at higher speeds . T his offered traffic an enticing alternative ro ute from Groot
Ammers to the A27 via the Pe ppelweg, M elkweg, Gorissenweg and N214. This is borne

out by the data .
• In 1990, ave rage workday vo lurne on the M elkw eg was 1,438 vehicIes.

A recent co unt on th e Melkweg revealed that average workday volume had increased by
more th an 500 vehicles. T his may partly account for the decreasing volume of tra ffic on the

N 21 6 sout h of th e intersection with th e Peppelweg/Melkweg.

5. A ccident analysis

5. 1 Accidents on thc N2 16

To dernonstrate th e impact of spee d co ntrol, accident data obtai ned befere and after the
installation of surveillance eq uipment were compared (see Table 2).

Table 2. Number of accidents on the N2 16 over two threc-ycar pcriods (excluding

intersection wit h rhe N214).

"b cforc" peria d: 1989-1 <)') 1 "after" pcriod: 1993-1 9')5

Type of accidents deaths IllJun es dcatbs + tata! deat hs injuncs tata!
lI1Junes

raad-st re tch accidents 2 9 11 45 0 2 18
intersection accidents 0 10 10 65 0 17 6!
tata! (excl. N2 14) 2 19 2 ! 110 0 19 79

T he total number of acc ide nts o n th e N21 6 decreased by 28% after th e speed control
proj ect was ini tiated . T he to tal number of injury accidents decreased slightly.

Speed co ntrol had a mark ed effect on road-stret ch beha viour; th e num ber of injury
acc ide nts decreased by 82%. At intersections, ho wever, th e number of inj ury accidents
increased by 70%. T his in crease is inconsistent with predi cti ons based on research
co nduc ted elsewher e. With thi s in mind, o the r po ssible causes we re assessed .

It w as appare nt th at th e traffic situa tio n had changed in two ways:
• T he Dyke Board's ro ad improvement project gave rise to an alte rnative ro ute,

w hich resulted in a substant ial incr ease in cross- traffic at the N 21 6/Melkw eg/
Peppelweg intersection. T he large vo lume of cross- tra ftic at th is intersection is
highl y det rimental to road safety . In th e "after" per iod, seven inj ury accidents

occur red here, co m pared to two in th e "be fore" period. T his intersect ion therefore
has been replaced in 1997 by a ro undabo ut, to improve roa d safety.
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• Based on pe rce ived risk and danger, centre barriers has been installed at the
N216/Nieuwpoortseweg/Graafland intersectio n. T he Municipality of Liesveld
insisted upon their installation . Although the provincial authorities initially rejected
the req uest on the gro unds of theoretical objections, they eventually acceded after
the ANWB (the Dutch counterpart of th e Automobile Association) adv ised in
fave ur ofinstallatio n. In this case, the accide nt figures seem to support the theoretical
supposition that the separation of co nflict points is detrimental to road safety. In th e
"afier" pe riod, six accidents occurred at the N 216/ N ieu wpoortseweg/ Graafland
inte rsect ion, three of w hic h resulted in inju ries. At least two of these acc ide nt
injur ies resulted fro m th e greater co mplexity of crossi ng th e int ersection , w hic h may

be att ribute d to th e centre barriers.
Because ex tern al facto rs we re responsi ble for the increase in (inj ury) accide nts at the
N 21 6/ M elk weg/Peppelweg intersectio n and some of the accide nts at th e N 21 6/
N ieuwpoortseweg/ - Graafland intersectie n. the figur es for the speed co ntro l proj ect we re

reassessed wi tho ut th e above accident data.

Table 3. Nurnbcr of accidcnts on the N216 (cxcluding N214 intcrsection and
accidcnts attributable to changes in rhe road situation).

"bcfore' period: 1989- 1991 "afier" period: 1993-1995

Type of accidents deaths injuries deaths + total deaths lI~unes total
mjunes

road-stretch accidents 2 9 11 45 0 2 18

intersecrion accidents 0 8 8 56 0 8 42

project route tota l (excI. 2 17 19 10 1 0 JO 60
N214/Melkweg/peppelweg and
Nieuwpoortseweg/Graafland
sectio n)

When accide nts at th e N 21 6/Mclkweg/Peppclweg int ersection and some of th e accide nts
at the N 21 6/Nieuwpoortsew eg/ Graafland intersection are excl uded , th e tot al number of
injury accide nts at intersection s rem ains un ch anged . T he changing nurnber of inj ury
accide nts at int ersections gives no clear indicat ion of th e effect of spee d co ntro !. T he to tal
number of accide nts (incl udi ng those on road stretches) decreased 41%, while th e to tal

number of injury acc ide nts decreased 47%.

5.2 Accidents 0 1/ the alternative route

Owing to the improvemen t project of the Dyke Board the alternative rou te may be
nego tiated at hig he r spee ds. Accident risk has th erefore increased. In add ition, a "route
shift" has take n place, causing a vo lurne increase of 500 vehicles/day on th e alte rna tive

route . T he spee d co ntro l proj ect may have co nt ributed to th is shift .
T his shift is also reflected in the changing number of accide nts. There was an
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increase in the nu mber of injury accidents at the N216/Melkweg/Peppeiweg intersection

(included in Table 2) as weil as other po ints along th is route. The overall accident figures
for the alternative route, from the interseet ion with the N216 to that with the N214, are
Iisted in Table 4 .

To improve safety on the alternative route, an assessment of possible supplementary

measures is currently being conducted in collaboration with the Dyke Board of
Alblasserwaard and Vijfhccrcnlanden. Options include speed control measures at

intersections with the surrounding roads.

Table 4. Total numbcr of accidcnts and numbcr of inj ury accidcnts on the Melkweg
and Gorissenwcg.

"bcfore" period: 1989-1 991 "after" pcriod : 1993-1995

Type of accidents injuries total mjunes total
accidcnts accidents

raad-stretch accidents 0 3 1 1
intersection accidents I 9 4 9
route total I 12 5 10

6. Conclusions and reco mmendations

6.1 Conclusions

Project objective
The N216 speed con trol project has a tripartite objective:

• the strategie objective is to improve road safety;
• the tactical objective is to reduce speed;
• the operational objective is to maintain a level of survei llance that ensures

credibility.

Conduslens regardillg operational aspects
T he project has demonstrared that it is possible to ruai ntain a level of surveillance that

ensures the credibility of speed contro\. The projeet's "susceptibility to vandalism" deserves

attention and should be rcmedied.

Condusions regardillg speeding
The average speed on the N216 has decreased from ± 80 kph to ± 73 kph. After initiatien

of the speed control project, only 1.3% of motorists excceded the speed limit. This is weil
below the 2% target set at the start of the project. As aresuIt, it is taking langer than

anticipated to fill the film cassettes in thc surveillance carneras. This has led to a delay in the

processing of fines, which should not be attributed to lack of capacity.
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Conclusions regardillg accident potteins
The total number of accidents decreased by 2S% after insrallation of the surveillance
equipment. There was also a slight decrease in the nu mb er of injury accidents.

It is interesting to note that the most significant safety improvements we re achieved
on road stretches. The SO% deercase in injury accidents on road stretches is, however,
contrasted by the 70% increase in injury accidents at intersections. This increase eentres
around the N216/Melkweg/Pcppelweg intersection and the N216/Nieuwpoortseweg/
Graafland intersection. There has been a substantial increase in crossing traffic at the
N216/Melkweg/Peppelweg intersection. The restructuring and improvement of the local
road network gave rise to an alternative route from Groot-Ammers to the A27 via the
Peppelwcg, Melkweg, Gorissenwcg and N214. This route can now be negotiated at higher
speeds, which has led to an increase in accident risk as weil as traffic volume (+ 500
vehicles/day). Permanent surveillance on the N216 may have contributed to increasing
traffic volurne on the alternative route, which has no such surveillance. In addition, a road
technical adjustrnent was made at the N216/Nieuwpoortseweg/Graafland intersection,
which had a negative impact on road safety.

Exclusion of accidents at the N216/Melkweg/Peppelweg intersection and some of
the accidents at the N216/Nieuwpoortscweg/Gr:lafland interscction reveals that the speed
limit of SO kph has no effect on safety at intersections. One may therefore conclude that SO

kph is still too fast for intersections.
The following tentative conclusions may be drawn from this evaluation:

• surveillance of maximum speed on SO-kph roads primarily has a positive impact on

road-stretch safety;
• enforcement of the SO-kph speed limit does not improve safety at intersections.
Other factors, such as changes in traffic volume, may cancel out the positive effects
of speed control at intersections;
• when imposing speed control on main routes, one should not lose sight of lower

order roads.

6.2 Recomtncndations

Speed con trol measures can contribute significantly to sustained safety, especially on road
stretches. The impact ofsuch measures - even on relatively safe roads - may be even greater
than anticipated on the grounds of analyses based on the principle of sustained safety.

At intersections, however, more drastic measures are required to ensure sustained
safety. The speed at intersections should be reduced to around 30-50 kph by means of
roundabouts 1 and (possibly) raised intersections, in order to bring about a substantial
il11provement in safety. Furthermore, when striving to substantially improve road safety, one
should not lose sight of the lowcr-order road network in the surrounding area.

1
In 1997 a roundabout hase been realiscd for the N21 6/Mclkwcg/Pcppclwcg int crscction.
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1. In troduetion
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The flow of vehicles on frccways and expressways is disrupted frequently by various
activities including raad construction or other expected events, such as police enforccment
operations. Road constructions may result from maintenance of a woru-down pavements,
widening, adding lanes or building of interchanges or rail overpasses. Police enforcement,
on the ether hand, is usually shorter in nature, and may include speed limit or headway
enforcement or just shouldcr presence with an attempt of "traffic calming". The
conventional level- of- service and capaciry analysis for a basic freeway seetion is no longer
valid for such situations, because of the different flow characteristics thar result.

The Israel Public Work Department (PWD) is conducting continuous maintenance
operations on various sections of the freeway network while the National Traffic Poli ce
(NTP) enforce the rules of the raad.

This study evaluated flow conditions at a freeway work site and, at another freeway
site where a police patral car was visibly present on the shoulder. In both cases the free flow
of vehicles was interrupted and unusual traffic conditions prcvai lcd including the red uction
of capaciry at the work area for the duration of the interruption. This created lower level
of scrvicc rcsulting in congestion and queues upstream of the work zone and lower speeds
and shorter headway between cars w hen a police car was present on the shoulders of an
othcrwise undisturbed freeway sectien.

The objcctive of thc study was to evaluate the traffic flow characteristics during
events which can be predicted in advance. Specifically, it was also needed to estimate such
param eters as capacity at work zones and variabiliry of headway between vehicles when
evaluating the impacts of the noticeable presence of a police car ncar the roadway.

2. Background of study

The Highway Capaciry Manual (HCM , 1994) states that work zone capaciry wiJl change
based on the type of work done, the cquipment used and the number of lanes open vs. the
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nu mber oflanes blocked. Some values are provided for werk-zone capacities, for exarnple,
when one lane out of two- lanes is open then the expected and recommended capacity is
1340 vph, w hich is abo ut 6 1% of th e ideal capacity. However, these values are subject to
change acco rding to the exact conditions at each site, for exarnple the lane widths and the
arrangement of the lane closures and also the local flow characteristics such as speeds and
headways. T herefo re, they can not provide always the necessary information for work-zone
capacity and level- of- service analysis.

A sirnilar evaluatio n was co nducted in England by Kelleway (1985) which provides
several values of reduce d capacity. For example, when two out of four lanes were open then
the capacity of each lane is reduced to between 1400 to 1600 vph. Additi onal values were
provided for different numbers of open vs. closed lanes and it was furth er found that local
merging and weavin g charac teristics also imp act the resulted capaci ties.

Dixon and Hummer (1996) in N orth Carolina co nducted a study on capacity of
freew ay work zones and found that advance warn ing and gradual closure of lanes are
beneficial to capacitics and safety.

The "extra-over" traffic dernand, which can not be processed during a recurrent
eve nt, because of the reduced capacity, is typical!y "converred" to queues. These lines of
cars are often diverting over time and cons iderable dclay will ordinarily result during peak
periods. W hen al! lanes are open to traffic, or when the "external effects" such as a police
vehicle prese nce are removed, then the recovery process begins, altho ugh some time could
elapse before flow returns to normal and the original capacity values are restored.

A NCH RP study (1990) evaluatcd methods for freeway incident management and
found that during incidents, every 1 minute delay in removing the incident creates, on the
average. 4- 5 minute delay for vehicles upstream of the incident. The importance of speedy
response and proper enforceme nt is ernphasized in many studies. It was also suggested that
temporary use of sho ulders could considerably help the recovery process.

3. Data coUection

Two separate sets of data were co llected for th is study. O ne set consisted of data gathered
at a wo rk-zone on a suburban six- lane expressway south of R ishou Letsiyo n, where rwo
!anes out of thr ee (in one dir ection ) were closed to traffic, a few hours every day for severa l
days, while the pavern ent was being repaired. T he seco nd data set consisted of flow data on
a four- lane major freeway sectio n, connec ting Tcl-Aviv and Haifa, where a N ational Traffic
Police (NTP) patrol car was placed noticeably on the sho ulder.

T he data at the work zone (site 1), consisted of speed and headway between vehicles
in the open larie . It was measured wit h a video came ra, placed ncar the pavement but in a
hidden location, such that the natural traffic flow wil! not be disturbed. Prior to the location
of the work zone, a closure ofa single lane took place with the aid of plastic cones that werc
spread along an approximate taper of 50: 1. It must be no ted that the lane closure was
rclatively surprisi ng to most drivers who did not expect this closure to occur at this location .
be hind an horizontal curve and during the peak period. Considerable back-ups and queues
were created upstream of the closing location .
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The NTP patrol car was placed in a location (site 2) where traffic flow is sensitive
and frequent breakdowns occur during pcak periods, mainly because of a combination of
two factors: relatively heavy flows at high speeds and adverse geometry prior and after the
site . A relatively sharp compound and reverse horizontal curve, existed about 500 meters
prior to the site and a busy interchange, with on and off ramps, exited at about 2 km.
downstream of this site. The site itself where the patrol car was located was on a tangent
sectien in which an increase in speed usually occurs after the reduction of speed due to the
tight horizontal alignrnent, prior to the site. Data at this site was also colleered by a video
camera which was located on a near-by elevated field, about 100 meters from the edge-of
pavement.

The intention of the observations at both sites was to study the effect, on the traffic
flow characteristics, of "outside" interrupting effects such as relatively short and unexpected
construction operations. At site 2, it was intended to observe the impacts on traffic flow of
the prescnce of noticeable and marked police car on the shouldcr, at a high -speed, high
volume location. SpecificaIly, if it could exacerbate the traffic flow conditions and increase
the probability of a breakdown, or alternatively improve efficiency and safety.

4. Data analysis and results

The results of the data analysis are to be presented separately for the two sites because of
sorne distinct differences between the traffic conditions studied.

In site 1, the work-zone south of Rishon Letsiyon, several flow phenomenon were
observed. First, it was found that drivers did travel at higher speeds while approaching the
site than the permitred and advised speed. Two advisory speed signs of 50 km/h were
installed at about 500 m. and 800 m, prior to the site. Driver, apparently, did not pay full
attention to these speed advisory signs prior to the site and their average approach speed was
about 95 km/h, 300 meters before the location where works began . The average speed at
the site was about 55 km/h and therefore the speed differcntial between the approach speed
and the speed at the site was about 40 km/h, greater than it should have been for safe and
"efficient" speed reduction. Necdless to say that th is high-speed differential created sorne
hazardous situations - observed in the field by sudden breaks, near misses etc . - and serious
concerns for the safety of the Public Works Department and to the Police unit at the work
Zone.

The analysis was also concentrated on the distribution of flows through the work
ZOne sectien. The Cumulative Distribution Function (CDF) of peak flows through a one
lane within the middle of the work-zone section, is presented in Figure 1. It can be
observed that the values range between about 1,200 vph to about 2300 vph.

The observed avcrage volume values represented capacities because of the
Continuous feed of vehicies due to the queues. Capacity values was about 1650 vph/Iane
and the observed 85th percentile was about 2050 vph/lane. Comparing these values to
values found in California and reported in the HCM (1994) it was found that the average
value is about 41% higher and about 55% higher respectively than pavement repair values,
and observed capacities, for some typical operations (one out of three lanes open to traffic)
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by the HeM 1995 . The 85th percentile value observed, was higher by about 63% than the
value of about 1260 vph/Iane found in Texas by Dudek and Richards (1982).
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Figure 1. C umulative distribution function of pcak lane vo lumes through the work
zone.

In site 2, where a police patrol car was presence on the shoulder of a busy freewa y, seve ral
observations were detected. 500n after th e arrival and positioning of the police car on the
southbound shoulders, a significant reduction ofabout 6.6% in the southbound hourly flow
rate was observed. Most of the rednetion occurred in the left lane where previously, before
the arrival of the poli ce vehicle, high speeds and cons equently relatively long headways
were observed. The lane volumes and directional flow rates are presented in Tabl e 1.

Table 1. Lanc volumes and tlow ratcs bcfor c and during th c pr ésence o f a policc car.

Thc Mc asurcments Volum e at the Right Lane Volume at thc Left Lanc Total Volume Flow

Period (half hour) (half hour) (half ho ur) R ate

Before the Arrival 584 876 1460
of the Patrol Car 2920

During the 581 782 1363
Prcsence of thc 2726
Patro l Ca r

Volume Differcncc -3 -94 -97

Add itional observations were conducted on the headways in the southbound direction .
Because of video camera visibility and data red netion diffic ulties, the observations were for
the right-la ne on ly. After the arriva l of the police vehicle , the average headway went down
from 3.2 seconds to 2.99 seconds, a rednetion of abo ut 6.5%. The average and standard
deviation of headways is presented in Table 2 for the southbound direction.

Figure 2 shows the distribution of the hcadways in the right-lane before and during
the presence of the po lice vehicle on the southbound shoulder. The fol1owing observations
we re made.
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Tab1e 2. Right-lane hcadways befere and during prcsence of a policc car,
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T he Measurements T he N umb cr of Average H eadway Standard Deviation
Period Mcasuremcnts Valuc (second)

Beforc the Arriva1 of the 188 876 1460
Patrol Car

During the Pr ésence of 195 782 1363
the Patrol Car
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Fig ure 2. Distribution of headways in the right lanc befere and during the pr ésence of
a poliee vchiclc,

T he result showed some "smoothing" of traffic flow during the prcsen ce of the police car.
T his can be spec ifically observe d from the reduc tion of the headways' standard deviation by
abo ur 6.9% from 2.04 seco nds to 1.90 seco nds, as presen red in Table 2. It can also be
observed from Figurc 2, that the re was an increase in the number of smal l headways in the
right lane, during the presence of the police car on the sho ulde rs. T his ph enomenon
resulted from the redu ction of speed and the increase in the density, w hile keeping the
volume in the right lane abo ut equal (581 vs. 584 vehicl es per 30 minutes).

T he safety effect of thc increased in de nsiry and redne tio n in spee d is not clear: lower
speeds red uce risks but at the same time smaller headways resulting from higher dcns ities,
have a nega tive effect on safety. It must also be noted that thc re was a significant redu ction
of the volurne in the left (fast) lane, after rhe police vehicle arrived, mainly because many
driv ers slowed down and moved over to the right (slow) lane.

T herefore, it could be estimated, altho ugh no data was available to fully support this
conclusion, that the summed safety effect of the police car was positive: it smoothed the
headways and, redu ced the vo lume in the fast lane altho ugh it increased the density in the
slow lane.
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5. Conclusions and further research
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Several conclusions could be drawn from this study. First, it was found that it is important
to enforce the advisory speed prior to a work-zone location. This is primarily for safety
reasons but also for efficient traffic flow and maximizing th e capaciry pot cntials of the
op ened lanes, Additionally, it is hypothesized that at a site where one lane out of 3 is kept
ope n, it is highl y preferabie close initi al!y one lane and then , after 1-2 km. to close gradual!y
the sccond lane. This wil! minimizc the interruption and distribute the int erferen ce along
a longer section , thus increasing thc probability of a smoothe r transition of flow.

Second, it was found that the presence of a poli ce patrol car on the sho ulders of a
busy freeway, stabilizes the fluctuations in flow and reduces the variability between
headways. This in itsclf provides a potentially signifi cant safety advantage. Furthermore, by
reducing headways it is possible to increase densities and therefore increase flow efficienc ies.
R edn etion in speeds - although not dire ctly studied but could be estimated from shifting of
vehicles from the fast lane to the slow lane and from the incrcase in dcnsiti cs - provid e
additional enhance ment to the safety levels.

Several recommendations for further research are in order : First, it is important CO

study the exact effect of the impact of a poli ce car pre sence on speeds of cars on freeways.
Several conclusions rclared to traffic flow efficiency than could be evaluated mor e precisely.
Second, it is also important to study in greater detail s the exac t effects of the slope and
length of the taper on traffic flow on the approach to work zones. Pinally, to study the effect
of the presence of increased poli ce enforcement on the safety level and efficien cy of th e
flow of tra ffic, including capacity improvements , at the approach and through a werk-zon e
on a high-speed, high-volume freeway.
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1. Im po rtance of spatial planning for roadsafety

The Netherlands are a densely populated co untry whieh has repereussion on the traffie.

M obil ity has enorm ously expanded. Therefore we do not only need ro ads with a flow
funcrion, but also have to make sure that there will be safe residential areas. In the
N etherlands th ese residentiaI areas are usuaIIly pIanned and designed by townpIanning and

townseaping.
By focussing on sparial planning not only roaddesign becomes a point of interest for

roadsafety, but also the structure of the roadnerwork (and therefore th e number of potenrial
blackspots) and even th e choice where new resid ential areas sho uld be located (and
therefore mobility, the exposition to risk). It will be clear that sparial planning detcrmines

co nditions for roadsafcty.
In the Netherlands rhe communi cation and coopcrarion between th e professions of

townplanning and townscapig on one hand and roadplanning and traffic engineering on the
ether hand needs to be improved. R ondplanners and traffic engineers should have a role as

coach for townplanners and townscapers.

2. Contents

This paper first dea ls with the relation between raad planning and townplanning in gen eral .
Seeondly the paper focusscs on trafficpIanning and townplanning on the scales of location,
struc tur e and design , indicating opportunities for roadsafety onee eooperation between

townscaping and traffie engineers. Road safety matters, on every scalc.
Will the future Sustainable Safe isles, connected by future Sustainable Safe roads ,

resulr in better quality oflife? A meehanist-approaeh of Sustainable Safety shall and will not
lead to acceptance . The most important point of thi s paper may be that we sho uld not

fOrget abou t th e the way Sustainable Safety affec ts daily life!
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This paper assumes basic kn owledge of Sustainab le Safety. If the reader does not
kn ow abo ut Sustainabl e Safety, the publication " towards safer ronds" wi l! offer the rcquired
kn owiedge.

3. Relation between trafficplanning and townplanning

There is astrong interaction between trafficplann ing and tow nplanning. On the short term
townplanning determines the traffic flows and the de mand for traffic network. The place
where school is planned, children wi l! go; the place w here industries are planned, workers
wil! go; et cetera.

O n the lon g run the traffic-network is a major issue for the location and structure
of development areas. O nce towns arose at the crossing of roads and rive rs, nowadays
officebuildings arise near statio ns and high ways etcetcra ,

Therefo re trafficplanning and townplanning cannot be seen separately, but on the
other hand townplan ning does not only deal with traffic. Preconditions by structures in the
landscape, financial preconditions, et cetera sho uld be dealt with as well. Sustainable Safety
wil! seriously affect both trafficplanning and townplanning.

4. Sustainable Safety and trafficplanning

A lot of attention is paid to the function of roa ds in term s of Sustainable Safety, but the
result ing nctwor k is only recentl y point of in terest. T he mesh of the nerwork of roads with
a flow-func tio n and distribution-fimction results in different expectations for mobiliry and
road-safety.

T he mesh of the network of roads also difTers for mobiliry: a fine mesh nerwork of
roads with a flowfunction resu lts in an increasc of mobiliry, but also results in an increase of
roadsafety. On the same hand fitting in roads with a flow function wil! not be easy:
disintegration, barriers, required area et cetera wi ll call for resistance . This results in a new
type of roa d: the ligh t- flow-funcrion roa d (in con trast with the "heavy-flow-function
road" , the current highway), wh ich wil! be chea per, easier to fit in , ct cetera.

By fitt ing in distribut ionroads in ru ral areas in a smart way disct ributionroads can be
kept to a mi nimum length . From the po int of view of roadsafety this is positive, for these
roads wil! allways have high risk-characterisitics. However if the mesh of roads with a
flowfunction is too big, a lot of distribution roads wil! be nescessary.

To maintain the rural areas trafficcalm but weil accesible for those who reside there,
fitting in traffic-calming measures on the accessroads (rural type of rcsidential roadfunction)
can be fit in in a smart way as wel l,

In Table 1 influence of Sustainable Safety on items Iike mobiliry, network of roads,
quality of traffic flows, and road- safery are given for the rural area rhar was studied. These
are the mos t im portant results of a rece nt study of Sustainablc Safety on a netwerk-level .
Scvcral co nsultants joined rogeth er in this study commisioned by the Transport Research
Centre (AVV). T his study was based on the assumption that pcople have a steady time-
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budget for travelling when a great nu mb er of people are taken in account. Rernarkable is
that roadsafety does not influence quality of the trafficflow in a negative way, but the quality
of flow even improves. Furthermorc a medium mesh network of roads with a flow
function does not lead to an increase of moblity, but to an increase of roadsafery, even when
calculations are made with current risk-characteristic.

Mobilry in its essence is a quality, as people wil! feel the need to work, recreate, et
cetera; this should be considcred as a right. This right should not be threatened by
arguments of road-safety. Nevertheless this should not lead to unbridled growth of mobiliry,
The demands to make a move are not het problem, but the way the moves are made.

By making it possible to use means of transport in a functional way, people can keep
developing without astrong increase of car-mobility. For short distauces walking and
cycling are functional, while for the longer distances public transport and the car are
functional. If the growth of mobility is done by public transport, roadsafety will hardly
dcminish, Even if this rneans that there will be a lot more pedestrians or cyclists, this will

not lead to severe problems for road-safety.
This demands an approach in spacial terms, which asks for cooperation between all

professions like rownplannning, townscaping, trafficplanning et cetera. This subject is dealt

with in the next chapter,

5. Sustainable Safety and townplanning

In the previous chapter the functional use of means of transport were introduced, which
demands an integrated approach. In this chapter the integrated approach is described on
different scales: location, structure and design of new residcntial areas. The contents of this
chapter are taken from a another study, commisioned by the Transportation Research

Centre.
Remember that functional use of traffic can be considered as "make sure rhat the

best traffic is also the logic one". Public transport like trains and busses is good at big
bundled trafficflows over a long disrance. the car is good at dispers trafficflow over a long
distan ce; slow traffic like pedestrian and cyclists is good at short distauces. Therefore in
residentlal areas the pedestrian aud the cyclist should be dealt with first, This dernands a

completely different approach in townplanning and townscaping!
Keep in mind that not only thc healthy thirthy year old man will be on the street,

but also blind people, elderly people and children. Therefore eithcr prevent conflicts or
prevent big differences in speed, direction and mass: this is the basic principle of Sustainablc

Safety.

5.1 Location <if ncur residentie! arcas

Alth ou gh it is hard to prove scientificall y, it is common sense that the location of ncw
residcntial areas wil! differ when related to roadsafery. A stud y on th is topic is recently

startcd, but until now no results are availablc .
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Table 1.

rural study

Variate Roadnetwork

frame of large mesh net medium fine mesh net
reference

Mobility

total number of moves

local 152.000 155.000 152.000 147.000

external 322.000 314 .000 321.000 334 .000

share public transport

local 3% 5% 3% 3%

external 9% 10% 9% 8%

car-kilometers

in area studied 8.685.000 8.546 .000 8.398 .000 8.909 .000

on surrounding 6.702.000 6.383.000 6.874 .000 7.872.000
highways

Network

length roadnetwork 722 998 827 1124

number of crossings 104 101 88 134

required area 1518 2386 2232 3330

invested capital in 3078 4457 4296 6609
1.000.000 Hfi

Quality of traffic flow

share of roadlength 88% 93% 95% 100%
considered 'good'

Roadsafety

accidents

stretch 284 284 255 239
crossing 105 96 76 89

total 389 380 331 328
victims

stretch 395 385 349 324

crossing 249 211 165 150

total 644 596 514 474

casualties

stretch 17 20 20 22

crossing 59 49 38 32

total 76 69 58 54

N everth eless it w ill be clear that - in gene ral - a location of a reiden tial area th at gene rates
more car-kilome ters, shall be relatively unsafe compared to o ne th at does not , et ce te ra.
Sim ply pro viding req uired roads to conneet this residential area with roads flow-funct ion is
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nor only a bad start for roadsafety, it costs too much as weil. The development of the
nerwork of roads and development of functions should be weil balanced.

Therefore a traffic planner should coach the townplanner and provide information
about generated mobility, costs, roadsafety, et cetera for several alternative locations of new

residenrial areas.

5 .2 Structure of neiu resideutial arcas

The structure of a residential area can be related to roadsafety more directly. An important
point is that each structure of roads lias potentials for a safe environment. A residential area
can be made with several structures like axis, radials, tangentials, grids, loops and forks.

Each structure lias bottlenecks and the trafficplanner should provide the
townplanner with information where these bottlenecks win occur, how severe they are, et
cetera. Vulnerable functions, such as schools, should not be located near these bottleneecks.

5.3 Dcsign if neur residentia! arCaS

If roadsafety is considered as a matter of ronddesign only, this will result in residential areas
with a lot of measures on behalf of traffic-calming like speed-burnps, trees with traffic signs,
thu s creating an undesired "rraffi c-landscape" in a residential area . This may however be
nescessary sometimes and can be done in a natural way : change the axis of a road bec ause
of a statue, make an arched bridge instead of a bump, etcetera.

N evertheless it should be considered that these trafTfic-calming measures are never
as effective as a good choice of the location for a residential area or a good choice of a

ce rta in structure.

5.4 Rccommcndations

Seven recornmendations in the study for a good structure are given as follows :
• make large yet traffic calm, continuous zones where accomodation of playing,
walking and cyding has the priority to accomodating car-traffic; for the Dutch
situation these zones could be from 1 up to 1,5 or 2 square kilometer.
If the area chosen is too small. it will noty only cost too much, but it win result in
high energy-consumption by traffic and unsafery. Also the appearance (visual

qualiry) win be negatively influenced.
If thc area chosen is too big, traffic intensities in the zone will be high and the
surrounding roads win be a barrier for the inhabitants. This win also lead to unsafety.
• a clear road is a safe road: if roads are "self-explaining" this will lead to the right
expectations by the car-driver, such as whether or not to expect pedcstrians, how
sharp win the road bend and can obstacles be expected. Roads with a flow-function
should be uniform; residential roads with an access-function should be diverse (the

opposite) and distribution roads should be in between .
• a good structure of roads leads to clear roads: a distributionroad splits up into three
residential roads . It should be avoided that a residential area ends up in an
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unstructured bu nc h of houses. In that way search-behaviour by car-drivers can be
prevented. Orientation should be made possib le using water, green and of course
architecture. Within the reside nt ial area a hierarchy of roads sho uld be consdered
unwanted.

• Car-intensities contribute to clear roads. For dutch standards residential roads can
deal with intensities up to circa 2500 (rura l) or 4000 (urban) vchicles/day. Intensitics
up to circa 6000 or 8000 vehicles /day appear re latively un safe as they are neither
traffic calm nor appear unsafe to pe des tria n and cyclis ts. In that case behaviour will
not be adaptcd we il, so a struc ture w ith roads with these intensities should be
avo ided. T hc road co uld be split up into a rcsidc ntialroad co mbined with another
roa d suc h as distribu tionroad . A distrubutionroad w hic h is not insten sively used will
call for spee ding by car- drive rs and is unwanted as well.
• C rossings should co nt ribute to perception of the typ e of roa d , H ierarchy between
the three roadfunc tions sho uld be clear, not hierarchy within a fun ction. Informal
pr iority sho uld be avo ided, especially in residenti al areas, R oundabouts (crossings
w ith signals if the req uired area is not available) refer to distributionroads, regular
crossings to residential areas.
• Make changes in finietion and changes in built- up area clear . First of all give th cm
a logic place in the structure of roads . T he borderline for the built - up area should
be between rural and urban but also near a landmark. a bridge, a line of trees at right
angles to the road, ct cetera.
• Pay attention to lanes for public transport. In the dutch siruacion quite a few bu s
lanes have been build. Since heavy vehicles with high speed are introduced in
residential areas the way th ese lanes are fit in are of major importance for road safety.
T herefore they should be trea ted as distribution roads with a limited number of
crossings. On th e track an info rrnal barrie r (like a cana l) should prevent crossing.

Fro m these po int s it may be clcar that roadsafery is as m uc h influenced by townscape and
townplanning as it is influ en ced by roa dplanning and traffic engineering. Therefore an
intense coopera tion betw een th ese discipl ines can avo id th at a rcsidc ntia l area needs to be
pareb ed up di rectly afte r it is bu ild. Sustainiable Safety can not be seen scpe ratc ly from a
struc tural appo roach.

6. Acceptance

We sho uld not focu ss only on roadsafery, as th ere is more to life than driving safe. Sparial
qu ality deals wi th both fun ction al aspects, visual aspects and future values , As roadsafety is
only o ne of th e func tio nal aspec ts, a m echani st approach of roadsa fery sho uld be avoided.
Pcop le wi ll no t acce pt a traffic calmi ng measure if affec ts visual qu ality or future value.

T his requ ires an approc h on fun ctions and principles, hardly on rul es and design.
T hink in 3D images, instca d of top view drawing. T hink qualiry, no t quantiry. Think
syn thesis, not analysis. Words as atmos phe re . diversity, et ce tera should be int roduced in
education as roadp lanncr, traffic engi nee r and roaddesigner. T his way part icipatio n and
acce ptance for roa dsafety will inc rease.
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Sustainable Safety on Rural Roads

W. va n der Wijk
HA 5KONIN C Du teli Consultinç Engineers and Architects, The Netherlands

1. Introduetion

R oads outside the build-up area can be divided in roads for th rou gh traffic and access roads.
This pape r focu ses on one category of access roads calied the rura l roads : pub lic roads,
outside the bu ild-up area , narrow and with little func tio n for thro ugh traffie.

T he main function of rura l roads is (historically) giving access to fanns etc . Due to
the expansion of the agriculture sector, mac hines and vehicles have become bigger and
heavier. T herefore roads have been constructed stronger, wider and more outstretched. As
a result, both traffic level and speed have increascd, hence traffic safety has dcclincd.

Neverrhcless traffic safety on rura l roads has not become an issue. Reason behind
this is the relatively small num ber of accidents whic h occ ur on rura l roads. Compared with
the total lcngth of the roads in The N eth erlands, rural roads are five times as safe as main
roads outside the build-up area. H owevcr compare d with the total distance made by the
traffic on the roads, rura l roads are five tim es as dangerou s. In ot her words: the density of
accidents is low, bu t the risk of being invo lved in an accide nt is high .

T he district water boards wi thin the Province of Zeeland are responsible for the
rational road management of rhe rural roads. T his implies that they are also responsible for
the safety of the road-users. HA SKONING D utch Consuiting Engineers and Architects has
examined the traffic safety situation of the rural roads in the Provincc of Zeeland under the
authority of the district water board "Zeeuwse Eilanden". Imp ortant causes of accidents
have been iden tified. T he accident po ten tial occ ur depends on the characteristics of road
and its surround ings, altho ugh, this influcnce varies. Based on these findings and fit in the
Dutch philosophy of traffic enginee rs called "sustainable safety", ru ral roads have been
divided into catego ries. Design criteria have been formulated , rclatcd to this categories. It
is not possible to reconstruc t all roads simultaneously. Areas in which rural roads should be
reconstru cted first have bee n placed on a prio rity-li st. T his priority- list is based on accident
rates and approximate costs.

2 . Traffic safety on ruraI roads

36. 114 accidents happcn ed within the Provin ce of Zeeland in the years 1990 - 1995. Out
of these accidents approxi matcly 33% (11.954) happ cncd outsidc the buil d-u p areas. 3.483
accidents happ ened on rural roads, which is approx imately 10% of the total nu mber of
accidents within the Provin ce of Zeeland. When co nside ring the victims the situation on
the rural roads is worse, O ut of thc 6.926 victims all ove r the Province of Zeeland in 1990
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- 1995, appraximately 57% (3.924) of the victims sustained their injuries outside the build
up areas, and approximately 17% (1.162) on rural raads.

Analysis of the accidents th at have occurred on rural raads in the Pravince of
Zeeland showed that often only one car was involved i.e . cars, leaving the road or colliding
with trees. The analysis has also showed that many accidents occurred at curves. These types
of accidents were analysed more in detail, with a method named ASPE (analyse of specific
characteristics of accidents). The method searches for aspects which influence driving on the

location of the accidents.
It is apparent that high speed often plays a deciding rale in the circumstances which

lead to the accidents. Cars can easily leave the raad, on narrow carriageways particularly
when the vchicular speed is high, especially at places where thcrc are changes in the raad
or its surroundings. Purthermere it was mentioned that shoulders are aften weak, sa when
a car leaves the road it is hard to get back on the road.

3. Speed and traffic safety

It is clear that reducing vehicular speed can assist in increasing safety. With low er speed

there is more time to correct a driving mistake or a judgement failure. It gives also more
time to react.

Ta lower the vehicular speed it is important to know which characteristics of the
raad and its surraundings have substantial influence on that speed. Documentary evidence
shows that there is little knowledge concerning the interaction between these characteristics
and traffic speed. The only important characteristics mentioned are the width of the
carriageway and the forward visibility.

Many raads in the Province of Zeeland are constructed in concrete instead of the
common macadam. HASKO N ING lias been asked to examine whether the kind of
pavernent influences the traffic speed. Therefore locations have been selected on rural roads

that are similar in appearance, but with different pavernent types. At these locations the
traffic speed has been measured. Three kinds of pavernent (concrete, macadam and paving
bricks) we re compared. The comparison also included different widths of the roads.

