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INTRODUCfION 

P.M. van der Staal and EA. van Vught 

In many societies there is a strong call for more scientific approaches 10 decision­
making. Both in govemment and in the private sector there is a growing need to develop 
and implement procedures that try to achieve goals more effectively and at lower costs. 
Specialists from various disciplinary backgrounds have started to combine their efforts 
to develop such scientific approaches to decision-making. The result is the emergence of 
new, of ten multi-disciplinary, orientations. One important innovative orientation is the 
general methodology of "impact forecasting and assessmentOl. 

This hook contains a number of contributions to the methodology of impact forecasting 
and assessment Experts from various fields present and discuss their approaches and 
experiences. They address subjects like the scientific basis of information about the 
future, methods of risk and safety analysis and ways to assess environmental and 
technological impacts. 
Together, these contributions offer an image of one of the most promising new 
developments in the area of both scientifically based and practically oriented approaches 
to decision-making. The methodology of impact forecasting and assessment combines 
the wish to use methodological rigor with practical relevancy. It seeks to develop the 
insights of the methodologies of science and research into procedures and techniques 
that can be used to analyze the possible consequences of decision-alternatives and to 
help in making decisions under circumstances of risk and uncertainty. 

The chapters in this hook form a selection of papers presented at the First Conference of 
the European Chapter of the International Association for Impact Assessment in Leyden 
and Delft in the Netherlands, June 16 and 17, 1988. During this conference, which was 
organized by the editors of this hook, a large number of specialists from all kind of 
disciplines and fields together discussed the methodological aspects of impact 
forecasting and assessment. Of the many papers presented at the conference, those were 
chosen for publication in this hook, which clearly present a methodological point of 
view. 

The hook is divided into four parts. 

In the first part, fundamental methodological questions are treated in the following three 
chapters. 

In chapter 1, Van Vught discusses the methodological foundations of impact forecasting 
and assessment. He especially focusses on a number of logical and methodological 
pitfalls and formulates some suggestions regarding the further development of the 
methodology of impact forecasting. 

ix 
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In chapter 2, Van der Staal analyses methods, which apply quantitative and inferential 
procedures to theories, models and data for producing forecasts. The discovered 
elements are investigated on the strength of their methodological foundations. This 
results in a judgement of the absolute and relative reliability of the examined techniques. 

In chapter 3, Fatmi and Chow isolate and explain fundamental weaknesses in forecasting 
methodology, which can he supported by intelligent machines. As solutions for these 
problems they suggest the development and implementation of systems which are based 
on polychotomous logic and qualitative reasoning theory. 

The second part of the hook contains three contributions about the assessment of risks 
and reliability. 

In chapter 4, Watson departs from the thesis that human reliability, operating procedures, 
organizational structures and plant management are very, if not the most important, 
factors in afIecting system reliability and hazard risks. He presents and discusses 
methods for dealing with these human aspects in reliability and risk assessment. 

In chapter 5, Goossens points at several types of residual uncertainties in risk analysis. 
He suggests partial solutions by a system approach in terms of the accident scenario 
methodology, by attachment of conditional probabilities on system composites and by 
feedback of operational experience by the accident sequence precursor methodology. 

In chapter 6, Thissen assesses the safety impacts, of the storm surge barrier in the Dutch 
Oosterschelde river. He outlines a multivariate simulation model, that was built for the 
assessment of protection against flooding provided by the barrier and its relevant 
environment under various policy altematives. He presents the results of the simulation 
and of a sensitivity analysis for the estimation of degrees of uncertainties. 

The third part of the hook contains four chapters on environmental impact assessment. 

In chapter 7, Carley stresses the need to move to a more holistic approach to 
environmental analysis and policy. He examines the practical implications of elements 
of this approach such as interdisciplinary research, interlinkage of science and policy, 
coordination of political actions, integrated monitoring of bio-physical and socio­
economic aspects and more innovative and politically involved management 

In chapter 8, Perez-Trejo addresses structura!, spatial and tempora! features of natural 
systems, which should he considered in developing an adequate methodology for 
assessing ecological impacts. He examines the implications of these considerations for 
system description, risk assessment and decision support phases of an assessment in the 
case of flooding of a savanna ecosystem. 

x 
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In chapter 9, Maystre and Simos present an approach for managing dissent in impact 
assessment. This approach is based on four rules, which should be followed in order to 
take into account and do justice to the individual judgments of negotiating parties in an 
impact assessment They exemplify the method by a study on environmentaI impacts of 
solid waste management. 

In chapter 10, Green, Tunstall and House present a methodology for the assessment of 
the benefits of sewerage schemes. These benefit indicators are translated in economie 
terms. This methodology contains a model for determining water quality under the 
influence of discharges of used water and a method for summarizing the quality before 
and af ter the implementation of the scheme. 

The last part of the hook adresses the topic of technology assessment. 

In chapter 11, Beek perceives technology assessment (TA) not as a scientific discipline 
per se but as a (partial) substitution for judgement. The main problem in improving TA 
is therefore a better institutionalization in administration, politics and management 
Showing examples, he pleas for a form of TA as a combination of an ability 10 analyze 
and a skill to guide a mediation process. 

In chapter 12, Hohmeyer compares the quantified social costs of altemative technologies 
for electricity generation and assesses the impact of not including all costs in the market 
price of electricity on the competitive position and the market introduction of wind 
energy. The results indicate a need for state intervention in investment decisions and 
market pricing of electric energy. 

The contributions to this hook demonstrate the necessity to develop more sophisticated 
methods of forecasting and assessment and also show that many empirical researchers 
are devoting much effort to improve their instruments. The hook also indicates that 
methodological improvements might be not sufficient. A better entrenchment of 
scientific analysis in the actual processes of decision-making should be another 
endeavour to improve the impact of science on policy. However, this should not be a 
unilateral obligation for scientists, but a common task for both decision-makers and . 
analysts. 

This hook could not have been produced without the help of several people in the 
Universities of Delft, Leyden and Twente. We are especially grateful to Hanneke van der 
Linden, Dorothé Hammecher, Iet van der Mast, Ben Hoogenhoom, Ann Brunskill and 
Jane van der Werff. Their impact on both the success of the conference and the 
realization of this hook has appeared to he inassessable. 
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CHAPTERI 

METHODOLOGICAL FOUNDATIONS OF IMPACT FORECASTING 

F.A. van Vught 

Man's desire 10 forecast the future is for all time. And so are the wamings 10 be aware of false and 
uncritical forecasting activities. 
In our century the activity of forecasting has developed into a fully fledged scientific discipline, with 
many specialised researchers and international joumals and conferences. However, a critical attitude 
towards our forecasting capabilities is still in place. As a scientific activity, forecasting is confronted 
with pitfalls which apparently are not always very visible for its practicioners. 
In this chapter some of these pitfalls will be explored. A distinction will be made between fallacies and 
errors. Fallacies will be seen as logical mistakes, i.e. as violations of one or more logical principles. 
Errors will be defmed as methodological mistakes, i.e. as violations of the principaIs associated with the 
hypothetical-deductive methodology of science and/or as the ignoring of important dissimilarities 
between the physical and the social sciences. 
The pitfalls 10 be discussed will include: 
- the 'post hoc ergo propter hoc' fallacy 
- the 'circulus in probando' fallacy 
- the error of 'psychologism' 
- the error of predicting without a theory 
- the error of 'corroboration' 
- the error of 'scientific determinism' 
- the error of intuition 
Af ter the exploration of these fallacies and errors, some suggestions will be formulated regarding both 
the further scientific development and the practical applications of impact forecasting. It will be argued 
that in order 10 avoid the spread of false and uncritical forecasting activities, more attention will have to 
be paid 10 the methodological foundations of forecasting. 

1.1. Introduction 

In this chapter I would like to focus on one of the fundamental characteristics of impact 
assessment: the need to forecast the future. Every form of impact assessment implies the 
ability to derive judgments about what mayor what may not happen in the future when 
certain decisions are taken. Every form of impact assessment is also by definition a 
form of impact forecasting. 
Man's desire to forecast the future is for all time. And so are the warnings to be aware of 
false and uncritical forecasting activities. "Beware of false prophets, which come 10 you 
in sheep's clothing, but inwardly are ravening wolves", says Matthew 7:15. 
In our century the activity of forecasting has developed into a professional activity, with 
international journals and conferences and many specialized researchers. However the 
warning against false prophets is still very appropriate. As a professional activity, 
forecasting is confronted with fallacies and errors, which are not always seen by its 
practitioners. 
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1 would like to explore some of these fallacies and errors. While doing so 1 hope to he 
able to assess the finnness of the methodological foundations of impact forecasting and 
to formulate some suggestions for the practice of this intriguing scientific activity. In this 
exploration, 1 will make a distinction hetween fallacies and errors. Fallacies will he seen 
as logical mistakes, i.e. as violations of one or more logical principles. Errors will he 
defmed as methodological mistakes, i.e. as violations of the principles associated with 
the hypothetical deductive methodology of science, as it is formulated in the 
sophisticated version of falsificationism. 

1.2. The "Post hoc ergo propter hoc"fallacy 

One of the most crucial problems of human existence is that our knowledge and 
experience concern the past, while we have to make our decisions for the future. Popper 
has called this problem "Hume's problem of tomorrow", which can he described briefly 
as: "How can we know that the future will he like the past?" 1) 

"Hume's problem of tomorrow" may point us to an important possible fallacy in 
forecasting: the "Post hoc ergo propter hoc" fallacy. Translated from Latin this fallacy 
can he formulated as: "af ter this, therefore on account of this", which makes clear that 

this is the fallacy of supposing that because one event follows another, therefore the 

second has caused the fust The "Post hoc ergo propter hoc" fallacy makes us aware of 
the fact that although two events might he consecutive, we cannot simply assume that 
the second would not have occurred without the fust. The second might have happened 
anyway. The two events might both he linked by a factor common to both. 
Regarding our predictive abilities, we have to realize that unfortunately every event is 
preceded by an infinite number of other events. Before we can assign the idea of cause, 
we need more than the simple succession in time. 
The "Post hoc ergo propter hoc"fallacy can of ten he found in the literature and practice 
of forecasting. lt is the fundamental mistake of the argument of induction, an argument 
which appears to he much used within the community of forecasters. 
The inductive argument is that, based on an observed regularity in a limited numher of 
cases, it is possible to formulate a general statement concerning the regularity in all 
similar cases. Based on a limited numher of observed cases in the past, the inductive 
argument says, it is possible to formulate a general statement which also applies to the 
future. 
In forecasting the inductive argument is very popular. Forecasters claim to he able to 
make accurate statements about the future hecause of their experiences in the past. They 
appear to he using the assumption that the future is more or less similar to the past 2), 

However, nearly 250 years ago Hume was already able to demonstrate that there is not a 
single logical argument on which we could base the conclusion that the phenomena 
which we have not experienced resembie the phenomena which we have experienced 3). 

Hume's point is that the inductive argument cannot he logically justified. There is a neat 
little story by Russell about an inductivists' turkey, which - in elaborated form - can he 
found in Chalmers and which makes this point very nicely: 
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"This turkey found that, on his fITSt morning at the turkey farm, he was fed at 9 
a.m. However, being a good inductivist, he did not jump to conclusions. He 
waited until he had coIlected a large number of observations of the fact that he 
was fed at 9 a.m., and he made these observations under a wide variety of 
circumstances, on Wednesday and Thursday, on warm days and cold days, on 
rainy days and dry days. Each day, he added another observation statement to 
hls list. Finally, hls inductivist conscience was satisfied and he carried out an 
inductive inference to conclude, 'I am always fed at 9 a.m.'. Alas, this 
conclusion was shown to be false in no uncertain manner when, on Christrnas 
eve, instead of being fed, he had his throat cut. An inductive inference with true 
premises has led to a false conclusion" 4). 

With Hume's analysis at hand, Popper was able to demolish the inductive argument. 
Hume's analysis demonstrates that, based on our observations, we can never formulate 
the detinite statement that a theory is forever true. The only thing our observations 
enable us to do is to decide that a theory is not true. The observation, "Ibis is a pink 
swan', can, for instance, enable us to conclude that the hypothesis, 'All swans are white', 
is not true. Predictions deduced from theories are exactly constructed for this task. A 
prediction in this sense is a statement whlch can logically be deduced from a theory and 
whlch concerns a phenomenon which has not yet been experienced. By confronting such 
a prediction with the observations of reality, we can find out if a theory can or cannot be 
falsified 5). 

In connection with this, it may be pointed out that a defmite rejection of a theory is 
impossible. From Hume's argument it may also be concluded that a judgement about a 
theory will always take place with observations which in the last resort are themselves 
based on theories. Observations without theories are impossible. So, defmite empirical 
evidence does not exist 6). 

It may be concluded that the assumption that the future wiIl be similar to the past is 
tricky. Historical patterns cannot enable us to make justifiabie predictions. The inductive 
argument cannot logically be justified, and this also holds for every prediction based on 
the previous assumption. 
This, of course, does not mean that thls assumption should not be used. The past and the 
present are the only domains from which we can build up our knowledge and 
experience. When we want to make decisions about the future, we can use only this 
knowledge and experience. 
However, when we use the assumption that the future wiIl be like the past, we will have 
to demonstrate that we have a reason for using it. As we wiIl argue below, this reason 
can be found in our theoretical knowiedge. If we cannot demonstrate that we have such 
reasons, i.e. when we simply assume that a succession in time justifies our forecasts, we 
are led into the "Post hoc ergo propter hoc" fallacy. We then incorrectly believe that the 
future is simply a continuation of the past. 

What does this all mean for impact assessment? I think the recognition of the "Post hoc 
ergo propter hoc" fallacy implies that in impact assessment we should be very careful 
with inductive arguments. Since the inductive argument cannot logically be justified, we 
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should try to avoid predictions which are fundamentally based on such an argument 
Instead we should try to develop our assessments by using tbe tbeoretical knowledge 
available. We should try to deduce our impact statements from scientific theories and we 
should indicate which tbeories we are using and how our deductions have been made. 

1.3. The "Circulus in probando" fallaey 

The fallacy of tbe "Circulus in probando" consists of using as evidence one or more facts 
which are authenticated by the very conclusion they support. It is the fallacy of arguing 
in acircle. 
The "Circulus in probando" fallacy is a specific case of the fallacy of "Petitio principii", 
also known as "begging the question", a logical mistake which is made whenever in an 
argument something is used which the conclusion seeks to establish. The mistake of 
"Petitio principü" lies in tbe dependence of tbe conclusion arrived at in an argument 
Such a conclusion is a1ready used (albeit of ten in a disguised fonn), in tbe premises 
which support it 
The "Circulus in probando" is fallacious for tbe same reason as the broader mistake of 
tbe "Petitio". It fails to relate the unknown or unaccepted to tbe known or accepted. All it 
does is give two unknowns, which are chasing each other's tails without attaching 
tbemselves to reality. 
Forecasters often are allured into tbe logical mistake of arguing in a circle. Instead of 
trying to explain tbe unknown future by relating it to knowledge which so far has not 
been proven to be scientifically false, they develop schemes and arguments in which the 
judgments about tbe future are already implied in tbe premises used to establish them. 
Instead of being conclusions about tbe future, forecasts in tbese cases are statements 
about tbe forecaster's view of the past and the present As Peter Drucker once claimed, 
forecasts of ten say more about tbose who make them than about tbe future. 

For impact assessment tbe implications of the recognition of this fallacy are simply to he 
aware of tbe alluring mistake of arguing in a circle. For each and every statement about 
tbe future we should check whether it is correctly deduced from available knowiedge. 
Moreover for each and every statement we should try to [md out whether it is already 
implied in tbe evidence used to produce it 

1.4. The error of" psyehologism" 

The tenn "psychologism" is coined by Popper to indicate the view, favored by scientists 
of a traditional empiricist cast, that tbere are some statements which cao he directly 
confronted witb experience. In 'The Logic of Scientific Discovery" Popper raises tbe 
question conceming the justification of the statements we make about tbe world around 
us. Referring to what he calls "Fries's trilemma", Popper argues that no statement can he 
justified by experience, because tbe universal tenns which are used by us to descrihe the 
reality which appears to us, essentially transcend the experiences they are applied to. 
The early nineteenth-century Gennan philosopher J.F. Fries tbought that tbere are three 
options open to us when we are confronted with the question how we can justify our 
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statements about the world around us. The fust option is to accept them dogmatically. 
When we do not want to accept this position, there are two other possibilities. The 
second option is to try to justify the statements through reasoned argument However, 
this option leads us into an infmite regress, since statements can only be justified by 
other statements. The third option is the one Popper has called "psychologism". This is a 
position which implies that we can break out of the net of language without being 
reduced to dogmatism. In psychologism it is believed that some statements about reality 
cannot he doubted, since they descrihe what is presented to us directly in experience. 
These so called "basic statements" are supposed to he true because they can directly he 
confronted with perceptual experience. As indicated before, Popper suggests that 
descriptive terms are covert1y theoretical, because their application gives rise to 
implications beyond our immediate observational experiences. 
Therefore "basic statements" are also theoretical or hypothetical because the universal 
terms which appear in them "cannot he correlated with any specific sense experience .. 
By the word 'glass', for example, we denote physical bodies which exhibit a certain 
lawlike hehavior, and the same holds for the word 'water"'7). 

It is Popper's conviction that, just as there is no certainty about general theories, so there 
is no certainty about the particular observations by which we try to judge these theories. 
The singular existential statements which are used as tests of the general theories, are 
themselves testable hypotheses. It is for us to decide if we accept them as possible bases 
for the testing of theories and it is for us to decide whether they are or are not in need of 
further testing. Scientific practice is possible because researchers are likely to reach 
agreement on some classes of relevant observational statements. Popper calls these 
statements "basic statements". The practice of scientific research supposes the reaching 
of agreement on the acceptability of basic statements, but it does not need the 
assumption of "psychologism" that these statements are definitely true because they can 
directly be related to perceptual experiences. 
In forecasting the error of "psychologism" is met in various practices in which 
forecasters appear to accept observational statements as definitely true. In their urge to 
try to formulate statements about the future, forecasters sometimes tend to forget that 
observational statements about reality are only hypothetical. Observational statements 
are treated as forever given. They are presented as a solid basis for prediction and as 
such are too of ten assumed to be beyond any doubt 

Impact forecasters should realize that the position of "psychologism" contradicts the 
scientific methodology of sophisticated falsificationism. They should accept the 
conclusion that observational statements cannot he definitely true and they should not 
present such statements as forever certain. In their analyses they also indicate why they 
have accepted certain "basic statements", if possible by refening to the agreements 
reached in the scientific forum. 
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1.5. The error of predicting without a theory 

Forecasters of ten claim that they are able to predict the future scientifically. They argue 
that they are trying to make the ordinary human activity of forecasting more rational and 
hence more successful8). As Amara and Salancik say: 

"The difIerence between futures forecasting and scientific predictions is not one 
of rigor but of purpose. The scientist's purpose is to test a specific model about 
the world ... The futures researcher's goal ... is ... to suggest a model which 
encompasses and extends OUT perception of reality sufficiently weil to permit 
choices or decisions to be made" 9). 

It appears that forecasters address themselves to the scientific method to formulate their 
predictions. But this implies that there cannot be a difference between a scientific 
prediction, which is used to try to falsify a theory, and a forecast which should permit the 
making of decisions. When forecasters want to make the ordinary human activity of 
forecasting scientifically rational, they wiil have to make use of theories. 
Any statement about reality only gets some informative value when it is placed within a 
certain framework, i.e. when it is related to a certain point of view in which it is decided 

which phenomena are and which phenomena are not expected to be important. 
Statements, in other words, derive their informative values from the more or less explicit 
theories we use to interpret reality. Science is a matter of designing those theories and of 
testing them with the hypothetical observations of reality. 
lt is because of these designed and tested theories that, given a certain set of empirical 
phenomena, we are able to formulate certain predictions about the future lO), Theories 
contain general statements about reality that have not yet been refuted. When we want to 
make practical predictions, it is wise to rely upon these sets of argued statements. 
Predictions may be defmed as the statements about reality, which are deduced from a 
consistent system of statements which are formulated in strictly universal terms and 
which indicate as exactly as possible the conditions under which the predictions are 
thought to hold (the initial conditions). Theories provide us with a base to formulate 
predictions. 
Theories also provide us with a reason for using the assumption that the future will be 
similar to the past This reason is the fact that so far the theory has not been refuted. 
When we want a scientific base for OUT practical decisions, we have no other choice but 
to use theories. When more than one theory is available, that theory is preferabIe which, 
compared with other theories, has so far best resisted the most severe testsll), 

However, forecasters here come up against a special problem. In the social sciences 
especially there do not seem to be very many theories which permit us to make 
predictions. The theoretical level in the social sciences is not very high. As Nagel has 
put it: 
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"In no area of social inquiry has a body of generallaws been established, comparabIe 
with outstanding theories in the natural sciences in scope of explanatory power or in 
the capacity to yield precise and reliable predictions" 12), 



Social phenomena generally are not very stabie, c10sed or repetitive of character. Social 
phenomena of ten are rather complex, uncontrollable, dynamic and interrelated. Hayek 
has therefore conc1uded that in the social sciences we will never be able to provide "full 
explanations", but we shall have to content ourselves with "explanations of the 
principle" 13). 

If this is the case, the scientific basis of forecasts will remain fuzzy. Without social 
theories, it is impossible to scientifically predict the social future. But perhaps Hayek is 
too pessimistic. Perhaps eventuallY we will have a body of social theories that can be 
used for scientifically based forecasts. 
In order to achieve this we will fITst have to design the theoretical points of view that can 
successfu1ly reduce the enormous number of possible relevant conditions to a more 
manageable number. Designing theories is a maner of deciding what can be omined. In 
the words of Popper: 

"The method of science depends upon our anempts to describe the world with 
simple theories: theories that are complex may become intestabie, even if they 
happen to be true. Science may be described as the art of systematic 
oversimplification - the art of discerning what we may with advantage omit"14). 

In the literature on forecasting, hardly any attention is paid to the design of theories. 
Forecasters seem to he interested mainly in developing and applying all kinds of 
forecasting techniques, perhaps thinking that the scientific rationality of their work can 
be found in technical and statistical elegance. It is the absence of theories, however, 
whlch is the important factor in the poor results of the forecasting activities. Asher 
indicates that hls evaluation study on the accuracy of forecasting leads to a simple but 
important conc1usion: 

"The core assumptions underlying a forecast, which represent the forecaster's 
basic outlook on the context within whlch the specified forecasted trend 
develops, are the major determinants of forecast accuracy. Methodologies are 
basically the vehic1es for determining the consequences or implications of core 
assumptions that have been chosen more or less independently of the specific 
methodologies. When the core assumptions are valid, the choice of 
methodology is either secondary or obvious. When the core assumptions fail to 
capture the reality of the future context, other factors such as methodology 
generally make linie difference; they cannot 'save' the forecast"15). 

The implication of this conc1usion for impact forecasting is that theories are the most 
important determinants of forecast accuracy. It therefore is wise to base our forecasts on 
available theoretical knowiedge. If theories are not available, we should make an effort 
to develop them. Without theories we are not able to predict the future scientifically. 
Forecasts that are not based on theories may he worthwhile for the support of decision 
making. However, one cannot claim that such forecasts are scientifically based. Impact 
forecasters who make forecasts without the use of theories are involved in the ordinary 
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human activity of reckoning with the future. They have nothing at their disposal to claim 
that their work ~s more rational. 

1.6. Tbe error of" corroboration" 

But even when theories are available, prudence is in order. A theory that has of ten been 
tested and still has not been refuted has a certain degree of "corroboration", i.e. a kind of 
report that indicates how often and how severely the theory bas been tested. 
Now, some people think that the predictions based on those theories that are tested of ten 
and severely (and still have not been refuted) are more probable tban predictions based 
on less corroborated tbeories. Following this line of reasoning, forecasters might decide 
to pronounce that some forecasts are more probable than others because they are 
deduced from theories with a higher degree of corroboration. 
Such a pronouncement would be wrong. From Hume's analysis we have to conclude that 
there is not a single reason to believe that a theory with a high degree of corroboration 
will survive future tests better than a theory with a low degree of corroboration. As 
Popper puts it: 

"In fact, I believe tbat a tbeory, however well tested, may be refuted tomorrow 
especially if somebody tries hard to refute it, and especially if he has a new idea 
about testing it" 16). 

It should be realized that when severa1 competing theories are available, the degree of 
corroboration is a good criterion for choosing a theory. It is sensible to choose a theory 
which bas so far stood up to the criticism. The predictions that are deduced from theory 
do not, however, become more probable when tbe number of tests is higher and when 
the nature of the tests is more severe. The implication is that impact forecasters should 
be modest in their statements about the future, even when tbey are using theories. 
Theories are tested and may be refuted. Predictions, therefore, are always provisional 
and tentative. The possibility always exists that the scientific rationale of the prediction 
will disappear. 

1.7. Tbe error of "scientitic determinism" 

The error of tbe idea of scientific determinism is tbat tbe world and humanity could be 
studied in such a way tbat, one day, when we have enough knowledge at our disposal, 
we will be able to exactly predict every future event Popper describes scientific 
determinism with the help of the so called "Laplacean demon": 
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"Laplace believed that the world consists of corpuscles acting upon one another 
according to Newtonian dynamics, and tbat a complete and precise knowledge 
of the initial state of tbe world system at one instant of time should suffice for 
the deduction of its state at any other instant (The 'state' of a Newtonian system 
is given if the complete initial conditions, i.e., the positions, masses, velocities 
and directions of the movement of all its particles are given). Knowledge of this 



kind is clearly superhuman. This is why Laplace introduced the fiction of a 
demon - a superhuman intelligence, capable of ascertaining the complete set of 
initial conditions of the world system at any one instant of time. With the help 

of these initial conditions and the laws of nature, i.e., the equations of 

mechanics, the demon would be able, according to Laplace, to deduce all future 
states of the world system"l7). 

Scientific determinism asserts that, when true universal theories are available and when 
all the initial conditions can be formulated from the past and the present, the future can 
be rationally calculated. According to scientific determinism, any state of any system at 
any future instant of time can be predicted when we have at our disposal the theories and 

the initial conditions. Scientific determinism, is a dream (or, perhaps hetter, a 
nightmare). The reality is that we will never be able 10 make an inventory of all relevant 
initial conditions or to formulate all the relevant laws. We will never be able to predict 
Mozart's G minor symphony, however long and weU we study Mozart's brain, paper, pen 
and physical environment 18). Our theories remain simplifications of an endlessly 
complex reality and can only he mutually compared. Moreover, our theories are only 
attempts to find the truth by testing conjectures about truths. If we could reach the ideal 
of a true and complete theory, we would not know it. 

Scientific determinism appears to seduce forecasters easily. The ideal of complete and 
certain knowledge leads them to the assumption that it is their task to gather as much 
information as possible to he able to make more accurate forecasts 19). This assumption 
is wrong. It is based on the false argument that it is our level of knowledge which 
defmes the probabilities of future events. The probabilities of future events are of course 
defmed by the objective circumstances in reality and not by our level of knowiedge. The 
important (and difficult) task we are facing is to design the theories which could explain 
why, given certain empirical conditions, we expect cenain specific effects. Theories are 
human inventions. Theories are "nets designed by us to catch the world" 20). The 
gathering of information as such does not help us. We will have to integrate this 
information into scientific theories to he able to make scientifically based predictions. 
The probabilities of future events are not influenced by these theories. The theories only 
provide us with a reason to deduce certain predictions (see before). 
Every theory is a reduction of reality. Theories wiU never he perfect instruments for a 
complete representation of reality. They will remain systems of conjectures, which may 
or may not have a high degree of corroboration. Given the nature of our theories and 
given the fact that the numher of potentially relevant initial conditions is endless, we will 
have to admit that exact predictions are impossible. In our theoretica! knowledge the 
complexity of reality is always reduced. When we decide to deduce a prediction from 
this reduction we will always he surprised by complexity. There will always he initial 
conditions of which we had not thought. 

In impact forecasting we should he aware of the error of scientific determinism and we 
should resist the temptations which follow from it. We should deny the assumption that 
the gathering of more and more empirical data will lead us to more accurate forecasts. 
We should, instead, realize that the crucial task of science is one of designing and testing 
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theories. And we should, in our field of impact assessment, accept the conclusion that, 
because of the fundamental nature of theories, we are not able to make exact predictions. 

1.8. Conclusion 

I have discussed some important fallacies and errors in forecasting. It appeared that these 
fallacies and errors are not always easily taken care of and that the temptations they 
provide are sometimes hard to resist. The wish to formulate convincing predictions 
especially, easily leads 10 ignorance of some of the basic principles of scientific 
practice. And ignoring the basic principles of science cannot but lead to making logical 
and methodological mistakes. 
The final conclusion for impact forecasting must be, I think, that modesty is necessary at 
place. The methodological foundations of impact forecasting cannot be very fmn, when 
theories, from which our statements about the future should be deduced, are only 
partially available. And even when we can make use of such theories, we should realize 
that our forecasts are only tentative and cannot take the form of detailed precision. 
This conclusion should not discourage us from developing the practice of impact 
assessment into a fully fledged professional activity. Again and again in everyday life 

crucial decisions have to be taken, which certainly justify a professional analysis of their 
consequences. It is achallenge to try to build a scientific approach to decision making, 
even if we accept the modest conclusion that scientific analysis has its limits. 
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CHAPTER2 

THE FOUNDATIONS OF INFERENCES IN FORECASTING 
METHODOLOGY 

P.M. van der Staal 

This chapter evaluates the set of discursive quantitative methods of futures research. Their common 
feature is the application of explicit, scientific and inferential procedures to the problems of predicting 

future states and developments. 
In discursive forecasting techniques, inferences of deductive, inductive and statistical nature may be 

distinguished. These main types of inferences are based on logical and probabilistic foundations. 
1bese foundations appear to be objects of persistent controversies. The arguments presented are very 

relevant to the evaluation of these forecasting techniques. The various theories and interpretations of 
the inferences and foundations wil! be discussed frrst 
The discursive forecasting techniques are evaluated against the findings of the debate on foundations. 
Techniques such as univarlate and multivariate time series and system modelling wil! be analyzed for 
their elementary inferential elements and their foundations. By testing the strength of these 

foundations, a judgement of the absolute and relative reliability of the different techniques can be 

obtained. 
The chapter is a compilation of an in depth study of the foundations of scientific methods and 
techniques of futures research (v.d Staal 1988). 