The resu lts of the cornparison are listed in Table 1. It shows that thcre is very littlc
difference in speed driven on concrete and macadam raads. On brick raads the speed is
lower. Carriageway width rather than pavement construction is the deciding factor in traffic
speed.

Table 1. Avcrage speed (km/h) on roads with different pavcments, rclatcd to thc width
ofthc road ,

road width (metres) concrete macadam paving bricks

6.00 75 74 -
3.50 - 4.50 58 58 53

3.00 56 54 5 1
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4. Sustainable safety
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T raffic safety has increased in The N etherland s since the early 70 's. About 25 years ago th e
number of fatalities in road traffic was over 3000 every year. T his numb er has decrea sed to
abo ut 1250 persons killed annually. In the sarne time traffic flow more than doubled.

DrNe6opomenfol lOfaltl95crd l'U1'lbaf cl~.~.--,.........-"'-,
- I

Figure 1.

Some of th e success ful measures im plemented to increase traffic safety during thes e
years were:

• the introdue tio n of safety-be its in car;
• the compulsory helmet use for moped riders;
• the reconstru ction/realignmen t of accident blackspots.

Purthermere the Dutch governme nt formulated a national transpo rt po licy and committed
construction of a co mplete network of highways. The local autho rities created th e so called
"woonerven" and residential areas w hc re spee d is rcduccd to 30 km/h or less by road
design. T he safest roads related to th e total distance trave lled are hig hways and roads in
residential areas with a 30 km /h speed-limit.

Figure 2.

In rece nt years the rate of reduction of road accide nts has slowed and appearcd to stop. A
new phi loso phy to rcdu ce accide nts , injuries and fatalities in traffic has been set up in The
N etherlands. T his philoso phy is known as "sustainable safety". T he basic idea is to create a
inherently safe system. T his m eans th at roads are built in suc h a way th at th e risk of an
acciden t occ urring is minimised and wh en th ey do occur th ere will be no serious inj uries
i.e. th e read's co urse and peopl e 's beh aviour o n th e road are predictable.

For exa mp le, o n a du al car riageway YO ll expect to drive at 100 or 120 km/h , road
use is lim ited to cars and trucks, and the re is no onco ming traffic. T hese expectations are
different in a reside ntial area . T he dri ver is expcc tcd to drive 30 km/h o r less. T here are
rnany kinds of vehicles o n th e road, go ing in a multitude of direeti on s and th ere are
pcd estrians w ho utilise the streets suc h as children playing, and people taking a stroll . These
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examples co nce rn the types of roads w hic h are the safest of th e different categories as
me ntioned above. T he o the r roads, also th e rural roads, sho uld be as safe as th ese roads.

5. Functional categories

To establish a safe roa d netw or k the fun ction of all roads sho uld be defined . In the
"sus tainab le safety" phiIosophy there are three catego ries of roads, both inside and outside

th e bui ld- up area . O utside th e build-up area the se roads are :
• high ways, which have a primary fun ction for through-traffic;
• distributor roads, which have a primary fun ction for rapid access to residentiaI and

other areas.
• local access roads; th ese carry traffic from distributor roads to individual properties;
th ey also have an ame niry value as the y serve as a public open space within th eir

locality.
Por the purp oses of thi s document we are conside ring ru ral roads as local access roads
outside the build-up areas. T he functions of th e areas in w hich rural roads are located vary.
T here are many agric ultu ral arcas. Some areas have an importan t func tion for recreation ,
for exa mp le coas tal areas, fo rests, moors, swamps and o the r areas with special nat ural
features and may have a specia l environme nta l fun ction. Lately mor e and more industrial
dcvelopment takes place outside the build- up area w hich creates areas with industrial

function.
According to these functions, areas have different impact o n the traffic wi thin the

area and betw een diffe rent areas , An inve ntory has been made of th e func tions of the areas
in the Province of Z eeland . Based on th is invento ry th e roads o utside th e buil d-up areas
wcre divid ed int o local access roads (in this case called th e ru ral roads) and the other roads

(distrib utor roads and high ways).
T he rural roads w hic h have been selec ted still have differe nt fun ctions. R oads are

used by peopl e for different goa ls and with different mod es of transpor t. T here are for
instan ee (heavy) tru cks and machines for (agricultural) bus iness, but also recreatio nal

bicycles and horsemen.
It is important to define mo re specific fun ctions of rural roads to enable the water

boa rds to apply ratiorial road managem ent. Three typ es of rural ro ads have been defined by

the wa ter boards within the Province of Z eeland:
R l: roa ds w ith pred ominantl y a loca l function , but also throu gh-traffic;
R 2: roads with predominantl y a residcntial fun ction, a small amount of thro ugh- traffic can

occ ur;
R 3: roads w ith purely a reside ntial func tion, wi th no trou gh- traffic.

6. Design criteria

Thc differen t func tio ns of th e rural roads have co nsequences for th e lay- out of th e roads
and for the rational road ma nage me nt. T herefore HASKO NlNG translated the functio ns



474 Session 3: ROl/lid Table Prescutations

----

into design crite ria. The starring point was th e goal to in crease traffic safety on rural roa ds
by decreasing th e vehicular speed. A traffic speed of 60 km/h should he sufficient as an
average spe ed . However it may be desirabl e to reduce vehicul ar veloeiti es to less then 60
km/h at spec ial locations. These locations are curves, j unc rions and places w here more
activity in the locality can he ex pected, for exa mple a co ncentratio n o f hou ses o r farms, a
camp side or swim ming pool.
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Figure 3.

A5 pr eviously m enri oried th e width o f th e carriageway has an important influen ce o n the
vehicular speed . To lower th e speed it may be wi se to narrow th e ru ral ro ads. Hi sto rically
rural roads have be come wider and wider, be caus e traffic-flow has grown and trucks and
machines became heavier and larger. Hence a change in co nventio n will he need ed to

narrow rural roads.
In th e new design criteria the width of th e road is eithe r 3.5 m for c1ass R 2 and R 3

and 4.5 m for class Rl . At th e pr esent time no real standa rd ex ists. In th e paste ro ads have
tended to get wider, up to 6 m or even 7 m. As heavy tru cks and ma chines must he able
to pass each other, the shoulders should he stro ng. The shoulders have to be co nstructed in
a way that th ey can (occasionaIly) carry th e heavy trucks, but th ey sho uld c1early be a part
of the shoulders. The ro ad should be perceived as being narrow by th e roa d users, hen ce
th c vehicular speed will be reduced .

In the following table s the design criteria are summariscd . The seco nd table sho ws
how different types of rural roads should he co nnectcd to each other and to o the r categories
of roads at th e junctions. The typi cal cross sec tio ns are shown sche ma ticaIly.

The fun crions of th e ru ral roads have also co nseque nccs for th e ratiorial road
managem ent. For example on R I-roads there should he more regular inspeetion of th e
conditio n of the pavement and the shoulders. Besidcs on RI-roads th ere should be more
pcriodic maintcnance, while on R3-roads mainly emergency maintenance is need ed . These
co nsequc nc es are mentioned in Table 2.
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Table 2. Design criteria for rural (residcntial) roads,
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Table 3. De sign of'junctions,
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Figure 4. Ty pical cross scctions of rural roads,

7. Priorities

To cstablish "su stain able safety", all rural roads sho uld be co nstruc ted to co nfo rm to the
design crite ria. This will take a lon g tim e and a lot of mon ey. As safety has to improve
rapidly a transport strategy will have to be formularcd . Priori ties within th is strategy being
determined on a cost-effec tive basis.
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Areas have to be selected in which the number of accidcnrs can be reduced with few
investments. Taking local measures at locations at which accidents have happened during
the last few years is not necessarily the right way. There are hardly any accident black-spots
on rural roads. Accidents may happen at one instanee at a curve or junction, and the next
instanee at a different curve or junction. Isolated treatment of local accident black-spots,

wilI not lead to a reduction in vehicular speed.
Measures have to be taken in a complete area, which is c1early bordered. Defined

boundaries can be physical features like rivers and lakes. Other boundaries can be the
highways and distributor roads. Within the Province of Zeeland the areas that are selected
in this way, the rural areas, roads which are difficult to change to confonn to the design
criteria are excluded. In most cases these are roads over 6.5 m wide . These roads are
excepted from the potential roads to redesign. They divide a rural area into smaller areas .

For the areas created in th is way the costs of reconstruction are estimated by
counting entries, curves, juncrions and kilometres of straight road. These are the typical
locations were accidents occur, and rherefore measures have to be taken. The numbers of
these locations are multiplied with standard-prices of simple measures to adapt these kinds
of locations. The effectiveness is established by dividing the investments by the number of
accidents with injuries and fatalities, that happened in the last 6 years . In this way areas are
defined where traffic safety can increase considerably by relatively few investments. The

result of th is priority system is shown in the figure below.
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8. Conclusion
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On rural roads the density of accidents is low, but the risk to be involved in an accident is
high. In order to create a sustainable safe road transport systern, "sustainable safety", it is
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important to reduee aecidents on rural roads . The best way to achieve this is by a decrease
in the traffie speed. 60 km/h should be sufficient as an overall speed. Therefore rural roads
have to be construeted narrower. ln stead of a standard width in exeess of 6 m they should
be eonstructed between 3.5 mand 4.5 m wide . Purthermere sho ulders should be partl y
paved and rneasures sho uld be take n at specia l loeations to achieve a greater speed
reduction.

Beca use reeonstru eting all rural roads is expensive priorities have to be set. Cost
effeetiveness is a good way to set priorities. Costs can be estimated by co unting the nurnber

of measures to be taken in an area . Effective ness can be estimated by counting the number
of aeeidents that happ en ed in that area .
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Relationships between Road Aesthetics,
Driving Speed and Safety Evaluation
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Lidia Zakowska
Cracow University cif Technology, A -9, Warszawska st.24, 31-155 Cracow, Poland

Abs trac t . The projec t concerns a study and a research in the area of transportation and
geometrie road design rclarcd (0 road safety. Recent and continua} advan ccments in

computer graphi cs, simulation and virtual rcality have made it easier to dcvclop a better
und crstanding of thc complex road enviro nment. In order to get safer road design, the
rclation ships between bchavioral effect of rhe 4D road environment and rhe design road
parameters and characteristics have to bc understood and described.
This research o bj cc tive is ( 0 invcstigatc . using 3D and 4D visuali zarion mcthods for

road design assessment, the effect of road environment on road safety and, in particular,
ra describc relati on ships benveen raad design and cnvironmcnral par:l1ncters and
characteristics thar enh ancc road safety. The total goal is to develop a method for road
safety evaluarion bascd on a complex informarion from the road environment.

1. Introduetion

There is a common hypothesis that an aesthetic road environment have a positive influence
on road users behaviour. This hypothesis imply that positive experiences of road
environment co ntribute to a better traffic safety. H ow to design safer roads still remains the
fundamental questio n that civ il engineers, praetition ers and researc hers specia lising in the

field road design are tryin g to inves tigate.
A number of unsolvcd pro biems exist in the field of road dcsign, human behavio ur

and road safcty.. It is adviscd that inte rna tio nal research is carr icd out co ncerning road
design, human behaviou r and road safety, in which efforts mu st be don e to develop a co 
operative research co mm unity within Euro pe . Numerou s individual research are bein g
carricd out in most of Euro pea n co un tries, discussing geo mc tric road design probl ems
related to driver's behaviour and perception. Numerou s research meth ods are employe d in
these studies, presentin g a wide range of trad itio nal and modern approaches. O ne of the
approach, presen ted in the paper, is based on the 3D and 4D visualisation of alternative road

designs and road view perception studies.
Drivers' behaviour is highly dependent on the way he perceive the road

environment. It is estimated 14] that 90% of accidents are due to hu man error. Although
thc safety of mo torists is dependent upon many factors, it depends to a very large extcnt
upon rhe ease and accuracy with which they can interpret the visible evidence of their
immediare sur ro undings. Their errors are often caused by inadequate road design which can
on ly marginally be changed by informarion, rules or sanc tions [2]. As a means to a safer road
design, the concept of self explaining roads (SER) has been developed. In an SER
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environment, drivers know how to proceed safelyon rhe basis of the road design (3), i.e.
of the raad view observed.

The question "What has to be co nsidered in establishing modern highway geometrie
design gu idelines?" is very tempting and exciting. While several important goals for
highway geometrie design (like capaciry, function, economy, environmental protection) are
regarded today in more or less satisfying way, great deficiencies still exist when analysing
and evaluating the important goal safety. H igh way geometrie design guidelines should
guarantee the design and co nstructio n of safe roads, However, that dose not seem to be
true. T he laboratory experiment presented here concerns a study of subjective evaluation
of raad aesthetics and road safety.

2. Experimental design

T he experimenta l research objective was to investiga te the effect of the dynamic road view
on the driver perception of road characteristics and in partienlar to :

• evaluate the effect of the raad category on the perception of raad and road
environment,

• search for relationships between driving speed and the perception ofgeometrie and
environmental road parameters, road safety and the subjective road and road
environment aesthetics,
• describe relationships between subjective safety and objective information that the
driver receives from the moving raad view.

2 .1 Stimuli

Ten raad segments were selected in southern Poland from different category roads (from 1
st class freeways to V-th teehuical c1ass minor roads) and represented all official raad
categories. They varied in four groups of parameters, as shown in Table 1.

Ta ble t. Design and environmental charactcristics of the cxperimcntal road sections.

sect. road design driving roa d characteristics road environment
nr. catcgory speed spee d lane width lancs number side greenery ficlds buildinb'S

(km/h) (m) markings

1 I 120 110 3,50 4 yes - + -
2 I 120 110 3,50 4 yes + - -
3 11 90 90 3,25 4 yes - + -
4 11 90 90 3,25 4 yes + - -
5 III 80 70 3,25 2 yes - + +
6 lil 80 70 3,25 2 no + - -
7 IV 60 50 3,00 2 no - + +
8 IV 60 50 3,00 2 no + - -
9 V 50 40 2,75 2 no - + +
10 V 50 40 2,75 2 no + - -
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For each segment a video of the dynamic view was recorded frorn the driver 's point
of view, whilst driving with the design speed. Each stimulus was appraximately 60 sec. long
and covered the uniform characteristics for the raad category represented. To eliminate th e
influence of non manipulated external factors , all sites were filmed in summer driving
conditions, good light and weather and none or limited traffic on the raad.

The pictures be low (Figures 1, 2 and 3) are a statie representation of the I-st, III-rd
and V-th category raad environment used as stimulus material in th is experiment.

Figure 1. An examplc view of the I-st carcgory road.

Figure 2. All cxample view of the III-rd category road.
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Figure 3. All example view of the V-th caregory road,

2.2 Methad

Ind ependent variables co nstruc ted geo me trie road param eters and road environment
characte ristics, as weil as an expc rime nral driving speed.

The cxperime ntal dependent variabl es we re the subjective ly perceived road
param eters and roa d view characteristics, suc h as roa d safety, road aesthe tics, road
envi ro nme nt and landscape atrractive ncss and cho ice of speed.

2.3 Ratil/g scalc

T he sarne seven point graphical ratin g scale was uscd for six road view characte ristics
assessments, as in th e previous authors studi es (Zakowska [5,6]). The the o ry underlyin g the
cho ice of this scales has weil been do eurn enr ed by Heino et al. 1l J.

2. 4 Subjects

Twenty male licensed drivers ranging in age from 20 to 45 participated in th is experi me nt.
T he partleipants were selec ted to reflect different levels of driving exp erien ce, ranging from
very experienced profession al driv ers to inexp eri enced drivers. Subj ects we re not paid for
their parti cipation in the expe riment.

2.5 Procedure

T he gro up presentation s were used in the expe rime nt (4 to 5 subjects in one gro up) . Unlike
in former experi me nts (Za kowska [6]) the motion roa d views were presented with use of a
video projector on a large scree n, (2m x 3m) in a laborato ry environme nt, giving the
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subjeets a closer sim ulation of the real driving enviro nme nt.
Subjects we re seated in a laboratory with a good view of a scree n and they were

discouraged frorn co m municating with each othe r. A pre recorded tape of experimental
instru ctions and the practice film we re presenred as training at the start of the session . T he
sequences of 10 film clips we re prese nred with 30 seco nds of blank film be tween each
picture during w hich tim e subjects recorded assessments in response bookl ets provided

beferehand.

3. Analysis of results

T he cstirnates wcre sec red (from 1 for very low, to 7 for very high assessment), recorded,
and analyzed using regression statistic. lndividual ratings were scored with the help of th e
EXCEL pw gram and sratistically analysed using STAT GR AFICS and EXCEL programs.
For each dep endant variabie a separate analysis was perfo rm ed, based on descriptive
rneth od s and one-way ANüVA. T he most significant results are presented below,

The effect of wad category (wad class) on subjective assessme nt of two
characterisrics, narnely: (1) wad safety and (2) road aesthetics are presenred in Figure 4. T he
co rnparison of subjective mean assessments of those charac teristics have revealed that:

• wad safety assessments increase with higher road category and these characteristics

are we il correlated,
• wad aesthe tics assessrncnts slightly inc rease wi th an increase of road category,
• road safety and road aesthetics assessments are be tter co rrelated for higher road

categories,
ln terestin gly, the re is a relationship betw een wad safety and wad aesthe tics, altho ugh these

characteristics are objec tively not dependant.

11 class .111 class CIV class .v class

7

6
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4

3

2

aesthetlcs safety

Figure 4. The rclation ship between subj cctive wad acsthetics and subjectivo wad safety
for different wad categones.
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T he effect of road category o n subjective road safety and road aesthetics, as shown
in Figure 4, is that the IV- th and the V- th class ronds were perceived as unsafe, w hile their
aesthetics we re assessed more highl y, which is prob ably relatcd to the raad environment
factors. This is in correspondence to the results revealed for high er raad categories, where
better infras tructure effec ted a hig her leve l of safety and aesthetics evaluation.

T he way in which choice of speed is related to raad characteristics, such as design
speed and official road categorisatiou, is shown in Figure S. The higher the road category,
the faster subjects would drive, in rclatio n to the design speed of each road cate gory. This
effect does not always correspond to the subjective road safety, which is documented in
Figure 5. For speed choice assessment, score 4 mcans keeping th e sarne speed (speed limit
for each roa d category), score 1 means dram atic speed limitation , and respectively, score 7
means a high inc rease of driving spee d in relation to design speed.

Despite th e poor safety assessme nt of th e V- th class roads, spee d choice more or less
corresponds to design speed. T he IV-th class roads, how ever, althoug h pe rccivcd as rather
unsafe, unexpectedly hig hly scored fo r the speed chosen for driving (the most dramatic
variatien between safety and speed choice assessmcnr exceeds two points in the seven points
scale). T his may explain the low level of safety at this road category, documented in a large
number of accidents ,
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Figure 5. Safety. spe ed choicc, road aesth eti cs and road environment attractivcn css
subj ectivo assessments for testcd scgm ents of all road classes.

T he results (Figure 5) show stab ilisation for h igh er road categoties. lll-rd class roads are
pe rce ived as rather safe and speed choice sco res present o nly a slight incrcase in driving
spee d over th e design ed spee d. For II-nd class roads, m ean speed and safety estimates are
highly co rrclated, altho ugh scor es are not th e samc for eac h road segment. T his result is in
co rresponds to the carlier findings o f Theeuwes 14] in th e spee d cho ice experiment based
on static stimuli, where it was claimc d, that dr iving spee d is rclated to elements of the
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environme nt. T he important ele me nts in detennin ing th e speed here, we re pavem ent
characteris tics, side markings, presence of side -roads, houses, trees, th e overview ete.
Surprising ly, for I- st class roa ds, safety assessments exceed the spee d assessment sco res.
Drivers perccive high ways as very safe roa ds and would decide on inc reasing the driving

spee d above th e speed lim it, but no high er than th e safety scores.

4. Discussion and conclusions

T he pr esent stu dy indicates that road users are able, based on dyn ami c road-Iike stim uli, to
discriminatc between th e basic road characteristics in most road categ ories.

Earlier road perception stu dies in this series , co nduc ted by th e author [5,6], w ere
di rccted at th e lower ro ad catcgo rics, while her e, spec ial atte ntio n was paid to th e I-st and
II-nd class roa ds (with 120 and 90 km/h design speed) . This stu dy demonstrates th at
dy namic percep tion of road infrastructure has a very sign ificant effect on the subjective

safety assessme n t and on the cho ice of driv ing spe ed. Such a roa d viewelements as side lin es
painted , gen tle curves and good preview, or high qu ality of the pavern en t, result in high er
assessment of road aesthe tics. Especially for high roa d categories, choice of speed is we il

correlated wi th th e pro per pe rceptio n of the roa d charac teristics. T he high er roa d catcgory,
and the high er speed of driving, th ou gh , the more atten tio n sho uld be put on the road

aesthe tics, rea lised in a total care for the proper roa d view perception . T his study supports
the findi ng of Theeu w es [4], th at roa d behaviour is related to road design. This study
furth crm ore de monstra ted, that driving speed is stro ng ly rc latcd to the way road users
perceive roa d enviro nment. To achieve safe traffic be hav io ur, drive rs expectations, that th e

road enviro nme nt elicit s, mu st be in linc wi th how road users sho uld behave on th ese road.
If th is is rea lised, th an o ne can spea k of a genuine self-cxplaini ng road env iro nme nt.
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It is a great pleasure to be here and to have the opportunity to listen to so many
distinguished experts on transport safety. It is nice to be back in Delft, w here I spent 6 years
studving at the technical university. I can assure you that I have the best memories of that
wonderful time in this beautiful city. In my intervention I wi ll limit myself to road safety.

1. If three aircraft were to crash every week in Europe cach carrying aro und 300
passengers, we would sim t down all air traffic in no time at all. But in the 15 member states
of the European Union, 45 ,000 people are killed each year in traffic accidents; that me ans
900 every we ek , and more than 2 million are wounded, resulting in 0,5 million admissions
to ho spitals of which 25% result in invalidity.

I hope that we all agree that in a civilised world thi s is not acceptable. It is in faet a

disgrace.
On th e basis of cur rent figur es and without changes in policies, practi ces and

beha viour 1 in 80 of today's citizens living in the EU will die on average 40 years earlier
than their lifc expectancy as a result of a road accident and 1 in 4 of the Union's citizens
will need hospital treatment in their lifetime because of serious injuries sustained in road
accidents. The pain and anguish caused by these realities is beyond me asure. There is, as

we il, a hu ge economie price being paid.
The economic costs arising from medical expenses, emcrgency services, damage to

property and lost economie output amount to about 45 billion ECU a year, or almost 1%
of G D J>. The average economie loss of each person killed in traffic accidents amounts to 1

million ECU.

2. There is 110W a growing acceptance that a wide range of strategies is needed to
address the problem . The traffic system has to adapt to the ne eds, mistakes and
vulne rabilitics of road uscrs rather than thc other way around. A multi-strategy approach ,
with shared rcsponsibiliti cs at local, national and European level, involving governments
and o the r aut ho rities as weil as non govcrnmcntal organisations, provides the essen tial
framework for road safety activity. R oad safety must be co nsidc rcd a shared responsibility.

3. Thc EU transport policy sho uld focu s on safety. I think it is essential for the EU to

bring fo rward practical me asures to improv c safety in all mod es of transport, and in
partienlar ra ad safety, in close cooperation with the Member States, as the subsidiarity
applies herc to a very large degree . N cither thc EU, nor the Member Statcs need to reinve nt
thc wheel: wc can learn a trem cndou s arno unt from one ano the r. There is a sevenfold
differcnce in risk betw een thc Statcs whcre the risk is highest and lowest.
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As the rapp orteur for the Com mirtec on Transport and Tourism of the European
Parham ent on the Corn mission's pragramme for raa d safety for the years 1997-200 1, I will
elaborate on the content of th is programme. M y report wil! be on the agenda of the
Com mittee next week and on the agenda of the March plenary sessio n of the EP in
Strasbourg.

4. The pragramme contains three main elements:
• gathering and disseminating information and best practice:
• measures to prevent ra ad accide nts influencing both users and their env iro nme nt;
• measures to reduce th e consequences of accidents.

In order to implement these, 65 specific measures are praposed. The followin g are the key
ones:

• a recommendation of the Commission to take into account the costs of raa d
accidents in a cost-benefit analysis of raad safety rneasure s;
• an integrated EU information system inc1uding accide nt staristics. exposure data,
implementation of road safety measures, research , best practice and enforce me nt;
• me asure s to combat fatigu e and the use of alcohol, medi cin es and dru gs w hilst
driving;
• applicatio n of technology and telernatics to ensure safer drivin g;
• coor dination and support of safety ratin g systems in o rde r to pravid e scientifica lly
co rrec t information to th e consurner on the safety aspects of vehicles.

5. What I find lacking in the Commissicn 's prop osal, is the setting of an operational
numerical target for fatality redu ction . A headlin e target for the programme would illustrate
beyond doubt that the EU co nuni ts itsclf to fosterin g a substant ial improvem ent in road
safety.

Numerical targets have been set in many areas such as air pollution. So w hy make
an exception wh en it comes to reducing raad death s? I know the argume nts against setting
targets. I mention for example:

• It is unethical to accept any thing other than a zero casualty target .
• Too many players are involved to be sure that a numerical target will be rcach ed .

It is truc that in thc light of subsidiarity thc actu al achievement of targets cannot be th c solc
responsibility on the part of EU institutions given thc role that mernbcr states and othe rs
have to play. In the European Union some countries have set a target - for example, the
U.K. , Denmark, Finland, France, Sweden and the Netherlands.

I would like to underlin e the relatively good achieve me nts in the co untries and
regions which have set a c1ear target in the fight against raad accid ents. A target at EU level
would also

• signal to Europ eans that substantial action is now bein g taken to redu ce road traffic
accidents and would
• give all the players invol ved a target for their activity.

I would like to stress thc fundamental role that non govern me ntal o rganisatio ns have to play
at every level to get the safety message across.

Let us set th is target for fataliry reductions. It is my firm belief that we can rcduce
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annual deaths in the co untries of the EU from the current leve l of45,000 to less than 25,000

by the year 2010.

6. I would also encOllrage a ranking of th e measures proposed according to their abi lity

to reduce casualties .
A meas ure w hic h sho uld be a EU priori ty is improved proteetion on cars to redu ce

pedestrian and pedal cycl ist injuries. It has been estima ted that suc h measures co uld produce
a reduction of 20 .000 death s and serio us injuries a year. Vehicle standards are already
dec ided at th e EU level. T hey sho uld be co ntinuo usly up dated to take account of evolving

safety technology.
T he eve r expanding European N ew Ca r Assessment Programme - Euro N CAP 

offers thc prospect of huge improvem ents in vehicle safety. A ratin g system for th e safety of
cars sho uld also influen ce th e tax structure at nation al level. If every driver used th e safest
vehicle in aspecific category the number of roa d dea ths co uld now be cut by 15%. If th e
ex isting bu t not unifo rm car testing progral1ll11es ope rated by 1110torin g orga nisatio ns and by
some M emher Sta ces wc re coordina ted and suppo rte d by th e EU, car buyers and users

would be assisted very much in making th eir choice.
By taki ng suc h a co urse we would be following the example of co untries like th e

U.S.A., J apan and Australia wherc safety rating systerns have been in use for several years.
T he introduetion of mandatory standa rds for safer fronts of new types of cars should

also tackle the problem of bull bars. In order to reduce the severity of accidents the
introduetion or improvement of standards for safety eg uipment and devices (such as seat
belts, chi ld rest raint systerns, airbags, helmets and other co llision warning systems and
intelligent cru ise co ntro l systems) plays a major role . It has been estimated for example, that
the introduetion of dayti me run ning ligh ts for all motor vehicles would cause 5% less

fatalities .

7 . R oad safety sho uld be incorpo rated in othe r poli cy areas (not j ust transpo rt, but
design and region al plan ning). T he prop osed Commissicn's rccommcn dation in th e
app licatio n of the 1 milli on Ecu test does not seem eno ugh to guarantee political decisions
by th e different authori ties and institutions that will have to establish or implement roa d

safety mcasur es,
A framework directive for safety assessment based on the existing EU legislation

co ncerni ng th e assessment of th e effec ts of certain public and private proj ects o n the
environment, would produce a co herent doctrine on transport safety to be drawn up and
implemenred at Comrnu niry level. Suc h proposed legislation sho uld req ui re all relevant
legislation and projects (suc h as th e trans-European networks in the trans port infrastructure

sector) to co nform to basic safety principles.

8. We have also to look at ways of making transport bc haviour safer. More than 90%

of accidents are caused by human errors. More specific measures in this respect should be
considered, such as proposals co ncerning speed lim its, speed limitation devices and
meas ures to improve drivers' training and to int roduce an EU pena lty points system for

driving licences.



492 S CSS;OIl 4: Research Methods and C OIlIlII OII Agcllda

Since th ere is a hu ge flow of internation al traffic w hich is growi ng day by day it does
make sense to have a common speed lim it, or at least to harrnonise ex isting speed lim its.

9. Despite reduc tions achieved by different co untries over the last ten years, many
accidents stil! result from drinking and driving. While less than 5% of drivers drive with
excess alcohol, they are responsible for at least 20% of the serious and fatal traffic injuries in
the EU - some 9 .000 fataliries per year. A red uction in dri nking and driving would make a
major contribution to the improvement of road safety . A Commissicn 's proposal of 1988
on BAC level for road users introdu cing an up per legal lim it of 0.50 mg per mI blood
alco ho l for drivers has been "slceping" in the table of the Council since 1989. T he use of
breath testing eq uip ment manu factured to a standard sui table for use as evidence should be
prom ot ed . When 0.5 mg per mi UAC can im pai r dr ivin g abi lity to the ex tent that it
increases the risk of acc ide nts by a facto r of 2 and w hen 0.8 mg per m I can m ultiply that
risk by a facto r of 10, I canno t understand w hy the Council of Mi nisters has not yet been
able to come to a decision on this issue.

Drivers must be given precise informatio n on the risks of taking certain medicine s
or drugs, the danger of which has become clear. Warnings on medicines based upon an EU
categorization of their effects upo n driving performance could and should be implemented
as quickly as possible.

10. In he EU roa d traffic acc ide nts are the main cause of death for yo ungsters aged
betw een one and 25 yea rs. It is better to teach yo ung chiIdren and teenagers responsible
beh aviour than to attempt to change, later in th eir lives, bad habits they may have acquircd.
R oad safety should be a co rnpulsory subject in prim ary and secondary education .

I also wa nt to stress the roIe of ed ucational and in formation campaigns to improve
compliance of road users with safe pract ices and to increase the public acceptabiliry of police
controls. The EU sho uld support such campaigns and ensure advertising that promotes road
safety.

11. Enforcement of the laws by poli ce and j ust ice authorities is th e logical fina l step to

in crease observance of the traffic rul cs.
Enfo rce me nt is a co mplicated qu estion . It is effective if thc public has realistic

concerns abo ut
• the risk of being caug ht
• the risk of bein g prosccuted
• the risk of bei ng co nvicted
• the amount of the pen alty, and the certainty that it wi l! have to be paid.

All cle me nts sho uld be tuned to each other for opti mal effect. lf one of them is absent no
effect sho uld be expected. Also th e pro cess should no t take too lo ng in order to have
impact.

Traffic regul ation s and sanc tio ns sho uld be harmon ised at E U level and the
w ithdrawa l of driving licen ces should be mutually recogni sed by th e M ember Staces.

Coope ratio n between traffi c poli ce forces and enforce me nt aurho rities, as wel! as judicial
coope ratio n for thi s purpose should be stro ng ly reinforced .
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12. During the Conference on "Road Safety: a shared responsibility" last year in the
European Parliament, the interventions of road accidents victims and families we re very

impressive. We have a duty to improve their situation.
The EU should produce guidelines on post accident care. The setting up of special

emergency teams for first aid and a follow-up of accidents with special attention to the
victims should be promoted. We must strengthen the legal position of the victims. We
should not forget that many of thcm have suffered a dramatic and substantial decline in both

quality of life and their social and economie situation.

13. Last but not least I must advocate more research in the area of transport safety, in
order to stimulate the early application of tec hnological developments and telematics in cars
and infrastructures when genuine safety benefits can be expected, such as seat belt warning
devices, "smart restraints", speed control devices and alcohol interlock systems . I want to
see more money given to this in the EU-budget.

Transport safety is a shared responsibility. Let us not concentrate on what others
should do, but let us also give due consideration to what we - and each of us - can do to
promote transport safety. Traffic accidents cause so much hu man misery. Human life is so
precious. If we can save thousands of lives by investing in transport safety, let us do it and

let us do it now.
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Confidential Incident Reporting Systems

A pro-active approach to rnanaging flight safety

Bart Bakker

Global Acro Consultatuies, Past President IFA LPA , Thc Netlietlands

1. Aviation safety record

Safety is of major concern to the aviation industry and occasionally to the public, when it
is suddenly exposed to often disproportional media-attention after mishaps. Compared to
ot her transportation industries -rnaritime, rail or road- the aviation industry enjoys a
superior safety record. Safety consciousness within the ind ustry, the allocation of resources
to safety-related issues, new tech nologies and impro ved procedures are among the
contributing factors to this record, showing a dramatic improvement over the situation in
the late 50's (Tabie 1).
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Nevertheless, there are growing concerns about how to improve, or even how to maintain,
this favourable aviation safety record. The ever-increasing seating-capacity of transport
aircraft and the continuing growth of global air transport justify these concerns. For
example, transport aircra ft seating 300 to 500 passengers are now common, and plans for
larger aircraft seating over 600 passengers are under way .

Congestion of air traffic at complex hubs is commonplace. The substantial increase
in traffic, due to decreasing rcgulation, is leading to a high demand for aircraft, causing a
backlog of new orders, and consequently older types of aircraft have to serve longer. Fierce
competition results in financial pressure. Increascd demand for aircrews erodcs training
programs. Maintenance is being outsoureed to curb costs or by lack of expertise or qualified
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resources. Safety Oversight by un derstaffed and underpaid aut ho rities can hardly keep up
wit h these changes, and the ind ustry is left to regulate itself

The air traffic co ntrol system, under-equ ipp ed and under-staffed to cope effectively
with the rapidly increasing traffic, has often reached its limits, or is severely like in the
African region. W hat can we do to keep the system working safely?

In the past 30-odd years of reg ular opera tion with commercial jets ove r 20 tons
AUW, eno ugh statistical data has been gathe red to enable us to gain an insight in air
transport safety. According to aviatio n insure rs over 400 western-built j et transport aircraft
have been lost in normal operatio n (excluding sabo tage, milit ary action, test and training)
either destroyed or damaged beyond eco no mical repair! An average of 13 big j ets lost
ann ually!

Produ ctivity in million hours-flown has grown steadily over the last 10 years,
increasi ng the hours flow n per total loss from an average of 800.000 hours per hull-Ioss
three decades ago to almos t 2 billion hours per hull-I oss the last decade, indicating that
flying big jets statistically becomes safer each year.

It secrus that the average in the last two deca des is bottoming out aro und this level
with a substantial tota l safety increase since the 60's and 70's (table 1). Safety awareness and
imp lementation of lessons learned in the air transport ind ustry, have paid off A further
decrease in hull-Iosses per hours-flown apparently can only be reached with a
disproportional financ ial investment.
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However, with the increas ing number of aircraft and departures it means that with
maintaining the present safetylevel. the total nurnber of hull-Iosses and fatal accidents per

year wiII go up (Table 2).
Based upon the predictions of Airbus Industrie air passenger traffic will triple in the

next 20 years, growing at an annual world average of over 5%, with an expected aircrafisalcs
world-wide of 16000 new jets with 100 or more seats, of which 1400 550+-seat aircraft .
In 2016 just one year's annual traffic growth increment will equal total world traffic in 1967!

Boeing similarly prediets 16.160 new jets between now and 2016 in its "Current
Market Outlook" . Boeing expects single-aisle aircraft to be the biggest sellers at 11.260
aircrafi, with wide-body twins nurnbering to 3.720, while there will be 1.180 new 747-size
aircrafi and larger! A simple analysis suggests that in the next 15 years already the annual
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number of fatal accidents world-wide will increase by over 25%! An average of one hull
loss nearly every two weeks! Since the number of accidents is roughly double the number
of hull-losses: that means an accident every week! An d if that involves a fair percentage of
megajets, the number of fatalities will soar dispropo rtio nal (TabIe 3)!

T he bottomline is that the number of hull -losses (and the number of fatalities!) will
inc rease drama tically over th e next 15 years, unl ess the rare of hull-losses can be significantly
lowered th rou gh a maj or co mmitment of the who le ind ustry. If we are to retain the
confidence of the travelling public there is a clear need to further reduce the total number
of accidents.

T able 3.
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1.1 Are aaidents expensive?

Safety will not j ust happ en : it mu st be managed . Acciden ts and incidents are preventabie
th ro ugh effective safety- manage ment. It has been argued that safety management and
accident-prevention are difficuit to translate into do llars and cents . However, the Icarus
committee of the Flight Safety Foundation has made an attempt to quantify the actual
accident-costs, The Committee identifies two basic categories of accident costs:
1. insured costs, including hull- losses, property damage and personal liabiliry, which can be
recovered; and
2. uninsured cos ts which cannot be recovered , suc h as:

• insurance deductibles
• increased operating costs on remaining equipment
• loss of spares or specia lised equipment
• fines and citatio n
• legal fees resulting
• increased insura nce pre mi ums
• cost of the inves tigatio n
• liability claims in excess of insurance
• cost of hiring and training replacements
• loss of business and damaged reputation
• cost of co rrective action
• loss of use of eq uipment, and
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• cost of rental or lease of replaceme nt equipment .
Some of these costs may be covered by add itional insurance or by the government. But the
investigation-costs itself can ru n int o millions of dollars, a recent example is the T WA 800 
case off Long Island. Accidents are very to extremely expensive.

1.2 I1le Errorfree Flightdeck

W he n discussing primary causes for accide nts in civil aviatio n, invariably the 70% or so
prescribed to human-relatcd causes are called pilot- or crew error, a serio us misnomer.