2.1. Theory of science 

The theory and methodology of science are used as instroments for analyzing and 
evaluating the foundations of futures research. 

A fundamental problem for predicting the future is the question of determinism. In 
general this metaphysical problem seems insolvable and fruitless for futures research. 
Determinism is no sufficient condition for predictability, predictability no proof for 
determinism and unpredictability no proof for indeterminism. The gap between the 
concepts is imposed by the limitations of the human mind (Earman 1986). 

A weIl known methodological distinction is made between the process of discovery of 
scientific statements and their justification (Reichenbach 1983). In science in general, 
this distinction appears to be far less sharply defmed and fruitful than is frequently 
suggested. In particular, the discursive methods for forecasting contain procedures which 
are used both for discovery and for justification. For these reasons the distinction will be 
abandoned for ourpurposes. 

The realization or "troth" of a prediction is an important hindsight criterion for judging 
the value of a forecast. However the concept of troth forms another unsolved question in 
the philosophy of science. No generally accepted and satisfying theories, operationali­
zations and criteria appear to exist for this concept. The correspondence theory of troth 
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best fits our intuitive notion of truth. In this theory truth is defined as correspondence 
between belief and facts. Apart from other philosophical objections, this theory has little 
value for futures research. As long as a prediction as such is of use, no facts exist to test 
correspondence. The coherence theory seems to offer greater perspective. In this theory, 
a statement is held to be true if it coheres logically with other true or corroborated 
statements. 
Hume, Russell and Popper have demonstrated convincingly that all claims on certain 
knowledge about the future can be wrong. A way out of this skeptica1 argument could be 
found in the relaxation of the claim of truth. An adjusted claim would state that optimal 
grounds for knowledge of the future exist. These grounds should be found under the 
procedures of forecasting techniques. This approach matches best with the coherence 
theory of truth. 
This constituted the rational for the study supporting this chapter. It elucidates and 
analyzes the elementary procedures of forecasting techniques. The object of this 
investigation are techniques consisting of explicit discursive procedures, since only these 
particular techniques can be (re)constructed more or less rationally. They are therefore 
more transparent for detecting basic procedures and thus more accessible to rational 
criticism. Special attention will be given to positions in the philosophy and methodology 
of science on these foundations. 

2.2. Deductive methodology 

Deductive arguments constitute the most reliable inferential procedures, that can be 
obtained. They entail true statements derived from true knowiedge. This cannot be 
proved by facts or logic. It rests on convention, experienced successes and the default of 
counterfacts and paradoxes. The problem of deductive arguments for futures research 
emerges from the definition; they do not allow inferences of true statements, which are 
not contained in the prernises. Future facts, which are not enclosed in the available 
information on past and present, cannot be predicted via deduction. 

The most important empirical deductive methodology is the doctrine of critical 
rationalism (popper 1963). In this doctrine, scientific statements are produced as testable 
guesses. If serious attempts to falsify these statements fail, they can be accepted for the 
moment as corroborated. This methodology cannot guarantee the truth of these 
statements, nor of the entailing predictions. It can only sometimes demonstrate the 
falsity of statements. The methodology contains no sharp operational criterion for the 
corroboration of a statement 
Falsificationism is primarily meant to be a methodology for producing revolutionary 
new scientific products, such as universal theories and for the progress of science, but 
not for producing statements on single events, such as predictions. Falsificationism as a 
deductive methodology is therefore not adequate for futures research and is not able to 
exclude nondeductive inferences as absolutely inferior in this respect. 
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2.3 Inductive methodology 

In a broad sense, induction may be described as the inference of unobserved and 
unknown facts from known or observed facts. Inductive methods generate knowledge 
transcending the content of the premises. However, their conclusions cannot claim 
certainty because they are not entirely contained in the premises. Because all forecasting 
techniques contain inductive inferences, a closer analysis of the nature and justification 
of these inductive foundations is relevant for their evaluation. 
The problem of induction is a persistent foundational problem in the methodology of 
science. It boils down to the question whether inferential procedures exist, which are 
both knowledge amplifying and truth conserving, and if not, on the question on what 
basis we trust in knowledge amplifying inferences. Proponents of inductive procedures 
have not thoroughly succeeded in formally proofmg and codifying correct inductive 
inferences. In the philosophy of science a debate is still continuing on the problem of the 
justifïcation of induction. None of the suggested solutions or dissolutions appears to be 
decisive or strong enough to gain wider consensus in the philosophical forum. The most 
dominant philosophical positions are: 
1. Skepticism about induction 
2. Analytic justification 
3.PTagmaticjustification 
4. Inductivejustification 

2.3.1. Skepticism about induction. 
In its simplest and most essential form the problem of induction is elaborated by Hume: 
(Hume 1902). In the last instance all knowledge of reality is based on experience and 
observation. Nevertheless, much more knowledge is claimed to be available than can 
ever be acquired by experience only. The problem emerges how the conviction can be 
justified that this surplus knowledge really is true knowledge and what the nature could 
be of the arguments used for this justification. These arguments cannot be purely logical 
inferences, because they cannot convey the truth of the conclusions beyond the content 
of the premises. The question is in essence what type of arguments are used to infer from 
observed to not observed facts. 
Hume's problem of induction is whether inferences exist, which are both knowledge 
amplifying and truth conserving. Ris answer to this question was negative. It imp lies 
that the assertion cannot be proven that any induction rule exists which by necessity 
produces true conclusions from true premises (Salmon, 1974,49). 
Herewith the dilemma is given: an inference can either transfer truth if premises are true 
and the inference is valid, but this does not lead to knowledge amplifying or it leads to 
an addition of knowledge but then there can be no guarantee for the truth for this surplus 
knowiedge. Hume's qualification of induction was that it was merely a way of life to 
form habits by association based on observed repetition and to trust on these habits. 

A modern skeptical philosophical position regarding induction is that of Popper. He 
suggests a more rational solution of this problem with his method of critical rationalism 
(Popper 1982, 33). He disconnects the logical relation between observed regularities and 
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statements on unobserved events with a general character. 
He emphasizes the importance of scientific theories and endorses Hume's conclusion of 
the invalidity of inductive inferences. But he retains the possibility of empirical science, 
without accepting that only experience provides valid reasons for general laws. 
Scientitic theories can be distinguished from nonscientific statements by the logical 
criterion of falsifiability. A suggested theory is in principle falsifiabie if it contains at 
least one possibly false statement This opens the possibility for a critical check of 
theoretical guesses by experiment and thus the possibility of empirical sciences without 
inductive inferences from observations. Qnly if it is accepted that scientific knowledge 
merely exists of conjectures or hypotheses, the induction problem can be "solved" 
without accepting a principle of induction or setting limits to empirical science. 

23.2. The analytic justification of induction 
In analytic or linguistic philosophy, great importance is given to ordinary language as a 
vehicle of judgements on inductive inferences. The analytical position admits that 
induction is not able to meet deductive validity requirements, but states that in most 
cases there is no need to. In daily life and scientific practice inductive inferences are 
frequently niade. They are considered as reasonabie procedures, which are based on 
good grounds or evidence and lead to probable conclusions, in which it is rational to 
believe. 
These procedures are justified in two ways: 
The basic analytic thesis is that in ordinary language the keywords, rational, probable 
and evidence, reflect our common sense judgements, concerning certain types of 
inductive inferences under certain conditions and our criteria for their correctness. 
Moreover, understanding of what is meant by correct inductive inferences and rational 
belief is developed by being shown standard examples of such inferences and beliefs. 

The analytic justitication does not concern all possible inductive inferences. The 
adjectives good or bad (reasons or evidence) indicate that inductive arguments exist, 
which are either excellent or absolutely not justified. Analytic philosophers do not defrne 
good reasons as logical decisive reasons. Their strongest definition for a good reason for 
an inductive conclusion is that experiences in the past are: predominantly or exclusively 
positive, that the number of positive observations is at least fairly large and that they 
come from a large variety of circumstances. 

The analytic justification of induction is criticized for the vague and non-objective 
character of the presented criteria and the absence of the logical relations between the 
central concepts: rationality, good evidence and probability (Edwards 1974, 33). 
Although, in ordinary language, the meanings of these keywords are c10sely connected 
with our inductive intuitions and common sense, our preference of these intuitions can 
not be justitied on logical grounds. Carnap even indicated a whole continuum of 
inductive methods, but he appeared unable to make a selection on logical grounds 
(Carnap 1950, 8,53). 
Common sense is not able to determine this choice by comparing inferences with 
standard examples either. These examples are not adequate in all comparabie cases. In 
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practice many inductive inferences, analogous to these examples, appear to lead to false 
conclusions and predictions. 
The strongest analytic definition of good reasons is criticized on the grounds that, 
because of the lack of an exact quantification of the explicitly specified criteria, sharp 
objective discrimination of good and bad reasons remains impossible. Moreover, for no 
particular inference or domain, an exact number of cases can be given that produces 
evidence for a next case. Popper even shows that a single case can be sufficient for a true 
inductive conclusion, which anyone who was bumt once by a stove can agree (popper 
1978,70). 
Finally the fuzzy relations between the concepts goodness (of reasons and evidence), 
probability (of inductive conclusions) and rationality (of belief in these conclusions) are 
criticized as follows: 
In the analytical position, an assertion is credible if it is probabie. It is probabie, if it is 
logically founded on available evidence. Now, if the assertion is a conclusion of an 
inductive inference, than it is supported by inductive evidence. In that case the 
conclusion that an inductive inference is probable is trivial. Phrased in this way the 
induction problem finally leads to the question whether it is rational to be rational. The 
concepts induction, evidence and rational then refer to each other in a circular way 
(Salmon 1974,49). 

233. Pragmatic justification of induction 
Pragmatists define induction as a method to infer universal or probabilistic laws from 
particular observations. Their problem of induction is to investigate which inductive 
rules are correct and to establish a proper justification for it Their basic idea is tbat the 
sole ground to accept or reject any rule is not its logica! validity, but its effectiveness to 
attain pursued goals. The goal of induction is to help us extending our knowledge 
beyond experience and observation, a goal which can never be served by deductive logic 
alone. Furthermore neither deductive nor inductive rules can be justified on logical 
grounds without infinite regress or vicious circularity. On the other hand it cannot be 
proven that no inductive inference will ever yield a true conclusion. 
These considerations encourage pragmatists to work on a program to search for correct 
inferences, and to establish a "vindication " or pragmatic justification. This program 
aims at the demonstration that good reasons can exist to prefer aspecific inductive rule 
above other rules, because they extend our knowiedge. Reichenbach tried to establish 
such a vindication by a reasoned 3election of a correct elementary method of induction 
and by trying to proof that this method is the best to fulm.l the knowledge amplifying 
function (Reichenbach 1938). His thesis was that in those cases where any method 
would he able to extend knowiedge, his method of induction is capable to do the same. 
If the two conditions are considered, that a domain of phenomena is uniform or not 
uniform and if the possible performances of methods under these hypothetical 
conditions are investigated, it is evident that in the case that these phenomena are 
chaotic, no method whatsoever will succeed. If any alternative method would succeed, 
this would indicate a uniformity of phenomena, the very necessary condition for 
successful application of induction. Under that condition, persistent employment of the 
correct inductive method would eventually yield the extended knowiedge. 
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From tbe set of elementary forms of inductive inferences, Reichenbach selected tbe 
enumerative rule of induction. More complex rules should he compositions of this 
fundamental rule. The rule of induction by enumeration allows an inverse inference: tbe 
transmitting of an attribute from an observed sample to a population. This rule is 
extended by tbe frequency interpretation of probability. This interpretation defines 
probability as tbe limit of tbe relative frequency of tbe attribute in an infinite series of 
events. Because this defmition can he deduced from tbe axioms of tbe matbematical 
calculus of probability, tbe operations of tbe calculus can all he applied, such as tbe 
inference of new probability statements from given empirical probability statements. 
This extension allows tbe enumerative rule to infer tbat tbe probability of an attribute in 
an infinite series approximates to tbe probability of an attribute in an observed series. An 
implicit assumption is tbat tbe series has to be random. 
Salmon elaborates a more precise version of tbe foregoing justification. He points out 
that tbe kind of uniformity Reichenbach is referring to is tbe statistical regularity of a 
limit of tbe relative frequency of an attribute in observed cases. Ris modified 
justification proceeds analogously: Altbough it can not he known a priori tbat tbere will 
he a limit to tbe relative frequency of an attribute in a series, it is nevertheless rational to 
use tbe enumerative rule, because if tbere is a limit tbis rule will find its value and if 
tbere is no limit no other metbod will. 

The pragmatic justification still suffers from a numher of weaknesses. One serious and 
as yet not satisfactorily solved problem is tbe unique selection of tbe enumerative rule 
from an infmite number of competing rules. The so called asymptotic rules all enable us 
to find an existing limit of a relative frequency as long as evidence grows large enough. 
Before tbat moment however, results based on different rules can vary largely. There is 
no a priori decisive reason for making a choice from tbese rules. The reason 
Reichenbach gives for his preference of tbe "straight" rule is its simplicity (Reichenbach 
1949,446). A logical proof tbat simplicity is superior in establishing reliable values for 
tbe limits of relative frequencies cannot he produced. Anotber serious problem, in 
particular for forecasting, is tbat altbough tbe relative frequency interpretation of 
probability allows tbe application of tbe enumerative rule to an infmite or indefinite 
large series of events, tbe method cannot be vindicated for application to a fmite set of 
unobserved events. A third important problem is tbat in science more complex types of 
inductive inferences are frequently employed, which are not yet vindicated in tbeir own 
right nor as composites of tbe rule of induction by enumeration. 
Anotber problem is tbat no knowledge exists about tbe required number of tries of tbe 
enumerative rule or about tbe moment in which a try is successful in reaching tbe actual 
value of a limit of a relative frequency. 
A fmal remark concerns tbe domain of phenomena to which induction is applied. As 
shown before, tbe uniformity of this domain forms a necessary condition for tbe success 
of tbe inductive metbod. This uniformity holds better in tbe physical tban in social 
reality. This restriction reduces seriously tbe relevance of this pragmatic justification for 
tbe field of social forecasting. 
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23.4. [nductive justijication ofinduction 
This type of justification is based on our experience that in the past particular inductive 
inferences have remarkably of ten, though not always, been followed by true conclusions 
or predictions. This relative success makes us believe that if we apply these inductive 
inferences on a future occasion there is a good chance that again true conclusions will 
result The probability of a true conclusion is estimated to be equal to the fraction of 
positive outcomes in all attempts of a particular inductive inference. This justification is 
called inductive because it is derived from the (inductive) inference that observed 
regularities in the considered inductive inferences will occur in other similar instances. 
In other words, the fact that predominantly phenomena behaved according to the results 
of certain inductive inferences forms a good reason to conclude that, inversely, the 
results of these inferences will correspond with future phenomena. 

The inductive justification suffers from some serious fallacies. 
The fust one is the implicit post hoc ergo propter hoc argument (see also chapter I). It is 
tacitly reasoned that in all these cases, in which subsequent phenomena appear to 
correspond with the outcomes of preceding inductive inferences, this correspondence 
can be ascribed to these inferences and not to coincidence or to other causes. A graver 
fallacy is the circularity in the argument of the justification (Braithwaite 1974, 110 e.v.). 
The argument that many effective inductive procedures in the past constitute a general 
effective rule, is itself an induction byenumeration. The allegation of circularity now is 
argued as follows: the belief in the validity of inductive conclusions is based on the 
proposition that inferences which have been successful in the past will continue to be so 
in the future. This proposition is not a true fact but an assumption or a general 
hypothesis, which in its turn should be proven. This requires either another inductive 
argument, which leads to an intolerablely infmite regression with an infmite series of 
inductive arguments, or to the establishment of its own effectiveness. The only reason 
that could be given to establish that an inductive inference byenumeration is effective is 
that it has been proven to be so in the past. Since this is another enumerative inductive 
procedure, a vicious circularity in the justification of induction can be ascertained 
(Salmon 1957,33,48). 

235. Conclusion 
Application of the results of the preceding analysis of the various appraisals of induction 
seems to yield a rather gloomy perspective. 
The skeptical view on induction seems to be only negative on the use of induction for 
forecasts, which cannot, on practical grounds be a priori subjected to a falsification trial. 
The analytical approach, which considers the classical problem of induction as a tangle 
of confusions, produces only more linguistic confusions and circular conceptual frames. 
The inductive justification leads to an unsolvable infmite regression and circular 
arguments. 
The more promising pragmatic program is not very elaborate and offers up to now 
nothing else than vindication of the simple rule of enumerative induction. This rule still 
lacks a sound operational basis and relevance outside the domains of (statistical) lawlike 
phenomena in the long run. 
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2.4. Probability assignments 

The concept of probability is of great importance for inductive inferences, which are by 
defmition not logically valid. Whenever non-demonstrative arguments are used 
concerning factual matters, and an indication of tbe confidence in tbe conclusion is 
needed, a reference to the notion of probability is invariably made. Predictions of future 
events especially cannot be inferred from demonstrative arguments. The inherent 
uncertainty is of ten expressed numerically in a probabilistic confidence measure. In 
order to evaluate the rationality of tbe assignment of confidence boundaries to 
predictions, an account should be given of tbe foundations of probability. Probability 
can he broadly defined as a value for a rational belief, confidence or certainty of not 
completely certain knowiedge. In most cases this is a rather vague and personal 
qualitative impression. In science a better founded and more precise assignment of 
probability is needed. The ideal is an objective quantitative measure. The question is 
how such a number should be established and how this method can be rationally 
justified. 

Probability in an absolute sense might be assigned if the whole relevant reality is 
considered as an initial condition. If only a specific set of data is considered as 
determining condition, then tbe more relative meaning of conditional probability (given 
some evidence) should he used. Probability cao be assigned to specific as weil as more 
general factual outcomes or to relations between statements. 
Probabilistic reasoning is a mode of rational thinking. On the empirical meaning of the 
concept of probability, philosophers, mathematicians, statisticians and scientists hold 
many controversial opinions. In the philosophy of science different theories of 
probability can be distinguished: 
1. the mathematical and classical tbeory 
2. tbe logical tbeory 
3. tbe objective theory 
4. the subjective theory. 

2.4.1. The classical theory ofprobability 
The mathematical theory of probability or chance calculus is widely accepted as a 
formal instrument to calculate chances from each otber, or to test the logical 
compatibility of empirical probabilities (Kolmogorov 1956,212). On its own, however, 
it does not allow the assignment of a probability to empirical facts. 

The precursor of the modern mathematical tbeory is tbe classical tbeory of probability. 
This theory is founded by Bernoulli and Laplace. (Weatherford 1982, 22, 26). The 
classical tbeory hinges on tbe principle of indifference: If no reasons exist to expect one 
above tbe other, it cao be assumed tbat mutually exclusive alternatives have an equal 
chance to occur. The resulting measure of probability of an event is then tbe ratio of tbe 
number of cases, favorable to tbe considered event, and tbe total number equi-possible 
cases (Laplace 18026-7). This defmition allows the quantification of prior probabilities 
and, in connection with the probability calculus, mathematical operations on these 
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probabilities. This application, however, is limited to the narrow domain of cases, which 
can he assumed to he equi-possible. 
If further evidence, reflecting more of the real underlying probability of the event, 
becomes available, a posterior probability could, with the theorem of Bayes, he 
calculated from both the initial probability and that evidence. This theorem states that 
the posterior probability corresponds to the product of prior probability and the 
likelihood of the evidence (Hesse 1974, 104). The application of the classical theory can 
he extended to series of events by using the Limit Theorem of Bemoulli. This theorem 
states that the relative frequency of favorable cases in a series of events will fall around 
the probability of a single event within a small interval, which will approach zero if the 
length of the series increases (Bernoulli 171322). This Law of large numhers is valid 
under the assumptions that the events are mutually independent and that the initial 
probability remains constant 

The classical theory has encountered many adherents as weU as critics. 
Regarding the calculus of probability, as a mathematical forma! system, a large 
consensus exists. It underlies allother theories of probability. It provides the most 
rational criterion of all probability considerations. Correspondence with the axioms of 
the calculus of probability is of ten used as an ultimate criterion for the evaluation of the 
assignment of probabilities. It cannot he used to evaluate the probabilities of (sets of) 
contingent statements. It can only he used for the relations hetween probabilistic 
statements, i.e. the evaluation of the inference of probabilistic statements from other 
probabilistic statements. Regarding the probabilities of the premises certainty should 
exist 

On the empirical interpretation of the calculus different opinions exist The most 
controversial in the classical theory is the principle of indifference (Hacking 1975, 126). 
To start with, it does not seem justified to base the assumption of equi-possibility on 
ignorance. If in practical situations, e.g. cards or dice games, thisassumption is 
intuitively sound. It rests on some knowledge of the ideal structure of the events 
producing systems. In the paramount numher of other situations, however, intuitions can 
indicate unequal possibilities. But even in the absolute absence of a priori knowledge 
there is no ground to justify the application of the principle. 
Furthermore the principle seems to introduce a vicious circularity in the classical 
defmition of probability. The defmition is valid for equally probable alternatives. The 
term to he defmed is thus included in the definition (Hacking 1975, 122). Because the 
decision to consider the alternatives as equi-probable, is taken more or less arbitrarily, 
the determination of the probability has a correspondingly weak foundation. The 
assumptions of the principle restrict the justified application of the classical definition to 
ideal artificial simple situations such as throwing dice, drawing cards or playing roulette. 
In practice however, even dice can he loaded, card decks marked unfairly and roulettes 
he asymmetrical. In most practical situations the principle does not hold. 
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2.42. The logical theories ofprobability 
The logical tbeories defrne probability as a logical relation between categorical 
statements. A logical probability can in principle be calculated a priori witb logical and 
mathematical fomlUlae (Hacking 1975, 134). Logical probabilities are never absolute 
but are relative 10 statements. The probability is not assigned 10 an empirical conclusion, 
but to tbe procedure which relates tbe premises 10 tbe conclusion. For example, tbe 
probability of rain 1Omorrow is not refening to tbe rain itself but 10 tbe logical relation 
between tbe rain forecast and tbe meteorological report or tbe utilized weatber data. 
If tbe premises regard known or hypotbetical evidence, tbe logical tbeory can be used for 
empirical purposes. 

Carnap has worked hard to develop a formal system for a logical probability tbeory 
(Carnap 1971). He defines probability as tbe matbematical relation between sentences in 
a formal language. In his view tbe logic of probability should be identical 10 a 
quantitative logic of inductive inferences. He defines tbe concept of probability as a 
measure of tbe partial inclusion of tbe range of one sentence in tbat of anotber. This 
inclusion is not an empirical relation between facts but a logical relation between 
sentences. In specific language, tbe range of a sentence is tbe number of possible worlds 

in which it is true (Carnap 1978, 52). The probability or degree of confirmation had 10 

he defined as a measure of tbe ratio of tbe ranges of sentences. 

This appears to boll down to tbe ratio of tbe measure of favorable cases to tbe measure 
of all possible cases. Camap's program to elaborate hls tbeory for more tban very simple 
worlds and languages has met insolvable difficulties. A later attempt to conneet tbe 
probability concepts of tbe ratio of ranges of sentences and limit of relative frequencies 
has not been fmished witb a satisfying result (Camap 1978, ix, 510, 987). Salmon even 
contended on principal grounds tbat tbis would be impossible (Salmon 1967,74). 

The rationality of tbe logical tbeory depends on tbe demonstrative strength of tbe 
procedures, connecting tbe statements. The main objeetion against tbe logical tbeory of 
probability is that logic alone cannot entail statements about tbe contingent world. 
Probability statements about facts can only be derived by deductive logic from otber 
initial probability statements or from nondemonstrative procedures such as inductive and 
statistical inferences. Moreover, if tbese inferences use premises, containing partial 
knowledge of evidence, tbe logical and objective character of tbe tbeory is blurry. In tbat 
case, tbe determination of probability is containing subjective elements and a probability 
can take different values, dependent on tbe available evidence. Finally tbere is no 
criterion for tbe comparison or falsification of competing probabilities based on 
alternative evidence. 

2.43. The objective empirical theories 
Tbe objective empirical tbeories differ from logical tbeories in tbe sense tbat a 
probability measure is assigned to an empirical fact and from subjective tbeories in tbe 
sense tbat tbe measure is solely determined by this fact and not by a knowing or 
believing subject. The best developed empirical tbeories are tbe relative frequency 
tbeory and tbe propensity tbeory. 
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The relative frequency theory def"mes probability of an attribute as the limit of the 
relative frequency, with which it appears in a random sequence in an indef"mitely 
increasing series (Reichenbach 1949, 68). This definition is widely conceived as 
adequate for the relation hetween abstract probabilities and experience in many cases. 
The theory presupposes a logica! identity between the probability of an event and the 
value of the limit of the relative frequency of an event in a sufficient large number of 
cases. This presupposition can neither he empirically nor logically, but merely intuitively 
he justified or supported. 

The theory has its value mainly for large populations of events. For the probability of 
single events it has little meaning. According to Von Mises the probability of a single 
event does not even exist (Von Mises 1957). It can only have meaning for a class as a 
whole to which an individual belongs. The individual, however, can belong to many 
classes with varlous probabilities simultaneously. According to Reichenbach the 
probability of a single event, though cognitively meaningless, makes sense 
pragmatically if we posit the relative frequency of an extended sequence as an individual 
probability and behave as if it is true (Reichenbach 1968, 240). The problem with this 
pragmatic approach is the selection of an appropriate reference class (Kyburg 1974, 8 
e.v.). But the theory is also not unproblematic for repetitive kinds of events. The idea of 
asymptotical probabilities is of ten applied incorrectly. The idea that in the long run 
events wiU occur in numbers corresponding to probabilities is wrong. Bemoulli's 
Theorem merely stated an increasing probability that the factual frequencies will 
coincide with these probabilities but does not guarantee that this will happen. 
The larger the group of events, the larger the probability that these frequencies will 
approach the probabilities in a given interval. The only justifiabie procedure is to form a 
hypothesis about the probabilities and maintain the hypothesis as long as the relative 
frequencies do not deviate too much from these values. This procedure seems to he the 
most rational application of the relative frequency theory. 

The main objection against the frequency theory is that it is meaningless for unique 
events as weU as for universal laws, of which it cannot he said that they "occur". 
Moreover in reality indefmitely large numbers or extended series of events, for which 
the theory is applicable in principle, are so rare that in practice a test of empirical 
probability statements is seldom possible. And the saying goes that "in the long run we 
will all he dead" (Keynes in: Fine 1973, 103). The empirical interpretation and practical 
application of the theory is therefore strongly restricted. 

A second empirical probability theory is the propensity interpretation. The propensity 
theory also claims to be objective, empirical and genera!. The difference is that the 
frequency approach produces statements on classes collectively, while the propensity 
interpretation does this distributively. An example is: the probability of showing a six 
with this die, thrown with this cup on this table is 1/6. The propensity interpretation 
allows, according to Popper, an estimation of the hidden and not directly observabie 
physical disposition, tendency or propensity to realize possibilities (popper 1984, 286). 
The interpretation can he conceived as the physical interpretation of the classical 
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definition of probability, as a meaSure of possibilities. The relative frequency of 
favorable cases in a number of possible cases can be considered as the actual 
manifestation of these hidden propensities. A hypothesis concerning the strength of this 
propensity can be checked by statistical tests on observations of these relative 
frequencies. This approach can, according to Popper, be of special importance for the 
physical sciences (popper 1984, 286). Propensities can be used to help explain and 
predict the statistical properties of sequences of events. They do not allow however to 

predict or state anything whatsoever about a singular event (popper 1984, 350). 

2.4.4. The subjective probability theory 
According to this theory, the probability of an event as such does not exist (Finetti 1974, 
x). A probability depends on the degree of partial belief a rational subject should have in 
the occurrence of the event, given certain evidence. The degrees of partial belief can 
vary from person to person, though not every degree of belief can be accepted as a 
probability. 1\vo additional requirements should be met: a method for measuring these 
degrees of belief should be specified and the set of related bellefs in various related 
propositions should be coherent. 

If the degrees of belief are identified with the disposition of a person to act in a certain 
way, than this act can he measured by observing hls hehavior. This hehavior can e.g. he 
expressed in the hetting ratios the person is willing to accept or the scores or choices he 
is willing to make (Finetti 1974, 179 e.v.). 

The requirement of coherence is the most important rationality criterion of the subjective 
theory (Salmon 1967, 80). The criterion is closely related to the axioms of the 
probability calculus. For the evaluation of a single subjective probability statement, no 
rationality criterion other than that it should he made by an honest and sane person can 
he given. For a mutually exclusive and exhaustive set of related statements, however, 
the criterion of coherence is applicable. In the case of coherent betting behavior the bets 
should be logically consistent with each other. Moreover they should cohere in such a 
way, that it will not be possible for the person to accept a bet from a cunning (or smart) 
gambler or bookmaker which will result in a sure loss, irrespective of the outcome, a so­
called Dutch Book (Kyburg & Smokler 1980, 41,213). An example will illustrate this 
Dutch Book situation: Suppose a gambler is otIered a bet, in which he wins $8 if horse 
Fairy wins and looses $2 if not, then he can accept this bet without a net chance to loose 
if Fairy has 20% chance to win. In this case a fair bet exists. 
The situation becomes more complicated if a set of bets are otIered. If e.g. in a race with 
three horses the chance that horse Dutchy wins is 40% and that horse Booky wins is 
50%, a fair bet seems to be with the odds 6 to 4 on Dutchy and 5 to 5 on Booky. If, in 
order to feel sure, a bet of 2 against 8 is accepted on outsider Fairy, this system of bets 
unfortunately appear to yield loss in all possible outcomes. In this transparent case this 
canbe seen and calculated easily. The assignment of probabilities does not suffice the 
axiom that the sum of chances is equal to 1. In more complex bets this insight is much 
more difficult In this example the separate bets cannot be said to be inconsistent The 
package of bets however is not coherent because it does not meet the probability axioms. 
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If the betting ratio's are incoherent, which is the case if the axioms are violated, then a 
chance for a Dutch Book exists. A rational gambler will therefore be wise to fonn his 
degrees of partial belief, as if they are probabilities in accordance with the axioms of the 
probability calculus. 

A supplemental subjective rationality criterion is offered by the theorem of Bayes. With 
this theorem it becomes possible to correct subjective a priori probabilities with the aid 
of further experience. A theoretical point of critici sm is that it cannot be formally 
demonstrated that various initial subjective probabilities wiil converge to one and the 
same posterior probability. Some theoretical support though is given by showing that, in 
a great number of fictitious cases, strongly diverging a priori probabilities appear to have 
negligible effects on final probability conclusions. The strongest objection to the 
subjective theory remains that in the absence of sufficient knowIedge, any subjective 
degree of belief in a statement should be accepted. This can lead to gross mistakes 
regarding the real outcomes. A partial solution is to accept only subjective probability 
statements from experts. The problem is now shifted to the definition of experts and the 
determination of the necessary amount of knowledge for an acceptable subjective 
probability estimation. 

2.45. Conclusion 
The considered probability theories appear to offer no justifiabie methods for the 
assignment of objective measures for probabilities. The mathematical theory offers no 
possibility for an empirical interpretation. 
The classical theory contains no criteria to distinguish outcomes with equal chances. The 
logical theory gives no method for the determination of a logical measure for a partial 
inference and does not connect a probability to an empirical conclusion. 
The empirical theory is restricted to the relatively small class of indefmitely large series 
of independent similar events. 
The subjective theory does not succeed in the objectivation of and convergence to a 
single measure of subjective initial estimates. Some philosophers even suspect that the 
whole concept of probability is an appealing but essentially obscure metaphysical 
notion. A notion with merely psychological and pragmatical, but no cognitive meaning, 
because statements are either true or false and a middle term is excluded. In that case it 
can only have a meaning as a degree of ignorance or belief and a function for rational 
decision making and acting under conditions of insufficient and uncertain knowiedge. 

2.S. Statistical inferences 

In futures research, statistics is mainly used to assess unknown coefficients in equations 
of quantitative prediction models and ultimately to find an indication of the accuracy of 
entailing predictions. The instruments for these goals are inductive statistical inferences 
of unknown parameters with their confidence measures. 
In these inferences, methods can be distinguished such as point estimates with a measure 
of dispersion, interval estimates with confidence boundaries or significance levels, and 
tests of hypotheses with chances of decision errors. For the determination of the nature 
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and the strength of relations between two or more variables, regression and correlation 
procedures are followed. For the connection of a priori information with specifically 
sampled evidence, Bayesian procedures are applied. Statistical inferences are supported 
by partly conflicting, partly supplementary and overlapping foundations and theories. 
The foundations of logic and chance calculus are solid enough, but inductive statistics 
also leans heavily on the much weaker foundations of induction and empirical 
probability. The most important statistical theories are: 
1. the classical sampling theory, 
2. the likelihood approach and 
3. the Bayesian approaches. 

25.1. The classicaI sampling theory 
The sampling theory is grafied upon the relative frequency theory of probability. 
Regarding the validity and strength of foundations of the classical statistical theory, the 
opinions differ widely. 
For the determination of the best point estimators different criteria, such as consistency, 
unbiasedness, efficiency, sufficiency etc., have been suggested (Savage 1972, 223), 
(Hacking 1979, 179). Except for very large samples it cannot he guaranteed that these 
criteria can he applied, that the corresponding estimates exist or that they are unique 
(Hacking 1979, 187). For small samples many arbitrary subjective decisions should he 
made (Kotz Vol 4, 481). 

In the long run, for a large numher of interval estimations or tests of hypotheses, the 
conclusions are valid that a good chance exists that an estimated parameter will fall a 
relatively large number of times within the chosen confidence boundaries and 
respectively that the chosen fraction of wrong decisions will he made. This may give 
psychical support for conclusions and decisions, but no logical guarantee that there is a 
good chance that in one specific estimation the parameter will fall in the interval or the 
decision will he right. The conclusion is the result of inductive hehavior and not of a 
valid inference. As Neyman put it: to accept or reject a hypothesis is merely flan act or 
willor a decision to take a particular action" (Neyman 1957,7-22). Fischer contended, 
in an aoalogy of Poppers doctrine of falsificationism, that a null hypothesis at most cao 
he shown implausible, and cao never he shown plausible" (Gigerenzer 1989,96). 

252 The likelihood theory 
This theory is based on the notion of likelihood. This is the probability of the sampled 
evidence, conditional on a hypothesized value of a parameter. 
In contrast with the probability of a parameter falling within the confidence boundaries 
of the sampled data, likelihood is defined af ter the sampling of data It does not need ao 
assumption of ao arbitrary probability model for a population (Savage 1962, 101). 
The likelihood is a hypothetical quaotity. It has no empirical meaning as such aod cannot 
he used for a test or estimation of a parameter. It cao only he used for the comparison of 
the probability of alternative parameters by meaos of the likelihood ratio, for providing a 
criterion for an estimator by the maximization of the likelihood or for the inference of a 
posteriori probabilities via the likelihood term in Bayes' theorem. 
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253. The Bayesian statistical theory 
With Bayes' theorem statistical theory is provided with a fonnal instrument to combine a 
priori infonnation on parameters with sample infonnation in order to detennine 
posterior probabilities of parameters. With these posterior probabilities estimations with 
credibility intervals can he detennined or the hypothesis with the largest posterior 
probability can he chosen (Berger 1980, 133 e.v). 
This approach is based on the idea that it could he irational to use only data, gathered for 
a specific analysis and to ignore otherevidence (Savage 1962,91). 
The main objections against this theory are that the initial as well as the posterior 
probability estimates have a subjective nature and that there is no guarantee that widely 
diverging initial estimates win converge and will approximate arealistic posterior value 
(Hays 1971,445). 

In the forum of reputed statisticians no consensus exists on the logical foundations of 
statistical inference theories (Savage 1962,62 e.v.), (Gigerenzer 1989,70-122) Solutions 
are heing sought in the admission of a priori knowledge based on other samples and in 
the application of decision theory in statistics. 

Statistical techniques will seldom result in a prediction directly. On the other hand they 
are abundantly employed in the different stages of the building and application of partly 
stochastic prediction modeis, in particular for estimation of unknown stochastic 
quantities, such as coefficients in model equations, for testing of models and for 
estimation of prediction errors. 

2.6. Discursive quantitative forecasting methods 

The object of this analysis is the set of forecasting methods, which apply explicit 
inferential procedures to quantitative statements and data. A distinction can he made 
hetween univariate time series extrapolation, multivariate methods and system 
modelling. All these methods use modeis, representing and expressing processes and 
structures underlying time series and sets of variables. The models are of deterministic, 
stochastic or of mixed nature. They can he described mathematically and statistically in 
the fonn of algebraic equations and probability distributions. In statie modeis, time can 
he involved as a variabie or an index, but only simultaneously. In a dynamic model a 
variabie is influenced by values of itself or other variables on other time moments. Thus 
time takes on different values in at least one equation of a dynamic model. 
Af ter the identification phase a model has to he made to fit the actual data, by statistical 
analysis. 
TIme dependent models can he used for the inference of predictions by extrapolation and 
simulation. This prediction will inevitably he wrong due to a complex of model errors, 
measure errors, estimation errors, disturbance errors and extrapolation errors. A partial 
indication of this prediction error can he derived from the lack of fit of the model with 
the data of the time series and fonner realizations. A priori certainty of a prediction 
error for the future cannot he obtained however. 
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2.6.1 Univariate time series 
The simplest technique for tbe inference of a future value of a variabie makes no use of 
tbeories, analogies or otber empirical data otber tban one time series. The time series 
consists of an observed or registered set of values of tbe variabie. These values are 
generally measured, witb a fIXed interval, on subsequent specified discrete points of time 
in past and present The time series is considered to he a statistical sample of a 
population of values of an underlying dynamic process witb random and deterministic 
components. Tune as a basis for sampling and observation gives extra structure to tbese 
data. This structure can he used for modelling, analysis and prediction. By describing 
tbe prediction variabie as a function of time and of its own former values it becomes 
possible to predict its future values from tbe analysis of its former course, especially on 
tbe basis of recognized regularities and of stabie stochastic elements in tbis course. 
These regularities are expressed in a matbematical model, which should descrihe tbis 
process optimally. This model can he a single probability function or a composition of 
secular and cyclical deterministic functions witb random variations. 
Different types of univariate time series models cao he distinguished: 

Deterministic and regressive time function modeis. 
Dynamic autoregressive models relating tbe variabie to its past Values. 
Dynamic stochastic (moving average) modeis, relating tbe variabie to past 
disturbance values. 
Mixed autoregressive and moving average modeis. 
Dynamic smootbing models (exponential or moving average), filtering tbe 
disturbance terms out of a series. 
Decomposition models, analyzing tbe series in secular, periodic and stochastic 
components. 

The identification of a model starts witb tbe search for matbematical functions, which 
combine an optimal simplicity witb an optimal representativeness of tbe empirical data. 
Statistical techniques for smoothing and minimizing deviations help to reach this goal. 
Since more tban one function can he identified, which meets tbese criteria, no 
mechanical procedure exists for this identification. Subsequently tbe numerical values 
of tbe parameters of tbe tentatively chosen function are estimated from tbe empirical 
data and tbe function is checked on its goodness of fit Once a satisfactory model is 
obtained, it cao he used to calculate future values of tbe variabie as weil as tbeir margins 
of error. 

The univariate time series technique is essentially composed of a multistage induction: 
A preliminary step is tbe assumption of a continuous historical process tbat realizes tbe 
finite series of discrete data. The dynamics of tbe assumed underlying process should he 
estimated from this sample. 

The first induction is tbe inference or conjecture of a model, covering tbe data as weil as 
tbe underlying process. This model could in principle he derived from a tbeory 
deductively. In practice, however, theories describing a social phenomenon as a function 
of time are virtually nonexistent Typically tberefore, a model is eitber suggested by 
analogy from similar phenomena or inductively derived by generalization from tbe time 
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series. The implicit inductive argument is an inverse inference. It is assumed that the 
process is approximated by a model, to be found by statistical analysis, which fits the 
observed discrete series optimally. The available modelling techniques are more or less 
justified for the correspondence between the data sample and the model but not for the 
relation between the model and the process. The additional requirement is that the 
mentioned model is as simp Ie as can be made compatible with the first condition. This 
inductive inference is not self-evident, because a multitude of more or less complex 
models might cover the values of the time series. Moreover in stochastic processes the 
measured values almost invariably fall outside the fitting model. The determination of 
what is the best fit always remains more or less arbitrary. 

The second induction is the statistical inference of parameters of the fitted model from 
the data. The foundations of this procedure are weaker than the estimation of population 
parameters from random samples in general. Most time series are too short to form a 
sufficiently large sample. Longer time series of ten contain early data. which appear to be 
not very relevant for the actual process and for the building of one undivided model. The 
time series cannot be considered as an random sample either. It is a sy~tematic sample 
with regard to the time units. lts values are not independent from each other. This 
violates a necessary condition for the application of the procedures of inductive 
statistics. Statistical techniques play a dominant role in all these procedures. As we have 
seen, different alternative statistical theories are available, which yield different solutions 
for these problems and propose different justifications for the corresponding techniques. 

The third induction is a predictive categorical or probabilistic inference from the model 
in the measured time interval to a region outside this time period. The implicit 
assumption is that the dynamics of the underlying phenomenon wiIl continue essentially 
unchanged outside the observation interval. This assumption cannot be justified 
Essentially it is an inductive generalization from one sample to another, not included 
sample. A long period of time and a large size of the time series cannot be advanced as 
support for this assumption. Even long continued pattems will change suddenly when 
the underlying mechanism changes. The very fact that this extrapolation technique 
makes no use of theories implies that this assumption must also do without theoretical 
support. What actually is done is to act as if the empirical generalization from the time 
series is a hypothetical law. But even most laws have a conditional validity. 
Breakthroughs and other revolutionary developments may change these conditions 
dramatically and make the law inapplicable. The ultimate ground for the assumption 
seems to be the undetectable metaphysical notion of uniformity or continuity of the 
world. The assignment of probability regions to the extrapolated model is itself an 
unjustified extrapolation of an ex post to an ex ante prediction error. 

The conclusion for univariate time series forecasting is that its foundations are rather 
weak. The deterministic time function model has the strongest foundation; the 
smoothing methods have the weakest foundations. 
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Extrapolation of time series by analogy 
Analogies can be defined as associations between different phenomena and/or concepts, 
based on perceived or conceived similarities between a number of properties or 
attributes. The partial resemblance can be either intuitively perceived, observed and 
analyzed from empirical data or can be based upon more abstract relations or theoretical 
analogies. As an example, an analogy can táke the following logical form: 

a, b, c have properties K, L. 
a, b have property M. 

c bas property M. 

This form obviously has no logical necessity. 
Analogies appear to be powerful tools for inductive reasoning. They are used in the 
forecasting of time series for providing modeis, which have been derived from similar 
processes. Phenomena which, on reasonabie grounds, show similarities in their behavior 
over a period of time can be considered as analogies for the process underlying a time 
series. WeIl known examples are the growth curve or the life cycle, derived from 

biology, the substitution curves, derived from communication theory, and the leaming 

curve, derived from psychology. A more empirical example is the leader-follower 
analogy, derived from the identification of similarities in form and trends of two time 
series, showing a certain time-lag. The specific inductive assumption in forecasting by 
analogy is that the analogy is not only valid for the present, but that it will continue to be 
so for the future. This assumption will be better supported as the set of similarities 
between the two phenomena becomes larger and the set of differences smaller. In the 
case where there is merely a resemblance between the forms of the trends in the time 
series the assumption will be weaker than when it can be argued or demonstrated that a 
similar underlying principle or eausal explanation applies to the eonsidered phenomena. 

2.62 Multivariate time series models 
The weakest feature of univariate models is that no attempt is made to relate the variabie 
in question mathematically or statistically to other phenomena A better approximation 
of an underlying process might be obtained if time series of other functionally related 
variables can be used in building a model. In that case time series of selected variables 
are related to the predictor variabie and are statistieally analysed Different types of 
multivariate time series models can be distinguished: 
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Statie regression models relating eontemporaneous values of predictor variables to 
the predietion variabie. 
Dynamic models relating former values of regressor variables to the predictor 
variabie, such as: (distributed) lag modeis, vector auto-regression modeis. Stochastic 
transfer function models relate former values of disturbances to the prediction 
variabie as well. 
Multiple regression models relate more than one predictor variabie to the variabie to 
be predicted 



Multivariate time series models try to describe, not only from the nature and 
strength, but also the dynamics of the relation between the variables. 
Most of these models are single or multiple regression modeIs. 

These models are based on various formal assumptions, concerning the functional form 
of their deterministic components, the non stochastic nature of the regressor variables, 
the probabilistic distribution or the disturbances (Maddala 1979, 74). For multiple 
regression the interdependence of the predictor variables is a specific extra condition. In 
reality these assumptions are seldom fulfilled. The violations of these assumptions yield 
various problems for the estimation of the regres sion coefficients. These problems can 
only be partially repaired by iterative and stepwise procedures on a computer, at the cost 
of intensive calculations and without avoiding various subjective decisions (Grilliches 
1983, 334 e.v.). These procedures never guarantee solutions (Kotz Vol 5 62). They are 
for some cases and for some criteria more serious than for others (Bennett 1979,244 
e.v.). 

These models can be used for forecasting provided that: a) forecasts of independent 
variables can be obtained, which may be assumed to be more accurate than the direct 
forecast of the predictor variabie from its own time series; b) the remaining independent 
variables are leading the predictor variabie with a lead time not shorter than the predictor 
period. 
As far as condition a is concemed, there can be no prior certainty about the accuracy of 
the forecasts of the other independent variables used. In the worst case these forecasts 
are based on the same inductive weaknesses as the univariate extrapolation technique. 
Only if the independent variables are obtained from a theoretically stronger technique is 
there some support for the assumption that the condition is fulfilled. 

From aregression equation with a good fit, predictions with confidence boundaries can 
he derived. Prediction errors are inevitabIe. They are caused by the stochastic character 
of an error term or of the estimated coefficients, on forecasts of predictor variables or on 
unrealistic or for the future invalid model specifications (Pindyck 1986, 205). An 
important measure for this error is e.g. the mean squared error. 
In unconditional forecasts, the prediction error can be calculated, because reliable future 
values or actualleading values of predictor variables appear to be available. 
In conditional forecasts these values should he estimated themselves. The inevitable 
estimation errors contribute then to the prediction error. In these cases, boundaries of 
prediction errors cannot he derived analytically. They have to be calculated by computer 
simulation techniques (pindyck 1986,223). 

Multivariate models appear to offer more support for predictions. To the extent in which 
they grow more complex however, they give more problems in specification and 
estimation. Extrapolation of the model into the future is always risky if the model merely 
rest on a statistical correlation. This correlation may weil he coincidently high in the 
estimated period, but may decrease or reverse in the future yielding predictions which 
are dramatically incorrect (Yule 1926,61 e.v). 
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Introducing relating variables gives more empirical support than univariate 
extrapolation. Closer examination shows that there is no guarantee that the relations 
hetween the variables are adequately represented by the separate equations, and it is far 
from certain that these equations will he valid in the future. Likewise, the assumption 
that the lead time of an independent variabie remains constant will appear to he invalid 
in the case of a sudden catch up process. 
A specific handicap of multivariate regression techniques is that they do not allow the 
modelling of mutual leading or lagging influences. These feedback loops can he 
modelled in simultaneous equations, dealt with in the next paragraph. 

2.63 Dynamic system models 
The term system models denotes the class of dynamic stochastic algebraic modeis. They 
consist of sets of simultaneous equations and are constructed to descrihe a real world 
system or process, with the further aim of explanation, simulation or prediction. These 
models represent, for a real system, the relevant quantities in their relation to one another 
in a set of related mathematical equations. These equations contain algebraic operators, 
variables, parameters such as coefficients or stochastic disturbance terms, and constants. 
The variables can he divided into endogenous variables, which are simultaneously 
determined by the system of equations and exogenous variables, which are 
(pre)determined outside the system, but affect the values of the endogenous variables. A 
subset of so called lagged, endogenous variables are also treated as predetermined in the 
time period considered. The endogenous variables in system models are generally 
related to one or more other endogenous variables. These relations are determined by 
the structure of an underlying system. In contemporaneous system modeis, variables are 
indexed by the same time moment. Dynamic models always incorporate variables with 
time lags. A model is built on the basis of data, observed over a time period or in cross 
sections of subsystems. It is generally hypothesized that these observed data are 
generated stochastically, i.e. by an assumed probabilistic process. This process is 
usually not completely known. Therefore alternative possible models are deductively 
inferred from relevant theories and/or from more or less intuitively constructed causal 
relation modeis. These models are formulated as stochastic algebraic models composed 
of systems of equations. The next step is to determine, by statistical analysis, from 
which suggested probability model the data might he sampled. Once a model is chosen, 
the possible values of parameters in the model equations should he determined by 
statistical estimation. The resulting potential parameter values should he statistically 
tested for a goodness of fit or for the adequacy of the model, given the observed data. 
Finally an estimated and tested probability model may he employed to make predictions 
about as yet unobserved data. 
In the procedures of identification, estimation and prediction by simulation, many 
inductive and intuitive moments can he detected. System models are partly tentatively 
constructed, deductively arrived at from theoretical fragments or inductively estimated 
from empirical material. The first step follows from the assumption of an underlying 
stochastic process or system, that can he approximately described by a set of algebraic 
and probabilistic functions. These functions can partly he deductively inferred from 
theoretical formulas. 
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The model reflecting tbe real system consists of a set of simultaneous equations, in tbe 
so called structural fmm, e.g. witb mixed, unsorted variables (Grilliches 1983, 185 e.v.). 
These structural equations can be transfmmed in the reduced forms, in which each 
endogenous variabie is once expressed as a function of tbe other related variables. It is 
the reduced fmm, which can be used for estimating tbe parameters of the structural 
equations and for forecasting a prediction variabie. 
Now tbe identification problem is whether it is possible to estimate all tbe structural 
parameters uniquely from tbe reduced form. Liu and Sims have shown tbat most 
structural models appear to be hopelessly underidentified, due to a lack of data for 
estimating too many parameters and because of interdependence between tbe exogenous 
variables mutually as weU as witb tbe endogenous variables and disturbance terms (Liu 
1960, 855/6), (Sims 1980, 1-48). Although predictions are derived from tbe reduced 
form, their reliability is dependent of tbe structural form, because support for tbe 
reduced form is based on tbe quality of the structural fmm. 

Statistical techniques for tbe stages of model analysis and parameter estimation can not 
be simple straightforward applications of tbe rules of tbe calculus of probability, since 
tbe probability model and tbe values of its parameters are not a priori known, but should 
inversely be determined and estimated from the data. This is essentially an inductive 
statistical process. The specific problems in estimating simultaneous models are caused 
by mutual influences of actual and lagging, endogenous and exogenous variables and 
disturbance terms and by the penetration of them from one equation in the other. This 
violates the assumptions of the estimation techniques of regression modeis. 

Inductive inferences are also implied in tbe stage of tbe use of a model for forecasting. 
Predictions can be derived from estimated and tested models by unconditional 
simulation in the future. The estimated model in the reduced form is used to predict 
quantitative values for endogenous variables, outside the sample of data which are 
actually observed. 
The primary inductive inference in model prediction forms the extension of the validity 
of the model beyond the time period in which the data are observed. In Carnap's 
taxonomy this is an example of a predictive inference (from one sample to another) 
(Carnap 1971,205). 
Another induction regards the use of exogenous variables for the prediction of the 
model. Predictions by simulation requires the future values of exogenous variables and 
disturbance terms. These should be estimated outside the model. The exogenous 
variables, though effecting the model variables, are themselves independent of the 
model. They are either considered to behave autonomously or are determined by factors 
outside tbe model. Therefore they cannot be forecasted by tbe model. Because tbey 
determine tbe model variables, they should be forecasted on tbe basis of extrapolation of 
their past trends, on expert opinion, on forecasts of other models or any other technique 
with inherent inductive inferences (Grilliches 1983,210). 
The same holds for the estimation of future values for the disturbance terms. Because 
disturbance terms are interwoven in tbe structure of tbe model, no prediction errors can 
be calculated analytically (Pindyck 1986,406). 
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The complexity of system models gives the opportunity to consider causal relations in 
reality but also yields problems for the tuning of the model to reality and for the stability 
of interconnected, in themselves stabie equations. In all stages of building and applying 
system models subjective and ad hoc decisions appear to he taken. This starts with the 
choice of the variables, their structural relations, the division hetween exogenous and 
endogenous types and the choice of relevant theories. The choice of necessary 
restrictions to parameters of an underidentified model are partly arbitrary and in the 
process of solving simulation models many subjective judgemental adaptations have to 
he made (E.S.B. 1983/84). 

2.7. Conclusions 

The findings of the study indicate that even forecasting methods with a strong scientific 
claim appear to contain many problems and pitfalls for producing reliable predictions or 
even for presenting reliable measures for their accuracy. . This can partly he ascribed to 
the weaknesses in the foundations of their procedures and partly in the restricted domain 
of application of their methods. Other causes are to he found in the inadequacy of their 
theoretical and empirical premises. In order to guard methodological hygiene, 
forecasters should recognize these problems and ret1ect on their methodology and try to 
improve it where possible. Suggestions are to strive towards the discovery and 
employment of more universal theories and of hetter empirical data, and to explore other 
promising directions. Among these can he mentioned Bayesian methods for the use of 
prior knowIedge, methods for rational selection of altemative forecasts, the input of 
spatial in tempora! information, the combination of time series analysis with system 
modelling and last but not least in a synthesis of inferential and decision-theoretical 
approaches. Finally decisionmakers should also remain aware of the cognitive 
limitations of scientific methods for forecasting. Too much reliance on uncontrolIable 
forecasts does not reduce objective uncertainty but prevents the necessary judgment in 
the forming of optimal decisions. 
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CHAPTER3 

METHODOLOGICAL WEAKNESSES OF IMPACT FORECASTING 

H. A. Fatmi and C.R. Chow 

This ehapter relates to !he isolation of some fundamental weaknesses in forecasting methodology using 
intelligent systerns developed in recent times. First of all, enormous progress bas been made in !he 
recognition of the failure of Newtonian Dynamics in the predietion of so-called deterministic events 
onder physical observation whieh are found to be swamped by layers of perturbation and ehaotic 
behaviours. Secondly, predietion in economie and management activities have clearly shown that stock 
markets, fmaneial and fiscal phenomena are outside the ambit of eurrent stocbastie and random theory 
based on diehotomous logie and probability. Lastly, the methodology of predietion bas been intensively 
studied by macro-economie schools in order to be of use in forecasting tbe future of.existing policies or 
to study tbe etIects of ehanges brought about by the ehanges of govemment policies. For tbese reasons, 
it is important to eonsider some new ideas whieh may be useful in developing new methodology for !he 
solution of the above mentioned fundamental problems. 
It appears that some of these fundamental weaknesses reflect our inability to onderstand Ianguage, 
experiments, time series and models as aspects of our mental faculty for perceiving order in a situation 
previously eonsidered as disordered. Tbe various machinery whieh we employ for tbe expression of our 
perceived order eonstitutes a primary set whieh determines tbe whole course of oor reasoning. Only 
part of it cao be simulated by using deduetive maehines. lbus, in order to find new ideas we must 
enhance our primary instruetion set whieh includes our style of reasoning. 

It is our considered view that the many eategories through whieh we describe the prediction process 
sueh as economie and mathematical theory, Ianguage, experiment, time series and models is 
satisfactory. But the reasoning processes witb whieh we employ are still dominated by dichotomous 
interpretations and lack qualitative reasoning whieh appear to be the most important element in 
intelligent predietion. Until recently, polyehotomous and qualitative logie and reasoning theories were 
not available nor the illustration by suitable topology. But now the situation is ehanged and we believe 
the deployment of these two could lead us to the solution of these problems. 

3.1. Introduction 

It bas been clear that financial market theorists are in deep trouble. The crash of October 
1987 broke all their rules, and so has the stock market's behaviour since then. The equity 
market has af ter all, fluctuated relatively narrowly around the much lower levels 
established immediately after the crash, showing little sign of recovery. Professional 
chartists, economists and financial consultants all fail to foresee what one would claim 
as a merely market adjustment rather than a crash. We shall try to investigate the causes 
of such a irrational reaction, the failure of explanation using conventional, economic and 
mathematical approaches. 
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3.2. Economie theory and its limitations 

To understand how tbe financial crisis occurs, we need to know what a stock market is. 
It has taken a long time for tbe stock exchange to evolve. In tbe simplest terms, it is 
formally an investment place where people lend money to companies to finance tbe 
building of factories, buying machines, etc. Tbe profiting companies may pay tbe 
dividends on shares which reward the investor. Tbe market is as much concemed with 
economic fundamentals as any other economic activity. From tbe point of view of 
economics at largest scale, tbe profitability of a company depends heavily on things like 
consumer spending, expotts, economic growth, oll price, local interest rate and 
appreciation/depreciation of foreign currency. Unusual events like a rumour about a 
nuclear accident may severely hamper the activities in stock exchanges worldwide. 
Military tension raised in the Middle East demonstrates wen how sensitive a stock 
market is and how fast investors react to this type of news. A commonly neglected fact 
is that tbe trading activity follows a certain pattem as seasons change. In tbe summer 
season, for instance, more people go on tbeir holidays and thus dampen the hectic 
trading activities. Bearing with these psychological grounds, markets may sometimes 
lose touch with fundamentals and become speculative. As a result, stock market prices 
surge up, more tban can he justified by the dividends which companies are likely to pay 
out of tbe profits tbey are likely to eam. Conversely, shares can as weIl fall helow a 
certain amount which undervalues a company's financial strength and robustness. 

Tbe thrust to tbe market is normally ensued by sound reasons such as falling oll prices 
and improvement up of economic prospects. Most financial experts agree that one does 
not have a fair spread of risks if the size of one's portfolio is less than f20,OOO. So, how 
did individual investors manage to exert a significant impact on Black Monday, last 
October? Tbe trutb is tbat, in addition to tbe professional service of monitoring a lump 
sum share portfolio for private clients, investment trusts and unit trusts are typical 
instruments which allow fund managers to generate a significant portion of business to 
the stock market. Anotber volume of business comes from insurance companies which 
manage a good deal of pension funds and life insurance money. As these investment 
groups are rich in cash at hand, they are usually eager to 1end' a lot of money by buying 
shares, govemment loan stocks (gilts) and otber means. Most of tbe time, especially 
under a healthy and blooming economy (bull market), tbis can he speculative. Tbis 
speculation is a direct result driven by money managers paid to look af ter otber people's 
money. Having understood tbe purposes and functions of a stock market, it is not 
difficult to realise that small random fluctuation is quite reasonable. One can he fairly 
safe in concluding tbat a severe movement in either direction turns out to he not a 
perturbation but to represent a drastic step change in tbe market's valuation basis. How 
can it he explained? 

Values can he justified in tenns of rational expectations, notably through tbe use of asset 
pricing models based on cash flow. Conventional fmancial market theories have long 
been developed based upon the assumption that tbe markets are rational and efficient. 
Randomness is anotber equally important but entirely opposite concept which forms tbe 
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basis of prediction modeis. It suggests that the future movements of share prices cannot 
he predicted from the past pattern. However, in practice, almost all prediction models 
conform to a certain extent to the prediction element with the association of expertise 
and assumption. Thus, the hybrid model is the most popular and common technique 

used in forecasting. 

With these two assumptions, it is not difficult to explain normal market fluctuations. 
Investors' explication about profits and dividends may he affected byevents, sometimes 
quite sharply. Interest rate fluctuation will affect the capitalisation of future streams of 
dividends. It appeared that investors had excessively optimistic expectations of the level 
most companies could achieve and eventually, when sensitive news emerged, people 
realised this and triggered a worldwide panicking in the search for profits and dividends. 
The crash, was, thus, not essentially about volatility. There has been some internal 
explanation for the collapse relating to the structure of the market. 

According to the theories, there should have been a rapid recovery if the rational 
expectations of investors reasserted themselves. But such a recovery did not happen. 
There is certainly some kind of connection between past and future prices at least in 
certain conditions. Financial theory can cope with normal ups and downs but not with a 
large discontinuity of the kind that the crash represented. Investors' attitudes would 
dominate the direction of the trend as weIl as the level of the fundamentals such as 
earnings or dividends but more or less the investors confidence in the market. 