T ruc, there definitely is pilot erro r, but it sho uld never be forgotten that
thecockpitcrew is th e last defen ce in a long chain of, inter aha, faulty system-desig n, w ro ng
procedures, inadequ ate information and miscommunication (Tabie 4). So I prefer to speak
of hu man erro r. To reduce the number of accidents th rou gh CFIT (Contro lled Flight Int o
Te rrain)- and C R M - programs, and equipmc nt such as TCAS and EG PWS is very
important, ho wever if we would be able to elimi nate the 70% human errors a giant
improvement would be achieved.

In order to provide an error-frec environment, first we have to ide nrify w hat is
wrong, and then how to fix it. Incident repo rtin g through feedback from the crew can play
a very important ro le. Simi larly, simulator training and line checks can identify possible risks
or traps . The fact that many operatio nal crews have successfully used a prototype system
doesn'r prove that it is safe, or tint errors cannot be made.

T able 4.
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Since aircraft are used globa lly its operation sho uld be user-friend ly to pilots from many
backgrounds and cultu res. When a crew co nsisted of 3 or more crewmembers, there were
specialists with different skilIs, specifically selec ted and trained for their specia lity. A flight
engineer would approach and solve a problem in a different marmer than a pilot. With a
dual pilot operation, the individuals have the same training, the same interest and similar
priorities .

A wrongly designed workplace can be changed to be safer and errorfree . In an
aircraft, however, a faulty system design or an imperfect flightdeckIayotlt cannot be
changed, or at grea t costs, so the crew has to adapt to it. If we seriously want to strive for
the errorfree flightdeck, a concerted effort and input, right from the designphase, between
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enginee rs, manu facturers, regulating autho rities, airlines, test pilots and line pilots. Feedback
of info rrnation th rou gh reports and real-time evaluatio ns is very important .

H ow can we obtain th is informatio n? It is obvio us tha t this in formation sho uld best
be available, before an accident happens.

2. Mandatory accident/incident reporting

Even if we consider all the accidcnts of thc last three decades, the number of accidents is,
fortu nately, too low to give a significant statistical value. It would give us more statistically
valid data if we wo uld cons ider every incident: often the precursor to an accident is a
relatively minor evcnt, already occur ring many tim es. T he imp ortant thing is to co lleet and
interp ret all these incidents. Usually incidents are reported to and managed by the airline
(de1egated by th e national authority), while near- acciden ts (incidents with material darnage)

have to be reported to the national authoriry. However, there is no obligation to report and
promulgate incidents inte rna tio nally.

Accidents and near- accidents reported to the nation al autho riry usually are recorded
in a database. Ind ependently, airline operators and manu facturers also colleet accident and
incident data . All these databases have their own characteristics and priorities, making them
absolute ly incompatible.

ICAO , the Intern ational Civil Aviation O rganisation representing 187 States, should
be in th e best position to co llect and process accide nt and incident data from its Member
States.

2 .1 ICA O Accident/Incident Data Rcponiny (ADREP) System

In 1972 ICA O develop ed a comprehe nsive accident and incident data reporting schcme.
Designed basically to rev iew and provide tre nds for the preven tion of accidents, ADREP
containes data from world-wide accidents and inci dents involving aircraft over 2250 kg
Take-OfT Mass. Prcsen tly in total there are over 20.000 reports on file provided by Stares.
After verification data is translated into thr ee of the official IC AO languages: French,
English and Span ish, a time-consuming and costly process, taki ng over 23 months from
occ ur rence un til thc information is published .

T he reporting of accidents and incidents by States to ICAO is inconsistent and
sending in these reports is often delayed. Many reports suffer from inadvertenr miscoding
or fundamental errors and incomplete data. AD REP-data is provided in bi-monthly
summaries ofaccident and incident reports and an annua l publication includes statistica! data
on nu mber of occ ur rences, injuries and number of perso ns involved, and a breakdown of
events, their phases and the factors involved.

Still, usefulness of ADI~EP is limitcd, reflected by the low average of only 200
req uests for AD R EP- data ann ually, beca use

• in format ion is often incomplete;
• ADl~E P-data do no t disclose the State of R egistry to avoid sensitivity;
• problems of late and selectivo reporting by States:
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• need for translation in three languages, resulting in significant delays and costs;
• late publication of available data;
• only accidentIincident reports from State authorities, not from individuals, and
• lack of interest of States, often promoting their national systems.

The failure of ADREP to provide for an efficient and efTective global database of
accidentslincidents, might have caused the proliferation of data-management systems by
airlines, manufacrures and safety authorities. Many of these systems, however, lack the
humau-factor related data, which is so important to address issues which lead to 70% of
accidents and near-accidents.

2.2 Incident management

The value of investigating incidents must not be underestimated. Incidents are precursors
of accidents: industry-wide estimates suggest that there are approximately 360 minor safety
incidents that underlie each accident. It is important thcrefore, to investigate incidents and
analyse trends that l1lay point to potential accidents (Table 5).

It is commendable that many air carriers are developing in-house incident reporting
systems. However, this development is not without danger. How does each such a system
affect the utility of a national or centralised
incident reporting system?

An individual operator l1lay weil be able to spot an event of an operational nature,
but if it is of an airworthiness type this may not be possible, since the experience of other
operators l1lay not be available .

The irnplimentation of an incident reporting system by the Royal Canadian Air
Force in 1983 resulted in an impressive decrease in overall accident rate,

Table 5.

Accident Rata
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souree: Royal Canadian Airforce

2.3 Basic elements cfcoujidentia! incident reporting systcms

Befere going into the various types of schemes and their efTectiveness, I would like to make
some general, but important comments to the basic elements of an incident reporting
systems.

• An incident reporting system should be confidential: the souree of the report
should be protected and non-identifiable, in order to stimulate pilots and other users
to report as many incidents as possible, without the fear that reporting will lead to
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sanctions or repercussions.
• The safety authority should be tasked only to manage the incident reporting
system. Litigation, freedom of information acts, liability and judicial prosecuti on s are
e1ements which have to be carefully studied and regul ated if a co nfide ntial incident
reporting system will have any fonn of success or effect.
• The safety authority tasked with the co llection and interpretation of reports and
data should be independent and separate from the regulating authority in order not
to confuse responsibilities , and ensure confidentiality. It should answe r to a higher,
non-judicia! autho rity.
• A supe rvisory Board, made up of representativ es of interested partie s, including the
regulatory authority, pilots, air traffic contro llers, mainten an ce engineers, airlines,
etc ., should be regularly following the process, handling of data and confidentiality.
• The operator should have, in addition to a system for reporting to the safety
authoriry, an internal system for recei ving and evaluating reports to ensure tin t
eve ryone will understand the need for safety and the means by which it is to be
achie ved. It assures the senior airline management that the system is important and
working and it acts as a spur to staff to keep the system going.
• R eports and feed-back should be supplied to airlin e pilots, air traffic co ntro llers,
airlines, manufa cturers, ete. , with safety trends, and a summary of significant de
identified incidents.
• ln orde r to effectiveIy implement safety- trends, there should be a co ntinuo us
refinement and adaptation of procedures and regulations, identifiabie to the safety
reports. Temporary regulations sho uld be incorporated into the airworthiness and
procedural aviation regulations.

D ata sho uld be made available world-wide in order ro improve th e global safety- level.
Formats, definitions, categories and reporting forms sho uld be identical to enable ease of
exchange and processing .

2.4 Litioation - [reedom <?! i'ifonllatitlfl - /iabi/ity

Under the present existing regulatory framework the accident and incident inv estigation
process relies on the vo luntary parti cipation of pilots, aircraft, manufacturers and by th e
airlines themselves. We all know too weil, information given freely to accident and incid ent
investigators is not and cannot be protected in many States which have impleme nted
Freedom of lnformation legislation, from later use in civil or criminal proceedings against
th e very parti es that volunteered the information in the first place.

The reason for the voluntary participation of pilots manufacturers and operators is,
of course, a collective sineere interest in correcting any correctable deficiency in the ove rall
safety system before it becomes the cause of an accident. The question also arises as to
whether o r not voluntary parti cipation in the investi gativ e process is worth the possible
criminal prosecution - civil liability - administrative action - loss of market advantage that
mayensue.

In the US any Federal Government body, such as the FAA, has to release the data
of inv estigations, bringing up th e implied threat of lawy ers browsing through these data.



Keynotes 0/1 Feedback and Feedfonoard Loops 501

The unwitting release of commercially or personally sensitive items would sink any scheme
before it had a chance to float.

Unless adequate safeguards are provided for privileged information now voluntarily
provided to accident and incident investigators by pilots, manufàcturers and operators, the
accident investigators will be left alone with a pile of wreckage, a flight data recorder and
very little else to go on during the investigation. The travelling public and the industry as
a whole would suffer as aresult.

3. Incident reporting schemes

Fatal accidcnts are fortunatcly fcw, hull-losses are more freq uent, incidents resulting in
damage are more frequent, but there are many occurrenccs which have not resulted in
damage or injury, but may indicate a pattern or safety-trend. Collecting and analysing these
incidents may be the best way to go for an early identification.

As early as 1983 IFALPA adopted a Policy in which it considers that it is the
responsibility of every pilot, besides the mandatory reporting of accidents and near
accidents, to voluntarily submit incident reports, verbal or written, to highlight any
deficiency in the aviation system either on the ground or in the air. Member Associations
are urged to approach their State authorities to secure the establishment of an incident
reporting, included in the national regulation. In order to ensurc that such incident
reporting system operates with optimum effect and elicits a maximum amount of pertinent
information, it is necessary that the full and uninhibited participation of pilots be provided.
For this purpose, an incident reporting system should operate on the basis of anonymity and
should provide immunity in respect from sanctions arising from the incident. Some of the
major programmes are mentioncd below.

• CHIRP. Onc such programme in the U.K. is the Confidential Human Factors
Incident Reporting Programme - CHIRP, under the auspices of the Royal Air Force's
Institute of Aviation Medicine at Farnborough, responsible for the voluntary incident
reporting programme, as a subdivision of the Psychology Division on behalf of the CAA.
Originally envisaged for aircrew. CHIRP was so successful that in 1986, four years after its
start, a paral1el reporting systcms for Air Traffic Control1crs was set up. Soon aircrafi
maintenance wi l1 contribute to the system. T he success of CHIRP is continuing and
dcmonstrates the need for such a confidential reporting systcm. Recently a decision was
made to assure funding into the ncxt decade. The strong point of CHlRP is that it is run
by a complete independent organisation.

• BASIS. In 1990 the British Airways Safety Information System was first created:
a systcm to asses safety risks from incidents throughout the airline by rneans ofa matrix. The
assessments are available and communicated to al1 relevant operational departments, to be
validared and prioritised, resulting in improvement to procedures, component change, or
investigation. The confidential Human Factors module in BASIS is to provide sufficient
evidence by relating Human Factors to risk to ensure improvement. The data stored by
BASIS is validated and formatted to allow non-confidential data to be suitable for exchange
purposes. Data is exchanged with the U .K. Flight Safety Committee, the European
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R egion al Airlines Association, Air T ranspo rt Association of America and Airbus Industrie.
M ore than 100 airlines now have access to BASIS.

• GAIN. T he FAA is venturing a new reporting systcrn Global Analysis and
Information N etwork (GA IN) along the BA BASIS model. According to the FAA the
systern GA IN must be privately funded and opcrated, within a non-punitive framew erk
with improved safety as its only goal. It is interesting to sec how GA IN wil! survive with
fu nding, litigation , the Freedom of Information Act and confide ntia lity as pitfalls. At least
the ini tiative is laud abie, especially when its int end cd global character can be accomplished.

• ECC-AIRS. In 1990 the European Commission established a Task forc e to

harmonise Accident and Incident investigation and management in the European Union,
including an EC Incident R eporting System. As IFALPA President I was closely involved
in the dcvclop mcnt of the Mandatory Incident R eporting System, when the IFALPA Study
was selected as the winning proposal. T he main argument for such a regional system is, apart
from the single forma t and economy of scale, the appeal to country-mombers with sina ll
aviation communities where it is virtually impossible to set up a practical truly confidenti al
system, The drawback of the ECC-A IRS is that there is yet no European Air Regulation
Authoriry, the JAA no t being designed for it , and its limi tation to EU States . In order to be
truly effective it sho uld ideally cornprise all 27 European States .

• ASRS. In the US the Aviat ion Safety and R eporting System (ASRS) was
establishcd in 1978 to receive , process, analyse , interpret and report data on aviation safety
incidents that pilots, air traffic controllers and ochers voluntarily submir (Tabie 6). NASA
designed and devcloped ASRS at the requ est of the FAA, N ASA, as honest broker de
identifies the incident reports and operates th e system .

Table 6.
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R eports to ASRS are treated and processed to guarantee confi dentiality to the reporter, an
important aspec t because many incidents involve inadvert ent vio latio ns of FAA regulations .
Additionally, reporters are granted immunity against FAA punitive action, if reported
within 10 days and no vio lations have occurred within the last 5 years. Criminal effences
and accide nts, however, are excluded from ASRS.

An Advisory Subcommi ttee with members of th c tota l aviation indu stry (including
union s) assist the ASRS manage rs. Airlin e pilot s are the most frequent users. In 1980 several
thousand pilot reports were received, in 1993 ASRS rece ived 30,498 reports of which
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20 .659 pilot-reports were received, and 1356 from air traffic controllers! ASRS data are
published regularly in a world-wide publication called Callback, as weil as on-line on

electronic bulletin boards .
Recently the FAA suggested to integrate ASRS into the new GAIN, mainly to

secure funding, while NASA would still be tasked te handle the reports to ensure

anonymity. It would be interesting to see how immunity would be guaranteed

ASRS is close to the ideal Confidential Incident Reporting System, although it is
limited to the US, and is suffering from cuts in FAA funding. Sin ce 1988 annual funding
has rcrnaincd constant at $1.9 million. However, ASRS is generally considered a unique

souree of reliable data.
It is also viewed as the aviation community's early-warning system. An executive of a major
US airline noted "ASRS is one of the best safety databases in the system, data may be

slightly biased because of the immuniry aspect, ho wever, that does not impact the value of

the reports as case studies" .

4. Small states

In smaller States, or regions with small avianon cornmunines with only a handful of
operators and a small number of aircraft movements a day, it is rclativcly simple to identify

crew and operation. In such an environment incident reporting systems are very difficult to
sustain, since the most important aspect, "confidentiality" , is missing so individuals who

wish to file a report will feel exposed and brandished. Still, the need for a confidential

incident reporting system in such a small community is even more acute, since there usually
is an increased culture of "cover-up and dam-up". If there is a neighbouring State with a
well-established confidential incident reporting system, joining or co-operating dosely

would provide an ideal opportunity.
There should be a protocol to cover the handling of proprietary and commercially

sensitive information, the aspect of cross-border litigation to highlight a few of the possible
traps and pitfalls , An independent regiorial safety institutc, delegared by the authoriry to

collect, de -identify and manage the incident data-base, could operate as a neutral party

amongst all the players in the aviation industry.
Which path will be followed is of minor importance and depends on the loca l or

regional situation. The bottomline is that a sufficiently large and safe operating environment
is created to diminish the chance of identification of crew or individuals, that the aspect of

confidentiality is assured, and that a protocol is in place between the key-playcrs in the
aviation industry, monitored by an independent rnulti-disciplinary board. Only th en will

individuals feel encourage to report incidents and experiences, which, when identified and

acted upon, will prevent incidents turning into an accident.

4 .1 Measuring sifety with incident reportiny and jlight data

A pro-active approach to follow safety-trends is through incident reporting systems. The
collected data has to be analyscd, interpreted and divided into selected categories for further
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processing and interpretations. But before deduction s can be made, first th e curre nt level of
safety (C LS) in all relevant area 's has to be establishe d, th e problem area's identified and
selec ted, what is go ing we il and, finally, what improvemen ts are effective.

The sourees of information co nsist of verbal reports, written reports, co nfide ntial
rep or ts and flight data. All th ese reports should co ntain th e following information :

• what happened (fro m parti cipants' perspective) ;
• why it happened;
• how to pr event it.

With th e info rma tio n from th ese reports th e safety issues of all aspects of th e opera tion and
flight regim e sho uld be identified and addressed , including mainten ance, dispatch , fligh t
support, weath er, airport operations and air traffic co ntrol.

It goes without saying that th e Human Factors aspec ts of all thes e factors are of
utmost importance and of great interest. If we look at th e Human Factors aspects of, e.g.
Flight D eck- and AT C op erations w e should recogni se:

• Int eraction with Automation
• Information M anagement;
• C rew R esource M anagement;
• Workload , and
• Pilot-Vehi cle Control Loops.

It is interestin g to kn ow th at with increased and new technology th e role of th e pilot and
th e (ATC) op erator also changes: increased auto matio n. new technologies and new
ope rating procedures change establishe d ope raring patt ems and initiall y increa se mental and
ph ysical w orkload. For instance . th e use of co rn bine d Auto Flight Systems and Fligh t
M anagem ent Systems repla ces th e fam iliar, w ell-train ed co-ordinated and instin ctive
manual op eration of flight controls and throttles by a serie s of independent selec tor inputs
along the separate axis of the aircraft. After the introduetion of any new technology th ere
has been an increase in accidents and incidents, until the teething-troubles had been w eed ed
o ut and th e new technology mastered and integrated .

In addressing safety issues, th erefore, w e must identify th e problem, ide ntify the
cause, iden tify th e solutio n, make th e co rrec tion and , finally, cvaluate th e co rrec tio n for its
effective ness. What is need ed is utili sing all available dat a, also from othe r sourees
(rna nufac ture rs, airlines , authorities, etc.), to sec th e whole picture, then determine th e full
distribution of performance, establish baseline measurcs and apply powerful statistical
rnethods, like even t analysis and distribution analysis, to establish probability, risk and track
safety interventions for trends and trend shifts.

4.2 Use ofJlight data recorders

Flight D ata Recorders can provide a w ealth of parameters and information , not only after
an accident, but ro provide information o n day-to-day operations. However , litigation ,
punitive actions and th e Big-Brother-is-watching syndro me make pilots and operators
weary of th e co nseque nces of co ntinuo us mon itoring. Unless a solid agreeme nt with thc
Pilots Organi sation, th e Authorities and th e Operator is made, spelling ou t mi es on
immunity and ano nymity, access to th e valuable data under day-to-day ope ratio ns is very
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restricted . In the Former Soviet Union (FSU) and Eastern States, and even now in the CIS,
it was (and still is) common practice to evaluate the FDR read-outs after every flight with
the crew present. Possibie disciplinary action was dealt with on the spot!

Increasingly in the "Western World" agreements are in place and data made
avaiIabIe, providing the industry with the best measure of practice versus policy and SOP's.
It shows continuously and unobtrusively, events, deviations and the underlying
distributions . It can identify malfunctions of ground- and airborne equipment, and even
identify improper or wrongly designed procedures. Together with confidential reports it
can complete the picture why incidents occ ur and provides a powerful tool ro monitor the
standard of operation and increase Flight Safety

4.3 VVhat can we learn jrom incidents?

The safety information, the deviations from SOP's, the occurrences are a valuable souree
for training scenarios, where crews can be confronted with safety problems. Proper trend
analysis, risk analysis and incidents statistics can provide us with improved guidelines for
Flight Deck design and -procedures, as well as with similar guidelines for ATC design and
procedures, and Maintenance practices and procedures. It is a continuous task , which has
to be executed by a multi-disciplinary team of experts in a Safety Department which should
have the proper funds to do their job, in the company structure answering directly ro the
CEO.

5. Conclusion

A truly global confidential incident reporting system should grant anonymity and immunity,
be operated by an honest broker independent from the regulatory or judicial authorities and
not operated by an other operator with commercial interests.

Perhaps it will be a pipc-dream to aim for agiobal confidential incident reporting
system, with all its legal, political and financia l implications. The aviation industry, in the
meantime, should not allow a proliferation of incident reporting systems and schemcs, but
concentrate on a selected number of viabie and proven systems, with all the above quoted
ingredients, which wil! guarantec the greatest number of active participation from all
hu man players in the aviation industry. It is essential that the resulting databases are
compatible and data-exchange is freely possible .

The reporting, investigation and analysis of incidents is a highly effective means of
accident prevention. If the aviation industry can learn from its incidents there would be
fewer accidents, and less headlines in ncwspapers and less visual aviation drama on the late
TV-newsprograms. Accident investigation is sadly done after the accident has occurred and
people are long dead and buried. To complement accident investigation we need hazard
investigation. Reporting systems must be set up so that hazards can be identified (mandatory
and voluntary with immunity and confidentiality).

Maridatory reporting systems tend to gather technical information, whereas
voluntarily reporring systems tend to gather human factor information, an area we all know,
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needs targeting because the "human" category presents the best opportu nity for future
improvement in the accident rate.

Safety can be measured with inc idents through on-going study of data after
applicatio n of powerful stat istical meth ods. T his will identify safety issues, make us
understand causes, and help de fine int erventi on strategies to eliminate occ urre nces and
deviations. It can provide the operators with ncw, imp roved gu ide line s and procedures,
however, safety interventions have to be tracked to evaluate the corrections. Feedback is
essential for trend detcction . D ata from Flight Data R ecorders can be apowerflIl
combinatio n with co nfide ntial repo rts to learn why incidents occ ur. H owever, asolid
agreement between all players has to be in place covering aspec ts of litigation, anonymity
and immunity, beforc data can be accesscd in a day-to-day operation. Safety incidents can
provid e pilots, co ntro llers and othe r ope rators with training scenarios, w he re lessons can be
learn ed . It is our dury to proteet them from doin g that by identi fYing and correcting the
pitfalls in time, before incidents become accide nts . T hat is w hat safety and accident
preven tion are all about.
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The Estonia Accident: A Tragic Outcorne of
not Making a Pro-Active Approach

Ann-Louise Eksborg
Statcns Haverileommission, Su/eden

I became the director general of the Swedish Board of Accident Investigation in Ju ne last
year. T his means that I do no t have very much experience in accident investigation.
However, I spent most of my time during my first six months as a director general working
with the finalizing of the final report on the capsizing of the ra-ra passenger vessel MV
ESTONIA. I was during these months a member of the Joint Accident Inv estigation
C ommission of Estonia, Finland and Sweden.

It is not my intention to teil you about all the work the Commission carried out.
N either am I going to go into all the findings , conclusions and recommendations. Those
are easily found in the report and I am sure that many of you are weIl informed on these
matters. Instead I like to focus on what - in my opinion - is the most important lesson to
learn from th is extremely tragic accide nt, namely that a pro-a ctive approach is essenti al to
avo id accidents and save lives . If international organi sations, national authorities,
shipo wne rs, cIassification societies and shipyards had rnanaged to sysrern arize, spread and 
with focus on safety - use available information on earlier incidents the ESTONIA accident
would probably nev er have happencd.

Let me as a background in a few words go into wh at caused the ESTONIA to
capsize and sink in the Baltic sea on 28 September 1994.

The ESTONIA's bow visor locking devices failed due to wave-induced impact loads
creating opening moments about thc deck hinges. The visor attachments were not designed
according to realistic design assumptions, including the design load level , load distr ibution
to the attachments and the failure mo de. T he attac hme nts were also cons tructed with less
strength than the simp listic calculations req uired. It is believed that this discrepancy was due
to lack of sufficiently detai lcd man ufact uring and insta llation instructions for cer tain parts of
the devices . T he bow visor lockin g devices should have been severa l times stronger to have
a rcasonable level of safety for the regular traffic between Tallinn and Stockho lm.

To prevent misunderstanding I want to make quite clear that ro the tragic outcome
of the accident contributed also ot her technical deficiencies and hurnan mistakes. In this
context however I want to focu s on the construction of the bow visor. The reason for th is
is that I want to show you what opportunities there we re during the years to take action to

prevent the accident.
The ESTONIA was deIivcred in 1980. At that tim e, despite scattered information,

the industry's general experience of hydrodynamic loads on large ship structurcs was
limited, and the design procedures for bow doors were not well-e stablished. Already before
the construction of the ESTONIA incidents had happencd with bow visors on ra-ra ferrics.
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Later on, during the 1980's, seve ral serious inci de nts happ ened. In many cases involving
failure of the viso r locking devices the visor starred to move - making opening and dosing
moments. When these moments were visually observed from the bridge, the crew took
action and an accident was avoided. The Joint Accident Investigation Commission has
witho ut extensive research found information on abo ut 15 incidents with bow visor
attachments on ships ope rating in Scand inavian wa ters. T he Comm ission has found it fair
to assume that a nu mber of inc idents have taken place also in other trading areas.

T he Commission has specia lly noted that ma ny of the incide nts occurred during the
first year of the vessel's ope ratio n. T his of co urse indicates that the incid ents we re not caused
by probl ems co nce rned with maint enance. T he ships invo lved in all these incidents have all
been und er the survey of one of four major dassification societies.

T he Commission has more in detail looked int o one of the incidents. T his incident
happ en ed to th e DIANA 11 , a Swe dish- flagged near- sister vessel to the ESTON IA. T he
viso r design of the D IAN A 11 was the same as that of the ESTON IA. T he D IANA 11
ope rated on a ro ute between sout he rn Sweden and northern Germany. The D IANA 11 was
at sea on th e stormy night of the foundering of the JAN H EWELIUSZ in January 1993.
According to available infonnation no abnonnalities we re noticed on the D IANA IJ. A
co uple ofdays later , w hilst the vesseI was enroute to Sweden, the chicfofficer to be reIieved
and th e on e starti ng his tou r of du ty made a joint inspeetio n ro und th rou ghout the vessel,
w hereupo n they noti ced damage to the visor locking arrange ments. The classification
society was called up on. The survey report shows that the starboard locking device lug was
lost, the bottom lock was bent and its weids cracked and the port side locking device lug
was bent and its weid cracked. T he damage was repaired by normal procedu res, to what
was estimated to be equivalent to the original stan dard. T he survey report was not by the
dass ification society co nsidered to indica te a serious incident. N o initiative was therefore
taken to in vestigate the matt er furth er , nor was any gene ral actio n taken .

So the fact is that a near- sister vesseI to th e ESTON IA, under the survey of the same
dassification soc iety as the ESTON IA, had a serio us inci dent concerning the bow visor
attac hme nts in Janu ary 1993. T his happens to be at the same time as the ESTONIA
changed flag from Finland to Esto nia and ro ute from more sheltered waters to mainly open
sea betw een Tallinn in Estonia and Stockho lm in Sweden. T his incident did not lead to
rein forcem en ts on any of the two ships.

In most of the othe r ships, which had had incid ents with the bow visor,
reinforcemen ts we re, however, made du rin g the necessary repair. In seve ral cases
reinforcements were also made on sister ships. But in othe r cases, like in the D IANA 11 case,
th e dass ificatio n society involved was, satisfied with arepair restoring streng th of thc device
to original standard.

T he Commission has no ted that in severa l cases the affected Administration
comm unicated wi th th e dassificatio n society involved and was satisfied with the
information that the streng th requirem ents had been increased . ln creased rcquircrnents
would, however, in acco rdance with the so called grandfathe r dause apply to new ships
only. R etroactive upgradin g of existing ships through mi es and reg ulatio ns with retroactive
effect has gene rally been co nside red un acceptable within the shipping industry and th is
attitude has bee n accepted wi thin the IM O as we il as amongst dassification societies.
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So the fact is that numerous bow visor incidents occurred prior to the ESTüNIA
accident on vessels built before and after the ESTüNIA. These included an incident on the
DIANA 11, a near-sister vesseI to the ESTüNIA, but the experience did not lead to
systematic inspeetion and requirements for reinforcement of visor attachments on existing
vessels.

Information on bow visor incidents was not systernatically collected, analysed and
spread within the shipping industry. Thus masters on board had, in general. very little
knowledge of the potential danger of the bow visor closure concept.

The classification society design requirements for bow doors became more clearly
defined and the design load levels were in general increased after the ESTüNIA had been
built but, according to established practice, the new mies did not apply to existing vessels.
So neither upgrading of design requirements nor the series of visor incidents led to
strengthening oflocking devices or operative instructions. I think you are correct to say that
th is shows that the shipping industry has here failed to make a pro-active approach.
Feedback or feedforward on the safety issue ofbow doors has not been given within a loop
of all parties involved - international organisations, national authorities, shipowners,
classification societies and shipyards.

The Commission has found the attitude of the shipping industry unacceptable in
cases of incidents with serious safety implications. In the opinion of the Commission all
arnendments to requirements, founded on actual risks having become known, should lead
to requirements with retroactive effect, both in IMü regulations and in the mies of the
classification societies. The Commission has noted that a move in that direction has taken
place since the ESTüNlA accident.

In its recomrnendations the Commission states that procedures for collecting and
analysing incident data must be improved and upgrading of existing vessels as regards the
safety of human life must becorne regular. Ways of distributing this information efficiently
and internationally must be estab lished. T he responsibi lity for following up the status of
existing ships must be taken by the national authorities, supported by the classification
societies. I do of course hope thar these recommendations will be implemented and that we
in the future will see more of feedback and feedforward on safety issues within loops
between all parties concerncd in shipping.
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Flight Safety in the CIS Countries

T. G . Anodina

Chairperson cifthe Interstate Aviation Committee, Commonwealth cif Independent States

Civil aviation as one of the most integral and technologically advanced activity spheres of
any developed state cannot stay away from changes in economie infrastructure and socio
po litica l changes in public life. The CIS civil aviation once strictly centralized within the
indivisible system of the Soviet "Aeroflot" had to encounter this in full measurc.

One can characterize six years of the CIS's civil aviation existence as a transition
period accompanied by profound po litica l, economie and social transformations in the
whole society, by structural changes in the air transport system of the former USSR when
a lot of airlines with different forms of property were formed. T he crisis political and
economie processes of the transition pcriod lcd to thc recession of solvent dcmand for air
transportation and air operations. lt is enough to mention that passenger turnover was
reduced 1,5 times and the number of passengers transported was red uced approximately
twice. These radical changes in the aircraft transportation and operations structure were
taking place in the absence of a sufficient number of specialists qualified for running a self
dependent airbusiness- the managerial staff of a ncw formation . and we also witnessed the
outflow ofhighly qualified pcrsonnel from civi l aviat ion to different commercial structures.

At the same time the development of legal state regulations and branch regulation
documents often failed to keep pace with new political and market realities. All this could
no t but teil upon the level of flight safety. ln 1997 we had 42 aircraft incidents in the CIS's
civil aviation (in 1996 we had 57), in cluding 14 accidents (in 1996 we had 20), 264 lives
were lost(in 1996- 293). T he analysis of the accident rate in regular passenger air
transportations (domestic and international), where scheduled transportations are perfomred
by heavy (more than 10 tonnes) aircraft (75% of the tota l transportation volume) showed
that starting with year 1996 a major improvement of flight safety took place (Table I).

Tab le 1.

year 1992 1993 1994 1995 1996 1997

amount of aircraft incidents 19 11 8 1 [ 4 3
acc idents included 1 2 3 2 1 0
fatalities 84 198 227 150 5 0
numb er of written off planes 5 5 4 4 4 2

In 1994 there we re 3 accidents in the abovementioned type of transportations, where 227
lives were lost, in 1995 - 2 accidents and 150 lives lost, in 1996 5 lives wcrc lost in onc
accident. In 1997 there werc no aircraft accidents with fatalities in the sphere of schedulcd
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passenger transportations, Summing up the resu lts of our activities for the past five-year
period the World Flight Safety Foundation awarded some ofthe CIS airlines ("Transaero"of
the Russian Pederation and "Uzbekisto n havo yo llary"ofUzbekistan) with its premium for
a hig h level of flight safety.

Charter (u nscheduled passen ger and freight) transportation s by heavy aircra ft (more
than 10 tonnes) are the mai n souree of acc idents. In 1997 we had 9 aircra ft incidents, 3
accidents and 207 lives were lost in these transpo rtations. The number of accidcnts by
100.000 flight hours in unscheduled passenger and freight transportations by this type of
aircraft in the period from 1992 to 1997 differs radically from the same index in scheduled
passenger trans portations. T he risk of fatalities in th ese transpo rtations exceeds considerably
the risk of fatalities in schc duled passen ger tran spo rtati ons, Figures 1 and 2 give relative
tligh t safety indices for sche duled and un sch eduled transportation s over th e period fro m
1992 to 1997.
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Figure 1. Accidents per 100.000 hou rs flown, Airpla nes abovc 10 to ns. Civi1 Aviation
C IS. Air Carrie r O perat ie ns.

This is w he re all our present troubles root in . T here we re prac tically no unscheduled
transporta tio ns in the USS R formerly. These transportatio ns accounted for less tha n 5% of
the to tal transportation vo lume. Accordi ngly we had little experience in organ izing such
transportatio ns and executing co ntrol over them. Unscheduled transportations today make
up almos t 25% of th e total transportation vo lume and they rern ain th e souree o f a high er

acc ide nt rate.
W hat causes particul ar alarm is not o nly a high abso lute accident rate level in this

type of transportatio n , but also its negative dy namics, that is leadi ng to a considerable
increase of fataliries, w hen each second or third aircraft accident is accornpanied by hurn an
losses. In 1997 in 3 suc h accidents (AI-24, R ussian Pederation. in the vici nity of C hercessk,
March 18; 00- 154 , Tadjikistan, Sharja h airport, December 15; 13E- 42, U kraine, in the
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vicrmry of Thessaloniki airport , December 17), 207 people from 208 of th ose on board
w ere lost!
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Figure 2. Fatal accide nts per \00.000 hours flown. Airplanes abo ve la tons. Civil
Aviation C IS, Air Ca rrier Operatiens.

The reason for thi s un satisfactory state of affairs w ith flight safety in unsch edul ed
transportat ions is first of all th e uureadiness of the infrastru cture o f th is type o f transportation
(meaning technical base, personncl qu alification, ex pe rie nce and traditions, etc.), th e state
of chaos in the relation s among aviation enterp rises, dealers and custo mers , low level of
pro viding for and operating cha rte r flights. We should also pay close attentio n to th e
estima tio n of th e potential of a substantial number o f sma ll airlines which did not manage
to make th eir way to th e mark et o f sche duled transp ortations and are ope rating only in th e
sphe re of custom er flights.

It should be mentioned that a considerable po sitiv e ex pe rienc e and traditi ons
acc um ulated in th e USSR civil aviation which are used today in organizin g sche duled air
transportation, find practi cally no application , with th e rare exception, in the sphe re of
unscheduled transportation. C ertain new negative factors have ariscn .

First ofall it concerns vio lations of aircraft loading and cc nte ring, insufficient fuelin g,
deviations from standard flight patterns, ignoring th e ne cessity of making a mi ssed approach
or landing on an alternare aerodrome in case o f deteriorating wcath er conditio ns, etc .

The abovemen tio ne d factors have one corn mon charac te ristic: th ey result from th e
fact th at new users find it hard and sometimes eve n impossible to combine th eir co mmercial
interests with th e pri oritics of pr oviding flight safety.

Finally, transportation flights under regard canno t be effec tively co ntro lled by
inspeeto rs because of their specific charac te r.

The analysis of aircra ft acc ide nt causes and facto rs shows th at the co mposi tio n and
co rre latio n of th e accident rate factors forrn ed in th e recent years remain s practically
un ch anged. The influen ce of th e " huma n factor" on civ il aircra ft flight safety stays on the
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level of approximately 85%. Approximately 15-20% of aircraft incidents are caused by faults
in the aircraft technical equipment.

As a result of aircrafi accidents' investigation and special analytical research in flight
safety over the period from 1992 to 1997 the Interstate Aviation Conunittee worked out

and presented to all the organizations concerned (aviation administrations, industry, airlines,
ete.) more than 1.000 recommendations aimed at improving flight safety. The CIS aviation

authorities work out and carry out corresponding measures on the basis of the material
available. These measures provide for :

• improving the certification system of the airlines, enterprises and organizations that

ensure air transport functioning;
• maintaining airworthiness of aircrafi in operation, including the certification of
aviation equipment teehuical maintenance and production centres;
• strengthening the inspeetion procedures in all the structures that make up the air

transport system, and aviation personnel certification;
• restructuring air traffic organization and modernizing air traffic control technical

equipment.
All measures being taken are in compliance with the well-known leAO and IATA

resolutions and have a positive effect on flight safety. While analyzing the CIS civil aviation
activities we could not but mention the following positive moments. In the period when a
huge state was being disintegrated we managed to maintain within the framewerk of the

CIS a comrnon order of air space use and air traffic control, a common airworthiness
standards system and aircraft teehuical equipment certification, a common system of aircraft
accident prevention based on independent investigation. Exactly these principles were the

basis of the Intergovernmental Agreement on Aviation and Air Space Use signed by the
heads of states and governments of the 12 CIS states,

The Interstate Aviation Conunittee (IAC) formed by the Minsk Agreement received
the right to conduct independent investigation of aircrafi accidents from the heads of the
states and governments of the CIS. In the Russian Pederation these authorities were
consolidated by the Decrees of the President of the Russian Federation and by govemment
resolutions. We managed to preserve the personnel, scientific and technical potenrial of the
USSR State Aviation lnspection, to develop and rnaintuin the functioning of a unique
group of experts and the teehuical basis of independent investigation.

Long-term experience confirms that the principle of independent and objective
investigation is correct. The basic principle of independent investigation is that the body

conducting the investigation and working out prcventivc measures should not have
authoritative powers and supervision functions, On the other hand, the aviation
administration invested with such authoritative powcrs should not interfere with the process

of investigation and should not forrnulate the cause of the accident. This principle allows
the investigativc body that does not participate in transport administration to estimate the

transport system functioning quite objectively and to work out recommendations on

carrying out corrective measurcs independently of the political situation and existing norms
and dcmands. When the invcstigation is being conducted by other organizations that also

have regulative functions in their responsibility the conflict of intcrests is bound to arise.