3.3. Economies and probabiIity 

We are continuously using our past experience as a basis for continuous planning for the 
future or at least unconsciously making assumptions about what will happen next. 
However, forecasting is not an end in itself but a means of monitoring information for 
action. As a consequence, minor adjustments or major modifications leading to 
improvement are followed. Prediction is not the only exercise a stock market is 
concerned with. Instead, prescription is the state which most economists and market 
makers all concentrate on. This involves not only prediction but has a wider scope; 
interpretation of results and justification of prevalent policy. For instance, when 
economic data such as an unemployment ratio are examined, we are concemed with the 
rising and falling of figures and pay no attention to what will happen next month. In 
normal situations, no two economic events are exactly alike in all respects. There are 
numerous complex economic factors which interact with each other. It is for these 
reasons that predicting stock market movements is so difficult and has a lirnited degree 
of reliability. In order to maintain the accuracyof a prediction model, constant 
evaluation and assessment are obviously necessary and, if possible, a mechanism with 
self-Ieaming capability should be incorporated into the prediction model so as to reduce 
the efforts required to update the prediction in a flexible manner. 

The most popular approach in predicting an event is that past experiences are used as a 
starting point where mathematical or statistical techniques are selected to best describe 
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the available data. From tbere we deduce a high degree of confidence in tbe predicted 
values based on tbe chosen model. Here oor effort is chanelled mainly into establishing 
a model witb a set of parameters which is tbe most appropriate to explain tbe underlying 
data pattern and, by using tbe concept of detenninistic or stochastic processes, to 
generate tbe future values. As aresuit, tbe final model depends exclusively upon tbe 
avallable data. 

An alternative metbod model builders commonly adopt is to describe tbe fundamental 
structure of a particular problem. In this case, the focal point is switched to the search for 
a best model for a specific problem rather than to set up a model which best explains a 
particular collection of data. This allows us to reasonably believe that the future values 
tbe model generates are correct Hence, in setting up a model, we usually associate a 
higher number of factors to be considered. Most important of all, we are interested in 
analysing tbe fitness of various models to describe a particular class of problem. 

Inevitably, simplification means inherently removal of aspects from tbe real world 
Hence, adjustments may be included in the model building processes to allow for 
features that are not fully captured An incomplete model cripples the prediction power 
and hampers tbe interpretation of results. This may lead us to believe tbat a particular 
model is not reflecting tbe trotb between facts and tbe data generated by tbe event best. 

Different models are frequently difficult to be coherently interpreted by different 
theories. The fundamental problem lies in the lack of experimental data for estimating 
economic relationships. The only alternative is being forced to adopt historical data. As 
aresult, models are inevitably dominated by historical experience. They are more 
. suitable to analysing relatively small changes from tbe current situation. But in those 
extreme cases, misleading answers are not uncommon. 

If we want to improve the quality of established theories, abnormal effects on tbe models 
have to be considered and the time horizon has to be wide enough. It is probably better if 
a model is able to accommodate a variabie length of time horizon. The advantage of this 
is that a shorter range of past experience is used if random fluctuation occurs around a 
small mean whilst a long-term effect is considered if severe or irregular OlOvements 
occor over a certain period. 

3.4. Creditability of models 

A sensible interpretation of predictions begins with an analysis of the forecasting 
records. But, assessing the accuracy of past forecasts is not easy because many physical 
factors such as saving behaviour, social and economic stability are changed dynamically 
from time to time. Consequently, a constant review of the existing prediction policy is 
needed. 

It is not always apparent that oor chronic bias when setting up models right from the 
start contributes weight to the fallure of accurate prediction where results are 
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prominently deviated from real observations. Another factor is the lack of provision for 
extreme random fluctuation with great magnitude. Bias cao he caused by the prevailing 
policy. For instance, if there is no obvious trend to the exchange rate in the nearest past, 
an immediate assumption by experience is to believe there is no trend in the short future. 
However, a hefty number of factors cao dampen as weIl as oscillate such a movement 
Announcement of trade figures, drastic change of diplomatic relationships among 
countries, enforcement of new govemment policies and may others are common 
influential forces with direct impact to our economy. Thirdly, the effect of accuracy also 
relies on the range of time horizon we consider. Absorbing change in behaviour or 
occurrence of unusual events like rapid change in inventory or a national strike 
improves the quality of prediction. But this is difficult to achieve in short term 
forecasting as a limited scale of data are fit into the model. It is not suggesting, however, 
that long-term effects are more accurately predictable than this counterpart 

Here we are interested in the use of a deterministic model to descrihe the underlying data 
and, by using them, to generate its future values. For some theoretical reasons and 
because of the limitations of instruments such as the accuracy of numerical 
representation inside a computer, model designers advocate the idea of using a 
'simplified' version of a complex structure which is able to capture the key inter­
relations. 

3.5. Use of predictions 

The essence of prediction is an attempt to use systematically the considerabie array of 
information available in the assessment of economic developments. Forecast has an 
important monitoring function which provides a basis against which subsequent 
developments can be judged. The model itself should provide a description of how the 
economy works and a benchmark against which to set out judgements. Analysing of the 
relevance of a model used forms the component in a prediction mechanism. The 
discipline of recording predictions along with the logic involved in their preparation is 
an essential part of the leaming process. This constitutes the regular post-mortems of the 
results. 

3.6. Limitation of model-based predictions 

Predictions based on one type of model are unreliable in explaining the overall complex 
operation of fiscal and monetary policy. We need to monitor a range of forecasts and 
policy simulations based on different views of the way economics functions and 
responds. Furthermore, we need to consider the implication of the tendency for the 
rapidly increasing forecast errors as we extend the forecast horizon without any pressure. 

Prediction cao he used provide an overall strategy in fine tuning demand. Short term 
forecast errors are relatively large because it is generally difficult to devise control 
techniques whose effects are exhausted in a short period. In reality, policies should be 
able to reverse sharply in order to offset their long-term effect The implication is that 
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the design of policy must pay full regard to the limitations of the predictions. The 
important role of predictions may be to anticipate the way in which the economy will 
unwind from the shocks and to help in making a judgement about the action that will 
help that adjustment. 

3.7. Reduction of error 

There is only limited possibility for the improvement of estimation techniques and the 
theoretical developments to improve the accuracy of short-tenn forecasts. Short-term 
forecasts are hampered by the quality and timeliness of data such as the volatility of 
housing costs which varies heavily as interest rate changes. 

To reduce such types of errors, we require a better understanding of the behaviour of the 
market and the model of other related policies governing the prediction. This is to 
compensate for the short term efIects. Eradicating bias also strengthens the 
predictability. 

3.8. Roie of mathematics in physics 

Theory in mechanics has received much attention since medieval times. Systematic 
frameworks based on physico-mathematicallaws are constructed and refined aiming at 
the explanation of empirical, physical of natura! phenomena Typical examples include 
Kepier's three empiricallaws goveming planetary orbits and Newton's concept of the 
equilibrium of extemal and intemal forces exerted on a pair of objects. 
By associating his law of gravitation, Newton accounted for the observed spheroidal 
shape of the Earth's surf ace through the recognition of the dynarnic efIects of the Earth's 
rotation around its axis. Moreover, it has been discovered that the orbit of one body 
around another is perturbed by the influence of a third body. Intuitively and quite 
naturally, scientists attempt to apply mathematical theories to establish the perturbed 
behaviour. 

Newtonian dynarnics relies primarily on advances in mathematical analysis. The theory 
of difIerential equations becomes one of the most important tools within the explanatory 
framework. If a given set of quantities is input, we can predict with reasonabie 
confidence what will happen next by applying relevant deterministic equations to 
extrapolate the future value. Unfortunately, nearly all physical phenomena are subject to 
random disordering and, depending on the degree of disturbance, produce a variabie 
extent of behaviour which is not taken into account via the rigidly defined functions. 
Another cause of prediction fallure is that models with different objectives are wrongly 
used. Suppose we are experimenting the period of the swing of a pendulum, we may be 
interested in the overall behaviour of the pendulum. To simplify the calculations, we 
often discard the consideration of the movements in the second dimension which 
represent the harmonic oscillations superimposed upon the linear behaviour. Likewise, 
we may also neglect its elasticity - the behaviour in a spherical plane superimposed upon 
its harmonical oscillations. We assume the pendulum is rigid enough to support the 
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whole system and that the support does not undergo any displacement which will 
influence the behaviour of our simple pendulum. Such a simple pendulum can be 
established easily by a simple mathematical model but a complete model for the overall 
system, which include the disturbance can only be described by higher dimensional 
Lagrangian equations. 

Thirdly, deterministic models are used to describe processes of global motion of a 
system. These are always established af ter certain assumptions are made. When the 
actual physical conditions change, the models can no longer guarantee that any further 
prediction will remain valid. Also, deterministic processes reguire adjustment to cater 
for alternation of circumstances. Scientists and engineers tend to pay less attention to the 
interactions of complex factors governing the motion of our interested events. Until 
significant deviations are obtained from theoretical troth, very little effort, if any, or even 
no provision has been made to validate the resilience of the established before it is being 
used. 

3.9. Deficiency in quantitative techniques 

When a system is well-defined, the question of predictability depends upon the 
sensitivity of the system behaviour which, in turn, depends on the initial conditions 
supplied. If the given initial condition is accurate to a finite predictability horizon, it is 
logical to believe that the predicted values are reliable within a boundary. One should 
not, however, assume that one can improve the accuracy of forecasting results forever as 
more accurate data is fed in repeatedly. In practice, the accuracy of an initia! condition is 
normally barred at a certain ceiling value. Next, it must be mixed with impurity such as 
noise and interference reflecting those unwanted elements which should be flltered out 
when the interaction discussed above is considered. External factors may interfere, 
superimpose or cancel out one another and hence the predictability horizon improves 
only linearly as the initial condition is supplied with more precision. 

An entirely different class of situations delivering unexpected results has always been 
neglected. It is obvious that an unpredictable result is to be expected if the corresponding 
initial conditions are unpredictable. Roulette and dice are the classical examples that we 
are familiar with. Instead of deterministic modeis, stochastic techniques are utilized to 
obtain the initial condition. Of course, the accuracy of the fmal outcome depends partly 
on how weIl an initial set of data is placed. There is always a randomness component 
which is totally unpredictable to us af ter a die is thrown. Here, we expect the die used to 
be unbiased and that this continues to be the case throughout our experiment. The same 
assumption applies to the physical condition of other related matters such as the 
smoothness of the tabIe, etc. We should anticipate extra factors which are connected 
with the process, extra components representing each of these factors are needed to 
account for the effect to the system. However, this seems to be rather rigidly defined 
because a model is never updated to accommodate the change of conditions once the 
analysis is in operation. 
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Quite frequently, scientists use mathematical results to interpret observations both 
systematic and chaotic. We often associate a certain numher of assumptions so as to 
fonnulate the principles. That is why it contrasts with the chaotic system where we are 
unable to explain using the underlaying mathematical models. Once an assumption is 
made, we assume systems obey strictly and exactly throughout the future forecasting 
horizon. The history of science constantly confirms our understanding of natural laws, 
and the nature of matter and state of affairs. Without the foundations of self-adaptation 
and leaming capabilities in a prediction system, even the well-understood simple 
hannonic motions may seem to he iITational, inexplicable and chaotic according to 
prevailing theory. Subsequent ordered layer was unperceived with the older class. 
Continual research confirms the validity of refined theories and enables us to 
comprehend thoroughly the nature of matter. Numerous events previously considered as 
exhibiting random behaviour are now serving as teaching materials at schools. 

3.10. Power of automated reasoning 

To help us fonnulate an adequate model for prediction or explain the past events 
according to observations, it is important for us to classify the changing relationship in 
orders. We are tempted to divide our problems into a hierarchical framework (Fig. 1) to 
which our attention is drawn. 

Consumer Behaviour 
Numberof 

Chureh goers 

Money Supply 
Movementof 

Economie Indices 

Problems 

Industrial Productions 
Economie Growth 

Figure 1. Hierarehieal Classifieation of Problems. 

Import & Export 
Fishing 

Agrieulture 

Under this simple taxonomy, it is plain to conclude that we are traditionally looking for 
the quantitative solution to problems and isolating the significance of qualitative 
reasoning which may suggest a possibility that an observed event may not be adequately 
described solely by a detenninistic or stochastie model. Sueh a single-minded reasoning 
mechanism prompts us to recognise that those intelligent machines we have nowadays 
are not really intelligent but perfonn intelligent-like operations guided by a subset of 
instruetion supplied by their designers. Another problem in the construction of an 
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intelligent predictor rests in the responsibility engaged in the filtering process which 
passes only a finite number of what we believe as vita! data to the machine. 
Dichotomous situations which may be represented by state operators with the values 
yes, no or true,false are commonplace. Fatmi and Young (1970) have proposed new 
concepts which relate the cybernetic machines with law. Likewise, trichotomous and 
polychotomous logic are the higher dimensions which constitute the vita! elements in 
order that an intelligent machine may exhibit its intelligence capability comparabie to 
human beings, and be able to enhance its reasoning power. Figure 2 shows the graphical 
representations of various logic states and Table 1 demonstrates one of the many 
interpretations of the use of trichotomous logic. 

The Universe 

_"' __ "'" ..... _.of""omi.~ 0 
Dichotomous Trichotomous F alse trichotomous 

X 
True 

b) The trichotomy as 
as three-space in 
Cartesian fonn --A-Z Y 

c) The logica! quaIities as ordered 
3-tuple primary states in the 
trichotomous universe 

dJ Logica! synthesis: the swn 
of three logica! puts must 
produce the whole universe 
as represented by the 
circle 

f) Three-dimensional form 
of the trichotomous 
universe with eight 
possible logica! states, 
one for each solid vertex 
ofthe cube. 

T 

e) Inverse functions of the 3-tuple 
primary states 

T 

T(4) F(6) 

(1.1.0) 

N(5) f--+---.r 
(1.0.1) 

F(1)~ ___ 'y 

(0.0.1) 

(1.1.1) 

N(2) 
(0.1.0) 

Figure 2. Graphica1 Representation in Trichotomous Logic 

T = (1.0.0) 
N = (0.1.0) 
F = (0.0.1) 

T = (0.1.1) 
N = (1.0.1) 
Jf = (l.1.0) 
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Logical 
State state 
Number TNF Label Meaning 

0 000 Null The proposition is not defmed 

1 001 False The proposition is false 

2 010 Neutral The proposition is insufficiently defined 

3 011 NotTrue The proposition is not true 
4 100 True The proposition is true 

5 101 Contradictory Inconsistent proposition 

6 110 Not False The proposition is not false 

7 111 Firm Contradiction Second apparent inconsistency 

T,N,F = True, neutral, false. 

Table 1. The Logical States of Trichotomy 

Polychotomy, a realisation of the layers of interactions, seems to be an elegant way to 
further our understanding in randomness but this is not to be achieved without any 
compromise. Conventional computers perform instructions based on tbe manipulations 
of binary signals at incredibly high speed. With the advent of tbe marked progress in 
computer technology, tedious computations previously regarded as impossible to be 
analysed by us can now be obtained instantly. Computers are very powerful 100ls to 
solve problems which are primarily numeric in nature and for which solutions are known 
that produce satisfactory answers after algorithms are applied. On the other hand, 
representation of non-mathematical notions in computers is always desirabie. The 
ambitious Fiftb Generation Computer projects pioneered by tbe Japanese, demonstrate 
this deficiency and the need for revolutionary architecture to complement tbe 
requirement of knowledge representation, logic inference and symbolic processing. 

3.11. Intluence of VLSI technology on computer architecture 

For many years, we have been attempting to construct intelligent systems which are able 
to simulate human interaction without direct intervention from real experts. Unlike tbe 
algorithmic approach which always generates a unique solution to a given problem, an 
intelligent system should be able to handle complexity, uncertainty and ambiguity. 
Consequently, it is always possible to suggest more than one answer. Very of ten it does 
not guarantee a correct solution to a given question. Fatmi and Robert (1972) concluded 
that an intelligent machine should consist of the following characteristic: 

A machine's instruction set is always a proper set of its designer's instruction set. 
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Hence, the intelligence a machine acquires will depend upon what it inherits from its 
designer. Indeed, the intelligence a designer may convey to its slave, is determined by 
the way he orders the sequence of a finite set of instructions. In fact, such an intelligence 
is always much less than that which the designer would contend Suppose we were 
required to teach the computer to walk through a maze. There are numerous 
combinations that a computer may try in order to go through the maze from one end to 
another. Some people may decide to try the way on his left hand side first. If it is 
blocked, turn back and try the right hand side. However, another player may think that it 
is his favourite to try the opposite direction first. Indeed, it is preferabie if a machine may 
have its feeling and intuition to choose the direction it wants to go. It is always ideal to 
think if the machine can make its own decision with association of his experience. 
Unfortunately, because of the diversity of knowiedge, it is extremely difficuIt to confer 
all kinds of knowiedge. Modem technology enables us to build machines with expertise 
in a pre-defmed area. Even so, fast computational power is a pre-requisite requirement. 
Until the birth of revolutionary architectures which are appropriate for symbolic 
processing, parallel architectures will be continously exploited. 

Haynes et al (1982) summarised that hundreds of highly parallel topologies had been 
explored and constructed They range from the complicated hypercube, the vector 
processing system working on the basis of instruction pipelining, array processors, data­
flow machine and the special purpose systolic arrays. All these approaches are in order 
to discover 
1) the optimal architectures for specific type of problems; 
2) the most efficient aIgorithm which will optimise the use of a highly parallel system. 

Although these systems are rather sophisticated, the authors' view is that almost all of 
these computers are not flexible enough for extension. Transputers offer a new 
altemative which computer designers can achieve parallel processing power. Each 
transputer contains it own processor and four links so that it can communicate at high 
speed with other transputers. Figure 3 and 4 show two possible transputer configurations 
as the standard hardware components are expanded. 

I Lint I I Lint 0 LInt I Lint 0 

~ 0 Unt 2 Unt 3 1 Unt I 
~ o LInt 2 UnIt 3 lint I 

Lint 3 Lint 2 

Lint 2 Lint 3 

~ Unt 3 Unt2 ~ 3 2 2 
Unt 2 Unt 3 

3 
lint I 

I Lint 0 IUnt I Unt I LInt 0 

Figme 3. Configurations - Use of Channel5 
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To other 
transputers 

To olher tranapU1Brl 

: -------------------i ---J -------------------:-. . . : 
transputer 

~ 
To othar transputer transputer 

~ transputers 

transputer 

. . 

j -------------------r ---~ ------------------_! 

To olher tranapU1Brl 

Figme 4. A Node for FOUT Transputers 

We may, therefore, produce a network of transputer of various sizes and shapes with 
some of its nodes capable of perfonning a certain fraction of automated reasoning 
functionalities whilst the rest plays the roie of numerical analysis in a traditional 
fashion. Through the use of the provided channels, a task may he solved via the use of 
identical processing elements which are able to exchange data through these explicit 
links. An extraordinary use of these links means that failure of a traosputers cao he 
detected by its neighbour. Thus, facilities may he added to allow the defective node to he 
bypassed. This can he done without any special hardware as shown in Figure 5. 

( link used 10 bypass 1ranspUler I 

transputer 1-1 tranaputer I transpul9r i+ 1 

L------.I ~ V L...---.--.J 

links used nonnaJly 

Figure 5. Bypassing a Failed Transputer 
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3.U. Conciusion 

Classical techniques to analyse natural phenomena are discussed. We believe that most 
of the failure of accurate prediction carried out on automated equipment is due to a 
number of factors. Firstly, a machine, being mindless, has no capacity for intelligence 
but is capable of intelligent-like operations only. When the teaching process occurs, only 
a fmite subset of ordered knowledge perceived by the designer is transplanted to a 
machine. By defmition, an intelligent machine is an instrument which is able to leam and 
understand an existing state of affairs. The implication is that a qualitative reasoning 
mechanism of some form has to be embedded into our conventional analytical engine so 
that prediction is able to account for the influence of the external forces. Secondly, a 
machine is always parameterised at a fixed amount There are occasions that an abrupt 
change of pattern is not reflected if a certain part of the data beyond a particular time 
scale is ignored. Lastly, it is also wrong to believe that forecasting results will improve at 
a proportional rate if the governing initial conditions are altered accordingly. This 
assumption is valid up to a certain limit, because of the distinct properties of the 
requirement of knowledge acquisition power, we feel that parallel processing systems 
with highly localised processors should be used. The system in question should be 
flexible enough to add and remove any number of processors. Due to the recent 
advancement in distributed and parallel processor, it is possible for us to applied higher 
dimensional logic structures which exhibit polychotomous behaviour. In these 
operations, the operational equation will then change from the boolean operator 

x2 = 1 to xn = 1. 
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PARTll 

RISK AND SAFETY ASSESSMENT 
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CHAPI'ER4 

THE RELATIONSHIP BETWEEN HUMAN FACTORS, RELIABll..ITY AND 
MANAGEMENT 

I.A. Watson 

Conttol of industtial hazards and reliability assurance of operating plants are very important and 
sometimes vital concerns to the management, designers and operators of technological plants. Drivers 
for this in Europe are the EC Directive on Major Hazards and Product Liability legislation, as weU as 
licensing requirements in certain industries such as nuclear and aviation, and the competitive need to be 
cost effective over the product life cycie. 
Reliability and risk assessment have been shown to be effective tools in a variety of industries for 
safety and reliability assurance purposes. These are divided into various stages including definition of 
risk criteria, system definition, data collection and analysis, system modelling, all of which will be 
described in the chapter. The reliability particularly, and to a corresponding extent the hazard risk of 
many complex plants, is determined or significantly affected by human factors, operating procedures 
and plant management The incorporation of these aspects into assessments iS a relatively new 
developing area compared with the assessment of the conventionaI technical areas, a1though matters 
such as online computer software reliability and event dependency are a1s0 stiU areas of considerabie 
research. However, methods for dealing with human reliability and management appraisal have and are 
being developed and applied. 
The issues concemed e.g. human performance and the methods being applied will be outIined and 
discussed. Reference will aIso be made to the human factors involved in public attitude to industtial 
risk. In order to be weU founde<!, reliability and risk assessment bas not only to be seen to be 
compatible with acceptible risk requirements, but to incorporate a wide range of techniques embracing 
all the topics referred to in this summary. 

4.1. Introduction 

Important insights into the effect of operator perfonnance on the reliability and safety of 
industrial plant have been gained over the last 20 years, but Bhopal, Chal1enger and 
Chernobyl remind us forcibly that greater awareness of the vital importance of human 
reliability factors is needed at senior management level. Moreover, while the impact ·of 
human factors on operation and maintenance may be recognised by plant managers, 
industrial managers generally seem to take little account of these effects on design and 
manufacture. Vet commercial viability depends as much on human reliability factors as 
do health· and safety. 

In recent years, intensive research has been under way in several centers of excellence in 
the UK and abroad. This has led to a better understanding of the causes of human error, 
of the decision making process, and of the many complex factors which shape human 
perfonnance. Greater concern for more effective management of physical and 
commercial risk has stimulated the development of better techniques for operational 
audit and for the assessment of management quality. It is now commonly accepted (1)(2) 
by concemed professionals that human factors (HF) can have a significant impact on the 
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safe and reliable operation of technological plant This understanding is manifest across 
a variety of industries and technologies e.g., chemicals processing, nuclear power, 
aviation, mining, computers and so on (3)(4). What has been puzzling and controversial 
is how the matter can be wholly effectively dealt with. 

Reliability considerations that need to be taken into account are shown in outline in 
Figure 1. 

Fundamental factors in system reliability 

________ ~ Environment ~ _____ - --

System(s) 

Design 
Degradation 

defects 
Operations 

& 
Maintainance 

Human factors 

Management 

L ______________________ _ 

Uncertainty 

Figuur 1 

These usually start with the system or plant description, specification and performance. 
Design, degradation mechanisms, operations and maintenance are taken into account 
together with data on random failures and more systematic types of failures from data 
banks e.g. the NCSR Data Bank (5) and specific data collection and analysis campaigns. 
Methods of dealing properly with human factors/reliability are slowly emerging and 
work is in progress (6). The management factor has become apparent from many 
accident reports (7)(8), including those highlighted above, but also from work on the 
analysis of common mode failures (9). However, there are at present no formal methods 
of dealing with this and its consideration is entirely subjective and a matter of 
judgement The environment of the plant affects its operation and many of the factors 
shown in Figure 1. Finally there is bound to be a degree of uncertainty associated with 
all the considerations' which will produce an overall uncertainty that can to some extent 
be expressed in statistical and mathematical terms. 
A model which shows the interconnectedness of management, operators, plant and the 
tasks involved is shown in Figure 2. This was produced as a result of an analysis of 
industrial fatal accidents performed by SRD (10). Accident causes arising from 
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management errors were found to be significant by comparison with the other factors 
shown. There is a view held by members of regulating agencies, which is supported by 
some data, e.g. aviation accident rate spread between airlines, that the variation in 
accident risk between good and bad management can be at least an order of magnitude. 

FI G. 2 

p.rsonality 
phYlica I d.fects 
'Iychology 
IXp.ri.nt. 
Internal strtlsors 
.otivati on 

INflUENCES ON MAN IN INOUSTRY 

It can thus be understood that the relationship between plant reliability, human reliability 
and management needs to be understood more explicitly than is now apparent This will 
be done by showing specifically and analytically links between reliability analysis 
methods, operator tasks, human action theory and management structural analysis. 
Reviews of the Challenger accident report (7), an account of the Bhopal disaster (8) and 
Chernobyl (18) will follow this to illustrate the organisation and management links to 
safety and reliability. The importance of management awareness of the relationship 
between plant availability and cost will also he emphasized. 
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4.2. Concepts 

Most managers regard accountancy, marketing and technology as subjects where the 
requisite expertise is acquired by systematic professional training. On the other hand, 
they usually believe that their common sense, instincts and practical experience will 
suffice in managing the human domain. Yet, analysis of major disasters shows this belief 
to be mistaken. 

The fust step towards reducing the number of major disasters (and perhaps equally 
important, the vast number of minor errors and their consequences which cumulatively 
caUse more deaths and cost more money) is to promote greater awareness and develop 
useful concepts for the assessment and improvement of human reliability. Concepts such 
as Performance Shaping Factors, Mind Set, and Man-Information Interface are useful, 
because they indicate that human performance is capable of analysis, and that it can be 
shaped. What must be remembered from the outset is that the classification and analysis 
of such factors inevitably involve oversimplification of complex situations. While any 
but the most trivial classifications and definitions suffer from the same shortcoming, the 
problem is very significant in the human factors domain. 

Awareness of the concept that human factors have a vital influence on the degree of 
reliability which can be achieved in a technological system leads to the recognition that 
the quality of engineering depends not only on technical expertise but human 
performance. In the selection, training and promotion of engineers additional human 
attributes have therefore to be taken into account. Thus, character traits and attitudes to 
people and to duties are criteria of particular importance for the appointment of 
managers. 

In technology management, the chain of man-information and man-machine interfaces 
(MIl and MMI) is of ten complex as wen as difficult to control. For example, an expert 
system for rapid fault diagnosis may involve communication between engineers and 
programmers, technicians and managers. The chain of interfaces is represented below. 

DESIGN TEAM OF EXPEIrrS 

+ Mil 

+ 
INPUT DATA 

+ 
MIl 

+ PROGRAMMERS 

+ Mil 

+ 
EXPERT SYSTEM SOFIWARE 

+ 
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, 
MIl 

+ SYSTEM ENGINEERS 

+ 
MMI 

+ 
EXPERT COMPUfER SYSTEM 

MMI!MII 

+ USER TEAM OF EXPERTS 

+ MIl 

+ RETRIEVED AND INTERPRETED INFORMATION 

+ 
MIl 

+ END USER MANAGEMENT 

+ MIl 

+ 
END USER EXECUTIVES 

Interface chain for expert system 

We are accustomed to think that a chain is as strong as its weakest link. This is nonnally 
troe, but in a machine control chain the strength of the whole chain can he improved by 
applying feed-back controlloops which proteet against the weakness of individu al links. 
Similarly, in a management deeision chain, operational audit loops and decision support 
systems can improve the reliability of inherently weak links, and of the chain as a whoIe. 

4.3. Reliability 

43.1. Definition and procedure 
The requirements for reliability in teehnological systems and plant are summarised in 
Table 1. There is a need to balanee the economie and safety requirements, but 
catastrophes need to he avoided with a very high degree of confidence. When a plant is 
not sufficiently reliable it will he unsafe or uneeonomic or both. In order to decide this it 
is necessary to he able 10 quantify reliability. To do this requires an appropriate 
definition of reliability as follows: 
"The characteristic expressed as a numerical probability of a system that it will perfonn 
a defined function in the required manner under all relevant conditions wherever it is 
required to do". 
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TABLEt 

THE NEED FOR RELIABILITY 

IS THE PRODUCT RELIABLE 

- MANAGEMENT REQUIRE VALUE FOR MONEY 
- IS PRODUCT SAFETY AFFECTED? 
- MINIMISE PENALTIES ANP DANGER! 

IN THE PAST "WAIT ANP SEE" METHODS WERE 
OFrENUSED 

MODERN TECHNOWGY DEVELOPMENT/LIFE-CYCLE 
IS TOO SHORTFOR THIS 

E.G. CHEMICAL PLANTS, COMPUTERS, AIRCRAFT, POWER PLANTS, 
OIL RIGS, INTEGRATED MANUFACI'URING 

In order to be able to use this definition, analytical and modelling techniques are of 
course required. However for these to he used properly and to greatest advantage, an 
evaluation procedure is required starting at the definition of the plant or system 
under consideration. Such a procedure is tabulated helow as a series of questions to 
be answered. 

WHAT ARE THE SYSTEM BOUNDARIES? 
WHAT IS THE SYSTEM'S REQUIRED FUNCTIONAL PERFORMANCE 
UNDER WHAT CONDmONS IS THE SYSTEM REQUIRED 10 PERFORM? 
IS THE SYSTEM CAPABLE OF FULFILLING lTS REQUIREMENTS? 
WHAT QUANTIFIED MEASURES OF SUCCESS CAN BE USED? 
WHAT LEVEL OF DETAIL IS REQUIRED IN THE ASSESSMENTI 

CHOOSE APPROPRIATE MODELLING TECHNIQUES 

WHAT ARE THE REQUIREMENTS FOR RELIABILITY DATA ANP INFORMATION? 