The Interstate Aviation Conunitree being the successor of the USSR State Aviation
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Supervision has been co nduc ting independen t investigation since 1991.
T he populari zat ion of th e indep endent in vestigati on principl e led to the

establishme nt in 1992 of the Association of Ind ependen t Bodies of Investigation on
Transport set up by N T SB (USA), TS B (Canada) , SHK (Sweden) and the Netherlands.
After the necessary legal exami nation in 1994 the investigative bodies of Finland, New
Zealand and the C IS (IAC) joined the Association.

Further development and introduetion of the independent investigation principle in
aviation found its reflection in the European Council Directives dated November 21, 1994
(94\56\EC), acco rdi ng to w hich each member state of the EC sho uld provide for rhe
conduction of investigation by a permane ntly fun ction ing body or under its control. T his
body sho uld be func tio na lly in dep en den t , especially fro m the narional aviation
admi nistratio n. The Euro pean Council Directives also provide for possible delegating of the
right to conduc t inves tigatio n to some othe r mernb er co untry of the Agreem en t.

T he next step in the developmc nt of intcgra tion processes in the spherc of aviation
accident investigation is likely to be the establishme nt ofabovenat io nal bo dies, as we cannot
rule out the possibility of investigating the role of unite d administrat io ns.

Furt hermore, a relative ly small number of accidents means that every separate state
investigative body is unable to gain eno ugh experience, w hile th is experience is absolutely
necessary for an effective and qualitative invcstigation. That is w hy there is a tendency for
the regional gro uping of investigative bodies. Presentl y th is issue is being discussed in
national and int ern ation al aviatio n organizations (ITS A, IATA , etc.) . We shall in every
possible way suppo rt and promote any integration processes and maybe our expcrience in
maintaining the inv estigative infrastru cture of the former US SR could turn out to be of use
to thc world co mmunity. In this co nnee tio n interna tional cooperation in the sphcre of
aviation accident investigatio n takes on spec ial significanee . T he necessity of uni ting the
efforts of the international aviatio n co mmunity is to a considerable degree co nd itioned by
the fact that accident investigation today is in essence a rather complicated scientific
research work, that not only requires specia l knowledge in certa in activity spheres, but also
needs financing. Serious inves tigat ion calis for un ited resources and knowIedge, cooperation
and m utual use of un iqu e specialists- inves tigato rs. T he expe rience of our lon g- term
cooperation with thc US in the sphe re of aviation accide nt invcs tigatio n and prevention
pro vcs that suc h co llabo ratio n has its advantages .

For the pcriod from 1989 to 1997 we held more than 10 j oint inv estigation s. Close
coopera tio n among specia list on a high profession al level in th is join t work allowed to make
a co nsidera ble co ntri butio n to a higher fligh t safety. For examp le, as a result of a joint
investigation of the accidents with Su-29 and Su-3 1 airerafis in the U .s.A. in 1995
recommendatio ns aimed at the improvement of production tec hno logy of construction
elements from cornposition matcrials we re developed. O ur joint investigation of a serious
incident wi th B-757 aircraft in Eka te rinb urg in 1996 resulted in working out
recommendations aime d at the imp c vem ent of the un dercarriagc co nstruction as we il as the
im pro vem ent of tec hn ical mainten ance qu ality of the who le B- 557 aircraft fleer.

As known, a repeated inves tigation of the inciden t with South- Ko rean B- 747
aircraft brough t down in 1983 ove r Sakhalin was undcrtakcn in 1993. T his repeated
investigation held by thc inte rna tional co mmittee under the aegis of ICA O wi th close
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collaboration among Russian, French, Korean, Japanese and American specialists made it
possible to objectively complete the analysis of this tragedy and work out recommendations
excluding future recurrence of such incidents. A nu mb er of serious achievements has also
been obtained in the sphere of scientific and technical maintenance of investigations:
automated processing of flight parameters and reconstruction of emergency situations
within a real time range, equipping acoustic laboratories with modern means of signal
identification, introducing new methods of metallographic analysis, etc. Within the
framework of international cooperation information data exchange on flight safety is of
particular irnportance. Using modern possibilities of computer engineering techniques and
the world electronic set Internet, the whole world aviation community can establish
principally new information links. The Interstate Aviation Committee takes active part in
th is work in cooperation with colleagues from other countries.

And finally one last issue: we are concerned and we know that the whole world is
conccrned about the fact that aircraft crews are to a large degree getting used to automatic
Ilights. The more we do to ease the work of the crew, automatizing all the procedures,
trying to leave less to the pilots, the more it becomes difficuIt to ensure the adequate work
of the crew when switching from the automatic flight regime to the manual if such a
necessity arises. It revenled itself several times not only in our country, but also abroad, and
this requires adequate reaction.

In 1996 the IATA considered the necessity of carrying out additional research on the
highly automatized pilot cabins . We also have some additional requirements for
automatized systems concerning the eliminatien of the monotorrous character of flight. Wc
entirely support these IATA initiatives, in partienlar we discussed them at ITSA and ISASI
regular meetings, and we suggest that the international aviation community should combine
its efforts to research this new most important problem of modern aviation.

In conclusion I would like to emphasize once again the following points:
1. A considcrable incrcase for the last years of flight safety level in the sphere of dornestic
and international scheduled transportations in the CIS countries and especially in Russia, as
weil as positive dynamics beginning to show in the sphere of unscheduled (charter) flighrs.
2. The experienee of regional integration in the sphere of providing independent aircraft
accident investigation, realized within the framework ofthe Interstate Aviation Cornmittec,
is being positivcly estimated not only by the governments of the CIS countries, but also by
some authoritative international organizations (ICAO, IATA, ITSA, etc.) and our foreign
partners.
3. At present it is impossible to solve thc problem of improving flight safety without close
international collaboration in the realization of urgent global problems, without
coordination on the international level of flight safety oversight principles and procedures,
including the use of the positive experience of regional cooperation.

In that respect I want to express my gratitude to the organizers of our Congress and
thank them for the given opportunity to make a spceeh at sueh a representative Forum.
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Attention to Safety in the Decision Making
on Transport Infrastructure

A process design

J.F.M. Koppenjan

Faculty if Teehnology, Poliey and Management, Delft University of Teclmology,
The N etherlands

1. Introduetion

This paper presents the findin gs ofa number of case studies on decision making on transport
infrastru cture and the extent to which att ention was paid to safety risks during that process.
The cases were analysed as part of a research project com missioned by the Dutch Ministry
of the Interior and carried out by the Faculty of Techno logy , Poli cy and Managem ent of
Delft University of Techno logy and the Department of Public Administration of the
Erasmus University R otterdam . The purpose of the research was to arrive at a fomlat for a
decision making process in which the " input" of safety expe rtise in the decesion making
about infrastru ctural proj ects is guarantee d. The co m mission was assigned in the framework
of the Dutch gov ernment's "integrated safety policy" in which the C abine t is striving for a
more pro active and cohesive approach to safety problems at national and local level.

The first phase of the research has now been co mpletcd. The objective of this ph ase
was to formulate cri teria for the process to be designed. These criteria are formulated on
the basis of an analysis of the decision makin g abo ut infrastru ctural proj ects and the ro le
safety plays therein . The actual development will take place in a later ph ase of the research .
T his paper provid es a report on the first ph ase. In section 2 the research lay-out is describ ed :
the cases studied, the analysis fram ew ork used and the research qu estions. Sub scqu ently in
sectio ns 3 and 4 the most important findings are discu ssed , In sectio n 5 the co nto urs of the
design process are outlined.

2. Case studies, analysis framework and research questions

2.1 Four dccision making processcs 011 transport irfrastruaure

In selec ting the case studies an attempt was mad e to achieve a spread across differen t
administrative procedures, ph ases and transpo rt modalities in orde r to gain an insight - albeit
a partial one - int o the variety of projeets whi ch are possible in thi s field . Furthermore, an
additio nal facto r in sclec ting the case studies was wh eth er the proj ects had certain spec ific
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characteristics whi ch are int eresting from a safety view po int . Table 1 bel ow sho ws the
characteristics of thc various proj ects.The decision making abo ut large- scale infrastru ctural
projects has bee n mapped with the aid of a co nce ptual framework that is descri bed brie fly
below.

Table 1. Thc four deci son m aki ng proccsscs analysed.

case location procedures stages in modality specific
the process characteristics

construction local building permit; idea-forming rail transport of 3km
Willemsspoor localland and preliminary passengers underground in
tunnel in use plan discussion; and goeds densely built-up
Rotterdam format decision area
(1954-1994) making;

implementation

construction national Key Planning agenda setting railtransport of HSL system;

High Speed Line Decision (KPD), and initial passengers corridor concept;

(HSL)-south infrastructure formation of tunnel under the

(Amsterdam- (Planning ideas; tormal Green Heart

Belgian border) Procedures decision making

(1973-present) Act, EIS)

corridor national route agenda setting transport of corridor concept;
Amsterdam- procedures, EIS and initial passengers development of
Utrecht formation of and goods via new Leidsche
(doubling rail ideas; format motorway, water Rijn residential
and motorway) decision making ; and rail area based on
(1988-present) 'compact

building' concept

future of national structure agenda setting airtraffic strategie

civil aviation schematic; and initial discussion on

(1988-present) KPD, EIS fonmation of future of air traffic
ideas; formal and transport
decision making

2.2 A nalyticalfral1lcl/lork

2 .2.1 Thc allalysis of tlic decision lIIakillg: stagcs, actors , cnuial decisions

T he decision making has bee n structured by distinguishing three stages: agenda setti ng and
ini tial forma tion of ideas, formal dccision makin g, and impl em cntation . T he evc nts w hic h
take place in the fram ew ork of these threc stages are describ ed by mapping th e acre r's
involvem en t and the co ntent and dcvelopmcnt of ideas. T he re was particular focus on the
moment at w hich thc vario us directive decisions (poi nts of no return) we re taken and the
conscque nccs w hic h th ese had for both the furth er co urse of the process and for the role of
safety within it. The central idea was that these di rec tivc decisions co uld pro vid e valuabIe
input for th e process to be dcvelop cd and the instruments to be uscd within it .
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In th e fram ework of th is study "integral" safety is at issue. Such an approac h impl ies
foc using atte ntion on:

• different forms of safety ranging from safety of enginee ring construc tio ns and fire
safety to criminality and nuisance.
• both "physicaI safety" as weil as "so cial safety";
• both "objec tive" forms of safety as weil as percepti on of safety ;
• both qu alitative and qu antitative approaches to safety;
• both " internal" as well as "external" safety.
• adequate atte nt ion to safety in all links of the safety chain (proac tio n, prevention.
preparation, repression and after-care), which implies in particular increasing the
att ention devoted to safety in the first links of the chain.

2 .3 R esearch qucstions

The above observa tions on decision makin g and safety result in th e following research
qu estions. These forrned the framew ork for the analyses in the case studies.
1. Which cruc ial decisions were taken in th e three stages wc have distinguished?
2. Which actors were invol ved? What was their attitude towards the safety issues?
3. Did the decision making occ ur in acco rdance wi th a part icular pattern , for example as a
co nseque nce of the existing procedures or the design pro cess w hich was go ne th rou gh in
the co urse of the proj ect?
4. What was th e nature and the scope of th e safety issues which were a facto r in th e project?
5. At wh at point in the process were decisions taken with important consequences for
safety?
6. In wint way was attention paid to safety in the process? What forms of safety research
we re co nd uc ted?
7. In w hat way and to what extent we re safety co nside ratio ns urged and we ighed in
decis io ns? W hat impact did they have on the decision makin g?

3. Observations on the developrnent of the decision rnaking

The case stu dies led to the following observatio ns on patt ern s in th e dcvelopment of
dec isio n makin g processes abo ut transport infrastru ctu re:

3. 1 Early decisions

A typi cal feature of the decision making processes was that at early stage decisions wcre
taken whi ch set their stamp on the subsequent steps in th e decision makin g. The discussion
on the impl em entation of an infrastru ctural facility begins co nve rsely with a solutio n: a
proj ect prop osal. Prio r to this a first draft has been develop ed among a small circle of
parti cipant s. These part icipant s subseque ntly endcavour to enter the public decision making
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arena with as well-constructed an idea as possible. In the decision making about the
doubling of the motorway A2 between Amsterdam and Utrecht, for example, the corridor
concept was introduced at an early stage in the process. This concept was prompted
primarily by spatial arguments and environmental considerations, In the case of the CAU
thi s mean s that duce main traffic hubs werc conneered. This corridor conce pt subsequently
determined to an important extcnt the further working out of the project and the scope for
making safety arrangements.

3 .2 Erratic deelsion makil/g: tlie absence of the central deelsion

Although decision making processes include important, direetive decisions at the earliest
stages of the dccision making, the development of thc decision making is highly erratic. The
process develops in fits and starts , takes unexpected turns and displays a rep etition of moves.

The decision making on the Willemsspoor tunnel, which was planned to conneet
the north and south bank of the river the N ew Ma as in Rotterdam, provides a good
ilIustration of the facr tint there is no central dccision . After the route had been dctermined,
there was subsequently further discussion on the qu estion of whether the co nneetion should
be single or double track and wh ether a tunnel or bridge should be built. Dominant
solut ions alternated in this : there was zig- zag decision making.

3 .3 No watctslied between stages and actlvities

The activiti es of agenda setting and initi al formation of ideas, form al decision making, and
implementation do not occur in chronologïcal order. Important decisions are taken in the
first phases of the project; in the later phases new ideas come onto the agenda, and in the
impl em entation, toa, cruc ial decision s are taken : there is na watershed.

In the implementation scenario for the Willemsspoor tunnel, for example, a number
of pruning measures specified in the decision making phase were reversed. This project was
furthermore uniquc because the working out of the specifications was carried out parallel
with the implementation by a j oint venture of building co nt racto rs sa that during thar
phase, too, deci sions had to be taken on numerous other matters. The state of affairs
surrounding thc CAU illustrates how, during the implcmcntation stage , developments can
occ ur in the environment of the process whereby earlier decision making becomes
overtaken by cvents. The idea of developing a new urb an area, Leidsche Rijn, near Utrecht
whereby th e A2 would have to be parti ally cov ered ove r, ensured that the del iberations
which had previously been made in the framework of the CAU werc superseded. Such a
development may lead to (parts of) the formal decision making having to be started all over

agam.

3 .4 Procedures in differel/t shapcs and sizcs

Procedures can form anchor points for the process to be design ed and the instruments to be
used in it. It mu st be recognized , however, that altho ugh they struc ture the decision making
th cy do not eliminare its erratic fluctuations. The HSL case shows that despite the KPD
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procedure, decision making is postponed, steps are repeated (the first HSL poli cy do cument
from 1991) and new alternatives are added at a late stage (the route over existing track and
the Bos variant) . Moreover, the procedures do not cover important parts of the decision
making: neither the idea-forrning and discussion pha se nor the impl em entation phase.
Furthermore, in various projects a number of different procedures are relevant: such as
those relating to planning permission, enviro nme nta l permits, regional and local planning,
th e Environmental Impact Statement (no t all projects are subject to EIS procedures), the
infrastruc ture procedure (tracé- procedure) , the Infrastru cture (Planning Procedures) Act
(T racé-wet) and th e KPD .

3.5 Promotinç intercsts: thc importauce oJporticipation atid positions

De cision making takes place in an arena in which actors promote different int erests and are
togeth er seeking solut ions which are accept able to everyo ne. In that process of j ockeyin g
for po sition the interests which are represented by stro ng part ies with a powerful lobby are
heard most c!early. Int erests which are under- or not represented threaten to become lost
in all the manoeu vrin g. Thus the arnple attentio n paid to safety in the W illem sspoor tunnel
can be explaine d: the municipality of Rotterd am had power of veto: it was respo nsible for
issuin g the building permit and assistin g in the modifi cation of the local plan. This gave the
fire services a foot in the do or, since th ey advised the city co uncil on the building permit.

3 .6 Thc narrou/ margins oJdecision I/lakillg : the importance oJ vertical integration

Decision making on infrastru ctural projects do es not take place in a vacuum . The scope for
poli cy makin g within w hich projects are implem ented is restricted by other policy and by
strategie decisions which are taken at a higher level. For example, physical planning po licy,
env iro nme ntal legislation , but also Europ ean rulem akin g. The decision laid down in the
national struc ture plan T raffic and T ranspo rt 2, that the A2 between Amsterd am and
Utrecht is a main traffic artery and that the transport of hazard on s marcrials sho uld be able
to take place over th is route, meant that the only thing left for th e decision making was to
decide how, given these basic assumptions, an adequate level of safety was to be realized.
The C AU , in more gene ral terms, provides an cxample of a proj ect that was squ eezed int o
the enviro nment. As a conseque nce of this, hardly any alternatives to the route were
available; the project had to be impl emented within the narrowest po ssible margins.

Elsew here, this is refer red to as the problem of the vertical harmonisation of decision
makin g between th e ope ratio nal and the strategie levels. The CAU case illustrates how the
strategic decision making restricts the poli cy scope for deliberati ons at project level,
inc!uding those on safety. At the least the requircm ent can be set that at strategic level, too ,
th e safety risks of cho ices mu st be examined.

4. Observations on the role of safety

Thc case studies have produced the following observations on thc role of safety 111 the
decision makin g on large- scale infrastru ctu ral proj ects.
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The constru ctio n of th e Willemsspoor tunnel shows th at in infrastru ctural projects a lot of
atte ntion is paid to safety. Part of this attention is institutionalised . In co nstructing a tunnel,
for exarn ple , co nstruction safety is part of the design practice and is automatically taken into
account. The sarne goes for " railw ay safety"; th e NS (D ut ch Railways) has always be en
co ncemed abou t th is and safety automa tically occupies a central po sition in th e design and
implernentation of the track planning.

Attention paid to safety at a teehuical level does not me an that safety also played a
prominent rol e in th e decision making on th e qu estion of whethe r th e project , partly in
view of the relevant safety risks, should be implerncnted at all. It is equally un certain
whether safety w as a selection criterio n in weighing up alterna tives. D espite all th e
investm ent in safety, it rernains possible that thi s is outweighe d by th e risks involved .

In th e decision making processes we exa mined th ere was no co nscio us and explicit
weighing up of th e acceptabiliry of the safety risks on th e basis o f information about them.
In so far as th at occu rred it was implicit . R esearch data with regard to th e risks involved
and po ssible safety m easur es ware not alw ays available or ade quate . In th e case of th e
Willcmsspoor tunnel a qu antitative safety analysis was not made until th e co nstruction wa s
nearing completio n, just before permission was due to be obtained from th e Ministry of
Transport, Public Works and W ater Management for th e transport of hazard ons materiais.

4.2 Safety risks and sqfcty prcjerences

The safety risks w hich were involved 111 th e proj ects differed dep ending on the specific
charac te ristics of th e facility to be rcalized, the funetions which th e facility was to perform,
the technique which was used in its implementation and the enviro nment within which th e
facility was crea ted , The atte ntio n paid to safety also varied co nside rably. This dep ended
among othe r things on th c organi sations which dominated in th e decision making.

In th e world of civil aviation the safety level is monitored by th e Directerare
Ge ne ral for C ivil Aviation (R LD) . Attention to intern al safety is tradition al th ere and is
based on th e th eory th at as lon g as airc rafi co mply with th c qu ality requirements and are
flown according to safe procedures, th e risks for others must therefore also be minima!.
Littl e attentio n is paid to th e enviro nm ent and th e rol e of th e emerge ncy services.

In th e Willemsspoor tunnel the co mbinatio n of passen ger transport, goods transport
and a transfer optio n (Blaak station) imposcd conflicting requirements on safety facilities.
Whereas th e transport o f hazardous matcrial s demands as closed a system as possible,
passenger transport and th e presen ce of a statio n require an ope n syste rn ,

An instrument aimed at mapping safety impact should on th e one hand be
sufficiently gen eri c to map the various forms of safety, including th ose which , give n the
atte ntio n focus o f parti es co nc erncd , threaten to be ex cluded . On th e othe r hand, it must
also be able to provid e a tailored approach: th e atte ntion must be aimed at th e risks w hich
are relevant to a specific project . Furthe rm ore, th ese observatio ns also teach th at intcgrated
safety is not simply the result of adding togeth er forms of unsafety. These often impose
conflicting requiremen ts o n th e design and th e safety measur es. So in decision making safety
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must not just be weighed up against other interests . The different forms of (un-)safety need
to be weighed against each other.

T ablc 2. Design criteria for a proces s design.

observalions on observations on the problems from an design criteria for a
decision mak ing role of safety integrated safety process des ign

approach

no explicit risk implicit risk acceptance; explicit weighing up of
acceptance safety issues are passed safety risks

on to phase of design.
use and emergency
services

directive concepts at the attention to safety comes early attention
start of decis ion making later and is already

immediately on the
defensive

during the whole process early attention is not during the whole process
relevant decisions are enough ; new attention to safety is
taken developments in safety necessary

impact would be
overlooked

there is a deve lopment too unifo rm an approach attention to safety must fit
from strategie and global to safety impact leads to in with the nature of the
decisions to operational unusable information decisions which are
and concrete ones relevant to a decision

making scenario

the attention to safety is important forms of safety broad attention to safety
compartmentalized impact are given no

attention

norms are aften absent this means no deerslons those involved must
or they are contested on acceptable safety agree on acceptable

leveis can be taken safety levels in joint
consu ltation

research is hampers the gaining of a attention to the quality
compartmentalized, the broad and reliable picture and steering of the
quality is questionab le of safety impact research is required
and the results and
research methods are
challenged

decision making is emergency services are opportunities for input promoters of safety
promoting and weighing restricted and called in from experts, necessary interests must gain a
up interests; participation too late tor Ihe harmonisation of place in the design and
is necessary for measures in various links deelsion making process
promotion of interests of tne safety chatn, are

not utilised

interested third parties contrary to proper decision making on

often receive late and administration and safety risks and

inadequate information adverse ly affects support measures must take
lor the project place in an open process

Ihe same safety risks are disproportiona te attention attention to safety must
not involved in each to safety risks; adversely be proportionalto safety
process affects legitimacy of risks

instrument

important decisions are at strategie level prior conditions limit the vertical integration must
taken elsewhere decisions are taken which possibilities for be ensured

programme safety impact implementing an
at project level accep table safety level
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In the decision making on infrastructure c1ear norrns are availabIe with regard to some forms
of safety: construction. raiIway safety and fire safety are examples. But this c1arity is not
aIways present: sorne norrns are the subject of debate . This was the case with the norrns for
externaI safety in the transporting of hazardous marenals which were only recently Iaid
down . It was also pointed out that these norms are onIy aimed at a Iimited number of effects
and do not provide any usefu l inforrnation on the design of the emergency services . For a
large number of safety effects there are simpIy no norrns,

In the CAU case it appeared that there was no safety equivalent to the corridor
concept. Although the studies into external safety were incorporated into one procedure,
there wcre in (1Ct th ree impact statements carried out parallel with each other, one for the

road, one for the railway and one for the water.

4.4 Prol/loters of safety intcrcsts

Bringing the emergency services into the decision making on infrastructure generally occurs
on a limited scale and at a late stage . Thus in the framework of the safety plan for the HSL
and in collaboration with the emergency services a scenario approach is adopted, but this is
primariIy aimed at the organisation of the elllergency services whereby the HSL is seen as
a given parameter. Whether requirements will be added to the design from the perspective
of the cmergcncy services rernains unclear.

In the initial planning surrounding the Leidsche Rijn it appeared that the designers
had an inaccurate image of the capacities of the ernergency services. They assumed th at the
fire, police and ambulance services would always be able to enter the tunnel which would
be created by covering over the A2. They had not taken account ofthe fact that the physical
design of a tunnel should incorporate an acceptable risk for the emergency services.
Consulting with the fire services at an earlier stage could have prevented this
misundersrandi ng.

4.5 The quality of the scifety research

Areaction evoked by the suggestion of soruerhing like a Safety impact asscssment is that
there is already such a great deal of safety research already being carried out. Frorn the case
studies it emerges that this is by no means always the case, that the research which is
conducted is airned at a limited nurnber of safety interests and that the quality leaves a lot

to be desired.
The decision making on the construction of the Willcmsspoor tunnel is largely based

on a single safety study, narncly a qualitative risk analysis . A quantitative analysis only
becarne avaiIable towards the end ofthe construction. In the CAU project, the gap between
the outcomes of the safety assesment and the norms was played down. In the discussion on
the future of aviation the point was raised that the parameter in which the degree of safety
was expressed in research was not neutra!. The standard which one chooses for setting safety
lirnits determines the outcome.
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As a co nseqllence of the above it is not surprising that research is often unconvincing
and becomes the subject of conflict . All this is reinforeed even more by the tendency to
surround research results with a veil of secrecy, to refuse to make reports public and to
provide the outside world with "v ersions for the public" .

4.6 Sqfety perception by third parties

The implementation of infra stru ctural facilities has conseque nces for th e safety of " third
parties" , for example th e users and local residents . A difficult point is th eir perception of
unsafety. Sometimes people are not aware of th e risks to which they are exposed; in othe r
cases thei r co ncern is out of proportion to th e actu al risks. What is more, th c response to
the co ncern expressed by local residents is often inadequate. Moreover. good intentions can
be co unterpro ductive such as when the NS handed over its safety plan for the Willcmsspoor
tunnel to the local residents. The impressive list of safety mea sur es led to th e conclusio n that
th e tunnel was extremely unsafe.

Local residents and users have th e right to infonnation o n the dangers to which th ey
are exposed, or to which they think th ey are exposed . But for thi s it is ne cessary for decision
makers themselves to hav e a c1ear idea of the safety impact, for exa mple by havin g th e risks
mapped and having th en w eighed them up in an expli cit deliberation process.

Table 3. Con to urs of a process design in which comprehens ive atten tion to safety in
th e decision making on transport infrastructure is safcguarded.

stages in dec is ion mak ing substantive areas of attention indication of instruments and
organ isational provis ions

agenda setting and initial formation 1. which safety risks are relevant? quick scan
of ideas 2. how can a project be designed in

which safety is integrated? open design processes

formal deelsion making 3. what is an acceptable safety process design leading to safety
level? covenant

4. is the project worlh pursuing rapid assessment of effects
given the safety risks involved?

5. which safety impacts are linked in-depth effects research
to alternatives?

implementation 6. how should the physical design embedding safety in project
be shaped so that an acceptable organisation
safety level is realized?

7. which demands do safety risks integrated safety plan
make on the commercial
operation? commun ication strategy

8. what preparatory activities must
be underlaken on behalf of the implementation and management
emergency services? audit

5. Less o ns for the process d esign

T he schematic below shows how far the observations discussed above imp ly that th e
attentio n to safety vicwed from an integrated approach falls short. It also indi cate s which
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design criteria th is imposes on a process design that airns at safeguarding the attention to
safety in these decision making processes. Elaborating on these design criteria, in this section
the contours of such a process design will be o utli ned.

6. T he contours of a process design

The design of a decision making process 111 which the attention to safety is adcquately
embedded could include the following elements:
I. the design must be based on realistic cxpectations with regard to safety interests: in
addition to safety there are a lot of ot he r interests w hich also have to be add ressed. Attention
to safety must co ntri bute to balanced decision making.
2. the design must entail th e minimum extra decision making costs, and must tie in wi th
existing working methods and procedures w herever possib le.
3. the design must be tailor-made and offer opportunities for mixed scanning: a broad scan
of safety risks m ust preeede more in-depth safety research.
4. introduetion ofbureaucratic procedures and ritua l dances must be prevented: rather than
lcga l commitments one possibility would be a handb ook for the protagonists of a project to
cnable agreeme nts to be reach cd on a vo lunrary basis on safety research , acce ptable risk
leve ls (in so far as not ot herwise give n) and safety measures. T hese agreeme nts would need
to be laid down in a safety covenant .
5. because decision making on infrastructure is complex and there is no one central
decision, the working method must contribute to ensuring that "input" from safety experts
is gua rantecd at the app ro priate times duri ng the w ho le process. T hus not a one-off
co mprehe nsive safety impact assessme nt but a ro ute planner which indi cates at w hich points
which safety qu estion s are releva nt and how th ose qu estion s can be answered. Table 3
shows w hic h ques tio ns are involved and w hic h tools might be appro priate for providing
answers to thern.
6. The design must be aimed at mobilising and consolidating existing safety agencies and
safety expertise as much as possible instead of rei nventing th e w hee l. T his by no means
excludes new methodo logies, expertise and particip an ts in pro cesses in which safety is
ro utinely dealt with.
7 . T he effec tive ness of th e working meth od mu st be monitored and evaluated. An
arrangement must be found to buil d learning capac ity about the working method. T his
co uld be realized by estab lishing a Safety H elp U nit, a body whic h advises proj ect
organisations, mediatos between project organisations and safety experts, arb it rates and

evalua tes.
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Explicating Feedback and Feedforward
Loops through the Conduct

of Safety Studies

Vernon S. Ellin gstad

Natienol Transportation Safety Board, U.S.A.

It has been a pleasure to participate in this important international conference over the past
three days, and it is a privilege to join in today's discussion of feedback and feed-forward
loo ps. I would like to share a few of the concerns ofsome ofthe acters at the "societal loop"
in the systems model that has been the focus of this conference. Specifically I would like to
comment on what I perceive to be an important responsibility ofactors such as safety boards
and transportation research organizations - to rigorously and systernatically examine the
extent to w hich the co ntrol and communicatio n m ech anisrn s that develop between
operators, manufacrurers, regu latory and supervisory bodies, and even societal entities; are
effective in enhancing the safety of the transportation enterprise. I believe that our
o rganizations bear a specia l respon sibility to acco unt for, and assess, the interactions of all of
the mu ltitude of actors in the transportation systems that we are charged with making safer.

Ccrtainly the conduct of careful and meticulous accident investigations is one very
important responsibi lity that we share in this regard. Indeed the rcpurations that the world's
best safety boards have earned is to a grea t extent due to the careful and meticuleus conduct
of thorough and comprehensive investigations of individual accidents to determine their
causes, While these ene-at-a-time considerations of the interactioris that have failed, in
some way, are important as case studies that often identify important safety issues, they must
be supplemented by bronder studies of accidents in the aggregate. Just as importantly, there
is a need for careful examinations of the nature of the transportarion systems themselves. In
short, in addition to investigations of in dividual accide nts, we must also invest in the
co nduct of careful safety studies. At the NTS13 we have found it useful to distinguish
between three broad classes of safety studies:
1. Statistical reviews and retrospective accident studies that attempt to determine
commonaltics among collect ions of accidents (gene rally from existing accident data bases)
and to evaluate accident trends over time;
2. Prospective accident studies that systematically undertake new investigations of accidents
of a partienlar class or type in an atternpt to ide ntify co rnrnon causes and characteristics; and
3. Oversight studies that focus on various aspects of the transportation system(s) that play a
role in transportation safety and give rise to accidents or unsafe conditions.

T he actuarial cornpilations of accident tren ds by many accident investigation and
transportation safety aut horities pro vide many cxarnples of the statistical review or
retrospective accident study. Indeed, monitoring the health of any transportation system
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requires the regular collection and descriptive analysis of accident data. It is a continuing
challenge to safety agencies to collect, compile, and analyze accident and incident data that
are timely and accurate. In the United States the responsibility for accident data colleetion
and analysis is distributed widely between modes. The NTSI3 is responsibIe for maintaining
the United States' census of aviation accidcnts, but other agencies bear that responsibility
for capturing data on accidents in the other modes of transportation. The responsibility for
recording and monitoring incidents, or those transportation confrontations that fail to meet
accident criteria (usually personal injury or a prescribed amount of economie damage) is
even more widely distributed, if thar responsibility exists at all. There are great needs to
improve the care and comprehensiveness with which accident and incident data are
collected, and equally important needs to extend the analysis of these data to discover
important trends and insights into accident eausarion. There are similarly important
challenges to share and exchange these data and analytic results internationally. In th is
regard, I would like to acknowledge the significant role that ICAO has played in advocating
these kinds of improvements for aviation accident and incident data. It would be helpful if
there we re similar influcnces in thc other transportation modes.

Turning to the secoud category of safety study, we at the NTSB have had some
success in recent years in addressing important safety issues through the conduct of
prospective accident based studies. The problems of fatiguc and the usc/rniss-use of child
occupant proteetion devices represent recent NTSB safety studies rhat involved the planned
collections of accident investigations targeting these issues. In each of these cases accident
notification criteria were developed, and planned accident investigations were launched to
thoroughly explore the causes and contributing circurnstances of an appropriate number of
the targeted types of accidents according to an explicit research design, developed to
accomplish the desired contrasts and comparisons. While accident based studies can never
ereare the conditions of experimental control that are characteristic of the laboratory study,
they do provide for the systematic, quasi-expcrimcntal evaluation of causal propositions in
a way that the case study (an individual accident investigation) can not hope to do.

It is the final category of safety study, the oversight study, that I would like to focus
on today as a research approach that is extremely important in examining and understanding
thc interaction of the actors in the transportation system. I would like to illustrate th is typc
of transportation safety research by briefly reviewing one study that thc NTSB has done,
and another that it is currently pursuing.

In November of 1994 the NTSI3 adopted a safety study entitled Commuter Airline
Safety. This study was prccipitated not only by the higher accident rare exhibited by
cornmuter airlines, but also by thc observation of significant changes in th is industry duc to
rapid growth, and changes in the operating environment of this segment of the airline
industry. The methodology employed by this study included:

• Site surveys of a sample of 21 airlines to obtain details of the operational
characteristics of these airlines;
• Structured interviews with pilots, flight attendants and maintenance personnel
from a sub-sample of these airlines; and
• A public forum held from June 14-16, 1994 in Atlanta, Georgia to obtain
testimony from 37 witnesses from government, industry, airlines, trade groups, labor
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unions, aircraft manufacturers, and training centers.
This study utilized these data sourees to address the adequacy of the comrnuter airline
industry's standards and practices, with respect to a range of flight crew, cabin crew,
maintenancc, management and oversight issues. The study concluded:

• that the U .S. Code of Federal Regulations, specifically CFR Part 135 had not kept
pace with the changes in the environment and operating characteristics of the
commuter airline industry;
• that scheduling practices and other flighr crew dcmands contributed to an increased
potential for tlight crew fatigue;
• that both new and recurrent training were frequently deficient; and
• that effective oversight was often lacking by both the carriers and the Federal
Aviation Administration.

Perhaps the most important and sweeping recommendations made in this study asked the
FAA to effectively regulate all scheduled commercial passenger service on planes with more
than 10 passenger seats under the same regulations (the 14 CFR Part 121 standards). It was
gratifying to see the FAA respond to these recommendations with the "One Level of
Safety" initiative that became effective early last year. While other actors certainly
influenced this desired outcome, we are convineed that the systematic examinatien of the
relevant issues accomplished through the Board's safety study played a significant role.

If we may now turn to another mode of transportation - in the United States a wide
variety of regulations govern trucks involved in commercial cargo operations. The Federal
Highway Administration, through its Office of Motor Carriers is the Federal agency
responsible for overseeing the safety of commercial motor carriers. lts authority, however,
extends only to carriers involved in interstate operations, or those trucking operations that
cross state boundaries. State laws are highly varia bIe with respect to the regulation of trucks
that operate within state boundaries. Limited data are available regarding the extent of
intrastate (as compared to interstate) operations, but cstimates have been obtained that
suggest that 20 percent of tractors operated by private motor carriers are involved in
intrastate commerce, and that more than 29 percent of the trucks involved in fatal accidents
in 1994 were engaged in intrastate commerce. Because so little is known about the safety
of intrastate trucking operations, the Safety Board initiated an intrastate trucking oversight
study during 1997, and this investigation is currently in progress.
Data for th is study are being obtained from four sources:
1. prospective investigations of selected accidents involving heavy trucks involved in
intrastate operations;
2. carrier oversight investigations involving detailed site visits to trucking firm s engaged in
intrastate commerce;
3. a commercial motor vehicle intrastate operations mail survey utilizing a nationwide
sample of intrastate carriers; and
4. a comprehensive review of Federal and state regulations.

A decision as to whether a public hearing or forum will he needed to complete the
data collection process will he made when these data collection procedures are complete.
While it is certainly too early to anticipate ei th er the findinb'S of th is study, or the
recommendations that might result, we are convin eed that the process that wc have
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initiatcd to gather the relevant information is the most effective approach to the study of

this transportation issue.
In conclusion, it is our belief that a balanced program of safety studies is an essential

complement to the accident investigation responsibility ofthe NTSB. We would encourage
other transportation safety organizations to make use of these tools as weil.
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The Expert System for the Regional and
Local Staff Implementing the Road Safety

Improvement Programme in Poland

Lech Michalski, Kazimierz jamroz, R yszard Krystek

Teehuical University of Cdansle , Po/mld

1. Introduetion

In 1994 the Minister of Transport commissioned the National Conunitree of Scientifi c
R esearch to carry out a research project "Road safety improvcment in Po land". In 1996
the fuil text of the N ational Programme of R oad Safety Improvement in Poland , prepared
by the Associated Authors' Teams headed by th e Teehuical University of Gdansk, was
published in a national monthly magazine for publi c evaluation and discussion (Krystck,
1996). T he GAMBIT Programmc contains a set of prcventive measures that need to be
implemented to stop the growing number of accidents that has been observcd ove r the last
few years in Poland and to mak e the risk on the roads decline continuaily. The fol!owing
we re adopted as intermediate goals leading to the achievem ent of thc ultimate goal:

• common impleme nta tion of low cost measures of road safety improvement,
• acquiring publi c support for road safety activities,
• creating bases for an effcctiv e and long-term poli cy.

All the goals set forth in the Programme as weil as the proposed action are a reflection of
thc need for a systematic and intcgrated approach to road safety problerns and thc need to
start the implernentati on pro cess of the programme from thc central level (top-down
strategy) and at the same tim e at the local level (bo ttorn- up). However, bearing in mind
how difficult it is to create a politicallobby, especially in Poland wh ere the politi cal elite is
in the course of continuous change , both in terms of the policy and staff, the authors of the
Programme assume d that it will be easier to start th e impl ementation of thc Program me
following the bottorn-up strategy. Thercfore, the Programme co ntains c1early defined tasks
for the governor as a representative of central administratio n (Poland is divided into 49
provinces) and for local authori ties in cities and municipalities:

• adapting organisational forms and stafTwit hin the struc tures of local autho rities to
road safety tasks,
• development of a systcm of colleeting road safety data and programming road
safety,
• training for individuals participating in thc road safety improvemcnt programme.
that is road safety auditers. employees of local administration, design engineers,
teachers, etc.
• establishing a local systern of promoting road safety and public relations,
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• organisation of co-operation between state administration and local authorities and
non-govemmental organisations .