HOW SENSmYE IS THE SYSTEM 10 THE RELIABILITY BEHAVIOUR OF 
lTS CONSTITUENT PARI'S? 

432 Reliability analysis 
Figure 3 shows this procedure more specifically for high reliability systems such as 
reactor trip systems (RTS) or other such high integrity plant protective systems. The 
initial steps enable a thorough understanding of the system and its operation together 
with decisions about .the extent of the evaluation and the data requirements. The fallure 
modes effects and criticality analysis enable the assessor to understand the types of 
hazard which system fallures could lead to. 
The most widely used type of reliability modelling is fault tree analysis. A simple 
example of this for the redundant pump system shown in Figure 4 is illustrated in Figure 
5. 
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This shows no operator action since it is not specified whether the system is automatic or 
manual. Oearly in practice the fault tree would need to he expanded to include this and 
to show further detail e.g. electric motors driving the pump. An example of the type of 
data which would he used in quantifying the component and fault tree reliability is 
shown in Table 2 and the following Table 3 shows the type of calculation which in 
principle would he done for each component 
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TABLE2 

EXAMPLE OF REUABu,ra DATA EROM SRS DATA BANK 
CELECI'RIC MOTORS) 

DESCRIPTION: TIIREE PHASE MOTOR FOR FEED PUMP 

FREQUENCY 60 CYCLES/SEC, 26HP, 415V 

MANUFACflJRER: "X" 

LOCATION: "V" 

NUMBER OF ITEMS: 12 
MEAN OPERATlNG TIME: 2.28 YEARS 

SAMPLE SIZE (OPERATION TIME): 27.4 ITEM YEARS 

MEAN JllSTORY TIME: 10 YEARS 

NUMBER OFFAULTS: 2 

MEAN FAll..URE RAIE (OPERATlNG TIME): 8.33 FAULTS/MIT.LlON HRS 

UPPER FAll..URE RAIE (OPERATlNG TIME): 30.1 FAULTS/MILLION HRS 

LOWER FAll..URE RATE (OPERATlNG TIME): 1.01 FAULTS/MILLION HRS 

CONFIDENCE BAND: 85% 

DISTRIBUTION: POISSON 

APPLICATION: AVERAGE INDUSIRIAL 

INFORMATION TYPE: FIELD, CORRECILY REPORIED 

TABLE3 
BASIC UNAVAIT.ABu,ra MODE 

FORCED UNAVAll..ABu,ra Up = K. L. tR 

FAll..URE RATE APPLIES TO A COMPONENT OR SYSIEM L 
a 
b. 
c. 

Single Components } 
Non-Redundant 

Parallel Components 
Redundant Parallel Components 

MAIN RESTORATION TIME DEPENDS ON REPAIR STRATegY tR 
a Immediate Restoration tR = t, t = repair time 

Deferred Restoration tR = T/2, T = time between tests or maintenance 

FRACTIONAL OUTPUT REDUCTION FACTOR K DEPENDS ON DegREE OF OUTAGE 
a Complete Outage K = 1 
b. Partial Outage 0 < K< 1 

1 
( 



The calculation for the fault tree as a whole follows from the laws of logical algebra and 
would produce figures for the unavailability or probability of failure of flow from valve 
x. 
An example of a so-called enhanced fault tree where potentially important human 
influences are included in the fault tree is shown in Figure 6. 

TY1'Z 1 TYP! 1 

"(;URE 6 ENBAJrrC]) rA1JLt TREE 
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This is an illustration of the so-called SHARP (Systematic Human Action Reliability 
Procedure), step 1 the object of which is to ensure that important human influences are 
included in plant risk and reliability assessment 

The SHARP framework (11) is shown in Figure 7 which shows the links between the 

seven steps involved. 

NO 

YES 

I STEP 7 
~ATIOtI i 1-~6 , QUMrIPICAT:ON 

STEP 5 
IMPACT ASSESSMEm" 

LINKS BETWEEN SHARP STEPS 

Fig 7 

The objective of the fust step is to ensure that potentially important human influences 
are included in plant logic diagrams such as fault trees (FI). An example of an enhanced 
fault produced after undergoing the detailed procedures of the definition step is shown in 
Figure 6. The failure "types" referred to in this figure are defined in the SHARP report, 
but are self-explanatory in the fault tree. In step 2 the objective is to reduce the number 
of human interactions identified in step 1 to those that might be significant The 
application of coarse screening (Figure 8) takes into account only those system features 
that diminish the impact of human interactions on accident sequènces. Fine screening 
(Figure 10) goes beyond this by also applying probabilities to human actions. Various 
examples (Figure 9) of suggested screening data have been given in the literature (11). 
The application of error rates to the fault tree in this case shows that the impact of fallure 
to maintain the breakers is very significant relative to the combination of the fallure to 
scram automatically and manually. 
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The objective of step 3 is to amplify the qualitative description of each key human 
interaction identified in step 2. This is of ten done by means of some fonn of hierarchical 
task analysis (12). Influence parameters, perfonnance shaping factors, ergonomie 
features (or lack of them) etc, need to he considered to establish a basis for selecting a 
model basis for representation of the human interactions. This would include 
organisational factors, quality of information, procedural matters as weU as personnel 
factors. 

433 Task analysis 
To illustrate this method consider an operation that might he carried out as one of the 
duties of a chemica! plant operator - 'ensure caustic concentration is within limits 
specified by manufacturing instructions' -. By questioning someone competent at this 
operation, we may he able to say that the five subordinate operations in Figure 11 need 
to he carried out. 

2. 3. 

. 1 ~ En.ure c:auatic concentratlon 181 
wlthin lilll1te apecifled by 
Manufacturlnq lnetructlona 

4. 5. 

Figure 11 

6. 

But simply listing these five subordinates does not provide a complete re-description of 
the operation heing examined The plan of operation must he stated. In this case the plan 
is most clearly stated in the fonn of the algorithm in Figure 12. 
The same process of redescription can now he applied to each of the five sub-ordinate 
operations identified in Figure 11. Figure 13 shows how some of these sub-ordinate 
operations may he carried out. Some of the operations so derived may also he treated in 
a similar fashion. 

70 



'n) en.ure cau.tie ooncentration 
.. per .nufacturift9 lutructlon 

:JO llinute. atter 
ca.tic .adi Uon 

1. 

2. 

----------, 
In.ure eau.Uc conc.ntration 
h IIfUhin U_t.t •• pecHied boy 

AanufMl'tul'inv lnatruction 

r .1_ )1 • ., .... 9 .., alT 1 
....----,.-----..-

P'IGURE 12 

PIQU 1) 

concentration 
correct 

NO 

Add eau. tic to 
correct 

Aft.el' 10 aln ...... 6 (..- 5 

6. 

I Plan s ... 10. It • 12 • tl • UIT I 
,/ 

71 



43.4 Emergent influences 
Two important influences emerge from what has been described so far: one of which 
aecords with common experience that the tasks affecting plant operation (and design) 
are made up of many human actions in complex, but analysable patterns. Secondly, since 
these may occur in many parts of a fault tree, the possibility of common influences 
affecting them i.e. dependencies hetween them must he of great concern. In order 10 

eonsider this further, the nature of human action needs to be carefully examined. It is 
worth noticing that the responsibility for organising and supervising all the tasks 
identified in the reliability model, e.g. fault tree, lies with management in some shape or 
form. It is of course possible for tasks to be organised, i.e. managed, so as 10 reduee 
error, e.g. as shown in Figure 14, where the aim is to reduee engineering error by how 
many ehecking funetions. The meaning of the "AND" gates is notionally the same as in 
fault tree terminology. 
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4.4. Human factors and management 

4.4.1 HumanAction 
A general theory of the structure of action has been produced by John Searle in the 1984 
Reith Lectures (13). This theory makes sense of the many issues involved and explains 
many anomalies. It can underpin some of the useful aspects of current human error 
models and can be specialised so as to be useful in understanding MMI and the 
occurrence of human error (14). 

The relationship of this theory to human perfonnance and reliability modelling has been 
extensively discussed in reference 16. This shows that the theory provides a fmn basis 
for the useful models and explains many anomalies particularly relating to data. One 
purpose of this is to show how Organization and Management (O&M) relates to human 
action specifically. This is through the network of international states described in 
Principal 7 of Searle's theory. 

4.42 Principles of the theory of the structure of action 

Principle 1: 
Actions characteristically con sist of two components viz: 

a mental component 
and 
a physical component 

For example, when an operator is closing a Valve or paginating a computer visual 
display, he will be conscious of certain experiences. If he is successful then the valve 
will close or the correct screen page is displayed. If he is not successful then he will still 
at least have had a mental component, ie, the experience of attempting to close the valve 
or paginate the VDU (or a misplaced intention, ie, amistake leading to an error) together 
with some physical components such as turning switch handles or pressing keys which 
may itself he in error due to a slip. This leads to: 

Principle 2: 
The mental component is an INTENTION, ie it has intentionality (e.g. purpose). 
To say that a mental state has intentionality means that it is about something. For 
example, a belief is always that such and such is the case, a desire requires that such and 
such happens as in the examples above. 

Principle 3: 
The kind of causation which is essential to both the structure of action and the 
explanation of action is INTENTIONAL CAUSATION. The physical components of 
actions are caused by intentions. Intentions are causal because they make things happen. 
They also have contents and so can figure in the process of logical reasoning. 
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Principle 4: 
The explanation of an action must have the same content as was in the originator's head 
when the action was perfonned or when the reasoning was carried out that lead to the 
perfonnance of the action. If the explanation is really explanatory the content that causes 
behaviour by way of intentional causation must be identical with the content of the 
explanation of the behaviour. In this respect actions differ from other natura! events in 
the world. In the explanation of an earthquake or electricity the contents of the 
explanation only has to represent what happened, ie, a model, and why it happened. It 
doesn't actually have to cause the event itself. But in explaining human behaviour the 
cause and the explanation both have contents and the explanation only works because it 
has the same contents as the cause. 

Principle 5: 
There is a fundamental distinction between those actions that are premeditated which are 
the result of advance planning and those actions which are spontaneous and which we 
do without prior reflection. 

Principle 6: 
The fonnation of prior intentions is, at least generally, the result of practical reasoning. 
Such reasoning is always about how best to decide between altemative (sometimes 
conflicting) possibilities and desires. 
The motive force bebind most human action is desire based on needs or requirements. 
Beliefs arising from this, function to enable us to figure out how best to satisfy our 
desires. Tasks are generally complex and involve practical reasoning at a high level on 
the way forward and intentions in action and many physical components (of ten 
repetitious ) at a lower level. 

Principle 7: 
An intentional state only 'functions' as part of a . network of other intentional states. 
Functions' here means that it only determines its conditions of satisfaction relative to 
many other intentional states. One doesn't have intentions by themselves. The operatives 
are in the control room for many reasons, personal, organisational, technical etc. The 
desire to successfully control a plant functions against a whole series of other intentional 
states e.g., to maintain the reactor working, the quality of its output, please the boss, 
maintain the integrity of the plant, keep their jobs, job satisfaction etc. They 
characteristically engage in practical reasoning that leads to intentions and actual 
behaviour. The other intentional states that give the intentional state particular meaning 
is called the network of intentionality. 

Principle 8: 
The whole network of intentionality only functions against a background of human 
capacities that are not themselves mental states. Our mental states only function in the 
way they do because they function against a background of capabilities, skills, habits, 
ways of doing things etc, and general stances towards the world that do not themselves 
consist of intentional states. In order for example to form the intention to drive a car 
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somewhere one must he able to drive, but this ability doesn't just consist of a whole 
array of other intentional states. A skill is required of know 'how' rather that 'that'. Such 
skills, abilities, etc, against which intentional states function is the "background". 

Principle 9: 
The formation and development of intentions is affected by the results of our actions 
which are continually evaluated. This is an additional principle to Searle's theory but is 
essential if we are to take into account practical experience of doing things and of 
correcting (or not correcting) errors. Even the simplest actions such as pressing a 
computer key has to have some fonn of feedback (touch, sight or sound) if they are to he 
fully satisfactory. More complicated tasks involve much more elaborate evaluation for 
their progress. At an even higher level strategies may he evaluated and modified to 
obtain desired results. Unless actions are continually corrected to satisfy Principle 6 
(prior intentions) then intentions in action (Principle 5) may he mistaken. Practical 
reasoning arising from Principle 6 is continually modified byevaluations required by 
Principle 9. 

In the case of technological systems, apart from internally derived mental states e.g. the 
desire to please, satisfaction, most ij not all the intentional states in the network are 
aspects of organisation anti hence of management (responsibie for setting up and 
running the organisation). Events, ie the internally derived states, so called. relate to 
aspects of O&M, thus the operator function as part of a network of other intentional 
states involved in running the plant These need to he properly managed for continued 
successful operation of the plant. 

By their inherent nature, the three requirements of production rate, perfonnance 
specification and reliability are in constant conflict Reconciliation of the consequent 
conflict situations is a duty of senior management. 

Two typical conflict scenarios are illustrated by the two triangles shown in Fig 15. In Fig 
15a the technological conflicts are represented which are inherent in the production 
process. Fig 15b represents the human conflict situation confronting the engineer when 
designing a new product. To achieve an optimum balance hetween the conflicting 
requirements, and the conflicting departmental motivations, senior managers need to 
take early steps towards reaching agreement and cooperation arnongst the parties 
involved. During the phase of developing a new product the Sales Director will naturally 
insist on a competitive price together with outstanding perfonnance . and earliest 
availability, while the Production Director calls for new machinery and additional staff. 
Alas, the importance of reliability is all too often not considered until the product has 
reached the market and the complaints are coming in, or indeed, when a major accident 
has been caused. The significances of relating supplier and user concerns is reflected in 
BS5760 Part 4 recently issued. 
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4.43. Management assessment 
This is the most problematic and least developed area from a risk and reliability 
viewpoint. It exerts a common influence affecting all aspects of plant operation. Some 
authorative sources believe that the range from very good to very poor management can 
produce an order of magnitude increase in risk of accidents. Some analysts believe it can 
best be dealt with by considering the effects of supervision, training, working 
environment, etc, and other management controlled factors at the detailed task level. 
Indeed the existence and performance of overall controls and monitoring as previously 
described is clearly a major management responsibility in reducing risk and improving 
reliability. In the aviation world (15) the flight crew training programmes are expanding 
beyond the traditional role of maintaining piloting skills and providing instruction 
orientated towards flight deck management crew coordination, teamwork and 
communications. 

Flight simulator training (15) now include management programmes focusing on 
communications and management practices e.g., 

managerial philosophy 
individual work styles 
communications 
integration of the "four foundations of management: planning, organisation, leading 
and controlling" 
management skills and involvement practices 
specific strategies for the effective exertion of influence. 

Flight experts tend to relate aircraft accidents to interpersonnel and management factors 
far more than lack of systems knowledge or to aircraft related factors. Studies (15) 
identify a "safety window" in which nearly 83% of accidents involving professional 
pilots occur beginning at or about the final approach fix and extending through approach 
and landing. 90% of the accidents that occur in this window appear not to be aircraft 
related, they are pilot caused and seem to reflectfailure to manage properly. As a result a 
role change is occurring in pilots training converting the pilot from a control manipulator 
to an information processor. 

4.4.4. MORT 
A technique which has been developed to model and assess management from the risk 
viewpoint is the Management and Oversight Risk Tree (MORn (16). This system safety 
programme has been developed and refmed by the US Departrnent of Energy (DOE). 
MORT is a systematic approach to the management of risks within an organisation. It 
incorporates ways to increase reliability, assess risks, control losses and allocate 
resources effectively. 

The acronym, MORT, carries two primary meanings: 
1. the MORT "tree", or 10gic diagram, which organises risk, 10ss, and safety program 

elements and is used as a master worksheet for accident investigations and program 
evaluations; 
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and 
2. tbe tota! safety program, seen as a subsystem to tbe major management system of an 

organisation. 

The MORT process includes four main analytical toois. The fust main tooI, Change 
Analysis, is based upon a metbod of rational decision making. Change Analysis 
compares a probiem free situation witb a probiem (accident) situation in order to isolate 
causes and effects of change. 
The second tooI, Energy Trace and Barrier Analysis, is based on tbe idea that energy is 
necessary to work, tbat energy must he controlled, and tbat uncontrolled energy flows in 
tbe absence of adequate harriers can cause accidents. 

The third tooI is tbe MORT Tree Analysis. Combining principles from tbe fields of 
management and safety and using fault tree metbodology, tbe MORT tree aims at 
helping tbe investigator discover what happened and why. The fourth tooI, Positive 
(Success) Tree Design, reverses tbe Iogic of fault tree analysis. In positive tree design, a 
system for successful operation is comprehensively and logically laid out. The positive 
tree is a useful planning and assessment tooi, because it shows all tbat must he 
performed and tbe proper sequencing of events needed to accomplish an objective. An 
illustration of a MORT "tree" or Iogic diagram is shown in Figure 16. 
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4.45. Analysis ofmanagement structure 
Having shown 
1. that O&M is a common factor in the many tasks which can affect 

plant/system/product reliability/safety: 
2. that human actions function in a network of intentional states mainly detennined by 

O&M. How can we carry the analysis into O&M structures in order to see in any 
particular case how that affects individual tasks or types or sets of tasks from a 
reliability viewpoint? 

Generally technological management is hierarchically organised (cf management 
charts). So the generic problem is to relate the functions of this hierarchy to the tasks 
which affect plant reliability safety. A model (17) for describing the operations of such 
organisational decision making has been derived from the theory of cognitive problem 
solving. This is a multilevel approach to the representation of decision problems. The 
scheme is represented diagrammatically in Figure 17 and is discussed below. 

GOA L S 

Explaining slIalt world •. 

____ Probl'lI structuring 
languagl. 

3 _~t!U~t~0~g_~e..!!!~~ _________ FRAHES 
pro blems. 

For.al operational thought 
2 -------------------------- ---- ·What it" 

operational leval Haking an 
ass ••••• nt 

Actions - HH1- tasks 

COGNITIVE PROBLEM SOLVING 

Fig 17 

Levels of Abstraction in Representing Decision Probiems. This description is derived 
from that given in reference (17). Two points should be made at the outset about the 
fonnal characteristics of this multi-level problem representation scheme. The fust is that 
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tbe elements modelled at each level are operations perforrned by tbe decision maker in 
developing a problem representation, ratber tban tbe content of tbe representation tbus 
developed. 

The second point concerns tbe relations between tbe levels. In a "two level" decision 
making scheme, what is represented as "forrn" at tbe fust level can be manipulated as 
"content" at tbe second level. But tbis relation may be continued through further levels 
of abstraction, tbat is, what is represented as "forrn" at tbe second level can be 
manipulated as "content" at tbe tbird level, and so on. This implies, of course, tbat tbe 
content manipulated at each level is qualitatively different, as are tbe progressively more 
powerful operators tbat become available to a person who can understand tbe principles 
underlying tbeir employment. 

Level 1: Concrete Operations-Making "Best-Assessments" 
The operations actualised at tbis level are limited to providing assessments of quantities 
to be represented as components at a defrned mode in a task structure that has been fixed 
a priori. 1YPically these would be online tasks in plant operation. 

Level 2: Formal Operational-Sensitivity Analysis 
Moving up to Level 2 involves understanding tbe principles underlying what is called 
formal operational thought. Piaget (17) describes the fundamental characteristic of 
cognitive abilities at this level as the "capacity to deal with hypotheses instead of simply 
objects", hypotheses tbat are expressed as propositions rather than facts. 

The key formal operations at Level 2 comprise: operationalising principles relating to 
inversion, negation, reciprocity and correlation. Although each of these types of 
operations may be involved in a decision maker's attempt to provide "best assessments" 
in Level 1 problem solving, it is at Level 2 that these properties as a group are fust 
understood and exploited in exploring aspects of a (pre-structured) representation of a 
decision problem. This type of exploration of aspects of a problem is generally referred 
to as "sensitivity analysis": exploring "what ifl", questions about changing values at 
nodes in tbe structure e.g., tbe probability of an event in an act-event sequence to see 
what effects are propagated throughout tbe structure. Hence, at Level 2 tbe content 
manipulated within tbe structure is not "facts" but hypotbeses (opinions, views, etc). It is 
explicitly recognised tbat probabilities can vary in reflecting tbe range of specific 
participants' interests and preferences in group decision making. 

Level 3: Developing, Structure within a Single Structural Variant 
Fundamental activities in structuring and restructuring decision problerns involves 
processing a decision problem at Level 3 and above. At level 3, we move to an account 
of operation dictating tbe forrn of the current problem representation. They now become 
content manipulated within operations aimed at developing the structure of the problem 
under tbe constraint tbat the variant of structure used to represent the problem remains 
tbe same. 
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Level 4: Problem Structuring Languages 
Decision problem structuring activities at level 4 involve tbe articulation of principles 
tbat enable tbe manipulation of complete Level 3 problem structuring systems as 
content. There is, however, no fonnal language within decision theory that articulates 
Level 4 principles, as they are superordinate to the forrns addressed by that theory, 
hence, in working at Level 4 a decision maker has either to articulate these principles 
within his or her own naturallanguage or to leam a new language for generating systems 
linking Level 3 (sub)problem representations into a structure comprising the whole 
range of aspects of tbe problem under consideration. In practice, tbe language employed 
by the decision maker serves as a generative problem structuring calculus at this level. 

LevelS: Scenarios Exploring Small Worlds 
Level 4 problem representations of ten appear to decision makers to be "complete" 
descriptions of the structure of the decision making problem they are facing. Yet these 
Level 4 descriptions are themselves situated within what are described as the small 
world encompassing the decision maker's problem structuring activities and the 
knowledge representations that he or she believes to be relevant to these activities. This 
"boundary setting" for a decision problem changes with changes in motivation, as does 
the nature of the structures the decision maker will consider requisite in handling any 
decision problem. 

Decision making at levels higher than Level 5 is concerned with choosing between 
courses of action that, when supported at lower levels, will lead to the generation and 
re-ordering of the cu/tural structures within which individuals find and exercise their 
identities. Few decision makers occupy roles with the scope and levels of organisational 
support that permit them to handle decisionmaking tasks effectively at these levels of 
abstraction. 

4.4.6 . Implications ofthe multi-/eve/ schemefor supporting organisationa/ decision 
making 

Table 4 shows the correspondence between the levels of abstraction involved in 
conceptualising decision problems described by her and Jacques's (17) levels of 
abstraction of the demand characteristics of the tasks carried out by decision makers 
located at the various levels within the hierarchy of a bureaucratic organisation. 

The qualitative differences between the levels of organisational roles shown in the first 
column can be understood in tenns of progressive levels of abstraction in the symbolic 
construction of actions that may be carried out by executive at each level. Moreover, 
these levels are not viewed as a specific product of organisational fonns; rather, 
bureaucratic levels are parasitic regarding levels of abstraction of (idealised) tasks within 
organisations. 

The third column in Table 4 summarises the description of the dernand characteristics of 
the tasks facing personnel with responsibility at a given in an organisation. In any actual 
organisational context we may find personnel at particular organisational levels also 
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responsible for carrying out tasks at lower levels (rather than delegating them 10 sub­
ordinates). Executives may he able 10 take initiatives at more than one level in 
organisations where the role structure permits this (for example, as "consultants" or 
"problem fixers"). 
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In a practical analysis the scheme in Table 4 will also he divided horizontally into 
columns representing different management activities or agencies or agencies such as 
resource management, safety assurance, OA, personnel operations etc. The 
communications hetween these vertical "lines" of management as wen as hetween levels 
will he of crucial importance to the success of plant operation. The last column goes 
someway towards showing this and will he discussed helow af ter the case studies. 

4.5. Case Studies 

The management issues 
reviewed and related 
reliability/safety IO&M. 

ansmg from three recent catastrophic accidents will he 
10 the foregoing accident on the connectivity in 

45.1 The Challenger-shuttle 51-L loss (7) 
Loss of the space shuttle Challenger and its crew on January 28 occurred in part because 
of an inefIective "silent safety programme" within the National Aeronautics and Space 
Administration (NASA) according 10 the Federal Commission of Investigation. The 
Marshall Space Flight Center project managers failed to providefull and timely bearing 
on the safety of Flight 51-L to other vital elements of Shuttle programme management. 
Thus there was an absence of one essentialline (or column in the multi-Ievel scheme) of 
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O&M concerning safety and a failure to communicate between lines. 

"Project managers for various elements of the shuttle program felt more accountable to 
their center management than to the shuttle program organisation. Shuttle element 
funding, work package definition and vital program information frequently bypasses the 
National .Space Transportation System program manager (Arnold D Aldrich). A 
redefinition of the program manager's responsibility is essential", the commission said 
"This redefinition should give the program manager the requisite authority for all shuttle 
operations. Program funding and all shuttle program work at the centers shou/d he 
placed c/early under the program managers authority". 

Specific recommendations were: 
• Increase astronaut managers - The comnnSSlOn specifically recommended that 

NASA increase the number of astronauts in management positions so that astronaut 
experience could benefit overall agency decisions. 

• Formation of new safety organisation - NASA should establish an Office of Safety, 
Reliability and Quality Assurance to be headed by an associate administrator~ 
reporting directly to the agency's administrator. The office should have direct 
authority for safety issues throughout the agency. 

• Formation of shuttle safety panel - "NASA should establish a shuttle Safety Advisory 
Panel reporting to the shuttle program manager", the commission said The charter of 
this panel should include review of shuttle operational issues, launch commit criteria, 
flight mIes, flight readiness and risk management. The panel should include 
representation from safety organisations, mission operations and the astronaut office, 
the commission said 

• Improvement in management communications - "A policy should be developed that 
governs the imposition and removal of shuttle launch constraints", the commission 
said The Roger group was concerned that Marshall managers - specifically solid 
rocket booster project manager Lawrence B Mulloy fust imposed a launch constraint 
on the booster join because of concern over the component, then waived that 
constraint on six consecutive flights. Neither the launch constraint, the reason for it 
nor the six waivers were known to Jesse W Moore, who headed the shuttle program 
at the time, nor to Aldrich in Houston or James A Thomas, the lead Kennedy Launch 
commit official for Mission 51-L 

Increase maintenance safeguards - Installation, testing and maintenance procedures for 
critical items such as the booster joints must be especially rigorous, according to the 
commission. "NASA should establish a system of analysing and reporting performance 
trends of such items", the commission said. The agency has to develop a comprehensive 
maintenance inspection plan for shuttle orbiters, perform structural inspections when 
scheduled and not waive them as has been done in tbe past. The spare parts program 
needs to be restored and tbe practice of cannibalising orbiter parts at Kennedy halted 

The recommendations thus include new lines of management and improved links 
between specific lines criticisms of various level of management. 
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The commis sion said that the safety organisations in place during the Apollo program 
had been dismantled and overall safety monitoring at NASA had become ineffective. 
Deficiencies in NASA's safety program included a "lack of problem reporting 
requirements, inadequate trend analysis, mis-representation of criticality and a lack of 
involvement in critical decisions. A properly staffed, supported and robust safety 
organisation might weIl have avoided those faults", the commission said. 

"Kennedy Space Center bas a myriad of safety, reliability and quality assurance 
organisations that report to supervisors who are responsible for processing. The clear 
implication of such a management structure is that it fails to provide the kind of 
independent role necessary for flight's safety", the report said The commission had the 
same criticism for Marshall. 

Commission members believe a key management level decision at Johnson Space 
Center in 1983 played a role in the accident by modifying the requirement that shuttle 
Level 3 managers - such as those in the booster project at Marshall - report all critical 
safety issues to Johnston Level 2 managers overseeing the entire program. Prior to 1983, 
Level 3 at Marshall was required to report all problems with flight critical hardware, 
such as the boosters, to Level 2 at Houston. A 1983 revision, however, "substantially 
reduced this requirement to include only those problems, that dealt with common 
hardware items, or physical interface elements". 

Qther specific findings by the commission include: Launch constraint waivers - "The 
waiving of launch constraints appears to have been at the expense of flight safety", the 
commission found. Marshall's attitude - "The commission is troubled by what appears to 
be a propensity of management at Marshall to contain potentially serious problems and 
to resolve them internally rather than communicate them forward". Thiokol management 
- "Thiokol management reversed its position and recommended the lauch of 51-L at the 
urging of Marshall and contrary to the views of its engineers in order to accommodate a 
major customer". 

The commission found that with an ineffective safety system, pressures on the shuttle 
project were magnifying other problems. "In establishing the shuttle flight schedule, 
NASA had not provided adequate resources for its attainment As aresult, the 
capabilities of the system were strained by the modest nine mission rate of 1985, and the 
evidence suggests the agency would not have been able to accomplish the 15 flights 
scheduled for 1986". "At the same time that the flight rate was increasing, a variety of 
factors reduced the number of skilled personnel available to deal with it. The flight rate 
did not appear to be based on the assessment of available resources and capabilities and 
was not reduced to accommodate the capacity of the work force. 

"At Kennedy the capabilities of the shuttle processing and facilities support work force 
became increasingly strained as the orbiter turn around time decreased to accommodate 
the accelerated launch schedule. This factor resulted in overtime of almost 28% in some 
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directorates. Numerous contract employees worked 72 hours per week or longer and 
frequently 12 hours shifts". 

It appears there are enonnous differences of opinion as to the probability of failure rate 
with 10ss of vehicle and human life, with estimates ranging form roughly 1 to 100 to 1 in 
100,000. "The higher figures come from working engineers, and the very 10w figures 
from management". 

It was found that flight readiness review certification criteria often develops a gradually 
decreasing strictness. "The argument that the same risk was flown before without failure 
is often accepted as an argument for the safety of accepting it again. Because of this, 
obvious weaknesses are accepted again and again, sometimes without a sufficiently 
serious attempt to remedy them, or to delay a flight because of their continued 
presence". 

Clearly there was a shortage of adequate resources to meet the launch rate demand, the 
availability requirement affected management decision making concurrently with 
inadequate safety management arrangements. 

452 Bhopal disaster 
Nine conditions have been analysed (8) as necessary and sufficient for the accident 
scenario and at least 5 of these were directly attributable to human error/ management 
decisions involving design, maintenance and operational errors. 

Possible causes of error: 

o Lack of Design Support Emphasis Human Safety System 
One of the Areas where the Bhopal plant was criticised in the literature is in terms of its 
lack of automatic devices to help maintain the system within tolerabie limits. It is said 
that safety systems had to be manually switched on, there was a general lack of 
automatic waming systems, and safety interlocks were not provided for critical systems. 
If this is the case then the operator does not appear to have been given much support 
from the designer. 

o Safety Role Ambiguities 
Possible primary candidates with responsibility for safety were identified as: 

Operators 
UCIL supervision and management 
The parent company in the US 
The Madhya Pradesh Inspectorate 
The Indian Government 

A conc1usion was reached that safety roles were probably highly ambiguous (lack of 
proper specification of safety duties). Potentially independent human safety systems 
could also fail to "audit" each others decisions and enforce safety. The implications of 
the report literature were that it could not be c1early established who was responsible for: 
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Defming the safety criteria and ensuring that they were maintained. 
Ensuring that the original design of the plant was safe. 
Identification and notification of unsafe practices or design and whom should he 
notified. 
Ensuring that if plant procedmes or design were changed they met the safety criteria 
Ensuring that the plant was maintained in a safe condition. 
Ensuring that plant management, supervisory and operations personnel had 
sufficient plant knowiedge, training and experience to operate the plant safely. 
Ensuring that the established procedures of the plant were followed. 
Providing infonnation about risk, such as MIC toxicity, and who should he 
infonned It should he noted that in the USA there is as yet no requirement to inform 
the local public of toxicity effects of plants and in the UK this has only recently 
become a requirement 
Evaluating plant siting and risk to the public. 
Ensuring the enforcement of health and safety legislation 

The definition and execution of these roles represent the primary and back up human 
safety systems. 

o Lack of Knowiedge, Rules and Procedmes 
It is possible that operational and/or critical decision making personnel at Bhopal could 
have lacked sufficient knowiedge. Such knowledge enables the consequences of actions 
or system state changes to he anticipated during the lifetime of a process plant It would 
therefore he important to consider whether operators, supervisors and management at 
UCn... had sufficient training, experience and fonnal procedmes to enable them to 
operate the plant safely. 

o Lack of System State Information 
Just after washing of the filter RV lines hegan at 9.15 pm on 2 December it is reputed 
that an operator noticed that the bleeder valves were blocked. The situation could have 
been recovered but, if the reports are correct, the supervisor apparently ordered washing 
to continued. Another event occurred an hour later. Pressurisation of tanks for 
transference of MIC to the Sevin plant hegan but pressme in tank (92 psi) failed to rise. 
Fifteen minutes later there was a shift change. This shift was said to have observed leaks 
ofMIC, a pressme rise in tank 610, and ultimately the catastrophicdischarge. 
A detailed examination of the report literatme led to the following questions arising: 
1. Was there a reliable indicator to provide information on the considerabie temperature 

rise from the exothermic reaction in the tank? 
2. Were the tank pressure and level indicators working correctly and did operators 

consider that readings taken from them were reliable? 
3. Were sufficient warning infonnation systems available and in operation 

(temperatme, pressure and leak alarms)? 
4. Did the operators have sufficient infonnation on MIC toxicity and the hehaviour of 

MIC on contact with water to enable accurate perception of risk? 
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o Economic Pressure 
Roman error in response to pressures of one sort or another is a common contributory 
factor in major accidents. If, as has been reported in the media, pesticides sales in India 
had been sinking then economic pressures would exist to minimise the costs of 
pesticides production. If the Bhopal plant was subject to economic or production 
pressures, one would expect to find certain indicators of this, principally: 

A decrease in production 
Reduction in manning and/or manning costs 
Reduction in downtime and/or attempts to reduce down time 
Reductions in costly equipment 
Shortcuttings such as reduction in time consuming procedures 
Priorities of production over safety 
Attempts to increase efficiency 

The report literature, if correct would supply supporting evidence for each of these 
indicators, except the last. For example, the introduction of a jumper line would enable 
either the process vent header or the relief valve vent header to he used for venting and 
rellef whilst the other was heing maintained, without the need for plant shutdown. 
Rowever this violated safety requirements. It is also estimated that· savings from 
switching off the refrigeration unit would he about $ 50 a day. If economic pressures 
existed at the time that it was decided to have MIC storage, then such pressure may have 
influenced this decision. Storage has the following advantages: 

Reductions in downtime 
Fluctuations in the process can he evened out 
Ease of operability 

The nine conditions which were necessary and sufficient at the time of the accident were 
the result of decisions taken over a considerabie period of time. The decision to store 
large quantities of MIC was part of the design concept. The jumper line hetween header 
lines was introduced sometime during operation as was the removal of the refrigeration 
of the tanks. The magnitude of the MIC/water reaction that occurred was not foreseen in 
the design of the tanks, plant or vent gas scrubher nor in the inadequacy of the 
procedures or in the ability of the operators to cope at the time of the accident. 

4.53 Chernobyl (18) 
Ironically the immediate cause of the accident which wrecked the No 4 reactor was a 
test designed to improve the safety of the plant The objective of the test was to see 

whether the mechanical inertia in one turbine generator, isolated from both its steam 
supply and the electricity grid could he used to supply electricity via the station 
distribution system to the fast acting emergency core coollng pumps for 40 to 50 
seconds. In essence what was heing attempted was to use the turbine generator as a 
mechanical "flywheel" coupled to the pumps electrically. 
The test had been attempted twice hefore in 1982 and 1984. On the latter attempt 
following isolation of the generator from the grid the voltage level in the unit system feIl 
rapidly and the operators were unable to arrest the drop by manual control of the voltage 
regulator. The fall in voltage resulted in the pump motors slowing down much faster 
than the generator. 
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For tbe fateful test on tbe 26 April an automatic voltage regulator acting on tbe generator 
excitation current had been fitted which maintained tbe voltage level in tbe unit system 
so that tbe pump motors ran down in step witb tbe main generator at synchronous speed 
drawing upon tbe stored kinetic energy of tbe turbine generator. The planned 
experimental initial conditions required tbe reactor to be at about 25% full power witb 
one of its turbine generators shut down and tbe otber supplying tbe grid, tbe four main 
circulating pumps and two feed pumps. The remaining auxiliary plant was fed from tbe 
grid. 
The experiment had been badly planned, tbe safety case was inadequate, had not been 
properly reviewed and tbe operators failed to achieve tbe chosen plant conditions, so 
tbey departed from tbe laid down procedures and violated several operating rules. The 
quality of tbe program proved low; tbe section on safety measures included in it was 
composed purely as a matter of form. (1t pointed out only tbat in a process of tests, all 
switching is done witb tbe autborisation of tbe station shift director; in case of 
development of an emergency situation, all personnel must act in accordance witb local 
instructions; and just before tbe beginning of tbe tests, tbe test leader - an electrical 
engineer, who is not a specialist on reactor installations - briefs tbe watch on duty). In 
addition to tbe fact tbat tbe programs essentially included no additional safety measures, 
it prescribed disengaging tbe system for emergency cooling of tbe reactor. This meant 
that throughout tbe period of tbe tests, ie, about 4 hours, tbe safety of tbe reactor appears 
to have been lowered significantly. 

The sequence of events from tbe start of tbese tests to tbe runaway excursion, explosion 
and release of radioactivity across Russia and Europe has been extensively described 
now in many reports, two of which are quoted here. There were 6 violations of 
procedures ie malpractices by tbe operating team. The fact tbat tbe design shortcomings 
allowed some of tbese to occur bas of course been an important contribution to tbe 
modification programme now being carried out on all tbe RMBK stations. These were 
coupled witb apparent deficiencies in technical understanding by tbe managers and 
operators of tbe test What is less weIl known is tbat tbey had not received permission to 
cany out tbe test by tbe responsible autborities, but had anticipated tbis since tbey had 
performed similar tests before and because of tbe customary slowness of tbe 
bureaucracy. 

The violations of procedure which took place were as foIlows: 
1. Operation witb tbe emergency core cooling system disengaged. 
2. Failing to reset tbe automatic regulator af ter reducing power. 
3. Operation of system in a mode likely to lead to pump cavitation and vibration of tbe 

main feed piping. 
4. Override of steam pressure and drum water level signals to tbe reactor trip system. 
5. Operating at a prohibited reactivity margin. 
6. Disengagement of tbe turbine trip signal to tbe reactor protection system. 
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Clearly tbe safety climate at tbe time of tbe rundown test had deteriorated in tbe urgency 
to get tbe test done and to he able to repeat it immediately if necessary. 

Clearly tbe operators had violated a number of operating regulations vita! to tbe safe 
operation of tbe plant The most serious of tbese violations have been highlighted. 

Operator error was also a major cause of the TMI-2 accident In that case this was due to 
deficiencies in understanding training and control room design. 
The situation at Chernobyl differs to tbe extent tbat tbe operators took pre-meditated 
action to circumvent tbe protection devices provided by tbe reactor designers for tbe safe 
operation of tbe reactor. 
It has been reported tbat the operators feIt tbey were under extreme pressure to complete 
tbe planned experiment that night since tbey were aware tbat it could be a full year 
before tbey had another chance. Otber factors which could have influenced tbe operators 
to cut corners include tbe fact tbat tbe Chernobyl station was 'top of tbe league' for 
availability, tbe experiment was delayed (by grid control) and came at tbe end of a 
working week early in tbe morning and it was tbe eve of tbe Mayday holiday. 

In addition, shortfalls in tbe management of tbe operation of tbe power plant must be a 
contributory cause and it is observed tbat a number of local and centra! government staff 
have been removed from tbeir positions as aresult. An example of this managerial 
shortfall is tbe paucity of tbe planning and review of tbe proposed experiment 

Finally, tbe concept and design of tbe reactor itself was a major contributory factor. 
Whilst tbe RBMK reactor has some inherent features which are quite attractive 
(including tbe lack of a thick walled pressure vessel, tbe absence of steam generators, 
tbe capability to replace fuel on load and ease of construction on remote sites) it also has 
features which are "short comings" including a positive void coefficient of reactivity, a 
large core which requires a complex control system, complex piping witb inherent 
difficulties in providing emergency cooling to each channel, high graphite temperatures 
and inadequate containment. The design was also deficient witb regard to tbe engineered 
safeguards in tbe provision of a rapid acting shutdown system. 

Because when tbe RBMK reactor was originally conceived computers were rudimentary 
and unreliable, tbe designers assumed tbe human operators would be more reliable and 
failed to see the need for engineered safeguard features to counteract operator errors. 

45.4 Review ofmajor features 
The review of tbese major accident reports show many similar features which will now 
be summarised: 

aChallenger 
1. Lack of clear corporate safety organisation. 
2. Lack of adequate communications down tbe line and between lines e.g. 

between project managers and flight operations. 
3. Increased flight rate. 
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4. Decreasing resources. 
5. Design control issues. 
6. Maintenance management problems. 

b Bhopal 
1. Lack of a clear safety assurance policy. 
2. Lack of operator knowledge ie training. 
3. Decreasing resources. 
4. Design support problems. 
5. Maintenance management problems. 

c Chernobyl 
1. Problems in tbe management of tbe safety bureaucracy related to communication 

difficulties between higher and lower levels and in tbe allocation of 
responsibilities. 

2. The pressure of demand for electricity was very high and Chernobyl was at tbe 
top of tbe "plant availability" league. 

3. Acknowledged lack of <'perator training. 
4. Extreme pressure of time. 
5. Design shortcomings. 

This listing indicates tbe lack of appreciation by management and engineers involved of 
tbe significance of tbese issues. These critical O&M issues have been highlighted in tbe 
last column of Table 4. This also indicates at what levels responsibility for tbeir issues 
might reasonably he expected to he substantial. Clearly this may vary from organisation 
to organisation. Assessment however should demonstrate whetber appropriate functions 
are being performed and whetber tbere are any weaknesses in functional performances 
or in communications between and across levels. 

The designs and operation of a nuclear power plant witb its highly significant safety 
issues and conservative design approach may seem to differ considerably from the 
situation in many industrial projects, where safety is less significant and short term 
economic viability is crucial. Whereas in tbe former the O&M assessment of large 
relatively stable design and operating structures (it has been argued) would provide 
useful insights into improvements and in judging tbe effect of common influences in 
design, operational maintenance, it would he more appropriate in tbe latter to provide 
guidelines to assist management (at all levels) in organising their project teams and 
supporting services together witb "artificial intelligent" management decision support 
systems to help in running projects. In fact the availability of AI support systems should 
in future assist most organisations and is now a rapidly expanding technology with 
which tbe Roman Reliability Factors in Technology Management Group is also 
involved. 
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4.6. Methods of assessment and anaJysis 

The framework derived from the hierarchical cognitive theory described and the 
evidence of accidents may be put to use in two ways: 
1. As part of safety/reliability assessments of systems to provide an appraisal of the 

organisation and management of that system. 
2. As an aid to accident analysis which structures the informati-on and evidence arising 

form an enquiry. 
These two uses are briefly described below: 

Assessment Method - O&M Appraisal 

For this to be most useful it should be part of a safety/reliability assessment, so that 
detailed technical evidence of possible failures of the systems are available some of 
which will impinge on or be caused by O&M. The overall objectives of the system 
should be clearly defined. Hierarchical organisation charts should be available together 
with descriptions of the responsibilities and tasks of the staff involved at all levels of the 
O&M tree. The O&M structure is then matched to the framework given in Table 4 
column 2 to get the best fit possible. Precise fits are not always possible, but generally 
one or two levels of management will fit each level in the tabIe, or to a merger of two 
levels. The responsibilities and tasks at each level in the matched structure are then 
examined against the criteria in the third, fourth and particularly the fifth column where 
each of the items e.g. maintenance should be considered separately in turn. This is done 
against a background of information arising from the safety/reliability analysis e.g. fault 
trees, event trees etc, which will show where in the system operation many important 
failures including human ones could occur. The assessor then has to judge whether the 
maintenance etc, O&M is adequate at each level, e.g. has the design been carried out by 
a competent organisation providing adequate records, product assurance covers OA and 
reliability, is safety adequately monitored. There will be differing levels of responsibility 
for each item at each O&M level and this will vary between organisations and systems. 
In the end the assessor uses the framework for: 

1. assessing the adequacy of the O&M 
2. to identify any 'holes' in the O&M which could be important to S&R and to agree 

with management on recommendations for dealing with problems. 

Clearly this method is qualitative, but it provides a background against which confidence 
in the quantitative S&R assessment of the system/plant may be guided. It could affect 
the choice of reliability data, the assessment of operator error, the assessment of system 
dependencies etc. It may be useful to utilise task analysis methods particularly at the 
lower levels of O&M where they are more applicable in order to clarify the operation of 
the plant This may also arise from the S&R analysis. At higher levels the use of the 
Management Overnight Risk Tree (MOR'D method may be applicable and this is being 
considered for further development of the method. Providing a case study or example of 
this method is difficult because of the confidential nature of the information involved. 
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However, the issues may be better understood by considering the second use of the 
framework and taking the example of a weU known and publicised major accident, the 
Herald of Pree Enterprise ferry disaster at Zebrugge in 1987. 

Accident Analysis 

The important aspects of the ferry disaster are publicly known and these will be entered 
into the framework in the following brief analysis. 
At level 1 there was the bosun who was asleep (1oss of resource) and clearly failed in his 
safety duties concerning the closure of the doors. The second officer at level 2 did not 
check properly that the bosun was present (safety and resource problems). They both 
incidentally should be aware of the operating states of the doors (main-tenance 
function). At level 3 the captain was not provided with adequate means to check door 
closure (design) nor was there an adequate system for doing this ie (PA) (product 
assurance ). Although he was aware of the safety aspects, the safety procedures for which 
he must he partly responsible were at least poorly defined. The ship's crew resources 
were also inadequate to ensure that the doors were closed when they should be, because 
of conflicting duties, so there was a failing at this level of O&M and above as it turns 
out. With re.g.ard 10 structuring capability, clearly the risks being taken at each level 
were not understood, not reported 10 the next level, there was lack of sensitivity to the 
relevant issues and in fact this appeared to go right up to level 6n. 

Level 4 general management failed 10 provide clear safety directions and ignored 
protests by some captains on a number of points, e.g. plimsol line checks, number of 
passengers, door closures. There was lack of PA, e.g. passenger checks, deliberate 
overriding of sound safely recommendations, e.g. door closure waming lights and 
enforcement of mandatory procedures. At level 5 there was a lack of a clear safety 
policy, the risks associated with the ship design in operations were not articulated and 
the relevant principles of operation spelt out, so adequate resources were not provided 
and no adequate PA system defmed. At levels 6 and 7 the implications of the ship design 
had not been fuUy appreciated from an operational viewpoint and overall strate.g.y for 
the fleet safety, PA and resourcing promulgated. There may have been confusion in the 
understanding of corporate and ships' masters responsibilities which affected levels 5, 4 
and3. 

4.7. Conclusions 

The accidents considered have similar generic features e.g. resource problems, safety 
management inadequacies, communication problems, design issues, and inadequate 
information. These could potentially have been assessed and led 10 accident prevention 
by the methods discussed in the paper. The O&M assessment would have enabled 
common features that could have affected many aspects of plant operation e.g. demand 
pressures/resources, possible deterioration of maintenance standards, limitations of 
design, to be considered in the task analyses and the effects to be allowed for in the 
safety/reliability analysis and assessment It is clear that major accidents cannot be 
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accountedfor on the basis of a snapslwt approach. Variation over a long period of time 
has to he considered. This means continual review of safety and reliability assessment lt 
also means that reliability data based on certain standards of plant maintenance for 
instance are not applicable at potential accident instances. Thus not only are there 
increasing dependencies but item fallure rates are likely to he increased also. 

These analyses of O&M influences on plant reliability will be mainly qualitative. This is 
because of their mainly mental and social characteristics which make quantitative data 
collection and analysis fundamentally difficult This also applies 10 the reliability of 
management itself e.g. in the communication process or in controlling resources 
properly that may affect plant reliability. The issue of avoiding catastrophic accidents is 
too important to thereby downgrade the importance of performing such analyses since 
they can point to ways of preventing COmmon influences which give rise to unforeseen 
dependencies and consequences. 

Catastrophic accidents are analysed public1y in depth much more extensively than 
commercial disasters (perhaps Nimrod will be exceptional), but from such analyses 
factors emerge which have been found to apply in less dramatic situations and which 
when considered objectively also help 10 identify areas where problems arise. It is 
acknowledged generally that design should be properly controlled 10 ensure reliability 
and that users should follow recommended procedures if they are to avoid losses. Indeed 
at the heart of BS5760 on Systems Reliability Management, is the concept that designers 
and users should c1early understand the life cyc1e requirements of equipment and act 
accordingly. 

A wide gap exists at present between specialists and managers. The human factors 
specialists and expertise are remote from senior management and the topics of concern 
to him are isolated from the practice of high level decision making. In consequence, few 
opportunities exist for putting new knowledge in human reliability into the hands of 
those who can apply it with the greatest advantage. Moreover, because of this gap, 
research workers lack adequate, direct input from the potential user at senior 
management level who alone can help to focus effort on the most important issues, and 
provide the necessary feedback from practical application. Progress in this field is 
therefore slower and knowledge gained less relevant than it would be if this gap did not 
exist 

It is with these considerations in mind, that the Ruman Factors in Technology 
Management project group was formed, and hopes that its work will go some way 
towards building a much needed and etfective bridge. The most important aim of the 
group is to initiate, foster and participate in projects to increase relevant knowledge of 
Ruman Reliability Factors and apply these in the practice of technology management 
The group is also intends to bring together participants from a wide spectrum of 
experience, ranging from specialised research to general management in industry, and 
from junior executive to senior board level. 

93 



References 

1. Watson, L A. et al. (1984). "Criticality Survey of Research on Human Factors and 
the Man-machine Interaction" IAEA-SM-26B/29. International Atomic Energy 
Agency. 

2. "The Germany Risk Study" (1981). Rep EPRI-NP-1804 SR. Electric Power 
Research Institute Palo Alto. 

3. Edwards, G. T. and Watson, LA. (1980). "A study of Common Mode Failures", The 
Safety and Reliability Directorate, UKAEA SRD R146. 

4. Flight Intemational22, January (1975). 
5. Contents of the NCSR Reliability Data Bank NCSR/DB/40. 
6. Watson, I. A. "Review of Human Factors in Reliability and Risk" Assessment I 

Chem E SYMPOSIUM Series No 93. 
7. Covallt Craig. (1986). "SHUTI1..E 51-L Loss". Aviation Week and Space 

Technology/June 16. 
8. Bellamy, L. J. (1986). "The Safety Management Factor: An Analysis of the Human 

Error Aspects of the Bhopal Disaster" . (Safety & Reliability Society Symposium, 
Southport, September. 

9. Edwards, G. T. et al. (1981). "Defenses Against Common-Mode Failures in 
Redundancy Systems". SRD R196 January. 

10. "Human Factors in Industrial Systems - Review of Reliability Analysis Techniques". 
(Draft available from the HSE, Boode, Liverpool). 

11. "Systematic Human Action Reliability Procedure (SHARP)" (1984). EPR NP-3583 
Interim Report, June. 

12. Duncan, K. D. et al. (1971). "Task Analysis". Training Information Paper No 6, 
HMSO London. 

13. Searle, John, "Minds, Brains & Science". The 1984 Reith Lectures. Published by 
the British Broadcasting Corporation. 

14. Watson, L A. (1986). "Fundamental Constraints on some Event Data" Proceedings 
of the 5th EuReDatA Conference Heidelberg, April 1986. 

15. Aviation Week & Space Technology. (1984). October 1, Page 99. "Cockpit Crew 
Curriculums Emphasise Human Factors". 

16. "MORT Management and Oversight Risk Tree". (1983). International Risk 
Management Institute, Vol Vi, No 2, October. 

17. Humphreys, P. and Berkeley, D. (1985). "Handling Uncertainty Levels of Analysis 
of Decision Problems" in G. Wright (ed) "Behavioural Decision Making" London: 
Plenum Press. 

18. Collier, John G. et al. (1986). "Chernobyl". CEGB September. 

94 



CHAPTERS 

RISK ANALYSIS AND SYSTEMS APPROACH 

L.H.J. Goossens 

Risk analysis is a methodology to identify, qualify and quantify risks as an aid in decision making at 
various levels. Generally such analyses are performed at a plant-specific level. Key factors which are 
not fully explored yet are the definition of risk, the possibilities of a systems approach, the full 
understanding of the consequences feeding back such an analysis into the system at various levels, a 
responsible way of dealing with uncertainties, the myth of dermite solutions through technical means 
and the inappropriate dealing with data from operationaI experience. DifJerences in opinion on the 
extent of risk analyses by industry, safety engineers, government officials and the public have been the 
subject matter of recent discussions. 
In the light of this chapter risk analyses are analyses designed to predict future developments of risky 
activities. In principle the same key factors are not fully explored for these purposes as weil, albeit in a 
more generic way (e.g. inherentiy safe plants). Not only the time base is longer, the subjects to be 
analysed are also less plant-specific. Besides, results are presented at a macro-level (nationaI, regionaI), 
which makes transformation to the micro levels (individuaI companies, or even work places) much 
more difficult. 
A systems approach in terms of the accident scenario methodology will be presented to deal with this 
problem in general. Conclusions will be drawn as to the possibilities of mling up the gap between 

actuai risk analyses and the aforementioned pitfalls in integration. 

5.1. Setting the scene 

Risk analysis is a methodology to identify unwanted events, to qualify and quantify 
these events into a calculated risk and to interpret the calculated risk for decision-rnaking 
at various levels in society. The problem defmition which determines the risk analysis 
process can thus vary between a widespread area of interest (e.g. the risk of coal 
gasification in general) and a very plant-specific matter (e.g. the risk of that particular 
coal gasifier in the Shell-Koppers process of company XYZ). 
From a systems-approach point of view there is no difference in the underlying model. 
The difference arrives at the stage where the system boundary has to be defined. 
Complications are the detailed description of the widespread problem (which cannot go 
to deep) and the definition of the constraints with the other entities surrounding the 
gasifier (which may not be constant in all cases). 
Probabilistic risk assessments (PRAts) of nuclear power plants (particularly in the United 
States) cover a great deal of both types of problems (NRC, 1983). That is why these 
PRAts are so time-consuming and laborious to carry out. They do however, only cover 
the risk concerning a melt-down (which is of course the most fearful situation). These 
PRAts do not cover the risk connected with long term radiation effects on the local 
people living quite close to the power station (e.g. the risk of leukemia in children), or 
the risk of radiation effects for the whole population of a country with nuclear facilities. 
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So before one starts to identify the unwanted events it is very important to defrne the 
system to be analysed and to determine the variety of hazards in it. This is particularly so 
in cases of analysing the risk of new technologies. Hohenemser et al (1986) formulate a 
hazard structure as a causal sequence (Figure 1). Hazard descriptors are defrned to 
evaluate tbe hazardousness. 
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Figure 1. Causal sequence of technological hazards 
(af ter Hohenemser et al, 1986). 
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An example of a coalfrrect electric power plant is given in Figure 2. 
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Figure 2. Topology of technological hazards of a coal-frred electric 
power plant (af ter Hohenemser et al, 1986) 



Even in this example some sequences are omitted. E.g. radiation effects due to coal may 
be there. (Radiation of gypsum plates has also been ignored for a long time.) Long term 
health effects due to bad working circumstances has also not been mentioned, although 
it is a common feature in every plant whatsoever. 
Since all these effects originate from the chosen technology, changes (preventive 
measures) for one sequence branch may influence (positively or negatively) the other 
sequence branches. 

A particular important item (surely for technology assessments) is whether the model is 
actually independent of the specific question one has to deal with. Of course, if one has 
to deal only with a detailed matter, the model may he confined to the relevant entities 
and relations in the form of a sub-system, but the constraints with the surrounding sub­
systems should he bourne in mind. They may not he as rigid that one can simply ignore 
them. When asbestos is banned as a building material and substituted by other synthetic 
fibers, new risks (e.g. other carcinogenies) rnay occur to which employees of the fiber 
production system are exposed. Such shifts in risk can be distinguished by taking the 
life-cycle of a product into account 

5.2. Types of uncertainties in risk analysis 

The aim of a fulI risk analysis procedure is to calculate and interpret the residual risk of a 
certain system or new development. Risk management deals with decisions regarding 
whether or not these results provide an acceptable activity. In the latter case preventive 
and/or corrective measures have to be taken, whereas a new risk analysis shows the gain 
in residual risk. The final outcome in all cases is subjected to uncertainties. These 
uncertainties should he reflected in the risk interpretation. Usually results of risk 
analyses are presented in the form of a number stating the amount of people killed by 
e.g. an explosion, or in the form of a graph expressing the group risk due to a certain 
activity. Both qualitatively and quantitatively assumptions have been made which may 
reduce the final outcome to that in a dubious game. 

Thus uncertainties may appear in all stages of a risk analysis. These stages are: 
1. the system description; 
2. identification of unwanted events, i.e. description of accident scenarios; 
3. calculation of probabilities; 
4. calculation of darnages; 
5. interpretation of the risk. 

Vesely and Rasmuson (1984) distinguish three types of uncertainties: 
1. parameter uncertainties. 
2. modeling uncertainties; 
3. completeness uncertainties; 

Parameter uncertainries refer to imprecisions and inaccuracies in the parameters which 
are input to risk analyses. These are frequency parameters (accident rates, failure rates, 
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human error rates, dependent fallure probabilities and so on), system consequence 
parameters (temperatures, flows, chemical properties, mechanical properties and so on) 
and consequence parameters from outside the system (meteorological data, population 
densities, economic or cultural constraints, earthquakes, sabotage and so on). 

Modeling uncertainties refer to uncertainties in the applicability and precision of the 
models used in risk analyses. These may be frequency models (e.g. accident occwrence 
modeis, system fallure models), system consequence models (exothermic teaCtion 
modeis, containment response models and so on) and consequence models from outside 
the system (like atmospheric dispersion modeis, health effect modeis). 

Completeness uncertainties are those uncertainties as to whether all the significant 
phenomena and all the significant relationships have been considered. This is the point 
made in the previous section. Vesely and Rasmuson distinguish two types of elements. 
One type is the elements impacting contributor uncertainty (like completeness of 
accident initiating events, or of system and component fallure states). These 
uncertainties particularly refer to whether all relevant entities have been taken into 
account in the model. The other type consists of elements impacting relationship 
uncertainty (like correctness of interactions between the initiating event and system 
failures). These uncertainties refer to whether the relations between entities are weU 
fonnulated, with respect to safety. 

In a review of the analysis of uncertainty in water quality modeling Beck (1987) 
associates four problem areas with respect to the issue of uncertainty: 
1. uncertainty about model structure; 
2. uncertainty about the parameters of the dynamic model describing the system's 

behaviour; 
3. uncertainty associated with the prediction of future behaviour of the system; 
4. uncertainty about the design of experiments or monitoring programs. 

In particular the last point is very important since one needs evidence to support the 
theoretical modeis. This is a major problem in predicting the future through technology 
assessments. In general three types of evidence (or information) are avallable 
(Apostolakis, 1982; Kaplan, 1986): 

type El: past experience in the specific system being studied; 
type ~: experience of historical performance in other systems similar to the one 

being studied; 
type E3: genera! engineering knowledge ofthe design and the manufacture ofthe 

system in question. 

Figure 3 shows the overall flow of a PRA computational process using these three types 
of evidence (Kaplan, 1986). 
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Figure 3. Overall flow of PRA computational process (af ter Kaplan, 1986) 

These three types of evidence are meant to diminish the three types of uncertainties 
mentioned above: parameter, modeling and completeness uncertainties. 

5.3. Definition of risk 

Risk has always been associated with probabilities (or frequencies) and consequences, 
of ten in a multiplicative form. A more fundamental approach has been given by Kaplan 
and Garrick (1981), who associate risk with probabilities -and- consequences related to 
specifically defined accident scenarios. They defme the risk of a certain activity as a set 
of triplets 

i = I,2, ... ,N (1) 
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Ris the risk 
Si is the i-th accident scenario 
Pi is the probability of occurrence of the i-th accident scenario 
xi represents the potential consequences after the i-th accident scenario has occurred. 