Ind eed it was the right thesi s because the action taken at the central level was found
completel y insufficient to sto p the ever increasing road accidents risk (jamroz, 1997 ). This
gave an extra incentive for speeding up work on the regional and local levels. We started
by carrying out two cxperimcntal, regional programmes of road safety improvement in the
regions of Gdansk and Elblag. The first two governors provided financing for the projeets
which we re given the acronyms "Gdansk GAMBIT" and "Elblag GAMBIT" (jamroz.
1996, 1,2). At present, work is under way on two new programmes "Suwalki GAMBIT"
and "Katowice GAMBIT".

In the course of work on thc idcntification of the elcments of the road safety system
in order to make a diagnosis, many observations we re made both in terms of the road
systcm and organisational structures that are sratutorily responsible for its functioning. These
are thc major observations:

• local institutions and organisations which are responsible for road safety often act
on the so called "word of mouth" opinion disseminated by public persons or on
subjective "impressions of road users" which usually do not match the facts as thcy
are the result of own cxpcrience in road traffic which is not the statistical
reprcscntation of the situation as a whoie ,
• most frequently there is a lack ofbasic data, necessary to select the right road safety
improvement measurcs; that is why the functioning and development of urban road
systems follows an incoherent method of correcting the critical elements without
any regard of the obvious fact that each of these clements is but a fragment of the
whole structure,
• a lot of evidence has been gathered to prove that it is necessary to appoint a
regional road safety auditor; his role would be to act as the govemor's expert and to
approve or have other experts approve proposed solutions and make sure that they
comply with the engineering and logical part of the project.

The experience of OECD countries has shown that one of the first obstacles encountered
in the process of implementation is the training of adequate staff The above experience and
thc results of our own diagnosis led us to start work aimed at establishing some tooi that
would facilitate the implementation process of regional and local programmes fol1owing a
uniform philosophy of thc national Programme. The tooi is meant for three groups of
regional recipients; policy makers, safety praetitioners and safety researches . This task is
made especially difficult bccausc policy makers nced thc knowledge of development
strategies of a safe transport system, the practitioners need to learn about methods of
management - following these seraregies and for the two groups the knowledge the
researchers have is too complex.

What the diagnosis showed is that in all four regions under analysis we are dealing
with the sarne problem as the one faced nation-wide: a lack of the fundamental staff, and
even if it is there, it needs substantial additional training in the area of the principles of safe
road traffic. We are basical1y dealing with three professional groups:

• policy makers; people usual1y without a background in some general road safety
knowledge and what is more unaware of the conneetion between road traffic and
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th e risk o f losing one's he alth or life ,
• pra ctitioners; are divided into gro ups that are isolated from on e ano the r; high way
workers, police officers, teac hers, driving instru ctors, ete. and th ey do not have th e
knowledge on th e mutual relations of th ese specialities,
• research ers; a small group gathercd at universities and institutes, rernote fro m many
regions and hen ce havin g no background for a co ntinuous co -opera tion with
practitioners.

R oad safety link s these three gro ups in th e following way: research ers are cxpcctcd to
de live r professionally elaborated na tio nal, regional and local pro gram m es which would
provide a basis for discussion and the n for decisions to be made by po licy makers which will
be implcmented by practit ioners. H ow ever, th e probl em is th at researchers are ex pected to
co me up with accura te diagn oses and draft decisions which most of th e time are develop ed
on th e basis of highly insecure data on acci de nts, H en ce th e co ncl usio n about havin g to
focus in the first stage of work on a data base on road accidents.

One of the first tasks of regio rial programmes is to devclop auxi liary and ed ucational
matcrials first of all for the prim ary roa d safety personnel and also for the road safety audit
process parti cip ants (investo rs, design ers, audite rs of road safety). D evelop ing suc h tools in
th e form of simple ex pert systems adj usted to the cha rac te r of the user secms to be th e right
solut ion, especially considering the following ramificatio ns:

• Polan d has 49 regio ns and 860 towns and a sma ll gro up of specialists who can
prepare the lo cal staff to develop and effec tive ly implem ent th ese pro grammes; in
th e majori ty o f towns th e probl ems of ro ad safety have been assignc d to th e job
description o f peopl e who have vario us levels of ge ne ral and vocatio nal educa tion,
• Institu tio ns and organisat io ns whic h can par ticip ate in the im plernentat ion of the
Programm e do have co mputer hard ware, however th ey have no software that would
facilitate th e decision making; at th e same time th ere is a lot of interest in th ese tools,
• R oad safety actio ns are multid isciplinary and multi-sectoral, roa d safety eva luat io ns
also use qu alit ative cri teria .

2. Expert systems in road safety

In th eir analyses research ers co ncen trare o n acc iden t prone facto rs and th e effeetive ness of
preventive meas ures , While doing so th ey frequently fail to artach sufficient wcight to the
issue of how the public is suppose d to implcmen t th e resu lts o f th eir studies. In all
co mm u nities a ce rtain cru cial problem appea rs, one o f acceptance for road safety research
and th e proposed improvement measurcs. An element that largely facilit ates th c pursuit o f
th e support and th e applicatio n of scicntific recornmendations is th c use of modeIs which
describe th e acce ptance pro cess pointing out to th e fundam ental factors th at make or break
th e process. Without a doubt th e process of acqui ring acceptance is made easier by adj usting
it to th e nation al, regional or municipal co ntex t. It all points to a need for deveIoping a
syste rnatic approac h in th e proccss of implementation to road safety improvcm ent m easur es
usin g tools which givc highest hopes for their co ntribution to disseminatin g the obj cct ive
kn owledge and th e best pra crices in th e area of road safety in all thosc places w ith no expert
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teams representing vario us fields related to road safety.
In the rece nt years, a fast development of expert systems technology has been

observed. T his technology is a mea ns of an effective knowledge manageme nt while expert
systerns are a relatively ncw generation of co mputer programmes used for problem solving
in a manner sim ilar to that em ploye d by a specia list. Accordin g to th e definition an expert
system is a computer programmc that exhibits, wi thin aspec ific do main, a degree of
expertise in problem solving that is comparable to that of a human expert (Ignizio, 1991).
A knowledge based expert systcm includes three basic modules:

• the kno wledge base (lo ng term-mem ory with facts and rules),
• inference mechanism,
• the sho rt term mcmory.

The basic advantages of th e systems are (W ilson, Dunn, 1994):
• accessibiliry - facilitates continual usage of available knowlcdgc,
• consistency - establishes objective and repeatable decision makin g path s,
• productivity - improvcs decision makin g without havin g to resort to many
different spec ialists.

T his tec hno logy is widely accepted also in the area of traffic engineering and transportarion
and is showing a high dcv clopme nt po tential (OECD, 1992). The traffic safety expert
systems used and develop ed so far are related to issues such as: highway design (Paniati,
1997), interseetion design (Wilson, 1994), spee d managem en t (Donald, 1994), safety aud it
(Midd leton, 1992), accident investigation (Gi telma n, 1997).

Today's exper t systems are the most effective tooi that uses road safety pri nci plcs and
models in irnpleme ntatio n processes and co nsidering the above mention ed advantages it can
be a useful tooi in relatively small municipalities which do not have experts in all disciplines
(OECD 1997).

T he aim of the initial wo rk undert aken within regi on ul road safety improvem ent
programmes in Poland is to establish some assumptions for an expert system, first of all in
tcrms of thc struc ture and th c contcnts of the kn owl cdge base tailorcd to the necds of the
tasks related to the Programme.

3. Assumptions to an expert system in the area ofimplementing a road safety
improvement programme at a local level

A general struc ture of safety mana gcm ent devel op ed for regional staff has been presenred in

Figure 1.
Development and impl ernentation of a road safety programmc at a local leve l has the

following rarnification s (Procto r, 1997):
• adequate qualiry of data on accidents,
• optio n to do co mputer sorting in orde r to identify high risk gro ups, dangerous
areas (spo ts, sectio ns, areas),
• establishing the prioritics for measures that are most effective in a partienlar
situa tio n
• introduetion of mand atory reviews of plans and road designs (safety audit),
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• the option to monitor the activities in progress
• developi ng an ope rating plan of road safety improveme nt.

Witho ut a do ubt each region or municipality has its own cha racteristic and specific
conditions of the road safety system, considering the organisational structures of local
administration, the staff, available funds, road safety problems resulting from various causes
and circ umstances of road accidents. In Polis h conditions there can be huge insufficiencies
in the data bases that are necessary for a proper road safety analysis. Depending on the size
of the tow ns and municipalities, the respo nsibilities for roads and road traffic management
are covered by various bodies. Therefore it is assumed that the expert system being
developed will take into account the type of user and type of activities that the user wants
to employ to solve the problem ,

Traffic Safety Policy of the Govemor
Goals of the Regional Safety Programme

•
Identification of raad safety problems - diagnos is

• Road users

· Vehicles

· Roads and environment

•
Raad safety implementation plan :

· transportation safety policy

,----. · accident factors and safety indicators

· institutional activities and staff +----

"Implementation of raad safety measures:

f------. · detailed diagnosis

· proposals of safety measures

• costlbenefit analysis f---

· efficiency evaluation

+-
Global estimatlon of !he Programme

· traffic safety data

----- · analys is of implemented measures

· publ ic pramotion

· police contra I and enforcement

...
-+l Evaluation of the programme effects

Figure 1.

T he basic features of the system are :
• assistance for vario us groups of users of the system in solving road safety problems
at various decision making levels that are present in the regions and municipalities,
• raising the awareness of roa d safety through work wi th an atrracrive, interactive
computer programme.

Among the po tential users are:
• local government administration and local authorities employees dealing with road
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safety problems,
• road administration employees,
• designers and planners of the transportation infrastructure,
• road safety auditors.

Each of these groups of users can handle problems:
• of a strategie nature; road safety diagnoses and programming of improvement
measures for the municipality,
• of a detailed character; implementation of concrete, engineering and educational
measures of road safety improvement.

With the type of user and character of the analysis stated it will indicate the selection of
procedures. This is duc mainly to the varying levels of professional background and
knowledge of the terminology and the complexity of the analyses. All procedures will be
based, however, on many different common principles adopted as indispensable for the
process of road safety measures implementation.

It is assumed that the base of the knowledge will be an element of the system that
wil! be developed successively, adjusted to the currcnt priorities resulting from the
implementation of the national programme and regional ones. The targeted solution is to
contain a scope of knowledgc large enough to cuable the basic procedures such as:
A. ldentification of road stifcty problcms - diagnosis

• dangerous behaviour of users
• high risk groups
• accident concentration spots (areas, sections, road network points)
• main causes and oircumstances of accidents

B. FOYIIIII/ating the strategie progrannnc tif road seifety intprovement
• predierion of the road safety state
• goals of the programme - road safety ratios
• directions of priority corrcctive action

C. Analvsis (1possiblc road stifcty intprovement mcasures
• intersections
• speed limits
• traffic calming measures

D. Programme implementation

• marketing measurcs
• public relations

E. Evaluation and monitoring

• road safety audit
• before-after study
• cost-benefit analysis
• cost-effects analysis

The procedures will be facilitated by the following elements contained in the knowledge
base:
A . Computational metltods

• calculating accidcnts rates
• general predictions of changes in the numbers and accident rates
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• pred iction using a co rnparison group
• accident cost calculation
• statistical identification of accident co ncentration spots

B. Road stifety models
• descripti ve mod eIs
• predictive modeIs for aggregated data
• risk modeIs for non aggregated data
• accide nt co nseq ue nce mod eIs

C. Built-in data bases (permanentlv in the system) and external olies
D. Additional ilifimllatioll

• thesaurus
• improvement programmes: natio nal, region al
• cxam ples o f problem visualisatio n : e.g. acc ide nts maps
• a review (catalogue) of improvement measures
• ranking lists of th e effectiveness of meas ures
• legal regulations
• refe rences and Int ernet links

It goes without saying that development of these systems wi n involve a hu ge effort and
extensive studies and cooperation in th e area of using in ternational experience.

4. Conclusion

T he goa l of the proj ect is to develop an ex pert system including a set of base kn owl edge on
th e traffic and roa d sirna tio n 50 that th e ex pe rt systcm w ould sirn ulare for the user a rcal
expert responding to a question asked of him. T he first task for an expert system win be to
play the ro le of a didactic tooI for th e fundamental road safety staff at the Iocal level. It is
obvious that similarly to the case of road safety improvem ent pro grammes, if thc expert
system is not accepted by the user, it win not bc used at all. W e hop e that th e exp ert system
will tu rn out to be a useful tooI of achievi ng bet ter effects in road safety activities and
consequen tly wi n make possible a better cost/effectiveness rate.

We also ex pect to see some additio nal ben efir: th e area w hic h uses state-of-the-art
to ols and there is no doubt dut th e ex pe rt system is one, makes th e politicians think th at it
is d ifTtcult and the specialists receive appreciation o f th eir knowledge and efforts. Based on
Polish ex perience we can defi nitely say that ex pe rt systems are an important element of
promoting th e issue of road safety and of acquiring the support of the public and po liticians,
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Making the Safety Scales Work

Balancing safety in the growing railway industry

H arry H. Snel

Proj ect HSL-Zuid, NS Railinjrabeheer, Th e Ne therlands

1. Introduetion

The railway industry in The Netherlands has a growing amount of participating companies.
The industry is in a transition from an integrated railway system, controlled and operated
by one company into a coordinated mu lti stakeholder, multi target rai lway community.

The NS (Nederlandse Spoorwegen) is a Government owned "private" company.
The NS used to be the sole integrated operator of the Dutch railways. Operating, planning,
designing, maintaining every part of the system and balanci ng cost and performance in one

hand.
Recently the European co uncil and our national government decided on opening

the trac ks for ot her operators . In 1994 the integra ted N S was split into several rat her
independent companies. Lately new trai n operators, new contractors for track maintcnance
and other participants operate in the Dutch railway industry. Most of the participants

operate cornmercially and foc us on the individual company baseline (profit).
Railned, NS R ailinfrabeh eer and N S Verkeersleiding - no n-profit organisations

working for the Department of Transportation (Ministerie van Verkeer en Waterstaat) 
focus on total systems performance. Balancing safety and securing a minimal level of safety
at all times wit hin the changi ng industry.

This paper elaborates on safety effects in the organisational change, varrous

stakeholders' targets, and our efforts to balance the safety systems wide.

NEDERLANDSE SPOORWEGEN (NS)

N S
ro lling stock

Figure 1.

2. Organisational change

NS
infra-structure

NS
oprations

Until 1994 the NS was the solc operato r of the Duteli railways. For the best part of this
century NS operated, designed and mainrained the trains. engines, coaches, tracks, stations
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and signalling equipment. In fact one company ma naged the who le D utch railway industry.
Eith er by owning it or being the buyer. In this organisation setting NS owns both sides of
all the systems interfaces. Once a decision to improve safety has been reached, the top 
down implementation of the best value for money solution is easily effectuated.

The organisation was changed to comply wi th the directive of the European
Council. The cost of ownership and operating the infrastructure (i.e. tracks an signalling)
had to be separated from the other operations . N ew operators started passenger and cargo
train-services in addition to the exist ing N S operated services. and N S Verkeersleiding
provide the inde pendent nerwork sched uling . O n behalf of the N ational Govern ment N S
Railinfrabeheer provides the infrastruc ture: tracks, platforms, and transit areas for
passengers.

Figure 2.

The D utc h railway indu stry consists of a growing num ber of compa nies. In this
fragmen tating industry part nerships and agreements become a necessity.

3. International railway industry

H igh spee d trains mu st trave! thr ou gh scveral count ries without changing engines.
Intern ation al standards fo r int erop erability spec ify th e necessary technical interfaces betw een
systems . T his will provide un ifo rm interaction s at the int erfaces of the infrasrructu re, trains
and command and control syste rns .

N ation al freedo m of cho ice of safety measures across interfaces will increasingly be
limited by int ern ational standards.

4. Stakeholders' targets

Railway safety is a result of efforts in the commercial companies and the government
funded task organisations, T he commercial companies are train operators, station operators
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and their suppliers. R ailned , N S Verkeersleiding and N S R ailin frabeh eer are government
funded task organisations, From a safety poi nt of view we have to cons ider the stakeholders
targets and moti vation.

• T rain ope rators wa nt to operate a train service for pro fit and have satisfied
passen gers/ customers, at low cost, high service and minimal de lays.
• Statio n opera tors want to operate a statio n for pro fit and have satisfied shop owners
while serving train ope rato rs
• N S R ailin trabeheer wants to buil d and maintain high qu ality, safe, reliable, value
for money infrastructure , within government set budget and priority.
• NS Verkeersleidin g wants to manage track-tim e (slots) for train opera tors and
maint enance acco rding to schedule, safely and within priority rules set by
government wi th minimal delays.
• R ailned wa nts to manage the process of sche duling track-time within government
set priority and access rules, optimising network perfo rm ance, train operators goals
and maintenance require rnents. R ailned also wants to manage the safety up to
government set levels by auditi ng participants, func tio nally specifying the interfaces
and performance for hardware and updatin g mies and regu lations.

These stakeho lders some times have co nflicting targets and moti vation . Using an imaginary
H ot-Box case [ will illustrate some of these co nflicts.

A hot w hee l, axle or brake can cause a derailment. We have seve ral mea ns to prevent
or dereet a hot wheel , axle or brakc. Ca rgo trains have to be inspected after evcry trip
checking for hot par ts. Brakes are checked before depart ure. R egu lar mai ntenance and
inspeetion of th e ro lling stoc k prevent most of these failures.

T rain ope rators or ro lling stock maintc nance cornpanies co uld cut back on there
costs by skipping inspections, using chea pe r under qualified staff and old rolling stock. Some
co mpanies own a lot of ageing ro lling stoc k. The cas t of changing this installed base of
rolling stoc k will prevent the co m pany from installing an on board dereetion system .

N S R ailintrabeheer co uld install trac k side H ot Box detection systems. The most
effective placem ent is before a junction or a statio n, stopping the damaged train befere the
first switch . T he use of this system results in stopping most of the defective trains in time.
Conseque nces are the train blocking the tracks and causing delays and putting the dr iver at
risk walking between tracks to inspeet the train .

T he ideal situation for our ncw Hi gh Speed Line (HSL) would bc a win-win
solutio n. All trains using the HSL are equipped with on board ternp eratu re de tec tion. The
add itional inv estm ent for bearin gs with detecti on is minima!. T he temporature information
is mainly used for maint enance analyses, resulting in minimal maint enance and inspeetion
cost and high reliabili ry for th e train op erat or. The industry obtains th e state of the art
co ntin uo us hot box dereerion fo r safety pro viding thc opportunity of assessing the risk
before sto pping the train . O f course there are some problem s to be solved among others the
small installed base of ro lling stock and limi tations by interna tio nal interoperability.

In thi s case we have a rather straight forward win-win solutio n. In o the r cases like
cargo rolling stoc k the installed base is eno rmous and int crn ationally used in the same way
as co ntainers. A solutio n can only be reach ed by long term int ernational cffort .
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5. Balancing safety

541

Safety and the cost of safety must be baianced across two types of in terfaces: Functional
interfaces and Organisatio nal interfaces. T he fun ctional int erfaces change slowly, driven by
technica l innovation. T he growth of the industry changed organisationa l interfaces and
started a process of cornmercially driven organisational innovation.

In the process of baianci ng safety, cost and performance we need the stakeholder
analyses to manage and facilitate the implcme nta tio n of safety solutions. Starting at the
HSL-Zuid project (Dutch part of the Am sterdam - Paris Hi gh Speed Line) the releva nt
stake holders join in reg ular safety meet ings to advice on balanced safety in the project.

All safety solutions will be docume nted in an " Integraal Veilighe idsplan" (Dutch
Safety Case) for each proj ect , starting in the design ph ase. T his plan will be updated du rin g
thc tota l life of the railway infrastruc ture. A lot of rev isions are to be expec ted due to the
life cycle and innovation cycle of compo ne nts and process design. The difference in
expected life will cause almost co nt inuo us change : Track 30 - 100 years, train 7 - 25 years,
co ntrol and co m mand 5 - 20 years and process 2 days - 3 years.

Indu stry Safety targets are set by R ailned and the De partment of Tra nsportation
(Ministerie van Verkeer en Waterstaat) in the railway safety plan 1998-2002. The HSL-Zuid
project has set the specific safety targets and a safety ph ilosophy for the HSL.

T he D epartm en t of Transportation will set th e safety goa ls in the first safety po licy
called "Beleidsplan Spoorwegveilighe id" . W hich is planned to be formally approved in this
year (1998)

6. Findings and conclusions

Balanci ng safety and shari ng the invcstrncnt effo rts amongst partreip an ts needs constant
monit oring and will need occasio nal guidance . T he change d railway industry needs adapted
ince ntives to manage safety. Stakeh old er analysis is on e of the tools to selec t the effec tive
incentives.

T he framework for safety managem ent has been established. N ow we have to prove
our safety scales still work by actually balancing the safety across the int erfaces.
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Building Partnerships, Creating Support for
Recomrnendations

Barry M. Sweedler

Director, Office oJSaJety Reconunendations & Accomplishment s ,
N ational Transportation SaJety Board, U. S .A .

I am very pleased to be in Delft before this distinguished group ofboth old and new friend s
in transportation safety.

As you heard from N ation al Transportation Safety Board C hairman Jim Hal!, we
stro ngly believe that our investigations have improved and standardized the investigation
process and improved tran sportation safety. You may rernember that the Safety Board is an
ind ependent agency, not located in a larger department, but with authority over other
federal agencies in transportation accide nt inv estigation.

Congress requires the Board to determine the probable cause of transportation
accidcnts and to formulate reconuuendations to pre vent their recurrence. Congress did not
provide the Safety Board with any regulatory authoriry or grant fund s to stimulate
transportation improvcmcnts . In retrospcct, this was a vcry wisc decision because it ensures
both the independenee and the objectivity of the Board . We are not subj ect to the changes
of department secretaries (ministers) and are not inapp ropriately inf1uenced by either
industry or other agencies.

This pro cess promotes both objective and in-dep th investigations; development of
detailed findin gs, and issuance of rccommendations to pr event thc acc ident.
R ecommendations mu st be based on investigation of thc facts and thorough arialysis to
dcvelop logical and suppo rtable recommendation s. One may think that is th e end of the
pro cess. As Winston C hurc hil! said, it is not the bcginning of the end, but the "end of thc
beginning." Mu ch more mu st be done. For wh at have we gained if the recornmendations

aren ' t implcmentcd?
Thc invcstigation is th e first step in the pro cess, but adoption of the Safety Board 's

recommendation is not eve n the cnd point. The rcal bottom line is to prevent
tran sportation crashes. If the Safety Board has no regul atory autho riry, how does it improve
tran sportation safcty?

With thc federal transportation agcn cics, Congress providcd the Board with an
important tooI. The Department of Transportation (DO T) and its modal agencies mu st
rcspond to Safcty Board recommendations within 90 days of rcccipt and indi catc, in detail,
what action wil! be taken to impl cm ent the recommendation or cxplain wh y it wi l! not be
impl em enred. T hcy mu st also co ntinue to kecp the Board informed while work continues
on the recommcndation . The Board must also bc informcd whcn the recommcnded action
has been completed. However, the Board may not agrce with the actio n and may,
eve ntually, have to close the rccommcndation in an una ccept able status. Congress also
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monitors both the closed and open recommendations to determine whether the agencies
are complying with the Safety Boord's recommendations. Where necessary, Congress may
provide direction and other incentives for agency action .

In its 30-year history, the Safety Board has issued nearly 11,000 recommendations
(10,743). Of th at number, 6,518 were issued to the U.S. Department of Transportation or
its agencies. Approximately, 81 percent of the recornmendations have been closed in an
acceptable status. Just over 700 recommendations to the DOT and its agencies remain open .

Safety Recommendations
Issued by Mode

Figure 1. R ccommcndations issucd by mode.

The Safety Board issues two classes of recommendations: urgent, and other. Most of the
urgent recommendations have been issucd in the aviation mode followed by rnaritime,

railroad, highway and pipciine.
Over 4,200 rccommendations have been issued to othcr federal agencies, state,

county, and municipal agencics, and to transportation cornpanies, manufacturers,
associations, labor unions and othcrs in a position to make safety irnprovements in the
transportation system. In most cases, Congress did not provide these grOllpS with incentives
to pay attention to the Board's recommcndations. However, Congress took action in
certain areas. For example, subsequent to Safety Board recornmendations, Congrcss enacted
legislation requiring States to enact minimum drinking agc laws and zero alcohol toleranee
for drivers under the age of 21 years. Congress also ruandared transportation cmployer
alcohol testing programs.

With the other recornmendarion recipients, thc Safety Board's abiliry to cause
change for greater safety in transporration is dependent on a variery of techniques. First, and
most important, the Safety Board carefully monitors actions on its recommendations, The
recommendations are issued to the recipients and follow-up is made orally, in writing, and
in pcrson as necessary. The Safety Board recently reorganized to achieve the aggressive
follow-up nccessary to change. I will discuss the reorganization later. Whilc both the
leadership and staff of the Board are involved in follow-up at different levels, the staff
provides thc necessary monitoring, cvaluation, and coordination to support the follow-up.
Personal contact and persistenee help explain the Board's reconuuendations to cornpanies

or political leaders who may have seen few or none of these recommendations previously.
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N ext, th e Safety Board partictpates in professional organizations and me etings with the
recommendation recipien ts. As you know, th e United Stat es is pluralistic society and has
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been called a nation of "joiners." There are hundreds of transportation organizations and
rhousands of transportation-rclatcd groups, both dornestic and international. Such
organizations l11ay include: ICAO, IMO, the Transportation Research Board, Arnerican
Public Transit Association, the Association ofAmerican Railroads, the Motor Carrier Safety
Advisory Committee, the National Conference of State Legislatures, and many others. At
these meetings, the Safety Board presents papers and speeches and takes every opportunity
to prol1lote recornmendations to that group or association. The meetings also provide
opportunities for fruitful exchange of information; updates on progress; and discussion of
potentially acceptable alternatives to the recornmendations. The personal relationships
developed at these meetings provide a greater understanding of the goals of each and may
benefit both the Board and the recipients in thc future.

Recently, the Safety Board has initiated or participated in a variety of coalitions,
primarily in the highway and railroad area. This has become an important way to create
support for recommendations by building partnerships that bridge organizational differences
to save lives. An example of one of these is a highway safery-rclatcd coalition. The Safety
Board and the National Highway Traffic Safety Administration invited a variety of national
organizations to join the Administrative License Revocation Coalition (ALR Coalition).
The purpose of the coalition was to promote enactment of State laws whereby the police
officer, as an agent of thc motor vehicle agency, could confiscare the driver's license of a
driver who exceeded the lcgal alcohol concentratien of who refused a chemical test for
alcohol. When the coalition was formed in 1991, 29 States had such laws and, by 1997, 39
States and the District of Columbia had ALR Iaws.

In 1994, the ALR Coalition expanded its range of interests to the following State
laws: zero alcohol toleranee for young drivers; graduated drivers licensing for young drivers;
lower BAC (0.08) laws for all drivers; and monitoring of State minimum drinking age laws
to prevent repeal. In 1997, the Coalition agreed to participate with another coalition that
is promoting standard (primary) safety belt and child safety scat laws.

Over 50 groups and government agencies now participate in the coalition. Mernbers
include safety organizations, insurance companies and associations, auto manufacturers and
associations, medical groups, advocacy groups such as MADD and RID, and wornen's
clubs .

In many areas, the progress made by th is coalition has been dramatic. For example,
when the Safety Board issued its recommendations on zero alcohol toleranee laws for young
drivers, only 6 States had a law consistent with the recommendations . By the end of 1997,
46 States and the District of Colurnbia had such laws. The remaining States are expected to
enact such laws in 1998.

The Safety Board participated with other groups and the National Committee on
Uniform Traffic Laws and Ordinances to develop model laws for graduated licensing of
young drivers, standard seat belt laws, and model child safety scat laws, Development of a
model law is a necessity so that Statos can adapt that model law to their own constitution
and code. Six Statcs now have graduated license laws consistent with the national model
and 12 other States have components of such laws. Also, in 1993, only 8 States had a
nighttime driving restrietion for young novice drivers. This law provides for safer driving
and better undcrstanding of night driving by requiring that a licensed adult driver
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accompany the young (15 & 16 year-old) driver. By the end of 1997 , 18 States had such
provisions.

Progress in low erin g th e legal alco ho l co nce ntra tio n for all drivers has been more
difficuIt, especia lly in the face of we il orga nized and weil funded alco ho l and hospitality
industry opposition. Nevertheless, 16 States now set 0.08 as the illegal alcohol
concentration and 15 of these States have made tha t level a "per se" offense. The Coalition
mc mbers have also been successful in defeatin g m easur es to rcpea l minimum dri nking age
laws at state and federal levels.

T he Safety Board also participates in th e Air Bag Safety Campaign, an automotive
industry-funded coalition promoting safety be lt and chi ld safety seat laws and cducational
programs related to airbags, safety beits, and chi ld safety seats. When the Board issued its
recommendatio n o n standard (primary enforce me nt) seat belt laws, only 9 States had such
laws. As of th e en d of 1997 , 13 States had enac ted standard laws and o thers had improved
child safety seat laws. T his is co mmcndable co nsidering the perceived personal privacy
rights and "rugged individualism" in the Am erican psyche.

T he Safety Board, wi th the U.S. Coast Guard, state boa ring law administrators,
insura nce companies, and others, forrned th e N ational R ecreation al Boaring Safety
Coalitio n severa l years ago . As a result, all but 2 States now have a law prohibitin g boaring
while impaired altho ug h 9 of the Staces wi th suc h laws did not enact implied consent to
chemical testing for alco ho l concent ratio n. T his Iimi ts enforcement of the law. One State
has enacted boat operator lice nsing. As of 1997, 31 States have laws req uiri ng yo ung persons
to wear a perso nal floratien device w hile in th e boat. Twenty of th ose States have laws that
are co nsistent w ith th e Safety Bo ard 's recornmendations.

T he Safety Board helped wi th the natio nal developme nt of O pe ratio n Lifesave r in
1977. This is an industry funded, public-private partners hip to reduce rail grade crossing
fataliries, first forrned in 1972. Forty-nine Statcs now have th eir own O peration Lifesaver
pro grams. T he vast maj ori ty of rail-high way grade crossi ngs in th e United States are
unpro tected crossings. T he refore, educa tio n and co mmunicat io ns among the various
railroa ds, state, co unty and city high way departmen ts, th e fede ral govern me nt and the
motoring public is necessary to reduce these crashes . T his partnership has resulted in a
reduction of crashes and fatalities at rail grade crossi ngs . For example, in 1972, over 1,200
people we re killed in rail-grade crossing crashes. By 1996, that number had been reduced
to 488 and co llisions had been reduce d from 12,000 to abo ut 2,000.

T he Safety Board also partici pates in th e R oadw ay Safety Foundation, a coa lition of
organizations concerncd with traffic engi neering and traffic safety. T his group considers
Safety Board recommendations and promotes redesign and reconstru ctio n as necessary.
Also, the foundation is an important group in th e reissuance of th e M anu al of Uniform
Traffic Cont ro l Devi ces.

Approximately 42,000 persons die eac h year on roads and high ways in the U nited
Staces. Between 700 and 900 persons die eac h year in recreational boating mishaps. Safety
Board initiation and partici pation in coa litions are necessary in our federa l system of
government and critical to enac tme nt of relatively uni form State laws and practices. T his,
in turn , achieves th e goa l of th e safety recommendation - preven ring crashes from recurring,

W hile wc have a long way to go, wc have made progress, T he U. S. uscd to
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experience over 55,000 highway fatalities, over 1,000 recreational boating fatalities , and
1,200 grade crossing fatalities each year.

We, and our partners, are committed to reducing traffic and boating fatalities even
more. For example, we are partners with the National Highway Traffic Safety
Administration in the "Partners in Progress" program. The goal ofthat program is to reduce
alcohol-related fatalities from over 17,000 in 1996 to 11,000 by 2005. This is a
commendable and difficult, but achievable goal.

We believe that th is kind of aggressive advocacy of Safety Board recommendations
is necessary to achieving our safety goal. To that end, Chairman Jim Hall has reorganized
and renarncd my office. It is now the Office of Safety Recommendations and
Accomplishments. We now have a dedicated staff of safety recommendation specialists for
each mode of transportation in our Safety Reconuuendations Division. They provide the
development, monitoring, evaluation, and follow-up necessary to achieve the change
recommended by the Safety Board. The Safety Accomplishments Division develops
programs to publicize successful adoption of our recommendations and to recognize those
companies that take action on their own to irnprovc safety and who place safety as the

highest priority. We will recognize the safety leaders and, by their exarnple, stimulate those
who do not have the same priority.

We believe that partnerships and our reorganized recommendation follow-up are
even more effectivo than the approach we had been using. Wc expect higher levels of safety

as a result.
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Self Surveillance and Other Tools
for Safe Driving

Jan L. de Kroes
Netherlands Association of Raad Traffic Victims, The Netlierlands

European Commissioner Neil Kinnock told us at the opening of th is congress that the toll
of the European road traffic is 45.000 peopl e killed and mor e than two mi llion people
inju red every year. His message can be co ndensed in one sentence:

THIS CAR-NAGE HAS TO BE STOPPED

A road vehicle can brake from top speed to standstill in a much superior way than ship , train
or airplane. A road vehicle is more manoeuvrable and drivi ng a car is simpIer to teach and
easier to learn than stee ring a ship or flyin g a plane . Vet , in spitc ofthis Inh erent Safety, road
transpo rtation has become the most un safe mode of transportation.

Analysis of road traffic accidents teac hes us that in the great majority of these cases
human error is the causal facto r. My own experience as chairman of the Association of
R oad Traffic Vict ims in the Netherlands indicates that nearly all accidents are wholly or
partly caused by severe transgressions of the traffic ru les. Prcdorninantly, higher speed than
is permitted on the roa d concerned, too high alco ho l co nsumption and reckless driving,
very often in co mbinatio n.

In three aspects there is a big difference between road transportatio n and the other
transport modes: Accident & Incident lnvestigation, Surveillance and Recording &

Reporting.
1. Accident & Incident Investigation.
In the other transportmodes every accident and many incidents are subjeered to a thorough
inves tiga tion w hic h results in recomm endations to the parti es concerned. T he road traffic
accide nts are only partly investigatcd and then prcd ominantly for legal reaso ns only. And
incidents in road transport are very rarely inves tigated iudeed.
2. Surveillance.
Surveillance in the ether modes of transportation is done from a distance by means of
instruments, mostly rada r, so that the position of all ships, trains and planes in the area of
surveillance are known. Close encoun ters and ncar misses will reveal themselves to the
hu man ope rato r, w ho is more and mor e suppo rted in th is task by specia l programed
computers . Surveillance on th e roads is mostly don e sparscly by policent en on the roa d side
or in vehicles moving with the traffic stream. O nly speed transgressions are systematical
recorded by instruments placed at the side of the road. It is fair to state that thc lack of
surveillance in road traffic is a major contributing facto r ro the accident rate. This is even
more true when the notion of surveillance is extended to probing the alco hol percentage
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in the blood of the drivers.
Proposals for surveillance from a distance ofhighways by TV camera's require many

operators because of the many vehicles and check points involved. This would lead to a
large and costly orga nization. T hese proposal are mostly co nside red as too expensive. T hey
might only be economically justified on busy main roads . This would mean that the
difference in safety between primary and secondary roads would become even more
unbearable.
3. Recording & R eporting.
There is a need for data recording for many differe nt reasens. Modern ships and planes have
technical status monitoring and reporting by means of an on -board computer. In this way
the staff is warned for oncoming malfunctioning and curative measures can be taken in
time. T he storcd data allows also the mai ntenance staff to study the develop me nt of a
hardware failure from the start .
The on -board computer also collects, processes and stores all kind of trip information for
supporting the navigation. Also t1eets of trucks and busses employ on -board computers for
monitoring and storing trip informat ion. "Just in time" delivcry of goods or arriva l of bu s
passengers becorncs more and more customary. Besides that, there is a lot of self-surveillance
by means of the data in the on -board computer and the reporting of these .

Governments today are making big investments in building safer road infrastructure.
One of the new dcvices of this program are variabie optical indica tors for safe speed in the
traffic lane that change according to the traffic situa tion ahead. T hese indicators have also
signs to be uscd in clearing and blocking the traffic lane for road maintenance.

Manufacturers of roadtraffic vehicles and thei r owners make big investments by
producing and buying safer vehicles. All und er the di rectives of national and international
aut horities. However, these investm en ts in roads and cars wi ll not show to full advantage if
there will not be made appropriate investments in improving the hurnan factor. Effective
surveillance is considered toa costly. So Self Surveillance by the drivers themselves as part
of their norm al dr iving task, might be the be tter answer to the probl em of the lack of
surveillance .

A safer vehicle means to-day primarily safer for the people inside the car. In the next
century the emphasis must shift to ncw devices that wi ll support the driver in safe driving,
maki ng road traffic also mor e safe for the people outside the car, in th is case primari ly
pedestrians and cyclist. Pedestrians and cyclist co nstitute from 30 to 50 % of all roa d traffic
victims in the N eth erlands. T hey tend to be a forgotten group.

The new devices in the vehicle, that will assist the driver in safer conduct, wi ll be,
among ot hers :

• Spee d Adaptors, in which the spee d limit is normally set at 30 km/ho ur. T his limi t
can be inc reased and decreased by the driver during the trip in steps of 10 km/ho ur .
Upon enteri ng an area wi th a lower speed limit than the limit set, the driver is
obliged to set the adaptor at that new limit.
• Int elligent Spee d Adaptors, in w hich the spee d limit is set by beacon trans mitte rs
placed at the side of the road. T hese beacon transmitt ers co uld make use of the loop
antenna's of the existing traffic lights.
• Proximity De tec tors warn ing for close enco untcrs in the blind spo ts at the sides
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and rear of the vehicle .
• In-C ar C losed Circuit TV allowing for ob servation s in the blind spots.

The data of these new devices can be recorded in an on-boa rd co mputer o r black box,
togeth er with customary data as time and dat e, disrance travelled, use ofl ights and dir ection
indicato rs, actu al speed, acceleration and sho cks. Today the black boxes can be divided in
"Accident Reconstru ction R ecorders" and "Trip Recorders". It is predictabi e that th ese
prop erti es wiU be co mbine d in the future black box. In gene ral, th e recorded data can be
read but not change d.

After an accident, th e data in the black box can be used to reconstru ct the accide nt.
This is impo rtan t for the cases of crimi nal and civil law. These data are also important for
insurance companies to determine th e premium, for training programs and for sim ulatio n
of drivers ' task.

Fleet owners, wh o have installed black boxes in their vehicles, observ ed a big
reduction of the number of accid ents. T he black box proves to be a ve ry valuable tooi for
safety. The reason being that people aware of bein g observ ed might tend to modify their
behavior in the righ t direction. This favorable result is th e ince ntive for self surveillance.

This change of behavior and improveme nt of traffic safety co uld also be gained by
private drivers, the owner- drive rs. With a black box the driver can , in case of an accide nt,
prove that his or her driving was not a causal factor. Without havin g accidents he or she
can prove to be a non-aggressive driv er who ob eys loyally the traffic rul es and because of
that deserves a low insurance premium.

The effect co uld be improved if an "assoc iatio n for safe drivin g" would chec k the
co ntent of the black box regularly and give advice to the driver in acquiring a safer sryle of
drivin g. M oreover, th is association co uld give certificates to driv ers with a lon g record with
no transgressions, with a visual roken to be fixed to th e exterior of the car.

Such an association for safe driving could be supportcelby ins urnnee compani es. T he
task of th e association could even be abso rbed by the insurance company itself For
insurance co mpanies have mu ch to gain wh en the cars insured by thcm have a lower
accide nt rate than those of the co mpe titio n. M oreover, part of the gain co uld be give n back
as an bonus to th e owner-drive r. This might result in a bigger market share of the insurance
co mpany in the attractive market segme nt of safe drivers.

ln surance premiums are apt to rise because the insurnnee companies are hold more
and more responsible for damages previously borne by soc ial security funds and by partners
and farnily members. This could be an extra incentive for insurance companies to stim ulare
road traffic safety.

So the rew ard for th e preferred private driver sho uld be a high er status and a lower
insurance prem ium. In th e beginning the black box wiJl be an ex tra feature to the car for
those w ho care but in the end a driv er-owner without a black bo x will be suspec t.

The idea of sclf surveillance could be extended when the black bo x can record ,
besides data, the images of the in-car closed circuit TV. When a driver feels that his safety
is impaired by another vehicle he or she can, by pu shin g a button , tran sfer the ima ges taken
during th e last seco nds from a tempora ry memory to the permanent one of the black box.
The im ages and the othe r data of these cruc ial seco nds can then be used for discussions
inside his or her associatio n for safe driving.
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This could result in a letter written in a polite factual style that wiU then be send by
the association to the owner of the car that, also to the opinion of the association, impaired
the safety. As only the registration number of the car involved can be read from the TV
images this letter has to be scnd via an intermediary, being either the National Registration
Bureau or the insurance company of the other party. This intermediary checks if the
content of the letter is polite and factual. Of course, the other party has the right to reply.
However, the othcr party will be aware that the letter is known by the intermediary.

When a driver is witness to an incident in which a second vehicle impairs the safety
of a third party, bcing either a veltiele or a pedestrian, and records this incident the sarne
procedure can be followed. When a driver is witness to an accident the images and other
data of the black box should be placed at thc disposal of the legal authorities.

In thc above way it seems possible that also private drivers wiU participate in sclf
surveillance, a development thac has already successfuUy starred for the professional drivers.
It gives a picture of a road traffic system in which rhcre is less freedom to commit
transgressions without gctting comments. In which thc driver wiIl bchave more
professional. It will not be the new era of"Big Brother is warehing you" but one of greater
social consciousncss.

This era of greater social consciousness has already begun for the truck drivers in the
U.S.A. Fleet owners put the office telephone numbers on the back of the trailer with an
invitation to call the office in case of a transgression of the driver. To-day with so many
mobile telcphones on the road, the office is often informed before the driver returns home.

Some car drivers will feel pain with thc prospect of losing part of their freedom on
the road. They ought to consider that their pain is much less than thc pain suffered by the
road traffic victims and their families.

In the above described way it seems possible that thc grcat majority of owner-drivers
will voluntarily accept self surveillance and greater social consciousness, motivated by the
potent combination of Solidarity, Pride, Fear and Greed.

The most important result of the above described development wiU be the reduetion
of the number of road traffic victims and thcn wc could answcr Cornmissioner Kinnock:

THIS CAR-NAGE WILL BE STOPPED BY US IN THE NEXT CENTURY

US meaning not only the participants of this congress, but all professionals concerned with
raad transportation and its safety. These professionals will hopefuUy be inspired by the
congresses under the banncr of "Safety of Transportation".
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Single Accident Investigation
in Road Traffic

J.A. Stoop, J. P. Kahan and L. van Dorp
Delft Universitv of Technology, The Netherlands

RAND Europc, Leiden, The Net herlands

1. Introduetion

In 1998, the Duteli parliarnent passed legislation establishing a Tra nsporration Safety Board
with the mission to investigate accidents and to make recornmendations for preventing
similar accidents in the future. The Board activities cover all modes of tran sportation:
aviation, shipping, railroads, roads, pipelines and underground transport infrastructures. A
major consideration for the Boards functioning is the role of investigation of road traffic
accidents . Sueh investigation has hardly any tradition in road traffic due to the nature of
road traffic, which is quite different from the ot her modes and due to the fragmented nature
of the knowledge infrastructure regarding road safety.

To fit in with the existing knowledge infrastructure, the role and positio n of the
Board req uires definition. The current environment might be characterized as diffuse.
Vehicle manufacrurers, road infrastructure designers, legislators and accident investigators all
working more or less parallel rather than interactively. Moreover, road safety research is
more focussed on "defects" at the component level rather than systernatic system
deficiencies. While thcre is a great deal of operarional knowledge and experiencc, a
coordinating mechanism is lacking. An early start to such a mechanism was given by the
former Road Safety Council, a non- investigative body predesessing the present
Transportation Safety Board. The Duteli Transportation Safety Board wi ll has to continue
and elaborate on the devclopoments of the earlier board.

R oad traffic accident investigation has a very limited tradit ion in a scientific as weil
as a operational respect. T he structuring of the Boards act ivitics in road safety focus
primarily on the first three steps of the board processes: initiation, factfinding and safety
deficiency identification. The Board has to establish linkages between its findings and policy
and other organizations who are in a position to eliminare or mitigate these deficiencies.

Like in the U.s.A. and Scandinavia, transportation accident victims start to organize
themselves and claim access to the safety debate to contribute to the improvement of
transportation safety. Unlike the U.S .A. and Scandinavia, where these groups focus on
aviation and passenger ferries in the rnaritime sector, in Europc road traffic victim
organisations have emerged and j oined in a European Pederation of Road Victim
O rganisations . The D utch Association of Road Victi ms has take n the initiative to
investigate road accidcnts and establishcd an independent Accident Investigation
Committee. This cornmittee of experts voluntarily invcstigates accidents on request of
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victims and their relatives. A first case study results indicate methodological pitfalIs and
opportunities. Like in the USA. where the NTSB has extended its legislative

responsibilities to family support of aviation accident victims, a cooperation between the
Duteli TSB and victim organisations may emerge with respect to accident investigation in
road traffic.

2. The specific nature of road traffie

2. 1 n,c raad traJfic svstem

Although there are no fundamental differences between the road traffic system and the
other modes of transportation, a nu mber of specific characreristics exist. As a consequence,

the wad safety knowledge infrastructure has a limited and scattered nature. This nature
justifies a dedicated elaboration of wad traffic accident investigation methodology.

The specific nature of the wad traffic system can be expressed by its characteristics:

• In road traffic a very heterogeneous population exists with respect to vehicles,
traffic participants, design, construction and categorization of infrastructure. A wide
varianee in skilIs exists between traffic partielpants and drivers of various vehicles.

Major differences exist in vulnerability. Drivers are autonomous in the selection of
their mode of transporration, the performance of their drivers tasks and their

behaviour towards other traffic participants. Very heterogeneons transport flows
exist due to the intense mixture of passenger and cargo transport.

• the presence of a deviant risk awareness. Ordinary traffic participants differ in their
risk perception from professional operators in other modes. If a major accident
occurs in another mode, the public requests immediately an open and fulI
investigation into the causes of such accidents. In wad traffic with 1300 casualties
and 50.000 injuries a year in The Netherlands alone, such an outcry does not exist.
• the limited extcnd of road traffic accidents , Cornparcd to other modes, wad traffic
acciddents have a vast majority of high probabiliry-Iow consequences type of
accidents. Major accidents hardly occur, probably with the exception of fog-related
accidents on highways. Other modes have a more balanced ratio between high and

low probability types of accidents.
• the embedment of safety management systems in wad traffic is very limited. Safety
management in wad traffic is submitted to a wide varity of objectives, formulated by

a wide range of independent stakeholders with often conflicting interests. Parochial

interests and incoherent policy making exist with respect to Sustainable Safe Road
Infrastructure , Integral Safety concepts of local community administrators,

transportation of hazardons materials, working conditions legislation for professional
drivers, local and regional urban and spatial devclopments, related to mobility,
accessibility and cconornical dcvelopmcnt. Road traffic is unfamiliar with a company

safety culture as does exist in other hightech industries. In the pwcess industry,

aviation, shipping, power supply and offshore safety culture in private enterprises
already cxists for decades in an institutionalized marmer.
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• the limited feedback learning capacity. Often vehicles, op erators, roads and
enviro nment are analysed separatel y and not conside red as com po ne nts of an
int egrat ed system . C onseque ntly, learning expe ricnces limit them selves to this
compone nt level. Policy ori ented feedback in road traffic is hardl y institutionalized.
In transportation of peopl e institutionalization is lacking and in transportation of
goods the feedback is Iimit ed to within private transport co mpanies. Learning
focusses on "proven defects" of components and do es not take int o acco unt the
systema tic safety deficien cies in the system . In the car manufacturing industry
"passive" as w eil as "active" safety is impl emented, but safety of roa d infrastructu re
has been introduced onl y recently. Safety enhanc ing strat egies concent rate on
op erational practice and are characterized by a separate interest in engineering,
education or enforcement. Only very recently the liability of road infrastru cture
management has been legally settled.

2.2 The road safe ty klloll'lcdgc injrastructurc

By th e devi ant nature of the road traffic system, a wid e vari cry of actors, issues, meth ods
and techniques exist. The poli cy for deveIoping road safety knowledge differs from the
development in other modes (VeWa 1996).

The existing road safety research focusses on the co mpo nents of th e system in
operational practi ce. Att ention is paid to the visible facto rs of op erator, vehic le and
infrastru cture in their ope rating practice, w hich are co nside red the most prominent
co ntributing factors in accide nt causation. Theor etical co nce pts take accide nts as the starting
point for analysis suc h as the ph ase model of the acc ident pro cess or the precrash- crash
postcrash model of H add on (Ha ddo n 1964 , C VVO 1982). R oad traffic safety research has
not yet made the step in th e evo lutional development of transport safety research from the
deviation conce pt - the accide nt causatie n approach - to the deficiency co nce pt - the
systematic safety deficiency approac h - (Kahan et al). Inclusion of higher systems levels and
non-operational systems Iife cycle phases in the analysis enable the disclosure of mor e
struc tural deficien cies,

Existing traffic safety research is dominated by ernpirical expe rtise. Other typ es of
knowledge development are possiblc and can be applied in road safety research. In addition ,
mod ern scientific notions and methodologies can be applied such as pattern recognition
tcchniques, advanced statistical techniques like multivariant rcgrcssion analysis, systems
engineering, simulation techniques, crash and biomechanics, vchicle dynarnics, fatigu e and
crack prop agation theory or cognitive psychology.

Existin g traffic safety research is submitted to pricin g me chanisms. Apart from the
lack of a market with purchasing power, suc h rnechanisms hampers the willingness to
cooperate between the various knowledge providers. Accident analysis is interdisciplinary
by nature du e to the co mplexity of the subject and the necessity to draw up
recommendation s w hich can co unt on the suppo rt of all stakeho lders . Existing traffic safety
research is heavily oriented towards impl em entation. The eve nmal result is the yardstick
instead of the kn owledge of causes, backgrounds, relations and dynamics of rhe processes
whic h may lead to accide nts and incid ents.
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In exis ting roa d traffic research eac h co m ponent and aspect has its own dedicated
research institu te or organisatio n. Thcr e is a lack of coord inatio n betw een th e institu tes,

each of w hich seem to have developed a specialism of their own in contrast to shipping and
aviation w herc major research in stitutes ex ist co ve ring all aspects and issues. A continuo us
reorganisa tio n of administra tive de partrnents has destab ilized th e knowledge infrastructure.

Job rota tio n , flex ibi lity, decentralisatio n and the lack of coordi na tio n between ministries has
disru pted th e co m m uni ty of highl y qualified and ex pe riènced safety advocates in
governmental services as still do exist in avia tion, shipping and rai lroads.

Fina lly, thc ex isting roa d safety research has a poli cy oriented nature. A w ide
divers ity of pol icy areas eac h have th eir influence o n th c research age nda and its priori ties.

A wide ran ge of autono mous to pics is covered suc h as Sustainable Safe Infrastru cture ,
specific projects on transportation of hazard ous matcrials. worki ng co nditio ns legislation as

allowable driving times for professional drivers o r risk standardisation wi th respect to

ex ternal safety as an integral part of enviro nme ntal legislation .
A nccd for a new approach in road safety is cruerging. T he rc is no reser voir left of

new measures avai lable in the presen t research strategy. Optimazation of principles and a

fine tunin g of methods w ill not supply th c dr astic re duc tio n w hich is require d to ach icvc
the goa l of 25% red netion of raad accidents in 20 10. Poli cy complications in th e
implcmen tation of the present safety enhancernent tacti cs are not likely to gcnerate a drastic
redn eti on of acc ide nts o n th e sho rt term. T herc sec ms to be a ma rke t nic he for a new

approach; the in -depth investigation of sing le road acci dents, sim ilar to o ther modes of
transp ortati on (RvTV 1998, M vT 1998).

3. Position and roIe of a Safety Board

In ge neral th e objectives of th e Dutch road safety research can be categorize d alo ng two
lines. One lin e distinguishes a pol icy sup po rt objective versus a kn owl edge development
objective. T he other lin c distingu ishes a ge nc ric orienta tio n vers us aspec ific knowledge

orie nta tio n.

orientation pol icy knowledge

gencric patterns fundamentals

tren ds aspects

specific target in-depth
gro ups in vestigati on

standa rds

This categorization facili tates a positioning of th c safety research and its app licability for

Safety Board use.

A gel/cric policy support otientation foc usses on th c co lleetion of primary data,
characterizcd by its probab ilistic na tu re and statistical-epide m io logical tec hn iques . T he use
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ofsuch larger, aggregated data bases wi th limited inform ation ite ms serve their goa l for trend
and pattern analysis and po licy mon itoring purposes .

A gener« kllowledge developmcnt orieutation applies a deterministic approach, focussing
on funda mental and anticipating research withi n one of the existing scientific disciplines.
Mathernatie modelling, laboratory experiments and simulation techniques are applied . This
research is the domain of dedicated research institutes in the area offundamental and applied
aspects such as human factors, vehicle behaviour or infrastructure design.

A speeifie poliey support orieutation is developed to serve the developmcnt and
implcmentation of specific po licies. By the richness in detail and the dedicated nature of the
research, safety enhancement strategies and tactics can be developcd for specific problem
definitions, such as Sustainable Safe lnfrastructure. By th is orientation the transportation of
hazardou s materia ls has been harmon ized and standardized by the application of quantitative
risk analysis with respect to the ex tcrnal risk consequences for this target group .

Aspecifie knoioledge developnieut orientation focusses on in-depth analysis of accidents
and casuistics. Historically this area has been the domain of po lice investigations and
insurance companies It is characterized by its tec hnical-analytical approach. This research
aims at the identification of accident causation factors . In other modes TSBs have
established a long and lasting reputation in this area.

Both statistical-cpidcmiological as casuistic approaches prove to have their
limitations in road accident investigations. A fine tuning of each of these approaches may
be valuable, but w ill not superceed the inherent limitations of the approaches themselves.
A synthesis between the two approaches seerns to bc ben eficial and may co mpensate rather
than e1iminate the limitation s in both approaches.

A synthesizing approach provides a basis for research by the definition of working
hypotheses. Defining hypotheses enables the intcgration ofscientific notions in the research
issues of the Safety Board problem definition. A synthesizing approach defines accident
patterris and priorities within the context of the Boards research programme. These patterns
should be open to the involvement in the analysis of hig her systems levels such as
organisation and legislarion , as weil as contextual factors and should incl ude ot her life cycle
phases as weil such as the design and co nstruction phase . Data collection and composition
of the research teams sho uld be tuned to the Board objectives . T his fits in with the Boards
authority to provide researche rs w ith specific instru ctions during the investigation (RvTV
1998).

Research tec hniques can vary wi dc1y from field observa tio ns, via experimental
setti ngs, simulat io n, laboratory tests to math em atica! mod ellin g. T he ir fit with rcaliry,
complexity, flexibiliry, repetiven ess and involvement of m ulti-disciplines may vary
considerable (Stoop et al 1998). T hey can be co mplementary as we Il and sho uld be applied
sim ultaneously to compensation the ir metho do logica l Iimi tations.

Accident investigation as perceived by Safety Boards actua lly is aspecific scientific
activity which CaI1I10t be redu ced to a sing le discipline, research orientation or researc h
tec hnique. The adde d value of road safety acc ide nt investigation by a Safety Board is not to
add a different research technique to the available scala of techniques of existing institutes,
but to co mbine their techniques for its ow n mission: to obtain a better insight into the
nature of road traffic accide nts and to formulate realistic recommendation s to prevent
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similar accidents in the future. The Transportation Safety Board has a umque role and
position in the road safety research community:

• it is independent in its problem definition. The Board is not dependent on
preferences or requirements by funding organisations with respect to research issues
and subjects. The Board defines its own research agenda.
• it maintains objectivity and is neutral with respect to the question of blame and
liability. It distinguishes itself in th is respect from police and insurance in in-depth
accident investigation
• it defines its own research objectives. By its mission the Board perform its
investigation in full publicity and has the authority to point at systematic safety
deficiencies and to draw up recornmendations.

The Dutch Transportation Safety Board has some restrictions towards policy related
research. The Board has no authority to criticize and to make recornmendations on future
policy plans . The recornmendarions should be based on actual accident investigations and
safety research findings. The scope of the Board research agenda in road traffic safety should
be directed by the relevanee of this research for policy making and the identification of
safety deficiencies in the road traffic system. The Boards dccisions to start an investigation
consequently depend on selection criteria. The Board investigates major accidents, which
raise the public attention and request for a full and open investigation. The Board also
investigates types of accidents, derived from a systematic analysis of large aggregated data
bases, trend analyses, or pattern recognition of a series of limited, but "rypical" events.
These safety studies may retrospectively concentrate on a small series of similar incidents, or
may focus on a single accident, including a "go-team" for on-site investigation. Such a
single accident selection may be adopted from other sources, such as the public, stakeholder
groups or victim organisations.

4. Organisation and procedures

During the proeess of accident investigation a Safety Board distinguishes 5 primary
porcesses: initiation, fact-finding, safety deficiency identification, rccornrnendations and
monitoring (Kahan et al 1997). In particular the first three processes are relevant with
respect to road safety (Stoop et al 1998) . Each of these processes ean be charaeterized by a
motto . For the first process of initiation the motto is "piek and choose": the Board must
apply techniques of pattern recognition to identify accidents and sets of aecidents for
investigation. For fact-finding analysis, the motto is "make or buy". The Board will have
to decide what internal and external resources and methods are best applied to
investigations, and must allocate the tasks and roles to itself, rcgional and local authorities
or outside experts. For safety deficicncy identification, the motto is "understand to
recommcnd". Here, the Board has to establish linkages between its findings and policy and
other organizations who are in a position to eliminate or mitigate the deficiencies. Making
reeommendations and monitoring the Boards results are similar processes for eaeh mode.

The Transportation Safety Board legislation contains some rcstrictions for road
accident investigation compared to the other modes of transportation (MvT 1998, RvTV
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1998). On one hand these restrictions originate from the nature of the road traffic systern
itself By its legalmission the Boards learning in road traffic has been restricted to accide nts
which identify systema tic deficiencies in the system. On the other hand the vast nu mb er of
accidents necessitate a practical selection pro cedure to single out " typi cal" accidents which
are open to investigation. In road traffic safety no internation al constraints exist suc h as in
aviation where by ICAO regulations a mandato ry investigation of eve ry serio us aviation
accident is performed.

Consequently, some of thc pro cedures for th e benefit of invcstigation in aviatio n do
not exist in road traffic. Legal exceptions are mad e for incid ent investigation s, mand atory
reporting of all accidents, preservation of accident sites for investigation purposes and
impoundment of wreckages and other matcrials. Data collection on site therefore has some
limitations whi ch do not exist in the inv estigations in othe r modes.

Despite the se limitations, accident inv estigation can be performeel on a high qualiry
level if sorne requirements are taken int o acco unt (Grayson and Hakkert 1987). Ge nera l
requirements are defined such as the appli cation of a scientifically based methodology and
carefull planning of the investigation, int erdi sciplin ary composition of investigation teams,
pr edefined working hypotheses to be investigated and a multiple data acquisitio n strategy
applying various techniques. Specific requirements deal with standardizing pro cedures by
the appli cation of chec klists and technical equipment to record data on site and the training
of investigators. At present data is readily available from police sources, insurance
companies, hospitals and governmental inspectorates. Additional sourees are available from
the files of tran sportation co mpanies, medic al registration syste rns and eme rgency services.

In the future standard data sourees will be possible by the introduetion of traffic
management service recording equipment, in-car data collcc tion and the input from societal
grOllpS with their own specific notions and perceptions (Stoop et al 1998).

In addition to these readily available data, the investigation teams will have to co lleet
data on site by visits, road image analysis, traffic and confl ict beh aviour techniques. Desk
research wilI be requircd to suppletc and verify these on-site data, suc h as by analyzing
poli ce protocols, research findin gs, judicial document analysis, local accident pattem analysis
over a certain time period, dam age and injury analysis, technical surveys and in-depth
intervi ews with the traffic participant s, eye witnesses, relativ es and experts.

5. Victim organisations and accident investigation

Single accident investigation as perforrncd by a Safety Board, may be triggered by other
organisations, such as a road victim organisation. In The N etherlands the Duteli Association
of Road Victims have organized an Accident Investigation Committee . The Committee
consists of road safety specialists of various disciplines which place their experti se to the
disposal of in-depth and independent accident of road accidents. This commitree has
investigated an accident on requ est of the relatives of a bicyclist whi ch lus been killed du e
to a collision with a car (VVS 1998). The report aimed to serve as an exampl e of the
potential of in-dcpth accide nt inv estigation in road traffic, similar to pro cedures which
already exist in aviation, shipping and railroads. The report aims to fit in with developments
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within the international Safety Board community. Therefore, it closely follows the
arrangements for accident investigation as stated in the Dutch legislation on safety board

research topics and procedures.
Besides recornmendations on the accident itself, methodological insight was gained

in the investigation process. During the investigation it became clear that the three steps
information gathering, fact finding and establishing the most probable causes of the

accident, should be clearly discriminared arnong each other. Each step has its specific
techniques, and requires its own expertise. Moreover, each step should be concluded
carefully to prevent a reconsideration to fit in information which has become available later

on during the process, to formulate new hypotheses or to change the description of the
chain of events. Especially where witncsses, relatives and experts have different opinions,
the process may be disrupted frequently. Since the idcntification of systematic deficicncics
is the objective, the rolc of indirect stakelrolders such as road infrastructure menagement,

vehicle maintenance and justicial authorities may be underexposed in the available accident
data. The definition of multip le working hypotheses provcd to be important because
establishing the cause of the accident eventually proved to be ambiguous. In a unique

experiment, a full scale accident reconstruction was decicive as a verification on thc two

working hypotheses on speed, angle of approach and inflicted damage to the vehicles. By
the publication of this report the process of investigation is not closed. The report could
function as a start for a public hearing by the Safety Board. Investigation restrictions, as

stated in the law, did have no effect. It proves to be possible in practice to co me to results
under the legal restrictions, even for an accident that happened some years ago. Last but not

least, the report may be instrumcntal in overcoming thc mourning and grief for road
victims, their families and relatives by contributing to the answer why and how the accident
could have happened.

6. Conclusions

Single accident investigation in road traffic can have future benefits. It may stop faralism as

the main argument for accepting the present level of casualries and injuries. In-depth
investigation may disclose underlying multicausal patterns and relations, It may provide
hinsight notion in accident eausarion for accidents, and cspecially types of accidents, which

were incomprehensible. This hinsight notion eliminaces time and resource consuming
effect estirnates, which are inherent to epidcmiological and statistical approaches . More
specific recommendations bccomc available through the enhanced transparancy of the

chains of events in the types of accidents under investigation. ln-depth investigations may
disclose systematical deficiencies, not only in safety, but also in the way accidents and their
aftermath are dealt with by the authorities, Victim organisations confront authorities and
safety Boards as weil by their own cxperienccs with poli ce investigations, emergency and

medical care, justicial procedures and family care aspects, Victim organisations introduce a

new element in the safety chain.
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Just prior to World War 11 , th e commercial aviat ion indu stry recognized the need for some
form of flight recorder. H ow ever, technology co uld not deliver and the War delayed funher
development. As aviat ion developed after World War 11 , it was much less reliab le than it is
today. One of the major impedim ents to rapid development of th e industry was the low
level of confidence in aviation safety among members of the general public. Aviation
accidcnrs ten ded to be spec tacular and they attractcd wide media coverage. The risks of
flying were regu larly reinforeed by news stories. T here was astrong desire among the
carriers, the manufact urers and governments to make the industry safe enough to gain
pub lic co nfidence and to exploi t th e co mmercial op po rtu nity that seemed to be the re.

Many rneasurcs were introduced to make flying safer. Engines we re made more
reliable. lmpr ovements we re made in airframe design and co nstruction. Crew training was
improved. N avigatio nal aids we re improved and ma ny othe r things we re happening, if not
in accordance wi th an overall plan , at least in a co -ordinated way. One of the great benefits
to aviation was the Int ernation al Civil Aviation O rgan ization (lCAO), a U nit ed N ations
agency that estab lished world wide standards and recommended practices for many safety
re lated items.

One of th e mos t vex ing problems was 110W to analyse the failures , When an aircraft
crashed it was comrnon for the crews to be killed, the wreckage was often at the bottom of
the sea, o n the side of an inaccessible mounta in, or a tangle of bro ken and melted me tal at
the bottom of a erater that was made at impact. Accident investigators often, but not often
enough, would solve the mystery of th e accidcnts. However, the work was time consuming
and public speenlation was often ram pan t during the investigation. T his was often
cornplicated by the civi l claims associated with the losses oflife and property. Many nations
were at work at ICAO developing standa rds and prac tices to separate accident investigatio n
for safety purposes from the civil claims and to standardize operating and investigarive
practices around the world. Something was needed to improve the accuracy and timeliness
of the analysis of accidents as well as improve th e objectivity.

Flight data recorders and cockpit voice recorders (FDRs & CVRs) were still seen as
the best way of ge tting reliab le and objective info rmation to accident investigators. They
were finally introduced in the early 1960's, prirnarily in response to unsolved aviation
accidents. Their use was primarily intended for safety purposes. These recorders we re
nothing new in principle. Recorders had long been used to gather such things as weather
data, seismological informarion, and data on industrial processes. In fact, the earliest flight
recorder was on the first rnanned flight by the Wright 13rothers; a cru de altimeter and
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timing device to document the flight. In transportation, there had been journey recorders
on highway transport trucks for many years. What was slightly different was the operating
environment of the recorders. They would have to witlistand many cycles of pressure and
temperature change and they would have to have a very high degree of reliability. These
requirements werc not particularly challenging. What was perhaps the most formidable
challenge is that the recorded information would have to withstand the deceleration
associated with a 500 or 600 kph impact with terrain, fires fed by thousands of gallons of
aviation fuel, and the possibility of deep water immersion.

Pilots, through their professional associations did not have major problems with data
recorders, but only cautiously agreed to voice recorders. They were concerned that voice
recordings might be used for disciplinary and litigation purposes. Some only accepted the
recording of all sounds in their work-place on thc undcrstanding that if they perished in au
accident, their voices might provide information to make flying safer. The implied contract
with the pilots has been generally respected and voice recorders are rarely listened to by
anyone except in a post occurrence situation. Although there is no regulatory requirement
for a CVR bulk erase feature and it is also rare for pilots to use the bulk erase feature, it is
still designed into systems developed today so that pilots have the option to erase the
recording after a routine flight.

Most recorders in use today run on a 30 minute continuous loop, with all
information over 30 minutes old being automatically over-written. Two hour voice
recordings are now being introduced without apparent problems, which suggests that pilots
concerns about potentialmisuse have not substantially materialized. In many incidents, the
30 minute recorder does get overwrittcn and the move internationally to two hour
recorders was primarily to minimize the chances of the recorder being ovcrwrittcn in non
catastrophic incidents where power often remained on the aircraft for some time.

The understanding (at least in Canada) was that the voice recording was for
circumstances when the pilots were not alive to speak. Some hold that this should be the
only time they are used. Another view is that the use of the voice recorder to analyse
incidents where there is little or no damage to the aircraft can be cxtremcly valuabIe becausc
of the natural limitations of human memory. While the voice recorder may not have
originally been intended to be a supplement to or a means of verifying what surviving pilots
say, experience has shown that human beings (pilots) rarely accurately recollect complex
sequences during an often rapid and high stress event. This issue has not been fully resolved,
but there is general consensus that voice recorder information should not be sensationalised,
taken out of context, used in isolation, and are viewed by some as an intrusion on privacy
in the workplace and therefore must be treated with caution.

There is a likelihood that video recordings will be added to the array of recorders
now in use on transportation vehicles although many recorder specialists feel that there is
better value in improving existing data recorders prior to introducing video recorders.

In Canada, Rail Event Recorders (no voice) were introduced in the 1980's by
regulatory order of the Canadian Transportation Commission. No other regulations or
significant changes have been made since then, however the TSB believes that voice
recorders should be introduced. In the US, there is current activity to develop crash
survivable voice and data recorder standards for trains.
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Marine Voyage Data Recorders (VORs) which wil! record both voice and data were
introduced in the last five years. The introduetion was largely driven by insurers and
operators to aid in the resolution of insurance and liability disputes. Recent activity within
the International Maritime Organization (IMO) has gained momentum to set standards for
the devices internationally for safety purposes.

FORs and CVRs have developed significantly in the last decade commcnsuratc with
technology in genera!. Today's most modern aircraft system records close to 1000
parameters at an average frequency of once per second. It should be noted that of the
hundreds of FOR parameters on a modern aircraft, almost none are instrumented solely for
the flight recorder. They are available on the airerafr's data buses and recording them is
therefore fairly easy. The aircraft manufacturers for the latest generation oflarge aircraft are
weil ahead of the regulatory requirements because the manufacturers want to be able to
verify that their aircraft perforrned as designed in case of an accident. They also rely on the
infonnation to help thern design improved aircraft for the future.

Rail recorders yield basic information such as speed, brake pressure and throttle
setting. Although human factors are involved in most rail occurrences, there has been little
driving force to have voice recorders installed. Recent US NTSB recommendations
included adding voice recording functions to trains (not necessarily rcquiring a second
recorder).

Marine recorders which have been installed on a very small portion of the SOLAS
(Safety of Life at Sea) class fleer, at the expense and initiative of a few operators, concentrate
heavily on the voice recording aspect and the operating data seems to be of lesser interest.
The most important data parameters recorded tend to be related to navigation.

Some aircraft operators, mostly in Europe, use the flight data on a regular basis to
monitor fleer wide trends. In the US, this process has recently been dubbed FOQA which
stands for Flight Operational Quality Assurance. The US FAA has not guaranteed ALPA
(Airline Pilots Association) that US run FOQA programs will be kept separate from
enforcernent and the fixing of liability. This causes significant concern within ALPA.

None-the-Iess, the developrnent of FOQA seerns almost inevitable. There are
significant operational efficiencies and accident prevention benefits to industry to study the
data on a routine basis. There are numerous companies that develop software that will store
and analyse recorded flight data. On-board monitoring is also available and sorne systems
transnut reports automatically to the ground (ACARS).

A FOR/CVR on a modern aircraft is often essential to the analysis of an accident.
In modern aircraft with glass cockpits and numerous computer controlled systerns, the lack
of a properly functioning flight data recorder can seriously compromise the ability to
understand the sequence of events, The survivability requirements for new recorder designs
has been significantly improved over the years to vcry high levels. The concept of dual
redundancy has also been recently introduced (rwo dual function or combined FDR/CVRs
on one aircraft) in an atternpt to improve survivability beyond 99%. In sevcral investigations
where most of the wreckage has been inaccessible (such as ocean or mountains and high
fragmentation accidents) the accidents have been analysed almost entirely on the basis of
FOR/CVR information. On the other hand, accidents like TWA 800 demonstrate that
even sophisticated recording systems cannot always yield the answers. Recorders are most
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useful in identifying operational problems and human factors, which are still the most
common elements in the majority of accidents. The recorders increase the efficiency and
objectivity of investigations and provide reliable information about what happened. In
order to understand the "why" of an accident, it is necessary to first thoroughly understand
the "what" . Recorders can often effectively allow investigators to develop thc "whar" in
great detail.

Experience in aviation investigations has shown that witness information is often
unreliable, yet there is astrong tendency to accept such information. This could possibly be
because in most countries the legal system places a great deal of emphasis on "cye-witncss"
testimony. In aviation investigations, there have been few instauces identified where
misleading information or falsehoods we re purposely provided. It is rather that humans
simply don't rcmcmber dramatic, upsetting and rapid events very weil. The recordcd data
can often be used to convince witnesses (and pilots) of what actually happened as opposed
to their memory of wh at transpired.

United States FAA rules concerning flight recorders changed recently at the
instigation of the NTSB after several unsolved accidents. The parameter list was increased
significantly. For new large aircraft, there is no problem owing to the large number
recorded already. However, many existing aircraft require expensive retrofits. Transport
Canada's position is to "harrnonize" with the FAA's, but Canadian rules are several years
behind the US . The marine industry is developing international rulcs. The rail industry is
somewhat static in the recorder area with few changes.

TSB (Canada) developed a multi-modal Statement ofRequirements (SOR), placing
ernphasis on the importance of recorded information for investigative purposes in aviation,
marine, rail and pipcline transportation. The intent of the SOR is to provide investigators
with enough information that the reliability, comprehensiveness and timeliness of the
analysis can be roughly equivalent regardless of the mode of transport. The SOR is a draft
and requires further consultation prior to forrning the basis of a formal recommendation to
regulatory authorities. The SOR is expected to evolve as the TSB gains experience from
its investigations and technologies change and improve. The main recorder issues briefly by
mode are: Air - parameter lists and the recording of data link messages, Marine - Float Free
vs Fixed and recording resolution of radar, Rail - introduetion of voice.

There is a void in the TSB SOR in that it does not address highway transportation
issues. There is also a concern that those with interests other than safety will use selected
recorded information to support whatcver theories suit their ends. It seems very important
to apply state's accident investigation data to analysis based on scientific methods. If others
use some of the data for different purposes it is important to insist that they do not present
it as the accident investigator's information.

Today's solid state recorders are much casier to play back than older tape-based
modeIs, but there is still substantial room for error in producing and interpreting the data.
There can be difficulties in the conversions to engineering units. Therc can also be factors
that affect the reproduetion of thc data, sample ratcs, resolutions, souree of sensors, etc. The
main areas of responsibility for analysis facilities typically are:

• Validation of vehicle behaviour and operation - Are the vehicle systems interacting
as intended, or is all/sorne of the data wrong?;
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• Vehide Performance - Is the vehide perfonning as the data says it is or is all/sorne
of the data wrong?;
• D eveloping a detailed sequence of events using analytical tools such as flight
animation.

In the Air environment, the State of Occurrence is responsible for co nducting the
investigation. The State of Occurrence decides to have the recorders analysed wherever it
sees fit. In the Marine environme nt howevcr, the situation is not nearly as dear. T he
traditions of the Marine industry co uld become a souree of diffic ulty in accessing reco rders
in a post occurrence situation. Intern ation al regulations and agreement in advance would
be worth the effort. IM O seems like a logical place to resolve suc h issues. T he work bei ng
done on recorders at th e IM O is very importan t to the development o f internation al
standards.

T he M arin e and R ail mod es are less developed in the use of record ers th an aviation.
Much can be learne d from the Air experience and there is little nee d to "re-invcnt th e
wheel". T his has been seen to some extent in the worki ng group developing the Ma rine
VDR performance standards. Some "ai r recorder experts" have particip ated both from
investigative authorities and industry and contributed to shortening the developme nt
period. Although the modes are different, th ere is a surprising arnount of commonality
when it comes to defining recorder requirements. The diffcrences are not usually because
of the mode of transport, but because of the different philosophical approaches to safety and
invcstigation among the modes . T here have been recorders on highway transports but
gen erally for reasons other than accident investigatio n.