The problem is that formula (1) implicitly states that all accident scenarios are known. 
This is practically impossible, so the autors defined the (N + l)-th scenario to he the 
forgonen scenario. This particular one can he of great importance to future predictions 
of systems, e.g. in technology assessments. 
So a complete definition of risk is 

i = 1,2, ... ,N,N+ 1 (2) 

5.4. Accident scenarios 

Accident scenarios descrihe unwanted events. If one looks c10sely at the accident 
process in genera!, the unwanted events are associated with both deviations of flows 
and/or interactions between subsystems as with determining factors. Figure 4 shows 
both these categories for occupational accidents (Kjellén and Larson, 1981). 
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11 DEVIATIONS 
a) Deviation inthe flow of material 
b) Deviation in the flow of labour power 
c) Deviation in the flow ol inlormation 
d) Technical deviation in the mantmachine system 
e) Human deviation in the man/machine system 
f) Deviation Ihrough intersecting or parallel activities 
g) Deviation in the surrounding environment 

MI DEVIATIONS IN PROTECTIVE EQUIPMENT 
a) Stationary guards 
b) Personal salety equipment 

IVINJUAY 
1 )Part of body 
2) Nature of injury 
3) Severity 

Figure 4. Checklist on deviations and determining factors 
(afteTKjellén andLarson, 1981) 

Fundamentals of the accident process are described elsewhere (Hale and Glendon, 
1987). A general picture of the accident process fOT chemical plants is shown in Figure 
5. 
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Figure 5. Accident process fOT chemical plants 
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In this model deviations are associated with initiating events as a result of operating a 
plant (the system in question). Such deviations may lead to unwanted events if detection 
and recovery are less than adequate. 

Accident scenarios are then described as initiating events and safety function fallures 
and inappropriate recovery actions. Those are the risk factors underlying the accident 
scenario description, which are a direct factor in the progression of the accident process. 
Accident scenarios may have more meaning if these risk factors can be associated with 
determining factors such as plant safety management, maintenance schemes, specific 
process or raw material characteristics, personal selection and payments and so on. 
These determining factors (represented as risk factors again in the description of 
accident scenarios) maY be of relevance in diminishise completeness and modeling 
uncertainties especially. On the other hand data on these determining factors are very 
difficult to obtain. E.g. as a result of a large study on the safety of stairs (Heimplaetzer et 
al, 1988) it could be shown that the frequencies of falling from stairs are more associated 
with the type of household than with the type of stairs. Households with younger 
children show a uniform pattem of falls on the average type of stairs in the Netherlands, 
while for households without younger children falls are also dependent on the type of 

stairs. 

5.5. Probabilities and consequences 

In terms of probabilities these risk factors show up as conditional probabilities. U sing 
the example of the stairs, if the i-th scenario s-i has been described with household type 
RH-I and type of stairs ST-l then the probability of occurrence of the i-th scenario 
equals 

Pi = p(Sj) = p(accidents with RHl and STl) 

= p(acc I RHl' ST!>. P(HHl' STl) (3) 

If the frrst term on the right hand sight of formula (3) exceeds the average stairs accident 
probability p(acc) then in all cases the i-th accident scenario is of anaccidental nature. If 
however this term is smaller than p(acc) there is reason to believe that the i-th accident 
scenario contains a preventive nature. This is relevant for a discussion on the estimation 
of the residual risk. Parameter uncertainties are reflected as the probability density 
functions of the calculated frequencies fi' represented as Pi(fi). Note that fis shown as 
the greek letter phi in figure 4. 
For the associated consequences the same procedure accounts. The calculated 
consequences Xi should be represented as density functions qi(xi) such that formula (2) 
yields 

(4) 
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Or in genera! this can he rewritten as 

i = 1,2, ... ,N,N+ 1 (5) 

Fonnula (5) represents the curves in the upper graph of figure 4. 

5.6. Use of risk and systems approach 

Eventually all aforementioned types of uncertainties are included in fonnula (5). For 
practical use in risk assessments (in particular for technology assessments) the five 
aforementioned stages of a risk analysis can be visualised in the following matrix 
(Figure 6: revised af ter Van Steen and Oortman Gerlings, 1989). 

system accident probability damage 
description scenario calculations calculations 

completeness 
u ncertainty 

modeling 
u ncertainty 

parameter 
(or data) 
uncertainty 

Figure 6. Matrix for analysis of uncertainties in safety studies 
(revised af ter Van Steen and Oortman Gerlings, 1989) 

risk 

One of ten tries to reflect the amount of risk by one number. This does not provide 
sufficient insight into the backgrounds of the calculations and interpretations. If the 
matrix is used this gives a better view for decision makers and others to weigh the 
outcomes. For technology assessments this is vital since there are usually many of 
completeness and modeling uncertainties. In this respect the systems approach is able to 
assist in decomposing the system. For technology assessments the time base is quite 
large and the subjects are less plant (or system)-specific. The overall risk of a new 
technology (on a macro level) calculated in this way, leaves many questions open 
conceming the behaviour of the various entities (at a micro level). Interpretation of the 
risk might be best fonnulated in these cases in terms of relative risks with respect to 
known and established systems. The more these new technologies look like the older 
technologies the easier it is to show the uncertainties in the risk interpretation. Of course, 
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not all applications can he foreseen at any time, particularly when the new technology 
has a wide spread area of potential applications, like e.g. micro-electronics. 

The qualitative picture thus achieved may aid the definition of the right risk factors in 
the accident scenarios and so the associated conditional probabilities to he calculated. 

One particular . problem I like to refer to, reflected in both modeling and parameter 
uncertainties, is the prediction of dependencies. This is particularly so when human 
actions and thus human errors are involved. Based on Swain and Guttman's (1980) 
theoretical treatment of human errors, Apostolakis (1982) shows a procedure to ca1culate 
the state of dependence in this respect Note that one should he aware of the strong 
criticisms of Swain and Guttman's Handbook by the Human Factors Society of America 
(Snyder et al, 1982). 

Complex systems are built on a great deal of engineering judgment which underlines the 
technical reliability of such a system. This engineering judgment is strongly supported 
by codes of practice, common in e.g. chemica1 industries. These codes of practice reflect 
the engineering standards on system design. They lead to ideal technical designs, which 
may prove to he not so ideal af ter all and which rely on operational procedures yielding 
all kinds of human errors. A risk assessment based on engineering judgement should 
carefully take into account not only the technica1 fallures associated with the design, but 
a1so the human fall~s and various dependencies, especially those with respect to 
interacting subsystems. These dependencies may he wider spread than those predicted as 
common cause fallures. For new systems this leads to modeling uncertainties which 
reflect the distance hetween (future) designs at either macro or meso level and the 
situation to he expected at micro level (when the system is put into action). 

5.7. Operational experience 

This necessitates the careful use of operational experience (type E-l evidence). However 
evaluation techniques for the use of operational experience are not widespread. Accident 
and incident analysis techniques are avallable to some extent. In most cases however 
they lead to c1ueson the level of deviations in the accident process only, while the 
deterrnining factors are of the utmost relevance. See the aforementioned example of 
stairs accidents. For complex systems this is even worse. Apostolakis (1985) mentions 
two main reasons for that: 
1. the events are rare, so statistical evidence is weak; 
2. data sources are not designed for that purpose. 

The Accident Se'quence Precursor Methodology, originally developed for evaluating 
Licensee Event Reports of nuc1ear power plants in the USA (Minarick and Kukielka, 
1982) and later revised for use in chemical industries (Cooke et al, 1987) is in principle 
an adequate tooI for evaluating operational experience in connection with rare events 
(e.g. potential severe release accidents with consequences outside the plant's physical 
boundary). A precursor is defmed as either an initiating event (or deviation, see Figure 
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5) sometirnes accompanied by one or more detection and recovery fallures, or an 
unavallability in one or more of the detection and recovery systems. By defining generic 
event trees for these precursors of a homogeneous population of plants one is able to 
calculate the generic accident probability. Under changing technical and regulatory 
circumstances the time base is supposed to he so short that actual severe accidents are 
not expected to occur. If they do occur, they provide meaningful figures for calculational 
purposes also. The Accident Sequence Precursor Methodology can thus he used for 
trend analyses as weIl. With a tankpark of 10 buffer bulk storage tanks containing 
explosive liquified gas one may expect the trend shown in Figure 7. 

numberof generic accident 
operational years probability 

risk analysis estirnate 1.6 x 10-3 

10 1.6 x 10-3 

25 4.8 x 10-3 

40 8.3 x 10-3 

100 7.5 x 10-3 

Figure 7. Calculated generic accident probabilities for a tank park of 10 buffer bulk 
storage tanks (af ter Goossens et al, 1988) 

The numbers in figure 7 show that there is a greater dependency (modeling uncertainty) 
within the systems than one expected from the risk analysis carried out hefore the 
operational years started. Suppose that the dependency is fully Ilttributed to human 
action the dependency can he calculated to be slightly more than moderate according to 
the Handbook's definition (Swain and Guttman, 1980; Apostolakis, 1982). Apostolakis 
and Kaplan (1981) wam particularly against these kind of pitfalls in risk calculations. 

5.8. Dealing with uncertainties in risk analysis 

The best way of dealing with uncertainties in risk analyses would he to fill in the matrix 
(Figure 6) carefully af ter every step in the risk analysis. It then reflects what the risk 
analyst really did and to what extent his/her results are acknowledged. It is not a fallacy 
to admit that one is uncertain or unknown with certain aspects of a system and its 
accompanying risk analysis. It is a fallacy if one does not admit il After all, events 
which have not occurred or are still unknown, are evidence as weU and can he treated in 
a proper way using Bayes theorem (Kaplan and Garrick, 1981). This may he especially 
helpful in predicting residual risk estimates in technology assessments. Although data 
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(type El evidence) are not available, opinions of experts may contribute to a more 
reliable estimate. This type E3 evidence can even be upgraded to type E2 or even type 
El evidence if one applies proper models for expert opinions (Cooke et al, 1989). For a 
detailed discussion on the subject of expert opinions reference is made to the report by 
Goossens et al (1989). 

One point regarding inherently safe systems can be made. In terms of the accident 
process (Figme 5) this means that no initiating events (or deviations) can occur, since the 
source itself is able to render the system to a fail-safe situation once built-in process 
control functions fail. In terms of the definition of risk (formula (2» this means that 
there are no known accident scenarios Si (for i = 1,2, .. ,N), so that Pi = 0 for those cases. 
This is of course not a meaningful statement in terms of probability theory. But one also 
ignores the unknown accident scenario sN+ 1. 

5.9. Risk evaluation 

Finally a few remarks will be made with respect to risk evaluation. There is always the 
point of how far can we go by taking measures to reduce risks further. E.g. the 
probability of being struck by a meteorite is very low and win approach a zero 
probability. One could take precautions against it, but one can also debate the 
meaningfulness of such measures. Mumpower (1986) analyses a de minimis strategy for 
risk management in cases of new risks. Comar (1979) used it fust and argued in favor of 
ignoring any hazard bearing a risk of less than 10-5 per person-year of death, unless it 
provided no benefit or could be easily reduced. Mumpower shows some results of the 
lifetime odds of mortality forthree conditions: one single new risk, one new risk every 
year and one new risk every month (Figme 8). He applies three nominal de minimis 
levels: two annuallevels based on an averaged 70 years period for persons and a one-in­
a-lifetime risk of mortality. Although it is practically ignored a de minimis strategy may 
be useful in risk management. To some extent the Dutch standard for individual risks 
associated with hazardous activities of the type low-probability-high-consequences is of 
a de minimis nature. The maximum acceptable level for individual risk has been taken 
as the level which increases the risk of death by natura! causes with maximum one 
percent. The individual "natura! death" risk run by the population group of 12 to 16 
years old, which is 10-4 per year, has been taken as the base risk (Van Kuijen, 1988). 

Nominal Conditlon1 Conditlon2 Condition3 
de minimis IeveV (single risk) (one new risklyear) (one new risk / 

month) 

Annual 10.5 1.429-10-1 40.7-10-1 3.9 -10-1 
Annual 10~ 14,288- 10-1 403-10-1 34.3-10-' 
Llfetlme 10~ 1,000,000-10-1 28,189-10-' 2378 -10-' 

Figure 8. Lifetime odds of mortality (af ter Mumpower, 1986) 
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5.8. ConcIusions 

In this chapter it is shown tbat uncertainties play a vital role in tbe procedure and 

interpretation of a risk analysis. A systems approach in tenns of an accident scenario 
metbodology enables tbe analyst 10 overcome completeness uncertainties 10 some 
extent Conditional probabilities based on a system's deeomposition give insight into 
modeling uncertainties (particularly dependencies). Operational experience (Accident 
Sequence Precursor metbodology) and expert opinions may throw light on parameter 
uncertainties. 

An explicit picture of tbe uncertainties in a risk analysis, using Figure 6, makes clear 
where one stands and what tbe possibilities are for transfonnation from macro level 
(regional, national, international) to micro level (individu al work places, individual 
living areas). 
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CHAPTER6 

SAFETY IMPACT ANALYSIS FOR CONTROL OF TUE OOSTERSCHELDE 
STORMSURGE BARRIER 

W.A.H. Thissen 

The Oosterschelde stonnsurge harrier, constructed to protect tbe Oosterschelde region against flooding, 
was completed in 1986. The harrier is a flow-through dam containing large gates that can be c10sed in 
case of severe stonns. 
A study was conducted to evaluate tbe impact of alternative control policies for tbe harrier. The 
estuary's ecology and tbe risk of flooding (safety) were crucial impact categories. 
This paper concentrates on tbe assessment of safety impacts. An outIine description is given of a 
system model in which tbe various factors affecting tbe probability of flooding of the land are 
incorporated. Major factors inc1ude stonn statistics, technical aspects of (parts of) tbe barrier, tbe 
quality of stonn forecasting, tbe quality of implementation of harrier operation. policies by humans, 
hydraulic properties of the estuary, and tbe stability properties of tbe dike ring around tbe estuary. 
A summary is given of the major conclusions of tbe analysis, and of tbe results of an extensive 
sensitivity study designed to estimate tbe degree of uncertainty of tbe safety estimates obtained by tbe 
model. It is found tbat tbe uncertainty in tbe estimates is significant, due primarily to tbe uncertainty in 
a number of critical input data, notably extrapolations of stonn statistics and estimates of conditional 
probabilities of dike failure. 
A fmal methodological evaluation concludes tbat, because of tbe lack of good quality data, tbe major 
emphasis on obtaining and discussing tbe data and tbe quick-and-dirty approach to model specification 

were justified. 

6.1. Introduction 

In 1952, a stonn surge of unexpected and unprecedented severity caused large-scale 
flooding of several parts of the Netherlands. The scale of the flood and the consequences 
(almost 2000 casualties, significant economic damage) lead 10 the S<H:alled DELTA plan 
- an extensive program of dike reinforcements and new dike constructions, aimed at 
providing sufficient safety against flooding for the whole country. In its initial fonn, the 
DELTA plan included the total closure of a number of estuaries in the southwestem part 
of the country. 
While the works were in progress, however, environmental considerations lead to 
renewed discussion about the closure of the Oosterschelde, an estuary with a very rich 
and unique tidal ecosystem that could not possibly survive af ter closure. Af ter intense 
political debate, the original plan was revised in the mid-seventies: A controllabIe 
stormsurge barrier was to be built, such that the estuary could be closed ofI in case of 
severe stormsurges, but would remain in open connection with the North Sea at all other 
times (see the map ofFigure 1 below). 
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STORMSURGE­
BARRIER 

Figme 1 : The Oosterschelde and surrounding area's 

The barrier was completed by the end of 1986. The barrier is a flow-through dam 
containing large gates that can be closed in case of severe stonns. 
A series of analysis studies was conducted to support decisionmaking on questions such 
as the forecasted or actual water level at which the barrier has to be c1osed, the timing of 
the c10sure operation, etc. 
This chapter describes the outline of one of these studies, primarily aimed at evaluation 
of the safety consequences of various policy alternatives for operating the barrier. 
In paragraph 2, the safety analysis problem is specified. The following paragraphs 
describe the method of approach that was adopted and the model that was built to 
perform the analysis. Subsequently, the results of the analysis are briefly summarized, 
including the findings of an extensive sensitivity analysis. Finally, paragraphs on 
implementation and evaluation concentrate on the practical impacts of the study and on 
methodological issues. 

6.2. Problem forrnulation 

The Stormsurge Barrier was constructed in order to achieve two major objectives : To 
provide safety against flooding, and to preserve the unique tidal ecosystem. These two 
aspects are therefore the most important for choosing among alternatives for barrier 
control. Of the two, safety has the nature of a constraint: According to the so-called 
DELTA law, a minimum level of safety against flooding is specified (which we call the 
DELTA safety norm). More details regarding the safety norm will be given in Section 3. 
Here, we will indicate the range and types of alternatives for barrier controI.6.2.6.2 .1 . 
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62.1. Alternatives 
For barrier control, there are four fundamental decisions that must he made: 
(i) Total closure of the harrier under storm conditions or partial closure. Total closure 

leads to stagnant water levels in the estuary during closure whereas partial closure 
attenuates the tidal movement in the estuary . 

(ii) Closing the barrier on the basis of exceedence of a specified actual water level or on 
the basis of a specified forecasted level. When the decision to close the barrier is 
based on a forecast, there are several strategies available: the harrier might be closed 
early, at low tide, resulting in a relatively low water level in the estuary during 
closure, or the closure might he effectuated at a later point in time, resulting in 
higher levels in the estuary. 

(iü) Closure of the barrier using a fully automated procedure, or closing on the basis of 
human decisionmaking. In the case of human decisionmaking, there are various 
options regarding the organisation of the decisionmaking process, such as 
permanent staffmg of the barrier, a system based on emergency calls, the use of 
simple policy guidelines, the use of a more advanced. computerized decision 
support system, etc. 

(iv) The choice of the water level (actual or forecasted) at which the harrier is to be 
closed. A high level williead to relatively few closures, while a lower level will 
lead to more frequent closures. 

A policy alternative is determined by a combination of possible choices for each of these 
various aspects. 

622. Earlier studies 
Three earlier studies had addressed safety against flooding as a result of storm-surge 
barrier construction and control. GoelIer et al. (1977) conducted the POLANO study to 
evaluate altemative ways of meeting the DELTA safety norm in the Oosterschelde 
region: total closure of the estuary by a new dam, reinforcement of the dike ring around 
the estuary, or construction of a movable storm-surge barrier. The major evaluation 
criteria were construction costs, impact on the ecology, and safety. 
A second study, called BARCON (Barrier Control) was committed af ter the decision to 
construct a stormsurge barrier had been made. As discussed by Cadett et al. (1979), this 
study focussed more closelyon alternative ways of barrier control, and was, among 
other things, intended to help in the further specification of (parts of) the barrier 
construction. 
Subsequendy, in a third series of studies, Cieraad et al.(1982, 1983, 1984) primarily 
addressed issues regarding the organization of barrier control, and the need for 
(automated) support in the operational decision situation. 
While these studies had yielded a wealth of insights regarding the potential effects of 
various alternatives of barrier control, a variety of reasons required a fourth study as a 
basis for fmal decisionmaking: 

new insights regarding several mechanisms of potential failure of the dike ring 
around the Oosterschelde had been gained; 
the variety of relevant failure mechanisms required a new discussion regarding the 
interpretation of the DELTA safety norm; 
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more specific data regarding tbe barrier construction and tbe reliability of certain 
parts had become available; 
more concrete specifications of possible organisations and procedures for barrier 
conttol had been developed. 

6.23 First screening of alternanves 
Results of earlier studies were used to select tbe most promising among tbe many 
possible policy alternatives. 
In tbe study by Cieraad et al. (1983) it was shown tbat, compared to total closures, 
partial closures would not lead to significantly different loads on tbe dikes around tbe 
Oosterschelde or different impacts on tbe ecology, but would he far more complex to 
manage and conttol. It was, tberefore, decided to consider only alternatives witb total 
c1osure. 
On tbe basis of tbe same study, it was conc1uded tbat, owing to tbe likelihood of human 
fallure in tbe monitoring and decisionmaking process, a system uniquely based on 
human decisionmaking woold not meet tbe safety norm. A human-based decision 
system might however he valuable in combination witb an automated back-up system. 
Witb a fully automated procedure, closing on tbe basis of actual water levels appeared to 
he tbe only feasible alternative. Automatic closure on tbe basis of tbe outputs of 
computerised weatber and tide forecasting models woold, at tbe present state of tbe art, 

lead to numerous unnecessary closures of tbe barrier. 
Conversely, a system based on human decisionmaking on tbe basis of actual water levels 
would he inferior to an automated system based on tbe same rule. The additional value 
of human decisionmaking is to he found in added flexibility and anticipation, which are 
relevant only when forecasts are Used as a basis. 
As a result of tbese considerations, a large numher of tbeoretica1ly possible alternatives 
was excluded, leaving two sets of alternatives for closer further analysis: 
a. automatic total closure on tbe basis of measurements of actual water levels, witb a 

variety of possible trigger levels to he considered; 
b. total closure by human decision making, on tbe basis of forecasts, witb automatic 

closure on tbe basis of actual levels as a backup facility, witb a similar variety of 
trigger levels to he analysed. 

6.2.4. System adaptations 
In order to evaluate tbe safety of tbese alternatives folly, we also had to include 
specifications of otber parts of tbe safety system, such as tbe reliability of barrier 
components and of tbe dikes around the estuary, and inc1ude the possibility of 
adaptations in tbese. 

6. 3. Safety norm 

The generally accepted safety norms for flooding were prescribed by tbe DELTA 
Commission (1962). The norms were not specified in terms of a maximum probability 
of flooding, but in terms of guidelines for dike constructions. For tbe Zeeland region, a 

representative storm surge with a probability of occurrence of 2.5xl0-4 per year (once 
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every 4.000 years) is defrned as the design condition. Specified guidelines for dike 
construction are such that the dike provides 'sufficient' safety under that design load. 
Guidelines include, for example, a specification of the extra height needed given a 
certain pattern and height of waves, and, in addition to that, an extra margin in height of 
the dike of about O.5m. 
For tbe Oosterschelde safety system, such guidelines do not directly apply. Safety cannot 
be specified in terms of an extreme storm surge and a dike construction only. The 
probability of flooding of the land around the estuary is also affected by the properties of 
tbe barrier, the hydraulics of tbe estuary, operating procedures for tbe barrier, the choice 
of barrier control policy, etc. 
In tbe POLANO study (GoelIer et al., 1977), safety impacts were expressed in terms of 
the probability distribution of flooding of a certain area of land for a specified set of 
design storms. But no attempt was made to determine aspecific probabilistic threshold 
level, equivalent to the DELTA safety norm. 
In tbe current study, initially attempts were made to apply specifications similar to those 
of the DELTA commission. The conditions on the estuary that the present dikes around 
the Oosterschelde would be able to withstand were determined using an approach 
similar to tbe specification of the DELTA safety norm, and then a policy for barrier 
operation that would reduce the probability of exceedance of tbese conditions to below 
once every 4.000 years was attempted. This, however, turned out to be impossible, given 
tbe present state of tbe dikes around the estuary. 
After extensive discussion, it was concluded that a more comprehensive, probabilistic 
analysis was necessary in order to integrate the effects of the various system 
components, and that the DELTA safety norm had to be translated into a norm for the 
probability of flooding of the land around tbe Oosterschelde. 
The result of an expert study showed that it is reasonable to interpret the safety margin 
built into the DELTA specifications for dike construction as a factor 10 in the probability 
of flooding. Hence, for the rest of the study, fulfil1ment of the DELTA norm was 
supposed to be equivalent to a probability of flooding of less than 2.5xlo-5 per year 
(once every 40,000 years). No further distinction was made according to tbe area of land 
threatened, or the population density of the area To a certain extent, such a distinction 
had already been made by the DELTA Commission, which set a higher safety norm for 
the highly industrialized western part of the Netherlands than for tbe Zeeland region. 

6.4. Simulation model 

We built a simulation model in order to be able to evaluate the overall protection against 
flooding provided by the total system of barrier, barrier operation, estuary, and dikes 
around the estuary for various policy alternatives and system properties. 

6.4.1. Overall model structure 
The overall structure of the model is derived from the causal diagram shown in Figure 2. 
The diagram shows that tbe probability of flooding is determined by tbe combination of 
relevant conditions in the estuary, and the stability properties of the dike ring around the 
estuary. In turn, water levels and waves in the estuary are determined by tbe natural 
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storm conditions (water levels on the North Sea at the entrance to the estuary and 
winds), by the properties of the banier (e.g. leakage through closed gates, probability of 
one or more gates failing, speed of closure or opening, etc.), and by banier contral 
actions (choice of water level at which it is decided to close the banier, timing of the 
action, reliability of proper execution, etc.). 

Natural Condition 
conditions in estuary 
(Sea level/ t-----t~ (level, .... --.... ~ 
wind) waves) 

Barrier Control 
Actions (open/ 
close; strategy) 

Barrier 
properties 

Probability 
of 

Flooding 

Stability 
of 
dikes 

Figure 2 : Overall causal influence diagram of Oosterschelde safety system 

6.4.2. Load on dikes 
For regular sea dikes, overtopping is the principal fallure mechanism, and the height of 
the dike is the principal determinant of dike stability under extreme stonn conditions. In 
the Oosterschelde, however, other fallure mechanisms may come into play. Af ter closure 
of the barrier, the water level in the estuary becomes stagnant, but stonn winds may lead 
to significant wave attacks on the slopes of the dikes. The dike ring around the 
Oosterschelde was constructed and adapted to resist stonns under tidal movements. But 
long-Iasting attacks of the waves at one level of the dike slopes might lead to damage to 
the construction, and, eventually, dike-burst Similarly, other mechanisms in which the 
duration of stagnancy at a certain level determines the likelihood of fallure, had to he 
considered. 
Therefore, in the model, the relevant loads on the dikes needed to he expressed not only 
in terms of exceedence frequencies of water levels, but also in terms of the likelihood of 
the duration of stagnancies at a constant level, under stonn conditions. 
Figure 3 shows a matrix with classes of water levels on the estuary on one axis, and of 
durations of stagnancy on the other. The relevant load on 
the dikes is determined by the likelihood of occurrence of the possible combinations of 
levels and durations, simplified as shown by the cells in the matrix. 
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Scbematlsatlon of relevant conditions on estuary 
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Figure 3: Schematisation of load on dikes surrounding the estuary. The load is 
specified by the probabilities of occurrence of the various level/duration eeUs. 

63.4. Dike stability 
The effects of stability of the dikes are included as conditional probabilities of dike 
failure, for each relevant combination of water level on the estuary and duration of level, 
under storm conditions. Such a matrix of conditional probabilities was set up for each of 
the relevant failure mechanisms. 

6.4.4. Scenarios anti event trees 
Figure 4 illustrates the structure of the submodel used to estimate the loads on the dikes 
as a function of design parameters and alternative policies for barrier operation. It 
consists of two parts: a hydraulic model and event trees. The hydraulic model of the 
estuary is used to derive the time behaviour of the water level on the estuary, given 
storm conditions, harrier properties (leakage, failing gates), and scenarios of barrier 
operation. 

Event trees are used to estimate the probabilities of the various scenario's. A scenario is 
defmed by the (type of) storm situation (height of storm surge, direction of storm winds, 
duration of storm and winds), and the type(s) and sequence(s) of barrier operation (type 
of closure, sequence of consecutive closings/openings, time of closure, failures in gates, 

etc.). Each scenario results in a certain pattem of water level and duration in the estuary. 
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Figure 4: Structure of the model used to estimate the load on dikes. 

The general structure of the event trees is as follows: The primary or top event is a stonn 
surge of a specified nature and probability. Given an imminent stonn surge, a variety of 
events may occur, each with different likelihoods, depending on the type of stonn, the 
barrier operation policy, and other conditions, such as the presence of a crew at the 
barrier. 

116 

Barrier c10sed 
on forecast 

Barrier c10sed 
automatically 

Figure 5: Global structure of event tree, based on the assumption of 
forecast-based decisionmaking with an automatic system as backup facility. 



Figure 5 illustrates the global structure of the event tree for the situation in which barrier 
control is based on human deeision making and storm forecasts, with an automatic 
closure system as baclrup facility. When there is no forecast (or an erroneous forecast), 
there will be no human activity, and (automatic) closure depends on the actual 
exceedence of a predetermined threshold water level, indicated as "critA" in the figure. 
In case of a foreeast or warning, the forecasted level may or may not exceed the policy­
determined critical level "critF" ("critF" does not necessarily have the same value as 
"critA"). When the forecasted level is lower than the critical value, nothing should 
happen, uniess, at a later time, the actual water level exceeds the level "critA" (indicating 
an erroneous forecast). In that case, the automatic closure system should come into 
action. When the forecasted level exceeds the critical value "critF", the harrier should be 
closed according to preset rules. However, due to human or other failures, the closure 
might not take place (indicated by the box "faulty action" in the figure). Here, again, 
nothing will happen unless the automatic closure system comes into action. 
For the actual computations, more detailed event trees were constructed, including such 
possible events as the fallure of the automatic closure system, fallure of the alarm system 
af ter a forecast indicating the necessity of alarm, fallure of the crew to arrive in time at 
the barrier af ter a warning, late waming as a result of late adjustment of the forecast, 
failing gates, etc. The structure of one such tree is represented in Figure 6 for the 
purpose of illustration. More details are described by Wubs (1984) and Thissen et 
al.(1985). 

Figure 6: Structure of event tree used to estimate the probabilities of various 
scenarios for a tirst storm tide. 

Under extreme conditions, a fITSt extremely high tide might be followed by a seeond or 
even third extremely high tide. Therefore, separate event trees were constructed to 
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evaluate scenarios requiring two or more consecutive c1osures. These trees inc1ude tbe 
possibility of opening tbe barrier's gates in between tbe tides, and tben c10sing again 
such tbat tbe water level on tbe estuary is different from tbe level during tbe frrst c1osure. 