The operational environment in all of the modes is becoming increasing
complicated. Two way data link, Automatic Dependant Surveillance, Free Flight, Enhanced
TCAS where aircrafi systems are cornrnunicating intentions with each other are all rapid ly
devcioping tec hnologies . New ships are being designed with integrated bridge systems .
New trains have sophisticated systerns on board. T he network of systems th at controls
numerous vehides sim ultaneously is also becomi ng vcry complex. Road transport where by
far the majority of transportation accide nts and deaths occur have the least arnount of
recorded data to assist in safety ana lysis,

T here is an increasing need to have reliable recording systems to pro du ce
informatio n to analyse failurcs in all mod es of th e tran sportation system . T he "black box"
and the devices tha t feed it with information are all within the range of co rn mcrcially

available tec hnology. For the most part , th e tec hno logy has received more widespread
app lication in aviation than in ot her modes. There are enoug h similarit ies among mod es
that a case can be made for increased use of "black boxes" in all modes of transport. T he
basis of justification would simp ly be that the data would lead to quick, objective analysis
of safety failures in the system. Once the occurrences are ana lysed steps can be proposed to
eliminare the risks to lives and to property.
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1. Introduetion

Due to the changed role in current society, the requirements for mass transit products have
changed dramatically over the last few years. The impact of social-cconomical changes lead
to the necessity for polyvalent service and technical staff Technological evolution has made
systems more complex, "intelligent" and interactive. On-board systems are therefore
required to support higher comfort, increased availabiliry, better maintainabiliry, reduced
life-cycle cost and increased efficiency.

Safety, availabiliry, reliab ility, maintainability and life cycle costs of transport system s
are directly determined by the efficiency in fault diagnosis throughout the life cycle.
Improved efficiency in operational diagnosis comprises;

• Significant increase in the level of diagnosis automation.
• Sign ificant increase in the coverage of pro blems.
• Significant increase in the accuracy of diagnosis by tuning symptoms, additional
tests and actio ns.
• Ensuring guaran tccd respon se times for critica I on-line diagnosis situations.

To cope with the me ntio ncd cvo lutio n, a Ce ntral Adv ice System (CAS) for rolling stock
(trains, trams , un derground, ligh t- rail transport systems, etc.) is under development as a
decision support system for drivers, maintenance persennel and fleet managers. This
deve lopment takes place within the framewerk of the European researc h and development
project BRIDGE (ESPR IT Project 22 154). BRIDGE specifically airns at real-time
diagnosis of very large technical app lications. T he overall goa l is to significantly improve
diagnosis efficiency in operations and reduce the efforts req uired in supporting actions.

In this paper, the theoretica! background ofthe BR IDGE tools will be discussed , the
functionality of the Central Advice System will be presented, followed by the application
of BRIDGE in CAS .
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2. The BRIDGE-project

567

The BRIDGE project aims specifical1y at real-time diagnosis for large technical applications.
Two main problems are encountered due to the size and complexity of such applications.
First of all, the definition of the domain knowledge requires attention. The relations
between faults, failures, symptoms and repair actions can be fairly complex and sometimes
unknown. The efforts for are related acquisition, representation and maintenance of th is
domain knowledge should be minimised. Secondly, the be able to work in real-time within
the framework of embedded on-board systems, the search process for the diagnostic
reasoning should be predictabIe and have a guaranteed response time.

The BRIDGE tools comprise two separate tools; the Support Function TooI (SFT)
and the Operational Diagnosis TooI (ODT). The SFT is an off-line too i to support the
acquisition and maintenance of the knowlcdge base. The knowledge representation is based
on case-based reasoning (CBR); a reasoning technique that allows for a definition in the
form of each fault independently in terms of symptoms, ete. CBR then allows searching
through these so-callcd cases to find the cause and to suggest corrective actions,
Development support within the SFT includes the evaluations of integriry, coverage,
accuracy and the real-tirne behaviour. After definition and analysis of the knowIedge, and
to generate from the definition a dedicated reai-time diagnosis system, the ODT [5]. The
ODT performs the on-line diagnosis of the alarms, and presents the diagnosis and additional
tests thar can be perfomled or questions to narrow down the search process . The OOT does
not directly access the knowledge base of the SFT. A problem is diagnosed in the rcal-time
kemel of the OOT, which is based on a novel approach in real-time expert systems [3].

2.1 Representation of dotnain kllOlIJlcdge

Facts and their relations represent domain knowiedge. The facts of diagnosis applications
comprise the physical configuration of the technical application that is diagnosed, possible
health states, operational modes, operator levels, and the alarms, symptoms, tests,
interventions and faults. The total number of facts in large technical applications, as
emphasised in the BRIDGE project, can be in the order of tens of thousands.

Problems, or failures, are represented as relations between these f.1CtS. Different types
of modeIs can be developed from such relations; i.e . probabilistic modeIs, causal modeIs or
faulr-rrecs. Due to the complexity and number of on-board systems, it is almost impossible
for human experts to explicitly define and maintain all facts and their relations consistently.
Acquisition of a consistent application model would be too costly . In practice, it becomes
impossible to develop such a model [6].

Diagnostic knowledge of the kind encountered in transport systems is implicitly
available in the description of failure cases. A case describes aspecific failure only by the
occurring facts. The relations between these facts are not defined explicitly. A new problom
is diagnosed by rernembering similar fault cases. The action of the most similar case is reused
as a diagnosis for the new problem. Additional tests can also be retrieved from these similar
cases. The relevanee of additional tests can be identified from case similarities and their
information gain . This technique has already been successfully applied in a modified form
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in the BRIDGE prototype (5).
Because case-based diagnosis avoids the explicit compilation and definition of

relations, the efTorts required for development and maintenance of diagnosis systems can be
much smaller than for other techniques. Possible disadvantages of case-based diagnosis are
a reduced accuracy and increased response time. Several BRIDGE features solve these
disadvantagcs:

• In the knowledge representation, the general application knowledge is separated
from the failure behaviour. General application knowledge is represented in the
Configuration and Systems Description (CSD). Failure behaviour is rcprescntcd as
cases in the fault-base. The CSD only contains well-defined application knowledge
that is independent of the behaviour of the application . Even for large industrial
applications this knowledge is weil defined and can be acquired relatively easy. An
example is presented for CAS (see further) .
• A diagnosis task defines the operational conditions for diagnosis, such as the
technical subsystem of a new problem, alarm level, operator level, and the maximum
available effort and time for executing tests and actions. These conditions thus bound
the diagnostic reasoning.
• A failure case represents only one occurrence of a set of inputs, its causing [lult and
its intervention. In practice , however, a fault may cause other symptoms or results as
weil, and an intervention may be appropriate for several failures and faults. Several
failure cases could be abstracted into a single case for a fault or intervention. This
abstract or fault-case, is defined by the complete set ofinputs and interventions. Each
of these inputs can be associated with a certainty factor.
• The accur acy of diagnosis can be improved when general background knowledge
about the application is included in case-based reasoning. Furthermore, the CSO
enable essential evaluations of the knowledge base.
• Searching a fault-base directly would seriously degrade the response time for on
line diagnosis. lnstead, use is made of a novel approach to real-tirne expert systcm
techniques, representing the domain knowiedge, and is used during on-line
diagnosis in the ODT.

2.2 The search netiuorle

To address the problems of searching large amounts of cases, a fault netwerk was developed
[5,6], resembling the Rete network [I). The network relates diagnoses inputs to faults and
interventions. The initial devclopments used the netwerk on-line as search medium, and
initial evaluation has shown to give a satisfactory behaviour [6J and confirms several major
advantages over other diagnostic approaches:

• The size of the network is minimised and contains no redundant nodes or relations.
Computer memory can be reduced for large applications.
• Search is highly efficient for interactive systems . The network is only searched
forward in a predictabIe manner.
• All possible faults and actions are searched in one pass through the network,
allowing for the simultaneous treatment of multiple symptoms.
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• The diagnostic strategy for a particular diagnosis task determines the categorisation
of inputs. The strategy is th us inhibited in the nerwork structure.
• Any input is immediately propagated through the output layer and avoids any
backtracking or look-ahead search.
• The search procedure and size of the netwerk strongly reduce the response time
for diagnosis.

2.3 Analysing cOllcragc and aCCl/racy

The network of thc BRIDGE prototype has been redeveloped and extended with sub
networks for the CSD and thc SFT evaluations. The network facilitates the evaluation of
integrity. Any integrity conflicts are detectcd as ambiguons links during generation of the
network, The intermediate nodes, as categories of cornmon inputs, facilitate the evaluation
of, coverage and accuracy. The coverage of the knowledge base is the set of faults that can
be diagnosed and the set of interventions that can be identified in the ODT. An indication
of the coverage can be provided from the set of resolved and unresolved operational
problems. Such a problem can be simulated in the netwerk. Matching intermediate nodes
identifics the coverage of faults and interventions for such a problem. The accuracy of a
diagnosis depends on the accuracy with which a fault or intervention can be identified and
depends on the additional information that can bc obtained in operational conditions. The
accuracy of the ODT should therefore be cvaluated for different diagnosis tasks and
operational conditions. The results of such an evaluation reveal the need for refinement or
addition of tests and questions.

2.4 Reai-time expert system tcdmiques

Still, the network does not allow for real-time response time during search. For on-line use,
an alternative approach is employed based on novel real-time expert system techniques. A
state-based architecture is adopted, where only one process is active at any time, having
exclusive access to any global data and no process will be pre-empted. In addition, a case
set compiler is used to address the problcms of guaranteeing hard reai-time response times
[3], generating deterministic C-functions for the search paths.

The response time ofthe ODT depends on the amount ofknowledge to be searched
and the search process itself The response time thus depends on the diagnosis task and
operational condition. The 13RIDGE project specifically emphasises the hard real-time
rcquirements of operational diagnosis. The real-time characteristics of the envisaged system
have to be assessed in the SFT. The response time of the on-line diagnostic system must
match the requircmcnrs specified for the transport system. There is a need for formal
analysis of the resulting on-line expert system that will be derived from the network
structure, potentially in combination with the systems in which it will be embedded. A
highly novelmethodology for specification, analysis and synthesis of real-time systems is the
Q-methodology (see ref 4), developed from an original approach by Quirk which allows
specification and verification of all required timing characteristics during the design of real
time systems. This mcthodology was further developed and combincd with thc Object
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Modelling Technique [7] within the framework of the LIMITS project, supported by the
European Union.

3. Efficiency in operationaI diagnosis

The rapidly evolving developments in rolling stock equipment strongly increase the
complexity of problems occurring during service. Managing these problems during service
and maintenance be comes very difficult. For each problem that appears, sevcral possible
causes exist, often linked with multiple systems and with a high impact on further service.
The solutions to be taken depend on the impact on safety and service, and on the available
resources . The decision process involves expertise from different persons. such as drivers,
engineers and fleer managers. Efficiency for managing problems depends on the efficient
processing of information about the current status of the application, a vast amount of
domain knowIedge, and experiences from other experts.

A Central Advice System (CAS) (sec Figure 1) can be employed to support this
complex decision making process . Two distinctively different tools are part of the CAS
approach (as in BRIDGE):

• Support Function TooI (SFT), to support the off-line development of the on-line
diagnostic system . Coveragc and accuracy of the on-line diagnostic system are
verified and improved with new operational experience. Verification of the real
time characteristics takes place here as weIl.
• Operational Diagnosis TooI (ODT), which provides a real-time on-line diagnostic
system to support drivers, maintenance teams and fleer managers.
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Figure 1. A schematic ove rview of the Central Advisc Systcm .

As is shown in Figure 1, several types of users work with the two subsystems. The
engineering departrnents work with the SFT on the definition and maintenance of the
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dornain knowledge and generate the ODT. The ODT is used by the operators, which can
be fleet managers that supervise the dispatching of trains, or for example maintenance teams
that use the tooI for in-depth searches.

3.1 Support Fuuctiou Tool

The Support Function Tooi assists in the development and maintenance of the Operational
Diagnosis TooI. This comprises the definition of the knowledge, verification of the
consistency and the coverage, verificarion of the reai-time characteristics, allalysis feedback
reports from crew, etc.

3. 1.1 Knoudcdoe dcjinition

The knowledge of system engineerts) and system developerjs) is defined in two parts:
CO/ifigl/ratiol/ and Svstem desaiption: The contiguration of a fleet is defined as a hierarchy of
trains, vehicles, systerns, components and spare parts. Furthermore, lists of possible health
states, operational modes, operator levels, tools, etc. can be defined for each application.
Fault-Basc: This is the case-base [5] with all anticipated fanlts and failures ofthe fleet and its
on-board systems. The complexity of inter- and intra-system behaviour of large industrial
applications poses a tremendous problem for the developrnent of diagnostic tools (see later).

The procedure for defining the knowledge is as follows. Engineers start by defining
the configuration and system description, describing in an object-oriented marmer the
physical and logical composition of the trains. Then, the fault base has to be defined,
describing the faults, symptoms, tests and test results in relation to the configuration and
systern description.

3.1.2 Nctwotk generation, analysis and knowledge coinpilatiou

The SFT autornatically generaces the search ncrwork upon request, for exarnple after an
update of the knowledge base. Bccause the experience of all users is recorded and updatcd
in the knowledge base, it is automatically shared arnong all others users after a next update.
After this, the earlier mentioned analysis and verifications take place:

• The integriry of the knowlcdge base is automatically maintained in the SFT. Any
integrity conflicts are prompted back to the user for modification.
• The coverage of the knowledge base is estimated from the resolved and unresolved
cases in the history. Newly encountered cases can be added to the knowledge base.
• The accuracy of diagnoses can be evaluated for different diagnosis tasks, Accuracy
can be improved by (re) defining tests and questions.
• Reai-time requirements of the ODT for a diagnosis task can be estimated frorn the
generated network.

Finally, the knowledge compiler cornpiles the network into C-functions thar wil! eperare
in a state-based environment so to ensure guaranteed response times for the operational
diagnosis tooI.
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3. 1.3 Kn owledge updating and cxtCItS i011
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Initi ally, the fault base only contains anticipated fanlts and failures, i.e. th ose faults and
failures that the engi nee rs have thou ght of during the development of the system . Ourin g
operatio n, however, additional faults and failures may become apparent, and also these
failures and their int erventions can be incorporated in the fault base. The enginee rs are
presented with recorded failure descriptions and use the SFT to semi-automatically update
the fault base. The informa tio n is automatically retrieved from the recordings and possible
updates of the knowledge base are prompted to the user. Those updates can consist of
modification of existing knowledge or of addition of ncw items. The user has the option to
accept, modify, or reject suggestions. In this way, the fault base gro ws incrementally and
reflects the corporate knowledge on diagnosis of trains within a company.

3. 2 Op crational Diaçuo sis Tooi

The OperationaI Diagnosi s Tooi of C AS pro vide s accurate and valuable information in real
tim e about any problem in a fleet , including th eir impact on the health state of th e vehi cle.
It also suggests recovery ac tio ris to resolve or redu ce the problem. The provided
information and suggested actions are task specific:

• Drivers only receive information about intervc ntions that can be exec uted within
operational restrictions and within a certain time limit.
• M aintenance teams receive more det ailed information abo ut repairs. tools, spare
parts, required efforts, etc.
• Managers receive information about train health states, impact on service, required
efforts for int erventions and spare parts requirem ents.

The inputs from all tasks are recorded in a history logging for later use and arialysis (see
3.1.3).

3.2 .1 Advicc durinç service

Ouring operation, events can happen which are critical for service or degrade eperation.
Such events trigger alarrn s to notify the driver. In most situations quick intervention is
needed to be able to continue the joumey or to keep the vehicle in service until the next
maintenance activity.

The OOT of CAS supports a driver to interpret the available on-board information
in an efficient way. An alarm is used as the starting point for the decision path. The O OT
retums a prioritised list o f po ssible int erv entions to the driv er. Up on request, the O OT also
presents details on the int erventi ons and their consequ ences on service and safety.

When the input information in insufficient to accura tely diagnose th e alarm, the
O OT requests additio nal information. A list o f releva nt addit ional tests and questions is
presented for w hich the driver co uld retum answers. T he OOT only requ ests addi tio nal
info rma tio n that is releva nt for the cur rent probl em and that can be ob tained in the current
opera tional situa tion.
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3.2 .2 AdvieeJor maintenance
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O iagnos tic informa tion fro m th e on- board systems is used as primary input for more
de tailed diagn osis du ring maint en ance. As with th e service advice, th e ODT proposes the
most appropriate tests and qu estion s tha t can im pro ve th e accuracy of diagn osis.

The diagn osis tasks for m ainten an ce and service are so rnewha t differ ent.
Interv entions for mainten ance are for exa mple to replace a "Line R eplaceable Unit" . The
tests and qu estions that can be answered are also differen t.

3.2.3 Adviee[or managcmcn:

On sho rt term, the information ret rieved from th e ODT can be used for planning of th e
actual correc tive mainten ance as weil as for the preventive mainten ance. Furthermore, the
fleet manager and mainten ance manager can accurately alloca re th e trains or vehicles for
service o r mainten ance respectively.

O n long term , th e information ret rieved from th e O OT can be used to forecast and
optimise resources, suc h as stoc k, parts, staff, w or kshop , and ete.

4. The Bombardier transportation-division BN trial application

CAS will be applied as a trial application on the new tramways of one of 13N's custo me rs.
T hese tram ways co ntain adva nced electronic technology :

• M icrop ro cessor-based systems (bra kes, converte r, doors, passen ger info rmation
system, . . .) w hich have th eir own co ntro l stra tegy and auto - diagnosis.
• An integra ted network system with co mmunication channels based on the T CN
standard of the T C9/WG22 com mittee (train network: WT13, vehicle network :
MV13).
• An integra ted alarm and diagn ostic co nce pt [1], incl uding a driver tou ch screen for
alarms, a vehicle co mpute r for non-volatile sto rage of diagn ostic symptoms
informa tio n, and th e possibility to launch start- up, sim t-down and mainten ance test
seque nces.

4.1 A larm and diaçnostic svmptom injormation

Symptoms are genera ted for alarrns and diagn ostic sym ptoms. Symptoms are pr esented with
following info rmation :

• Location is spec ified by th e unique vehicle nurnber , car-bcdy type (A or 13), and
system name .
• Unique symptom code and an associated plain text description . The code identifies
a problem as accurately as possible.
• A first advice and a scvcriry- levcl as an indication of the impact on serv ice . T he
five severity-levels are hea lth states:
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Critical alarm The driver has co intervene immediate ly. Most of these alanns can
cause a service interruption. for example "service brakes on" during
traction increase.

Dis tu rbed service alarm Problern dcgrades normal perfo rmance of thc train, for example
"Door out of service" .

W arning This serves only as genera! information to the driver.

M aintenance co rrective Problom has no direct impact on the service, but it is advised co
rcsolve it after service. State is only availablc at the driver s screen at
the end of the commercial service.

M ainten an ce preventive Problom has no direct impact on the service and only has to bc
rcpaired during the rwo-monthly preventive maintenance period.
State is only available by downloading the logged database.

4.2 Objectilles

T he main objectives of th e trial application are to pr ove by experiment th at the BR IDGE
tooI can:

• Impro ve train availa bi lity and safety. T he severity level can be decreased

occasionally fo r different problems fro m "critical alarm" to "disturbed service" or

even "warning" by adv ising th e co rrec t dri ver interv ention during service.

• Decrease m ainten an ce cos t . T ime and effo rts can decrease by adv ising th e correct
repair act ion duri ng m ainten an ce.

T he systems relate d to train safety and train avai labi lity are m onitored . Fo r the tria l

applica tio n th ese include th e tract ion, co nverte r. e1ectri cal doors, brakes (incl uding electro

dyn am ic , m ech ani cal and pneumati c), co m presso r and auto matic train protect ion.

M odeIs are ava ilable for th e doors , pneumati c brakes and co m presso r syste rn .
Initially, th e knowled ge base for is crea te d from m odeIs. T he kn owl ed ge base is up dated

with ex pe rie nee feedback from th e ex periments. Experie nee feedbac k is thus the only

knowl ed ge souree fo r th e o the r critical systems.

T he trial perio d wi ll be perform cd in two mai n parts:

• February '98 until June '98. T he BRID G E alpha re lease will be used during

ve hicle testin g at Bombardier T ransport-Division E N -s ite.

• From September '98 onwards, th e BRIDGE beta release wi ll be used at the

cus torner's site .

4.3 Practical application ilifonllatioll

CAS will run under "WindowsNT. For service, CAS wi ll be installed on a desktop platform

in the control centre room and wi ll be operated by the fleet manager. In fonn atio n is passed
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to the driver by phone. For maintenance, CAS will be installed on a portable PC and used
in the field.

T he development of the application and of BRIDGE is done using OMT/UML
(Object Modelling Te chnique/Unified Modelling Language) methodology and th e
softwa re is written in "Microsoft Visual C++. The graphical user interface is "Windows
look and feel. The knowledge base is implcmented in "Microsoft Access. T he link to the
BRIDGE tooi is implemented using ODBC in such a way that other relational databases
can easily be used.

5. Conclusions

A Central Advi ce System has unique real-time/on line retrieval and ofT line update
capabilities. The treatment of fault conditions encounte red on modern trains is expected to
improve significantly with the installotion of CAS . Following advantages are emphasised:

• All knowledge is available for all personnel. Modifications of vehicl e systems,
complex or speradie problems are distributed without difficulty.
• Information on problems treated in a temporary way during service is available for
maintcnance people.
• CAS provides a systcmatic approach to solving problems, which will deercase the
efforts and number of spare parts wasted or darn agcd . The trial and erro r meth od , as
often used , is onl y successful a first tim e in about 60% of th e problems.
• Direct (hypertcxt-) links present the electronic Maintenance and Repair Manual
information for tests, questions , interventions and spare parts.
• R eporting on problems is simpie, uniform, complete, and generated automatically.
The fIeetltrain manager can mak e a short- and long term planning for peopl e and
spare parts for the maintenance of the vehicles.
• Knowledge of a fleet's health state allows for better allocation of priorities for
maintenance and for vehicles for service .
• Training of personnel can bc improved . Real-life situations can be simulated from
the history of recorded problems. Training system and vehicle knowledge can be
red uced, in favour of learning how to retrieve the inforrnation via CAS .
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1. Introduetion

In many Western European countries a lot of attention has recently been paid to the
co ncepts of transportation corridors and clustered line infrastru ctures. These concepts are
supposed to reduce the total extent of negativ e environmental effects such as space
co nsumptio n, landscape fragmentation, noi se and sm ell. Furrhermore. implementation of
th ese concepts is an important conditio n in order to develop multimodal transport.

However, cont rary to the reduction of most negative environmental effects ,
clu stering transportation infrastructure may increase risks or lack of safety. According to
Kaplan and Ga rrick [1980), risk primarily co nsists of three co mpone nts, known as scenarios
<Sj>, probability o f scenarios < Pi> and consequence of scenarios < :x;>. Accident

probabilities are th e core co nten ts of this paper.
Using Dutch empirical data, we will point out whether or not clustering

infrastru cture increases accident probabilities or frequen cies in the N etherlands . H owever ,
th ese numbers still teil less abo u t accide nt causes, so subseque ntly we will co mpare acc ide nt
causes for clu stered and singular parts of line infrastructures.

In chapter 2, a theoretical concept is presented which describes rclations between

clustered line infrastructures in respect to safety. In dus paper we will focus on one specific
rclationship of the presented theoretica! concept, namely inte rferences. Interferences occur as a
result of clustering line infrastructures and might increase accident probabiliti es. Om goa! is to
emp irically find out whethcr or not clustering results in increased accident frequ encies on
clustered infrastructures.

T herefore we devcloped a two-step research methodology. Firsdy, in chapter 3, an
overview will be given ofthe actual clustered line infrastructure in the N eth erlands. We co nfined
ourselves to high ways, waterways en railwaysl. Second ly, in chapter 4 , w e wi ll analyze th e

I Bcsides highways, watcrways and railways, a large amount of hazardous matcrials is. in the Netherlands. transporred by
pipclincs. In this paper, however, we lelt this modaliry out of consideration, bccause the pipeline research part is not
finished yet. H igh-tension lincs are not being taken into account, bccause their impact on pub lic safety is supposed to be
minimal. In respect of airways, we cannot speak ofsparial clustering. so we have not considered them either.



578 Scssion 4: Research Methods and COIII/110/l A<l?cllda

theoretical interferences as presented in chapter 2. These interferences wil1 be analyzed
empirical1y in a quantitative way by comparing empirical accident frequencies on clustered
and singular line infrastructure. Accident causes wil1 be analyzed in a more qualitative way.
Finally, conclusions will be drawn from both the quantitative and the qualitative analyses.

2. Clustered infrastructure and safety: theoreticaI framework

In this paper we will analyze the influence of clustering infrastructure on accident
frequencies. Willems [1995] defines clustered line infrastructure as "two or more
infrastructure lines joined in a relatively small zone or corridor with a limited distance
between them". Therefore bundling traffic flows is not clustering infrastructure. Clustering
infrastructure focusses primarily on reducing land-use and on concentrating negative
external effects .

In respect of safety and risks however, several authors showed their serious concerns
about clustering infrastructure [Thissen, 1993, Stoop and Van der Heijden, 1994 , De Graaf
and Rosmuller, 1996].

As usu al in safety and risk analyses, safety or risk primarily consists of three
components, known as scenarios <Sj>, probability of scenarios <Pi> and consequence of

scenarios <xv>. Risk is a set of triplets of these three components [Kaplan and Garrick,
1981]. In th is paper we want to find out if there is any evidence for these concerns in
respect accident probabilities (as just one aspect of the risk triplet) .

Therefor, we need to have a theoretical framewerk . Mac Donaid, and later on
Kjellèn, have developed a concept for analyzing accidents with respect to occupational
safety, i.e. the safety within plants. Following Mac Donaid and Kjellèn, Hale and Glendon
[1987] defined an accident as a gradual process of deviation from the ideal situation resulting
in an accident. The accident is followed by emergency response and in the end by recovery,
leading to a new stabie and, hopefully, more ideal situation. This view on accidents is widely
known as the deviation concept.

Rosmuller [1997a] used th is concept for analyzing clustering related transportation
accidents. He concluded that the deviation concept is not weil suited for analyzing
transportation accidents in general. because various phases in transportation accidents cannot
strictly be defined. Phases in transportation accidents cannot be identified straightforward,
because they develop smoothly. However, the ratio behind the deviation concept is still
very useful in respect of transportation accidents. With rcgard to transportation accidents,
the deviation concept should be simplified to the following phases:

• pre-accident phase: in which normal functioning develops into possible causes for
accidents due to deviations;
• the accident: accidents occur when deviations cannot sufficiently be corrected;
• post-accident phase: in which the accident consequences occur and recovery will
lead to a new normal situation.

Applying these three phases to clustered line infrastructures, one has to look for mechanisms
according to the accident phases described before. Therefore, Rosmuller [1997b] typified
thrce possible mechanisms:
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1. interferences: these are clustering related accident causes. In the pre-accident phase
normal functioning on line infrastructure A may influence normal functioning on line
infrastructure B. Interferences may increase the probability of accident causes.
2. domino effects; these are clustering related accident consequences. In the post-accident
phase this accident may lead to additional accidents on the parallel transportation system.
Domino effects may increase the extcnt of accident consequences.
3. synergism; because of the simultaneous occurrence of two or more accidents, the effects
of these accidents may increase the total consequences in a way which is bigger than the
sum of the consequences of the individual accidents.

line
infrastrueture A

lioe
infraslrueture B

Figure 1. Theoretica] framework.

In this paper we wil! focus on interferences. By empirical research we try to find out
whether or not clustering line infrastructures results in higher accident frequencies for
highways, waterways and railways.

Interferences may come about in scveral ways:
o increasing speed: this can arise from the aim to keep up, with for example, a passing
train or car, especially when motorists or train drivers are annoyed and therefore try
to increase their driving fun .
o panic reactions: in conseqllence of this a small deviation from the driving or
shipping direction may happen, subsequently resulting in panic reactions . These
reactions are dangerous, because they are in fact reflexes which cannot be
suppressed. During a short moment all the attention of the motorist or shipper is
fixed on these reflex es.
o distraction: the potenrial danger is that passing vehicles, trains or ships always
distracts. just because they are moving. This can be disadvantageous when drivers
and shippers need all their attention to their driving and shipping tasks, especially in
complex or busy traffic situations.
o visual inconvenience: at night motorists, train drivers and shippers could be blinded
as a result of vehicles, trains and ships coming from the opposite direction. As a result
of clustering with waterways, fog may seriously decrease motorists' and train drivers'
view.
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3. Clustered line infrastructure in the Netherlands

In genera l there are three types of clustering, based on mut ual distances [Kerkstra, ct al.,
198 1]. T hc first one is tigh t clustering. In th is case, line infrastructures are aligncd as close
as possible to each ot her. H ere we quant ify tight clustering as a less than a 100 metres
disrance between line infrastructures. The second one clustering in a distance. Clustering in
a distance is characterized by a parallel alignment and with a disrance less than 300 metres
between line infrast ructures, but larger than strictly necessary. Clustering in a distance is
quantified as an interjacent disrance varvi ng from 100 to 300 metres between two or more
line infrastruc tures. Finally, there is clustering in a zone. T he third type of clustering is the
case w here the line infrastruc tures are aligned at a disrance up to 300 me tres, but these line
infrastru ctures barely have any parallel align me nts, Sa, if the interjacent disrance betw een
the line infrastruc tu res exceeds 300 met res, we do no t spea k of clustering anymorc,

Using these th ree quantified types of cluste ring, we ident ified the extent and the way
line infrastructures are clustered in the N etherlands. Using topographical maps , every
corrido r with a maximum widt h of 300 me tres has been selected. T hen an overview has
been generared of all the clustered line infras tructure. A few interesting results of this
research activity are:

• 13. 1% or 289 kilometres of the D utc h highways are clustered with other
infrastruc ture (of the same scale) such as railways (10.7%) and canals/rivers (2.4%).
• 11.1% or 303,5 kilometres of the Dutch railways is clustered with other
infrastru cture such as highways (8.6%) and watcrways (2.4%).
• 6.6 % or 304 kilometres of th e Dutch wa terways is clustered wi th highways (5.1%)
and railways (1.5%).

T he majority of these ide nt ified clusterings co uld be typified as tight clusterings. In Table 1
we have presented the amount of tight clustered kilometres subdivided in highways,
railways and waterways.

light clustering clustering in a
distance

clustering in a zone

InI9t'jacent distance
up 10100 matras

+-+

Figure 2. Types of clusrcrin gs visualizcd.

4. Accident frequencies and causes on clustered line infrastructure

In chapter 3, we identified clustered line iufrastructures in the N etherlands. In th is chapter
we will analyze w hether or not these clusterings differ fro. .. singular line infrastructure in
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respect of accident frequencies and causes.
Firstly, we restricted the total amount of clustered line infrastructure to tho se lines

which are only tightly clustered, i.e . an interjacent distance varying from 0 to 100 metr es
(see Table 1). Secondly, we restricted the remaining clusterings to thos e clusterings with a
parallel length larger than 7 kilometres. These restrictions limit the amount of cases. Figure
1 shows the rem aining tight clusterings in the N etherlands. The thi ck lines represent the
clustered highways, railways and waterways.

Table 1. Ti ghtly clustered infrastructure in the N eth erlands.

highway railway waterway

highway (2210 km) XXX * 167 km (7.6 %) 43 km (2.0%)

railway (2747 km) 167 km (6.1%) XXX 61 km (2.2%)

waterwa y (4617 km) 43 km (0.9%) 61 km (1.3%) XXX

* Wc did not analyze clustered infrastructure of the same kind . So highways clustered with highways, railways
clustercd with railways, and waterways clusterc d with waterways wcre not involved in the research .

Figure 3. M ap of tightly clustcrcd line infrastruct ure in the Neth erlands.
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Subsequently we will describ e and analyze th e accident frequencies and causes of th ese
identified tight clusterings.

4. 1 Highway aaidentfrequenties and causcs

We examined 18 tightly clustered highway parts. As to highways we gathe red data
concerning the amount of accidents for 1995, both for clustered and singular parts of th e
above selected highways. Subsequently, we eliminated accidents on crossings, access and
exit roads because we assumed th ese accidents will not have anything to do with clustering
aspects.

In order to express the am ount of accide nt s in a qu antitative equivalent, we gathe red
data about the amount of vehicle kilometres for 1995 as to these highway selec tio ns.
Dividing the amount of accident by the arn o un t of vchicle kilometres for 1995 for both
clustered and singular line infrastructure, w e are able to co rnpare accide nt frequency
equivalents distinguished into clustered and singular highway parts. This co mparison
resulted in the following graph.

Table 2. 1995 Highway accident frequen cics distinguishcd into clustered and singular
highway parts.
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On th e one hand, in 13 cases th e accid ent frequ ency for clustered high way parts is hig her
th an th e accide nt frequen cy of th e adj oining singular high way parts; on th e other hand, the
opposite is tru e for 11 cases. From thi s graph wc could conc lude th at there is barely any
evidence for assum ing clustering highways results in an increase of accide nt frcq ue ncics .

However, th is is only a comparison on absolu te numbers (frequen cies), w hich does
not give a deep insight into the accident causes. So next , we analyzed accide nt causes. We
spec ifically analyzed th ose causes which may be th e result of clu sterin g. T hese specific causes
are stro ng ly related to th e four interferen ces as describ ed above. We selec tcd th e following
acciden t causes: insuffici ent distan ce, un expected braking, cutting, insufficient and too
mu ch keeping right of lanc and loss of control. Besides, we added th e category unknown
causes. This additio nal accide nt cause analysis we executed for highways in three co un ties,
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i.e. Highway 12 (Zuid- Holland), Hi ghway 76 (Limburg) and Hi ghway 1 (Gelderland). T he
results are as follows:

Table 3. 1995 Highway human error accidents disringuished into clustercd and singular
highway parts.
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From Tab le 3, we co nclude that th ere is hardly any empirical evidence for an increase in
hu man errors on cluste red highways. Therefore we co nclude that clustering highways does
not result in an increase in human erro r accide nt causes as a result of rhe interferences
described above.

4 .2 Railwav incident [rcqucncics and causcs

Following the same procedure as describe d above for highway accident frequ encies, we
examined 20 tightly clustered railway tracks. For railways, however, we did not look for
accidents (for example de railed trains) but for incidents (for example red signal misses). The
reason is that railway accidents only rarely occ ur.

As to incidents, we look ed for stopping signals whi ch were missed by train driv ers,
so calied "red signal misses" . R ed signal misses from 1993 untilnow (November 30 , 1997)
were involved in the analyses, because from this moment the R ailway Safety Board (SO R)
has been keepin g up a railway accident and incident database. After excluding the most
obvious red signal misses at statio ns and marshalling yards, this database search resulted in
116 red signal misses. We reported these misses to the D utch R ailways and we first asked
them to eliminate technical cause red signal misses (we are int erested in human , train
drivers, errors). Seco nd ly, we asked th e Dutch R ailways to locare th e remaining misses on
their railway tracks in order to know whether or not clusteri ng was the case. After these
two select ions, only 11 red signal misses remained because the Dutch railways located many
misses still at stations and marshaling yards and they typified many misses as techn ical
failures.

In order to get an objective equivalent for the red signal misses, we chose to express
those misses in the number of signal passages. We computed the signal passages by
mu ltiplying the weekly number of trains on a certain railway track by the amount of signals
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on a certain railway track (one sign every 1200 met re) and the nu mber of weeks (203 weeks
from 1/1/1993 ti1l30/11/1997) . The following table summarizes the results :

Table 4. Red signal miss frcque ncies (1/1 /1993 rill 30/11/1997) distingui shcd into
clustercd and singu lar railway tracks.

cIustered singular cIustered singular cIustered

Leeuwarden - Meppel l,23E-06 0* 0 8,72E-07 0
Amersfoort - Apeldoorn 0 0 0 0
Utrecht - Arnhem 4,88E-07 0 0
Amsterdam - Hoofddorp 0 0
Hilversum - Utrecht 0
Abcnnes - Sassenheim 0
Go uda - De n Haag 3,45E-07
Rotterdam - Hoek van Holland 0 0
Breda - Dordrecht 3,49E-07
Bergen op Zoom - Middelburg 0 0
Gelee n - Hee rlen 0
Amsterdam - Haar lem 0
Amersfoort - Zwolle 3,02E-07 0 1,97E-06 0
Harlingen - Leeuwarden 2,09E-06 0
Vlaardingen - Hoek van Ho lland 2,57E-06 0
Middelburg - Vlissingen 6,57E-07 0
Zutphen - Hengelo 0 0
Amsterdam Arnstel - Utrecht 3,94E-07 0

* No red signal misses during 1/1/1993 tiIl30/11/1997.

Because the arnount of red signa l misses is that small, quantitative ana lyses are less useful. In
order to get additional information, we could either expand the period (before 1993), or
we co uld generate deeper insights by in tervi ewing experts.

D uring our search , we had already contoered sorne railway safety experts. We chose
to interview these experts. Both Mr. Stuifmeel and Mr. Roos have an over 20 years'
experience as train driver and are now active at the department of Railway Safety, Dutch
Railways. Mr. Stuifineel and Mr. Roos stared that the abso lute number of red signal misses
is very small on right-of-way-railway tracks. T hercby they stared dut not all red signa ls
misses at right-of-way-railway tracks are reportcd, be cause train drivers hav e to report th ese
misses themselves. This could irnply some degree of underregistration. Both Mr. Stuifmeel
and Mr. Roos have during their employment at the department of Railway Safety , not
hcard of any relationship between red sign al misses and distraction caused by th e other
clustered line infrastructure . If there should have been any relationship, th ey stated, th ey
would have known.

Mr. Hinsbeeck, active at the Railway Safety Bo ard, also stated that clust ering hardl y
cau ses red signal misses . Besides, in case of some form of distraction, th is wiII never be the
only aspec t causing an incid ent. Other aspec ts, like for example ex pectations o r executing
multiple tasks, play a ro le as weIl, M r. Loos stated . Frorn ex pe rt co nsultancy, we co nclude
that clustering railways with highways or waterways mi ght in some cases distra ct train
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drivers, but based upon both red signal miss frequency analysis and expert consultancy we
conclude that clustering will hardly ever cause an accident or incident.

4.3 IVaterU/ay accident frequenties and causes

For waterways we followed the same procedure again. First we gathered accident
frequencies of the year 1996 for the selected tightly clustered wat erways-. Subsequently we
computed the inland barging kilometres in the year 1996 by multiplying the amount of
inland barges, counted at locks and bridges, by the waterway length.

Table 5. 1996 Waterway accident frequ en cies distingui shcd int o clustcrcd and singular
waterways.
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Knowing that the above grap h is founded upon Iittle accidents (varying from 0 to 9
accidents for specific parts of waterways in 1996), the more important it is to analyze the
accident causes. For two watcrways, the Twent hekanaal and the Amsterdam-Rijnkanaal,
accident causes were analyzed in respect of hu man errors. Looking at human errors thc
following table resulted:

Table 6. 1996 H urnan error accidc nts distinguished into clustercd and singular
waterways.

hu man errors
clustered singular

Twenthe-kanaal 80% (4/5) 100% (212)
Amst erdam-Rijnkanaal 44% (4/9) 50% (112)

From this table, we conclude there is hardly any difference between the number of human
erro rs on clust ered versus singular waterways. Because the absolute number of shipping
accidents is very smalI, we interviewed some skippers. Wc interviewed Mr. v. Putten,

2 N ot c that the absolute numbcr ofaccidents is very small, varving from 0 to 10 for the analyzed parts of the Dutch
waterways.
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skipper of the Willemina J., who was inv olv ed in one of the Twenhtekan aal accide nts and
Mr. Wanders, skipper of the Aq aua Twin, w ho was involved in one of the Amsterdam
Rijnkanaal accide nts. Besides we int ervi ew ed Mr. O om ens, skippe r of the Krammer. In
general at dawn and darkness, all three skippers stated that skippe rs are blinded espccially by
vehicles and less by trains coming from the opposite direction. However, for vehicles a
nu ance shouId be made in respect of highways and regional ways. T he blinding from
highway vehicl es is not as inconveni ent as from vehicles on regional ways. The latter
narnely drive frequently with full headlights in contrast to vehicles on highways which driv e
mostly with dipped headlights. Thereby, highways often have guard-rails w hich block
opposite beams of light. An other aspec t which is of importance is the presen ce of radar
which mak e that skippers most of their time navigate on radar instead of eyesight.

Wc asked Mr. v. Putten and Mr. Wanders specifically for the 1996 accide nt whethe r
or not blinding and distraction contributed to those accide nts. Both stared th is was not the

case.
Based upon skipper consultancy, we conclude that clustering waterways with

highways and railways may seriously blind skippers. However, guard-rails, design
adaptations and radar equipment limit blinding effects of opposite highway vehicles. Based
upon empirical accident frequ en cies we concluded clustering waterways does not inc rease
accident probabilities. However, based up on skipper consultancy, we co nclude that skippe rs
may be blinded from opposite highway vehicles and train s and subsequently could cause
waterway accidents .

5. Conclusions

The title of this pap er was "Accident Frequen cies and C auses within Transportation
Corridors: balanc e or imbalance?" . In respect of accide nt frequencies we co nclude that the
answer to this qu estion is that clustering line infrastru cture do es not cause accident
frequencies to increase on highways, railways or waterways. Looking at accident causes,
again clust erin g do es nor resulr in the increase of human erro rs. So , the answe r to the
subtitle's qu estion is that accide nt frequ encies and acc ide nt causes on clustered lin e
infrastructure are in balanc e with singular align ed line infrastructures.

However, according to Kaplan and Garrick [1980] risk is more than accide nt
frequen cies and accide nt probabilities (chance, pi). Accident conseque nces (effects, xi) and
even more basic, othe r scenario s (si) may be of more importance when risks and safety are
analyzed in respe ct of clustering line infrastructure.
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Safety and Availability within Com.bi-Road

j.P.c. van Gennip
Anlll projects bVJ The Netlierlands

with cont ributions from :
ir A.W. Benschop (T N O - T PD) , P. Cast (Am n projects bv), FJ. Melcherts (project

office Combi- Rond), dr ir J.A . Stoop (Adviesbureau Kindunos),
ir F.A. van Veen endaal (Holec Machines en App araten bv).

Abstract. Th e Combi- R ond proj ect , spo nsored by the Dutch gove m me nt (ICES),
too k care of the development of a concept for unatt cnd ed co ntainer transport in w hich
the num ber of vcrtical movements and changes of carrier is limit ed as much as possible.
In sho rt , Combi-Raad aims at the transport offreight conta iners via unatt endcd guided
vehicles, whi ch use th eir own inexpensive infrastructurc. The Combi-Raad vehiclcs
are powered by electri city and drive on air-filled tircs. This in order to maximise the
tract ion force, while at the sarne time minimising the local air pollur ion (exhaust) as
well as the noise level. W ith in the first phasc of thc Cornbi- Road project, which was
completed reccntly, thco reticai investigation s we rc carried out with respect ra the
ec onom ie fcasibility ra acco mrnoda tc th c often mutually co nflic ting design
considerations of both compo nents of the conce pt of rcliabiliry, bein g safety and
availability. N ext to a theorctical cvaluation of the co ncc ptual design , the possibly
cri tical elements we re experi me nta lly verified on a test track. During these cxpcri ments
it turncd out that th e envisaged funcrionality and reliability co uld be realiscd wit ho ut
the nccd to usc any of the previou sly built-in aleernative fall back scenarios. As a rcsult
an intrinsically safe system design is curre ntly available, whi ch ncxt to an effectivo
obsracle detection within so-called " floating blocks" offers track-bound vehicles a
possibility to "loo k" forwa rd ove r large distances and co ntin uo usly estima tc thc ir own
braking distauces. This eve n on branched tracks, with curves, slopes, tunn els, ete.
Furth crm ore, it offers a reliable communication channel betw een the moving vehicles
and fixed systems. As such, thc infrarcd (950 nm ) bascd system has a bro adcr application
potenr ial than j ust wi thin Combi- Ron d. Here, (unde rgro und) tunnel transport systems
(me tro) or normal rail transpo rt can be thought of

1. Introduetion and problem definition

In short, C ornbi- R oad aims at thc tran sport of freight containers via unattended guided
vehicles, which use th eir own ine xpensive infrastructure. These vehicles, to be thought of
as "electrical trucks", drive on air-filled tyre s and carry one standard trailer with on e freight
container at a tim e. In the original concept, C ornbi- R oad was planned to be capable of
puiling stand ard goods wagons as well. The maximum mass of a unit, in case a goods wago n
is pulled, can be up to 90.000 Kg, whereas this would be some 50.000 Kg, in case a trailer
is used. The veltielc's cru ising speed is set at 50 Km/hour.

The fixed infrastructure co nsists of the the following four elern cnts: The straig ht
branch e less single-lane track , Transfer statio ns, where containers are bein g transshipped ,
Junctions, wherc two individual tracks merge and Forks , where one track splits into two.
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Although forks and junctions might, at first sight, be considered as being the same elements,
it should be stressed tint they differ both in functional and safety views . Further
characteristics of the infrastructure are a maximum slope of 4%, a minimum curve radius of
300 m, as weil as the possibility to have tunnels. As a direct consequence of the considered
total mass, the track slope, the cruising speed and the matcrials of tyres and tracks, the
braking distance may weIl exceed thc maximum distance that can be perceived directly
(linc-of-sight) from a vehicle. Furthermore, concurrent vehicles approaching a junction,
should be taken into account as weil.

2. System hierarchy (3-layer model)

Within the industry, different hard- and software architectures are used to fulfil different
automation functions. The harsh environment and short response time at the level of the
"shop-floer" require equipment different from the type used at the planning and logistics
level where huge quantities of data are stored and processed. The different architectures are
often positioned within a 3-layer hierarchy (see Figure 1).

Figure 1.

3. Reliability

It is clear that, in order to get public acceptance and to become an economically feasible
modality, a system like Combi-Road, should be highly reliable. Generally, reliability has
both availability and failure mode aspects, which each turn out to be applicable to Combi
Road. The single-lane nature of the track will cause a total blocking thereof in case only
one vehicle on it fails, even in case this would be a safe failure . Therefore, total failures
should be avoided as much as possible and measures should be taken that any component
capable of prevenring a vehicle from blocking a track, should be kept in operation as long
as th is is safely possible (key words: fault toleranee or FT, graceful dcgradation).
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The failure mode aspect focuses on the way in which the system may fail. This can
either be in a safe or in an unsafe marmer. It is possible to design systems in such a way that
the chance on an unsafe failure is only a negligible fraction of the chance on a safe failure.
Several strategies can be used in the design of these so-called fail-safe (FS) systems, but
general1y a fail-safe system shows a larger chance on failure than a similar system with is
allowed to fail unsafely. Thus, safety requirements often compete with availability
requirements and vice-versa. As an extreme example, a system that absolutely never
functions, may often be considered quite safe... It will be obvious that in the industrial 3
layer model, for a f.1ult-tolerant and fail-safe (FTFS) system these demanding requirements
will at least be applicable to layer 1. Depending on the distribution of functions over the
system, the FTFS requirements may migrate to other layers as weil.

4. Actual requirements

The fundamental conflict between safety and availability requirements generally leads to
very demanding specifica tions for all (sub)systems that have to meet these requirements.
Therefore it is recommendable to have as little of the system subject to these highest
demands. Within Combi-Road, at least the vehic1e itsc1f should be considered to be fault
tolerant and fail-safe. In order to be able to drive safely, a vehic1e should have access to the
following information:
1. lts distance to the vehic1e(s) in front, as well as the speed and maybe even
acceleration thereof and its own braking distance. The latter entiry, which in turn, depends
on the slope and condition (friction) profile of the track, may, with the infrastructure's
characteristics presented, have values up to 2 Km.
2. The presence and position of obstac1es on the track. It should be noted thar in th is
respect next to many kinds of objects, both of an organic and inorganic nature, defectivo
vehic1es and parts thereof should be considered as weil.
3. The status of junctions. The acquisition of information on a concurrent vehic1e
approaching a junction is a far from simple task, certainly if mechanical adaptions of the
track are to be avoided at all.
4. Track related restrictions to the maximum speed, such as curves, slopes, ete.

It should be stressed again that the detection and sensor mechanisms should fail
safely. For instanee a sensor that does not perceive an obstacle would be a rather poor
starting point for the assumption that there is in fact no obstacle. This because the sensor
might be defective itself

5. System overview and analysis

An overview of possible physical entities within the Combi-Road system as well as their
potential interconnections is presented on Figure 2. Within th is figure a "solid" line with
arrows represents a position independent path, whereas a dotted one should be considered
position dependent. The figure shows all interconnections to be considered, which does not



Future Trends and Tedlllology 591

imply that these interconnections really will exist 111 actual practice. Furtherrnore, no
assumptions are made in advance with respect to the nature of information which is
exchanged over the given paths. They only represent an aid for the analysis of the different

related failure modes.
Starting point for this analysis is an investigation in which ways the vehicles may, via

the communication paths indicated, acquire the necessary information summarised (points
1 to 4) earlier, without the a-priori assumption of any vehicle-bound sensors. In order to
obtain the information mentioned in points 1 and 2, an exchange of information between
mutual vehicles might be thought of (paths 4a and 4b in Figure 2). However, since vehicles
may be (entirely) defective and the track may be blocked by other objects than Combi
Road vehicles as well, this option should be discarded from a safety point of view. Thus the
possibility to have the vehicles as the only component in layer one is ruled out.

Figure 2.

Comrnunication path 4c might, at least in principle, be uscd for acquisition of the namcd
information, but only in case this information can bc acquired through a fail-safe
mechanism, via either path 3c or the combination of pa th 1 and 2a/b. The data involved
are originated by the track and may either be distributed without or with the assistance of
the central system. In case of thc latter option, all sub-systerns will be subject to the very
dernanding FTFS requirements. This, in turn, is not only highly undesirable from points of
view of costs and reliability, but it will also severely increase the real time processing
demands for the central system.

The only remaining patlis that may provide the information necessary from points 1
and 2, are 3a and 3b, both suitable for the exchange of data between the vehicle(s) and the
track. Using one of these paths, of course takes the track, next to the vchicles, into the area
of FTFS demands. If only for the acquisition of the data related to points 1 and 2, the
location independent (continuous) pa th 3a might be favoured over path 3b. However, this
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might overlook the requirements stemming from points 3 and 4. In case each vehicle would
in ternally have access co a correct map of the infrastructurc, it sho uld bc considered feasible
that, with the input from (wheel) sensors it continuously computes its own position (like in
Carin and TravelPilot), but some absolute calibration might be desirabie. Such a calibration
can be implemented via path 3b, but it should be stressed that this does not automatically
exclude path 3a. T his because of the possible discontinuo us nature of path 3b whieh may
rela te th e vehicle's safety depending on deduction and the processing of historie data. Of
course such an approach would be less solid than one using path 3a . The mere existence of
path 3a/b does not imply that the conditions me ntio ned in po int 3 are automatically met.
Altho ugh the condition mentioned in po int 4 wil! probab ly be satisfied, surely in case the
conditions of points 1 and 2 are met, the condition ofpoint 3 requires some further arialysis.

This co ndition boi ls down to an answer to the question "is the junction (in due time)
vacant?" . T his question can on ly be answe red safely in case the following facts have been
actively confirmed:

• Bo th branches of the junction are at least over the minimum vehicle disrance
co mp letely func tio nal.
• There has not been a req uest for usage of the junction from a vehicle on the other
branch and there is no vehicle moving within the minimum vehicle distance. In th is
approach a "loek" is generared by the request and the track communication takes
place wi th an absolu te sequential time integrity.
• For completeness sake, the conditions ofpoints 1 and 2 should ofcourse be satisfied
for the part of the track after the j unction.

In case either of the first two facts canno t be co nfirmed, a complete stop seems to be the
only sensib le thing to do. This because, based upon the available information, a collision
cannot be absolutely excluded. T he imp lementation of eommunieation paths 3a and/or 3b
does have major co nsequenees to the system design . For exarn ple, if path 3a wcre to be
im plemented as a kind of (redundan t) bus that covers an entire route, th is might have far
reaching consequences for the availability. After all, the band width should be large enough
in order to serve all ve hicles simultaneously, and spec ial measures sho uld be taken in order
to prevent disruption and/or sing le points of failure .

6. Positioning of solutions

In pri nciple, the choice for a control concept for Combi-Road might be based on three
approaches:

• The usage of analogous aspec ts from road traffie.
• T he applicat ion of techniqu es from rail transport (train, metro) .
• Using co mpletely new tech nologies.

Of co urse co mbinations of th ese approaches might be co nside red as wel l. This because
Combi- Road, next to entirely new properties, seems to resembie some aspects ofboth road
and rail traffic. H owever, solutions based up on available or currently promoted technologies
from the road traffic seem to overlook some important ope rational differen ces wi th Combi
R oad:
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Combi-Raad
• Proprietary "single lane" track
• Unattended
• Highly variabie (Iow) maximum acceleration and deceleration
• High demands with respect to safe failure

Raad treiffic
• Multi-lane
• Attended
• R elatively we il defined (high) maximum acceleration and decelerat ion
• Unsafe failure can be corrected

These differences cause the Combi-Road problem definition to be par tly less and partly
more demandi ng than in case of roa d traffic, thus anyway different. T hcreforc it can no t be
assumed in advance that all kinds of solutions that are or we re developed for road traffic
applications, will be optimalor even feasible solutions for Combi- Road as weil . As far as
analogies are applicable, the ones from rail transport systems (train, metro) probably are also
or even more to be considered. In these systems, vehicles, like in road traffic are indecd
attendcd as weil, but their braking distance may be much more than can be surveyed by the
driver. Further rcsemblances are the trac k confinement and, to some respect, the safety
dema nds (Dutc h AT B system).

It should be stressed here that recent investigations on automatic train influencing
(Dutch: ATB) systems which function on a "floating block" basis, are carried out. T his
princ iple migh t, at least from a fun ction ality poi nt of view, we il be applicable within
Cornbi- Road! N everth eless an in spi te of the mutual resemblance related to the single
degree of freedom, it should be kept in mind that there are also substantial differences
between Cornbi-Road and rail transport. After all, issues like the possible (range of) mass
ratios between pulling entity and the load on tow, as we il as ones like propulsion and
braking systems show large and (trailer, wagon) variabie dissimilari ties. Furthermore the
traffic dens ity differs for bo th systems.

7. Starting points

In the final cho ice of a co ntrol co ncept for Cornb i- Road, the followin g starting poi nts
played a decisive role:

• T he intrinsic safety of the system .
• A very high ope ratio nal availabiliry, wi th as derivatives:
• As m uch autonomy as possible at the vehicle level.
• A clear preferenee for a distributed (scalabie) system.
• T he avo idanee "single points of failurc".
• No negative operational co nseq uenccs (throughput ete.)

Based upon these starting po int, a group of control concepts was arrived at in a more or less
analytical way.
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As long as a longer seetion of the track is vacant than the vehicle's current braking distance,
the veh icle may drive on safely. Therefore, at the level of a vehicle both the vacant track
length and the current maximum braking distance (friction, load and slopes considered)
should be known. Of course thc surveyed track length never has to excced the absolute
maximum braking distanc e, whereas the current braking distance may either result from a
simple (worst-case) estimation, or from a more refined computation which takes the current
conditions into account. The latter option leads to a higher maximum throughput. It should
be stressed again here that the percepti on of a vacant track is not equivalent to not sensing
any obstacles. After all, the apparent absence of of obstacles may be caused by limitations of
defects of the sensors, whereas a vacant track perception rcquires an active confirmation
thereof On a simple straight track, th is principle may be conceived as an imaginary rod
with a length equ al to its braking distancc , being push cd forward by the vehicle. On Figure
3 a more general presentation of the "vacant track" principle is given. Here it is clarified
that curves, junctions, as weil as slopes, tunnels and forks should be considered.

8.1 Completciy autonomous ochiele 011 a passive track

Starring from a maximum autonomy at the level of the vehicles, the application of a sensor
system on each vehicle , capable of unambiguous determining a minimum vacant track
length, without any active external assistance, might seem a natural consequence. However,
in order to satisfy the safety demands, it is required that some kind of signal, emitted by the
vehicle, propagates along the track and results in a confirmation of the distance over which
this signal did not encounter any obstacles. Of course the complete spectre offered by
physics should be considered open for the solution of this problem. In this respect acou stics,
for example ultrasound (Iike bats use), but also inductive systems (coupled loops), o r
elec tromagn etic radi ation like light, infrared or microwaves are possibilities. Nevertheless, a
completely autonomous vehicle on a passive track leaves quite a lot of nasty problems to be
solved . How are obstacles on or outside the track distinguished? What (angul ar) resolution
is feasible, taking the sensor dimensions and applied wave1ength into account? How to co pe
with slope changes and junctions? Both for the following of the track as weil as in order to
obtain a positive confirmation of a "vacant track", a concept of some kind of reflectors
seams necessary. These reflectors should be distinguishable frorn all possible obstaclcs on or
outside the track. Although the construction ofspecific, recognisable passive reflectors (tags)
should be considered fund amenrally feasible, the distance to bc bridged and the related
power to be radiated, causcd this option to be primarily discarded. For this reason the
alternative of an active track was investigated too .

8.2 AlltOlllJlIIOIIS vehitle 011 all activc track

This range of solutions might (see Figure 4) be compared with a road by night, illuminated
with (active) streetlights. By counting the number oflampposts still visible, a driver may get
an impression of the length of the road that can be surveyed.
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Figurc 3.

Figure 4.
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The "passive track" analogy of th is approach, would be verge reflectors which refleet the
light from the vehicle . Mentioning this "passive" alternative. clearly indicates again that,
although the "active" example prese ntcd a1so has this drawbacks, following curves and
slop es is far from simpie. However, active systems , wh en compared to passive ones, may
offer many extra possibilities for solving the problems relat ed to following the track. Every
active subsystem along the track may, for instanee. communicate with its neighbours and
th us form an active dat a link along th e track . In case a passing vehic1e is able to
communicate with at least one of thes e track-bound sub-systems, a potential data path
between all interconnected sub- systems along the track and the vehicle is formed. Thus, this
vehicle, at least in principle, may have access to all data collected by all track-bound sub
systems .

A typical example of th is approach is show n on Figure 5. Here, the data colleered is
related to obstac1es and th e track- bo und sub-systern s each transmit their (accumulated) data
both to the (slanting arrows) track and to the next sub-system. In this example the
movement of data is fro m left to right, thus in the opposite direction of the vehicle
movement. This means that all data collected in front of a vehicle may, again in principle,
be transmitted to th is vehi cle. If a com m unication failure is interpreted by the system as
equivalent to a track blo cking obstacle , this may add fail-safe characteristics to the system in
case the obstacle detectors either are erro r free or fail safely themselves as weil. Of course it
is unnecessary and even undesirable to rcceive all (obstacIe) data collected onwards along
the track, at any position on th e track. After all, more than the status of all detectors along
a track length equal to th e absolute maximum braking distance would be sufficient to meet
th e original starting point of a "vacant track". The conceptual approach presented here
obviously should be conside red capable of satisfying the co nditio n of a positive
confirrnarion of a "vacant track " , even wi thout any a-priori assumptions about the sensors
or th e communication technology. However, the issue of system availability may be a point
of concern . A failur e of only one transceiv er will inevitably lead to a blocking of all traffic
on th e track, since th e nex t sub- system will in terp ret th is situation as itself being the first
one. For this reason addi ng red undancy is m andatory.
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Direction ofvehic/e movement

tr'InICeÎva' tIW1ICC:Îva transeeiva trw1SCeivcr tra1SCeÎva trmsceiva b'aJ1SCC:iva transeeiva

Figure 5.

9. A possible technical implementation

In th e previous part it has become obvious that the original starting points can be technically
satisfied with th e co ncept o f an auto no mous vehicle o n an active track with a positive
co nfirma tion of th e "vacant track length" in front. A possible technical implernentation of
thi s principl e is sho w n on Figure 6. This figure represents a stra ight piece of th e Combi
R oad track , with transceivers on both sides. Each transceiver sends its information to two
successive ones at th e opposi te side of th e track . Althou gh mayb e not obvious at first sight,
the system presented here actua lly co rresponds to a redunda nt version of th e prin ciple
shown o n Figure 5. T he reason that th is m ay rem ain unnoticed is the apparent absence of
obs tacle de tectors. H owever, th ese are implicitely presen t, since th e co mm unication
channels may be blocked by obstacles and thus may act as detectors. A clear adva ntage of
th e absence of separate obs tacle de tec tors lies in th e impossibili ty of defect ive ones , as weil
as the avoidanee of the rela ted cos ts. The systern 's sym me trical redundan ce enables it to
distinguish defective sub-systems (beacons) and reaI obstacles . W ith the assumption th at a
"vacant track" witho ut an obstacle (see Figure 6) hold s rwo tim es eight fun ction ing
beacons, beacon LS wi ll receive in form ation o f all o the r beacons wi th th e exception of R S
and L7. This are in total 13 beneon s. H ow ever , in case a sufficiently big obstacle is present
on th e track , all in formation fro m previou s beneons w ill be lost. A single detective
transceiver, in turn , will only result in the loss of its own inform ation and, depending on
th e prop agat ion distan ce, th c information ofan adjacent o nc. In case ofa defective R 7, wi ll
cause th e loss of L6 on LS.

Direction of vehicle movement

Figure 6.

A passing vehicle will no t only block the informa tio n exc hange between th e beacon s, it will
also intercept th e data transmitted. Althou gh dep ending on man y geometrical co ndi tions, a
passing vehicle is supposed to always receive at least tw o different beacon s simultaneously.
T hc refo re a co nt inuo us and redundant flow of data towards each vehicle, holding (a.o.) the
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"vacant track" information is realised . The resolution of this information is related to the
interval distance between adjacent beacons, of course. In th is fashion, all conditions of the
starting points are satisfied.

10. Selectivity and transmission medium

Although the choice of a transmission medium was entirely open, a final decision should
take (a.o.) the following important factors into account:

• The final costs of the (many!) transceivers.
• The blocking properties of different kinds of obstacles.
• The imaging accuracy (wavclength) and reach (dirt etc.!) in rclation to the desired
resolution.

Both with respect to their wave length and the costs u-wave and RF solutions seem to have
drawbacks here. Furthermore, as discussed in the "SMILER." report (DRIVE project V
1002), problems can be expected related to reflections and blocking properties.

Last but not least, these media may relate to potentiallegal problems and health risks.
For these reasous the primary attention was focussed at ultrasound and infrared light and
from these two alternatives the first onc, based upon its lower propagation speed, seem cd
to be less attractive. Pinally, infrared light with a wavelcngth of 950 nm was primarily
chosen.

11. Feasibility study

Starting from the concept described, an investigation of the practical feasibility was carricd
out. One of the issues in this study was trying to find a cheap and rcliable solution for the
problem of distinguishing different transmitters, both at the beacon and vehicle receivers.
The following potenrial solutions were considered:

• In case of base-band rransmission:
• TDMA, T(ime) D(omain) M(ultiple) A(ccess).
• Sparial (angular) discriminatien.
• Colour (wavclength) differences.
• Polarisation.
• In case of modulation:
• FDMA, F(requency) D(omain) M(ultiple) A(ccess).

From these, sparial (angular, optical) discriminatien was primarily chosen, with as fall-back
scenarios colour differences and polarisation. A final decision should be made, based upon
cxperimcntal results .

Furthermorc the feasibiliry study recommended (a.o .) an cxperimcntal verification
of the system's margins with respect to pollution (dirt) and weather conditions (fog, rain ,
etc.).
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12. Protocol development

Session 4: Research Methods and COI/l I/lO II AgetJda

Following the co nclusio ns of the feasibiliry study, it was decided to experimentally verify
the basic co nce pt of an autonornous vehi cle on an active track . As such, a protocol for the
messages to be exc hanged betw een the beacons was develop ed , in w hich design , next to
the "vacant track" information:

• A system was worked out whi ch avo ids the expone ntial lengt h inc rease, du e to the
co mbinatio n of tw o inco ming messages to one outgo ing on e.
• The age (delay) of the information can be reconstructed.
• Routing and (even complex) branching information can be transferred .
• D ata related to the track's slope and condition profil e are incorporated .
• A possibiliry for the exchange of data to and from an optional supervisor is present.
• D ata from the vehicle can be sent towards the (active) track . This, for example, in
order to shift switches in case a wagon is pulled.

The protocol was designed in such a way that can be implemented on simple and cheap
beacon hardware.

13. Realisation of a test track

The theoretical arialy sis of the chos en technical implementation had not revealed any
insurmountabl e problem s. Yet, ex pc rimental verificati on of ce rtai n issues was
recommended . Therefore, as a namral co nseque nce it was decided to realise a test track
with:

• An electri cally driven vehicle, next to it 's drives and power supplies etc., equipped
with infrared receivers and transmitters as weil as electronics for co nt ro l and
monitoring.
• A sufficient number of beacons wi th test faciliti es.
• A supervisory system for the logging of test data as weil as for the issuing of
com mands to the vehicle.

14. Functional decomposition

lt was decided to built a layered system with a fun ctional decomposition which suits (a.o .)
the different time response requirements as operational control requirernents:

• A supervisory system .
• A 215 m long test track with eleven beacons on each side .
• An electri cally driven vchicle, next to several suppo rt systems and their power
supplies equipped wi th :

- An electronic driv er (ELBE, a Dutch acronym), whi ch translates information
from the beacons as weil as the vehi cle system (VO SYS) into high level com mands
for the vehicle. ELBE co mm unicates with the track with eight (two tim es four)
infrared receivers mounted on front of the vehicl e and two infrarcd transmitters
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mounted on the side/rear.
- A vehicle system (VOSYS, a Dutch acronym) which translates ELBE's

commands into actuator control signaIs. Furthermore, VOSYS takes care of the
acquisition and preprocessing of low-level sensor signals in order to transport the
resulting information toward ELBE. Last but not least, monitoring, safeguarding and
control are functions of VOSYS as weil.

- Two fully clectronic power convorters for the supply of the two th ree phase
vehicle engines.

An overview of the sub-systerns mentioned is presenred on Figure 7. The description of the
signals and data exchanged between the systems provides information with respect to the
different layers (sec Figure 1) at which the sub-systems are active:

• The supervisor has some kind of SCADA function and is not continuously
required in operarional conditions.
• The beacons colleer and transport track related data and act as a path for (external)
communication.
• The electronic driver, ELBE, communicates with the track, computes an
estimation for thc braking distance on the [alternative] trajectories, interprets the
"vacant track" inforrnation from it's various receivers and sincc high-level
commands to VOSYS.
• The vehicle system, VOSYS, collects data for ELBE, processes ELBE's commands
and takes care that these are carried out. Besides, VOSYS takes care of all (most)
basic monitoring and control.
• Both drives convert the 750 V DC supply voltage to a three-phase AC supply with
the right voltage and frequency in order to enable both asynchronous traction
engines to realise the desired thrust together.
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15. Safety and availability

Sessiou 4: Research Metltods and COIll IllOII AgCllda

It was the purpose of th e Combi- Rond test track to experimentally investigate as many
uncertain facto rs as possib le. In acco rdance with the reasoning presented earlier in th is
document, th e base archi tec tu re beh ind th e system was one with an au tonorneus vehicle
on an active track . After all, th is co ncept might satisfy th e very deruand ing safety
requirem en ts in relatio n to the survey disrance. branch es, slopes, curves and tu nnels. At the
level of the vehicle's co nt ro l architecture. the chance on an unsafe failure is very smal!:

o Defective pow er electronic at the level of th e drives, will prob ably exclude the
co rrec t co nvers ion of th e 750 V DC supp ly int o three-phase AC pow er.
o It is rclatively sim ple to preven t VOSYS from an exc hange of acce ptablc data with
either ELBE or the drives, in case VOSYS is not or not co rrec tly fun ction ing.
o T he same reasoning as used for VO SYS is valid for EL13 E as we Il. T his because
ELBE is supposed to co nti nuously exc hange acceptab le da ta too .

T he total of the ve hicle's co ntrol clec tro nics, togethe r w ith th e beaco n system, should be
positioned at th e level of layer on e in the three-la yer m odel in Figure 1.

In order to perform tests of th e (po ten tial) ope rario nal availabiliry o n th e Combi-
R oad test trac k as we ll, seve ral add itional measures we re taken:

o The veh icle is equipped with its ow n 40 KW diesel gene rato r, which enables it to
co nt inue dri ving witho ut ex ter nal sup ply, albe it wi th a lower maxi mum speed but
with a still unchanged maxim um th rust. Anyway, in case of th e test track this
autono mous supply is also required to cnable prolonged driving o utside the (sup plied
part 00 track.
o Two complete drives, with each it's own pow er elec tronics and tractio n engine
have been im pleme nted. Failure of one drive will not cause a co mplete stands till of
th e vehicle.
o T he bencon system was realised according to th e set- up shown on Figure 6. T his
mea ns th at each beacon receives tw o beacons in fro nt of it and that the system is
laterally syrn me trical. With thi s, failing tran smitters or eve n entire beacons can be
detected , wh ercas the co ntinuity of th e com munica tion and/ or th e entire system are
not threaten ed . T he mutual disrance of rwo success ive beaco ns is 20 m, being the
maximum distance still allow ing th e reception of tw o success ive transmitte rs in case
of the minimum cur ve radius (of 300 m).
o ELBE is equipped wi th two tim es four (eight) receivers which rogether guarantee
th e co rrec t reception of multiple beacon transmitters, regardless th e ve hicle position
or it 's ve rtical or horizontal angular movem ents. Furthermor e th e ve hicle itself has
tw o transmitters.

16. Preliminary test results

Alth ough not all planned test with respect to the co nce pt o f the co ntro l system we re
co nduc ted yet, th e major issues as identificd by th e feasibility study, bein g th e maximum
attenuatio n and spatial discrimination, did not present any reason to do ubt th e chosen
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system. Actu ally, no un solvable or eve n difficult problems we re encounte red during any of
th e tests.

17. Appendix, participating organisations

Combi- Road is a govern me nt spo nso red (ICES) project , which resulted from an ini tiative
of H ollandia Industriële M aatschappij . Within th e first ph ase of the proj ect , ending wi th th e
realisation of a short test track, several teams were active. One of th ese teams th e so called
VBB E (D utch acro ny rn) team was entirely devoted to th e vehicle, th e track as we ll as th e
energy supply and co ntrol systems. Within thi s team th e following organisatio ns
parti cipatcd:

• DHV (project office Cornbi- R oad)
• Terb erg Bensch op bv (vehicle)
• TNO-WT (vehicle)
• Hollaudia Industriële Maatschappij bv (track)
• T N O -TPD (control)
• H olec M achines en App araten bv (contro l, ene rgy supply)
• Veiligheidskundig Adviesbureau Kindunos VOF (safety)
• H TS Au tomobi eltechniek, Apeldoorn (vehicle technology)
• T R.AIL O nderzoekschool (system co ncepts)

N ext to th e named VBB E team , th c so called inter face and test teams co ntribu ted to th e
actual design and impl em entation ofboth th e availabili ry and safety issues of th e system . T he
following organisatio ns parti cip ated in th ese teams:

• Project office Combi- Road
• Terberg Ben schop bv (vehicle)
• T NO- W T (vehicle, coordination of the tests)
• H ollandia Industriële M aatschapp ij bv (track)
• TNO-T PD (elec tro nic driv er , opties)
• H olec M achines en Apparaten bv (monitoring and co ntro l, ene rgy sup ply)
• Arun projeets bv (beacon system, safety issues)
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From thc vario us papers presented and discussio ns du ring th e plenary sessions, some
observa tions or points of conce rn are identified. T hese are : relative safety figures are
becoming cons tan t wi l! increase as a result of:

1. "Frog-Ieap" improvements of safety targets in most of the transportation
modalities are required.
Because traffic-volunie is increasing and the number of fatalities during an accident are
increasing, the ever decreasing relative safety figures, are remaining constant or show an
upward trend. Safery-consciousness and -conce rn of the public is growing and therefo re
political pressure to improve safety in transportation.
2. Balance safety and economics.
T he ever-increasing reduc tio n of cost of design , manu factu rin g and e peration of
transportation systems sho uld be balanced against the effec ts of accidents on the longer term.
Investment in safety during design, manufacturing and operation wi l! pay off in inc reased
effec tiveness and efficiency and therefore lower life cyc1e costs or cost of owners hip .
3. Common ac cident and incident investigations methods.
Methods and practices developed in particular modes of transportation are worth to be
transferred to other transportation modes.
4. Attention for hazardous goods.
Oue to further integration of transportation-mcdes in partienlar transportation-chains, e.g.
rail-sea and sea-air, more attention should be paid to the integrity ofhazardous goods during
transportation, transfer and handling.
5. Victim-care.
As a result of the above mentioned growing public awareness and resulting liability cases,
more atte ntion need to be paid to the victims and relatives of victims from accidents . It is
also hu man dury for the soc iety and to transpo rtation co mpanies to pay more attention to
this aspect.
6. Risky operators.
There are hu ge differences in safety-records of reliable and risky-operators. Globa l safety
levels in mode of transportation are largely determined by risky operators.
More attention should be paid in the identification of risky carriers and to actions,
incentives and support to improve there safety records.
7. Human facto rs in safety.
As teehuical causes of accidents are reduced, the human factor as a cause becomes mo re
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predominant. T he refore more atte ntion is requi red to ergonomics during design and to
training an d th e use of simulators duri ng operation.
8. Incident reporting and analysis .
Transportatio n systems are becoming more co mp lex and the possible causes and
co mb inations of cause are numerous. As accidents and the resu lting lessons learn ed are
limite d, th e need arises to report and analyse causes of inc idents and feed back the lessons
learn ed to the design and operatio n on a world wi de scale within the branche .

Following issues for development have been identified :
1. Systems engineering approach to safety.
A transportation syste rn co nsists of hardware , softwa re and peopl e-ware. It is not only the
m eans of transportation , but also th e related infrastru cture and traffic con tro l which are part
of th e system. Safety need to be co nside red for th e wh ole transportation system th rough ou t
the all life cycle ph ases, i.e. design , manu facturing, operation and disposal.
2. Development of safety-assurance systems.
Safety assura nce can be develop ed by no t only applying the lessons learn ed from accident
analysis, but also fro m inc ide nt analysis. Safety sho uld no t only be co nsidered as an technica l
or ope rational issue, but as a prime company-objective . It requires safety assurance programs
to be developed and in trodu ccd , but also another attitude and company-culture. A prime
req uisite is management conunitment to th is approach .
3 . A structured design-for-safety approach.
In the systems engineering approach, it is req uired to idcntify quanti tative safety targets .
Ap ply in the design stage risk- analysis and safety- modeling . For these methods inp ut data
are req uire d from struc tured acci dent and incident databases co ntai ning the result of
investigations and analysis.
4. Building partnerships.
In o rder to arrive at above me ntioned approaches for safety-assura nce the forming of
national safe- and accident investigation boards sho uld be encouraged.
Exc hange of expe rience betw een national bodies is necessary. IT SA and Universities may
play a role in th e development of thi s exchange.

A very effec tive instrume nt is th e collection and exc hange of data betw een natio nal
accide nt and incident da tabases. Espec ially with th e view on hazard on s goods an intermodal
app ro ach need to be encouraged.
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Ouririg the congress it was acknowledged that modalities
can learn from each other, although the state of the art
varies . The differences are sometimes considerable with
regard to the contral of safety and accident and incident
analysis.
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About 275 people from 29 countries and all modes of
transportation listened to 18 keynotes, discussed over 70
papers, participated in 6 Round Tables and a closing ple
nary discussion. Participants were coming from industry,
policy making, safety boards, research institutes and vic
tim organisations.
The congress discussed a possible imbalance between
growth and safety.

The congress reveiled a trend towards increased involve
ment of societal parties. This makes safety a considerable
societal issue, in particular in transport where recent cata
strophies have occurred. Oue to increased insight in fac
tors influencing safety, scientific developments can gain
by developing methods for analysis and themes for
research and development. Such a development can be
based on exchanging experiences between modalities and
disciplines. The use of multiple information feedback
loops could create necessary conditions for succes in
research and development.