6.4.5 Data problems 
Various problems were encountered in tbe process of model quantification. Storm 
statistics, for example, were available for less tban a few hundred years, whereas tbe 
model needs estimates of situations and storms witb a probability of occurrence of about 
once every 40.000 years. Therefore, extrapolations were used, according to tbe same 
principles tbat were adopted by tbe DELTA Commission in its earlier report. Similarly, 
extrapolations and hypotbeses were needed concerning forecast quality. Estimates of tbe 
reliability of technical system components (reliability of automatic closure system, 
failure rate of gates, failure rates of warning system. etc.) were based on design 
specifications. In some cases (such as tbe failure rate of tbe gates), construction and 
adaptation of design was still under way, and 'best estimates' had to be used in tbe 
model. Expert estimates were used for human reliability issues. 
It took much time and discussion to obtain estimates for tbe conditional probabilities of 
dike failure for tbe various loads on dikes. Experts on dikes had been used to design tbe 
dike constructions such that tbe dikes were "safe" for a specified design condition, or to 
answer questions such as whetber a specific dike is "safe" under certain conditions, or 
not. But most of tbem were reluctant to even tbink of specifying conditional 
probabilities of fallure for a wider range of conditions. Eventually, a few experts were 
willing to provide tbe estimates needed' based, among otber tbings, on physical scale 
experiments tbat had been performed. 

6.5. Simulation results 

In this section, a brief summary is given of simulation results. Full details may he found 
in tbe original research report by Thissen and Boom (1985). 

65.1 . Alternatives considered 
As indicated before, two basic policy alternatives were analysed using tbe model: A 
policy based on · automatic c10sure only, and a combined policy based on (human) 
decisionmaking and forecasts, witb tbe automatic system as backup in case of fallure of 
tbe forecast-based part. A variety of threshold levels for c10sure were examined in tbe 
range of 2.75m to 3.5Om above normalised sea level. From tbe earlier studies, it was 
clear tbat leaving tbe barrier open for storm surges above 3.5Om would be unsafe, given 
tbe heigbt of tbe dikes around tbe estuary, and tbat c10sing for levels below 2.75m would 
lead to numerous unnecessary c10sings and - probably - damage to tbe ecosystem. 

652. First-round evaluation 
In a first-round evaluation, tbe alternatives considered were found to yield far higher 
probabilities of flooding tban tbe safety norm (once in 40.000 years). The conc1usion 
was tbat, witbout adaptation of critical system parts, no control policy would satisfy tbe 
safety standard. A further analysis revea1ed tbat a number of sections of tbe dikes around 
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the estuary were the critical factors -- notably sections that, because of the type of 
covering, would not resist long-Iasting wave attacks at one level during closure of the 
barrier. Clearly, these sections had to he reinforced to provide sufficient protection 
against flooding. 

6.53. Second-round evaluation 
Starting from the assumption of implementation of the dike reinforcement program 
resulting from the first-round analysis, the alternatives were re-evaluated using the 
model. The main conclusions were: 

Alternatives with only automatic closure still violate the safety norm. Automatic 
closure occurs only when the sea water level is already very high. Rence the 
resulting water level on the estuary will he relatively high, too, resulting in 
probabilities of dike failure that exceed the norm. 
Combined options (forecast-based with an automatic system as backup) with 
threshold levels up to 3.25m satisfy the safety norm. A forecast-based system 
enables the crew to close the harrier at or slightly af ter low tide, leading to 
relatively low water levels in the estuary during the period of closure.A test run 
with the model confirmed the earlier conclusion that a forecast-based system 
without the automatic backup facility is insufficient because of the human failure 
rate. 
It is necessary to restrict the water levels on the estuary to 2.00m or lower, and to 
altemate water levels in case of closures during consecutive tides. Following this 
strategy, wave attacks on the dike slopes are spread over a wider range. 

6.6. Sensitivity analysis 

The analysis model contains various simplifications of reality, and numerous 
uncertainties in the estimates of model parameters. Sources of uncertainty, for example, 
include (but are not limited to): 

Schematisations and simplifications of natura! conditions, event structures, and of 
the load on dikes; 
Extrapolations of storm statistics, forecast quality statistics, and hydraulic properties 
of the estuary; 
"Guesstimates" of probabilities of human failure, reliabilities of certain construction 
parts, of the leakage through a closed barrier, and of conditional probabilities of dike 
failure. 

Sensitivity analysis was performed using to two different methods: tests of the effects of 
separate changes of model structure or parameter values on the end-results (probabilities 
of flooding), and an investigation of the effect of simultaneous changes in parameter 
values (using the Monte-Carlo approach). 
For both methods, a plausible range of parameter values had to he specified. Most of 
these ranges were based on either expert estimates, or where experts were missing or 
unable to indicate the degree of uncertainty in their estimates analyst guesses. 
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The fust method provided usefulinformation on the effects of changes in model 
structure, and on the relative influence of the uncertainty in each of the parameters. The 
conclusion was that the effects of changes in model structure (e.g., further 
disaggregation of event trees) are minor compared to the effects of parameter 
uncertainties. Among the parameter uncertainties, the ones with the most significant 
impact are those caused by the extrapolation of storm statistics and those included in the 
conditional probabilities of dike fallure. Uncertainties in estimates of human fallure rates 
have moderate impact, and uncertainties in most of the fallure rates of the 'technical' 
system (such as the failure rate of gates and the failure rate of the automatic closure 
system) have virtually no influence at all on the uncertainty in the estimated probabilities 
of flooding. 
Using the Monte-Carlo approach, an indication was obtained of the overall range of 
uncertainty in the end result, and of the distribution of the uncertainty. 
Figure 7 shows a histogram, based on 91 runs with a different set of parameter values for 
each run. Further results and detailed specifications may he found in the report by Van 
V1immeren (1985). 

number of 
occurences 
in 91 runs 

- 4 
------1.~ probability of flooding (x 10 per year) 

Figure 7: Distribution of estimated probabilities of fallure for aspecific dike section, 
based on 91 Monte Carlo runs, and not including the uncertainties in conditional dike 

failure probabilities. 

The overall conclusion of the sensitivity analysis was that it is advisable to allow for a 
margin of uncertainty in the results of about a factor 10, i.e., if the model calculation 

indicates a probability of flooding of less than, say, 2.5xlO-5 per year , it is safe to 

assume that the real probability of flooding has a value which is less than 2.5xlQ-4 per 
year. This, of course, does not cover the influence of causes of fallure that are unforeseen 
and are not accounted for in the model. 
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This result is consistent with the 'original' DELTA safety norm. specifying dike 

constructions that are 'safe' for a design load with a probability of occurrence of 2.5xl0-4 
peryear. 

6.7. Implementation of study results 

The results of this safety impact study were inc1uded in a summary report by 
Rijkswaterstaat (1985) on the overall policy analysis for control of the stormsurge 
barrier. In the broader analysis, in addition to safetyaspects of various control 
alternatives, anention was given to environmental impacts, and to the impacts on fishing, 
shipping, and other interest groups. AIso, an analysis was made of the advantages and 
disadvantages of using the barrier for other than stormsurge-conditions, such as 
accidents at sea involving oi! spills. 
With respect to the results of the safety impact analysis, the following policy decisions 
weremade: 

The recommended dike reinforcement program was to be implemented before the 
barrier was completed; 
The alternatives for barrier control, found to violate the safety norm were 
eliminated from funher discussion; 
The critical threshold level for closing the barrier was chosen to be 3.25 m, for both 
forecast-based decisionmaking and for the automatic baclrup system. At 3.25 m, the 
safety norm is satisfied, but linIe impact on the ecosystem is expected because of 
the low frequency of closures (in the order of once every 5 years). For the first 
years of operation, however, 3.00m will be used as the criticallevel, so as to enable 
the operating crew to get acquainted with actual decisionmaking under storm 
conditions and time pressure. 
Analysis results will be re-evaluated af ter 5 years of operation, as it is expected that 
practical experience might lead to new insights in failure mechanisrns and provide 
bener insights and estirnates regarding various aspects of the analysis model. 
A number of the basic concepts of the analysis model will also be used in an 
operational decision support system, designed to assist the crew in, for example, 
choosing among alternative timings ofthe closure (see Cieraad et al., 1984). 

Although the uncertainty of the results was acknowledged widely within policy making 
circles, it was not mentioned at all in policy documents intended for broad use and 
public discussion. The responsible agencies preferred to adhere to the long-standing 
tradition of calling a policy 'safe' or 'unsafe', thus avoiding possible discussions about the 
safety standard itself, or about the quality of forecasts of the degree of safety. 

6.8. Methodological evaluation 

From the perspective of implementation of results, the study was very effective, in spite 
of the various methodological and contextual problerns encountered. The fact that the 
analysis was, for the most part, designed and carried out within the government 
bureaucracy facilitated communication with responsible policymakers, and was certainly 
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instrumental in fostering implementation. 
The choice of methodology (probabilistic versus classical approach, defmition of safety 
norm, etc.) was strongly influenced by personal factors. In the seventies, the RAND 
corporation performed extensive probabilistic analyses (GoeUer et al., 1977), but the 
people involved in those studies had, in the meantime, moved to other jobs. The group 
that was responsible for the present study was almost exclusively composed of people 
used to the classical approach of safety against flooding. As a result, significant time and 
energy had to he spent on discussions of the approach, rediscovery of the necessity of a 
probabilistic model, and definition of a safety norm. 
Similarly, a lot of time had to he spent on gathering missing data, discussing the type of 
extrapolations to he used, and obtaining estimates for critical parameters such as 
conditional probabilities of dike fallure. 
Whereas the overall available time and capacity to perform the analysis was limited to 
about one year and one person-year, far less time and capacity was left to actually 
formalize and specify the model, and cany out the numerical evaluations. As aresult, 
the model schematisations were rough, and the analysis might be qualified as 'quick and 
dirty'. 
However, the sensitivity analysis, conducted by a master's student who worked in 
parallel with the core analysis team, justified the approach by showing that the quality of 
input data was the primary determinant of the quality of the results. Hence, the emphasis 
on obtaining data and discussing their quality was justified as weU. 
Finally, the results showed the necessity of a modeling of the entire system Only 
through use of such a model could the appropriate balance he found hetween a dike 
reinforcement program and the selection of appropriate operating policies and 
procedures. 
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ENVIRONMENTAL IMPACT ASSESSMENT 





CHAPI'ER7 

AFfER BRUNDTLAND: CHALLENGES IN THE IMPLEMENTATION OF 
ENVIRONMENTAL POLICY 

M. Carley 

Our Common Future ehallenges us to move from an environmental poliey whieh focuses on impacts. to 
a more holistie perspective on the interiinked aetions and policies whieh reinforce or diminish the 
sustainable utilisation of living resources. Although poliey tools sueh as environmentaI and sociaI 
impact assessment will eontinue to help us think about future societal trade offs. they are not a 
substitute for ethieal political debate over the balance hetween shortterm economie developments and 
long term environmental or sociaI costs. or for the enhaneement of organisatioo capacity within 
agencies with an environmentaI mandate. 
All sectors. govemment, industry and NGOs. need to devise objectives and tasks to help bring about 
the new perspective. Environmental administrators in partieular need to address the following problem 
areas: 
a) There is a requirement for interdisciplinary analysis and interpretation to assist mediation hetween 

biophysical knowledge and political or social objectives. A1though people may profess high regard 
for interdisciplinary analysis. professional reward systems and the arrangments of govemment 
weigh against it. 

b) There is an almost overwhelming need for interageney and intersectorial eoordination at all stages 
in the environmental poliey process; even though institutiona! arrangements mean environmental 
ageneies often have only a weak or nomina! interageney role. and the narrow objectives of 
different ministries and agencies mean they work at eross-purposes. 

e) Because the possibility of aceurate predietion is always Iimited. there must he more emphasis on 
integrated environmental. economie. and social monitoring as a primary management funetion. 
rather than as a technical appendage to project appraisal; in partieular to give eontinous feedbaek 
on the interacting. eumulative effects of large and small scale policies and projects. 

d) it is important for administrators to develop open and innovative management approaches but it 
must he recognised that they are a1ways greatly constrained by the day-to-day demands of 
administration. 

This ehapter examines the praetical implications of these factors for environmentaI poliey. 

7.1. Introduction 

In their recent report. Our Common Future, the U.N.'s World Commission on 
Environment and Development alerted us to the growing number of interlocking 
environmental and economie crises in a world eharaeterised by increasing 
interdependenee among nations. The Commission, headed by Mrs. Oro Harlem 
Brundtland, stressed the importanee of linked environmental and economie 
sustainability as a prerequisite for combatting global poverty and for meeting human 
needs in present and future generations. The Commission made clear that appropriate 
responses to serious environmental problerns will only result from combined scientific 
and politieal endeavours, and from the development of more appropriate and 
coordinated institutional responses. Although mainly concemed with problem defmition 
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rather than detailed response, the Commission reported time and again the existence of 
institutional barriers to resolving critical environmental problems. 
This chapter sets out a general framework for understanding the main challenges to 
institutional development It does so by combining useful concepts from the fields of 
planning, organisation theory, and human ecology. The human ecology perspective 
suggests that it is no longer sufficient, if it ever was, to deftne the natural environment as 
distinct from the social environment, and that levels of interaction between the two are 
now so pervasive that a useful conceptualization of environmental problems can only he 
made from a combined socio-biophysical perspective. Unfortunately academic 
disciplinary boundaries and the compartmentalisation of govemment weigh against this, 
but clearly sustainability will only he derived from combined social, ecological and 
economic initiatives. 

The concept of metaproblems from organization theory describes exactly the nature of 
the environmental crises addressed by the Commission. These both exist in, and are the 
result of, 'turbulent environments' in which socio-biophysical problems are made worse 
by the uncoordinated and dissonant, but apparently rational actions of unrelated 
individuals, organizations and administrative units. Planning in turbulent environments 
is a major challenge to environmental management organizations. 

A fundamental argument of this chapter is that sound environmental management, 
which is critical for sustained social and economic development, should he an integrated 
part of policy making at all levels and in all sectors of government Govemments 
continually have to make difficult choices between economic and environmental 
considerations, and these choices are made more difficult by institutional impediments. 
The established approach to environmental problems - to invest in 'environmental' 
projects or to build ameliorative components into projects - is important, but the most 
serious environmental problems often stem not from large-scale development projects 
but from the accumulated impact of numerous activities that use or affect natural 
resources day to day. Safeguards in individual projects cannot address these wider 
problems; this can only be done by developing the capacity of institutions to formulate 
and promote an integrated environmental policy within govemment and society. Such an 
integrated approach is based on a recognition that complex, interactive environmental 
problems require multi-agency, interdisciplinary, dynamic responses. Existing 
institutional arrangements are not geared for such responses, indeed quite the opposite. 
A flow of appropriate responses to what appear to be nearly intractable environmental 
problems requires therefore a measure of institutional development. 

7.2. The Environmental challenge 

In its latest annual report, State ofthe World 1988, the World-watch Institute wams: 
To continue with a more or less business-as-usual attitude - to accept the loss of tree 
cover, erosion of soil, expansion of deserts, the loss of plants and animal species, the 
depletion of the ozone layer, and the build up of greenhouse gases - implies acceptance 
of economie decline and social disintegration. Such disintegration would bring human 
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suffering on ascale that has no precedent. The inertia of our political institutions 
further complicates the task. The scale of these challenges, and the urgency with which 
they must be addressed, requires that they be movedfrom the periphery to the center of 
government agendas. 

These points are well taken but the practical follow-up question is what cao he done 
within the constraints of existing governmental systems? The answers are not scientific, 
although natura! and social science play an important part. Rather the answers are 
attitudinal and institutional, that is they lie with individuals singly and in groups. The 
deliberations of the Brundtland Commission led them to about this point. The last 
chapter of their report is entitled Towards Common Action: Proposals for Institutional 
and Legal Change'. The Commission did not go much further in their analysis but they 
had already done important work in outlining the nature of the environmental problem, 
and the need for multilateral responses in promotion of sustainable development. 

Sustainable development, frrst suggested in the World Conservation Strategy of 1980, is 
an approach to progress which meets the needs of the present without compromising the 
ability of future generations to meet their own needs. The focus is on overall human, not 
just economic, progress and on a type of growth which respects limits to environmental 
resources. The concept of sustainability is important hecause it forces us to consider the 
carrying capacity of ecosystems in terms of present and future generations. Carrying 
capacity has been defined as the number of people who, sharing a given territory, can he 
supported at any moment in time on a sustainable basis, taking into account known 
resources and sociocultural factors (Slesser and King, 1988). 

The notion of sustainability on a world scale recognises that the ability of future 
generations to meet their human needs can he compromised as much by the excesses of 
the developed world as by the environmental degradation caused by poverty and 
underdevelopment The potential for climatic changes caused by atmospheric pollution 
is a major example. The recent case of the exporting of millions of tons of toxic 
chemicals from Europe to Africa is less global but equally disturbing. A number of 
people are attempting to operationalise the concepts of sustainability and carrying 
capacity (fisdell, 1988; Dietz and Van der Straaten, 1988; Slesser and King, 1988). 
Although precise operational defmitions may prove elusive, the very process of 
attempting definitions will stimulate further thinking on how to realize sustainability. 

Particularly important for environmental administrators and policy makers is the 
Brundtland Commission's categorization of two possible approaches to environmental 
policy. The frrst, characterized as the 'standard agenda', reflects an approach to policy, 
laws and institutions that focuses on the environmental effects of projects and 
developments. A second, more recent approach concentrates on the policies that are the 
sources of these environmental effects. This I call the integrated approach. The two 
approaches are distinctly different ways of looking at both environmental issues and the 
institutions which manage them. 
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The standard agenda approach carDe about as a result of growing concerns about the 
decline in environmental quality noticed in the industrialized world during the 1950s and 
1960s. Environmental protection and resource management agencies were added on to 
existing institutional structures, with mainly scientific staf!. A number of successes were 
recorded, environmental awareness increased dramatically, and environmental impact 
assessment (EIA) and control procedures became institutionalised in many countries. 
The National Environmental Protection Act in the USA was an early example, the 
European Directive on Environmental Impact Assessment a more recent one, as is the 
current interest of the World Bank. Also under the standard agenda, private industries 
have become more environmentally conscious, and at its best EIA procedures have 
provided a vehicle for public participation in the environmental policy process. 
Particularly important is that the standard agenda has moved environmental 
considerations into the arena of public debate. 

7.3. Limitations of the standard agenda in environmental management 

For all its benefits the standard agenda is no longer proving sufficient as a response to 
intractabie environmental problems. The Brundüand Commission does not detail its 
objections but experience suggests the following limitations. 

First, a tendency to focus on the impacts of large-scale, discrete projects diverts attention 
away from the implications of less visible activities and policies which have cumulative 
effects. For example the perverse and cumulative effects of intensification of agriculture 
in terms of pollution and social dislocation are seldom subject to environmental 
assessment The fact is that environmental assessments, although most useful, are no 
substitute for a broader environmental orientation which continually questions the 
implications of policies. However, although the preparation of environmental impact 
statements is only one analytic tooI in a broader policy process, it can serve as an 
impetus for considering the means to promote sustainable environments among an array 
of national development objectives. 

Second, there are many approaches administrators can take to environmental policy 
analyses, each offering advantages and disadvantages. These approaches of ten derive 
from attempts to complement or economic cost-benefit analysis, which traditionally 
undervalues or ignores both socio-cultural and ecological context and impacts, and the 
interplay between the two (Carley, 1980). Reformist cost-benefit analysis using EIA 
attempts to incorporate environmental, social and cultural information into the 
govemmental decision framework, and to account for the distribution of costs and 
benefits in cash and kind. But in attempting to be comprehensive many EIAs have been 
overly long, jargon-laden and therefore disregarded or used as window dressing. EIAs 
are not neutral, technical or scientific documents but rather products of the institutional 
system which commissions and evaluates the work. Such institutional systems reflect 
politica1 values and power structures in societies. There is always a danger that EIAs are 
used to lend spurious credibility to decisions taken for other reasons. 
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Third, research which can help fonnulate a national, and international, environmental 
policy requires interdisciplinary analysis but such analysis faces major institutional and 
professional challenges. Although many people pay lip service, most professional and 
academic reward system and the departmental arrangements of government weigh 

heavily against it. 

Fourth, even in this day, environmental considerations are too of ten taken as minor, or 
tangential, compared to political or economie objectives. The stature of many 
environmental agencies reflects the fact that agencies have only a week or nominal inter­
agency role, or exist only as minor units within larger sectorial agencies. But experience 
suggests that the governmental framework for co-ordination of environmental policy and 
mediation between Sectors is perhaps the most critical factor in the success of both 
devising and implementing policies. Following from this, integration of environmental 
policy with economics and politics may be the key task of environmental administrators 
(Holdgate, 1986). An EIA or the amelioration of impacts is usually no substitute for 
appropriate intersectorial decisions, for example, whether industry, tourism, sustainable 
harvesting or conservation are to predominate in a given coastal zone. ~or is a discrete 
and therefore ignorabIe 'environmental' policy a substitute for an environmental 
component in a broad range of industrial, educational, health, agricultura!, forestry, 
social and other policy areas. In some ways the very success of environmentally­
focussed policies now obscures the need for a broader environmental concem. 

Fifth, even when environmentally sensitive policies have been agreed, the narrow 
objectives of different ministries (agriculture, industry, transport, health etc.) can mean 
agencies of ten work at cross-purposes. Successful policy integration needs to he both 
horizontal across line departments and vertical in integrating environmental objectives 
into broader objectives of economic growth and social development. To advance an 
integrated mode of environmental sustainability requires political commitment, an 
institutional structure which delegates sufficient power to COOTdinating agencies, and 
bureaucratic arrangements which encourage rather than discourage co-ordinated 
approaches. Also, investment programmes need to address specifically intersectorial 
linkages in terms of environmental sustainability. This of ten implies cabinet level action. 

Sixth, the inherent inability of formal EIA and forecasting techniques to anticipate the 
results of complex man-environment interactions suggests that socio-environmental 
monitoring needs to be elevated from a technical orientation to a primary government 
function. U seful monitoring is based on a careful determination of critical issues, clear 
institutional roles and funding mechanism, and the delegation of sufficient authority to 
counter a natura! bureaucratie tendency not to want to evaluate the implementation of 
current policy (Carley, 1986). 

Seventh, even when intersectorial comparability and strategie monitoring are in place it 
cannot he assumed that 'top-down' management approaches will be sufficient. The 
policy-making sphere may he very detached or remote from the day-to-day experiences 
of small-scale natural resource users. This means that the implementation of policy is as 
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important as the poliey itself. It means that monitoring must not he only across the 
poliey/corporatist level but that real attempts must be made to leam about the lives and 
opinions of natural resource users at aU levels. It also means that 'bottom-up' planning 
and community management and involvement programmes may be essential to 
successful poliey implementation. 

Finally, good environmental managers combine both technical and political competence, 
and devise policies whieh are scientifieaUy sound, politicaUy relevant and realistic and 
cost-effective in implementation. This is a very demanding task, and although good 
managers know areas of their own competenee whieh could be enhanced, they are very 
often too pressed by the day-to-day requirements of administration to be able to engage 
in leaming and in the development of innovative management practiees. Academie 
knowledge about environmental management is poor, because the research focus has 
been on assessment of impacts rather than the broader management process which is 
influential over the longer term. Recently there has been a eaU for an 'environmental 
management research agenda' whieh examines the needs for managers, the nature and 
importance of innovation in their work, and the use of alternative management 
approaches to meet environmental goals (Ferguson, 1987). 

These then are a number of problem areas or constraints on environmental policy, which 
might be reduced by institutional development To set up a general framework for 
institutional development it is helpfui to draw on some sensible concepts from 
organization theory, and on the idea of planning. The term 'planning' here refers to 
something more generic than town or land use planning, although many environmental 
problems have land use or town planning dimensions. But here planning is taken as the 
expression of a role in society, of ten but not necessarily taken by the state, which 
attempts to assert the pre-eminence of the future in the present. Planning is undertaken 
by control or mediation which serves some greater future good. Environmental 
sustainability cannot be achieved without planning. Poliey analyses and environmental 
assessments are a meanS to better planning. 

7.4 Planning for sustainable development 

Planners are of ten called upon to address complex and seemingly intractabie problems. 
These have been referred to in organization theory as 'metaproblems' (Chevalier, 1967) 
or even 'messes' (Aekoff, 1974). Metaproblems are clusters of problems with inter­
related symptoms that are beyond the eapabilities of existing agencies to addreSS 
themselves (Van de Ven, 1980). Metaproblems are not amenable to either simple eause 
and effect analysis or to simple one dimensional solutions. Such problems may not be 
the primary responsibility of any one body and are usually bigger than any one 
organization acting alone can resolve. It is common for govemments to excuse inaetivity 
in a metaproblem area by the fact that it spans funetional departments and political 
jurisdictions. 
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The tenn 'metaproblems' describes exactly the interlocking crises referred to in "Our 
Common Future". Examples of metaproblems include deindustrialization, urban decline 
in the developed world, explosive urban growth in the third worlel, and decertification 
and other ecological challenges such as: diffusion of durable toxic substances, 
eutrophication, acid rain, depletion of the higher ozone layers, and a rising temperature 
of the atmosphere. What Rittel and Webber (1973) called the 'wickedness' of 
metaproblems has been heightened by the increased pace of change since the 19730il 
crisis, by recession, and by the debt crisis. In such problems economie, social and 
biophysical factors constantly interact: population growth influences agriculture 
influences afforestation influences soil erosion influences population migration 
influences urban growth influences employment, and SO on in adynamic circle. But as 
important as this recognition is in problem defmition, so is recognising that appropriate 
responses may need to be as complex as the problem itself. 

Metaproblems both exist in, and are the result of, turbulent environments, a concept fust 
postulated by Emery and Trist (1965). A turbulent environment is characterized by (1) 
uncertainty; (2) inconsistent and ill-defined needs, preferences and values; (3) unclear 
understanding of the means or consequences of collective action; and (4) fluid 
participation in which multiple participants vary in the amount of resources they are 
willing to invest in problem resolution (Cohen et al., 1972). The turbulent environment 
of organizations is largely made up of the activities of individuals and other 
organizations and therefore in organisation theory attention has shifted away from a 
preoccupation with individual organizations towards an appreciation of organizations' 
relationships to one another and to their surroundings. This consideration of the ecology 
of organizations can help us understand the way in which organizations are influenced 
by actions and events over which they appear to have llttle or no control. 

Change in a turbulent environment is rapid and complex. Systems of interrelated 
environmental and social problems are made worse by the independent actions of many 
unrelated organizations and administrative units in the public and private sectors. These 
agencies act in uncoordinated and dissonant ways to meet their individual objectives, 
of ten externalizing as many of the costs and internalizing as many of the benefits of their 
actions as they can (Ramirez, 1983). 
At the same time the number and complexity of international and interregionallinkages 
and dependencies has never been greater and these lead to further uncertainty and a loss 
of local control (pearman, 1985). This has been called 'the loss of the stabie state'(Schon, 
1971). If the proposition is correct that interorganizational activity itself generates 
unpredictable ramifications or impacts, then the emergence of a complex web of pollcy 
networks with the growth of modern states helps account for the role of turbulence in 
environmental metaproblems. 

A concern in organization theory is the extent to which organizations can plan in the 
face of turbulence. In this situation traditional rational planning models are of little use, 
since the environment is an interactive, dynarnic phenomenon which cannot be 
'controlled' by unilateral action. The rational model, which stresses generation of options 
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for problem resolution based on . forecasts of future environments, plus a policy 
intervention, often proves inappropriate to the challenge of turbulence. Organization 
theory suggests that more appropriate responses to turbulence and metaproblems are 
botb institutional and oriented to development of organizational skills and learning. 

The main institutional response is to attempt to reduce and regulate turbulence by 
fostering topic based, interorganizational competence in what have been called policy 
planning systems. These are defined simply as individuals and groups joined by a 
common interest. These are important because heavily departmentalized governments 
are ill-equipped to deal witb an increasing number of issues which cut across 
departmental boundaries. Policy planning systems may be formally constituted or 
represent informal networks of interorganizational collaboration. They can be promoted 
by 'networking' tbe development of a common problem conception and a measure of 
organizational integration out of an unfocussed issue network. Collaboration is not only 
between government departments but between the public and private sectors, and NGOs 
and voluntary organizations. Here lateral relationships are as important as hierarchical 
ones. Whetber formal or not, policy planning systems foster communication, 
information exchange, and new organizationallinkages. An organization can increase its 
capacity to process information by developing interorganizational relations, by direct 
contacts, liaison roles, project teams and increased contact in a policy planning system. 

However, institutional responses to turbulence also require corresponding organizational 
learning. One approach is to encourage what Vickers (1965) called a 'policy 
appreciation' of problems which integrates a focus on issues (say, water pollution) with 
knowledge about tbe national and local policy network and the cross-cutting institutional 
actions and responses which provide the dynamic dimension to the issue. 

A related organisational response is to view tbe existence of metaproblems as an 
opportunity for beneficial change and learning. This is enculturated change which leads 
to a re-examination of norms, values and perceptions. For example, commonly held 
values may stress and even reward a lack of interagency communication, and this may 
be buttressed by professional canons which discourage interdisciplinary working. Such 
values must be challenged in organizations hoping to plan effectively, but in a non­
threatening and constructive manner. 

Positive approaches to turbulence therefore involve organizations and members in self­
directed, participatory 'action leaming' strategies. These enable organizations to address 
metaproblems, but without any assumption that problems will necessarily be solved in a 
once and for all manner. Rather the development of skills in responding to turbulence is 
tbe objective. Action leaming combines past experience, organizational intelligence, and 
future goals in a mode of management which is intended to produce valid information, 
free and informed choice, and particularly, a commitment to environmental action based 
on consensual knowledge (Comfort, 1985). 
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Action leaming is characterized by: 
a) joint motivation and a measure of consensus among participants as to problem 

definition; 
b) recognition of the interactive nature of institutional context and environmental 

problem; 
c) recursive refonnulation of both environmental problem definition and organizational 

response; 
d) a reframing of organizational objectives towards leaming; and a redefmition of the 

planning process towards a cycle of discovery-invention-production and evaluation 
of knowiedge; 

e) recognition that the methods of inquiry influence the content of the knowledge 
obtained, and a tendency 10 complement traditional methods of inquiry with action 
research in which the neutral observer, or consultant-expert, is replaced by a 
facilitator to the learning process; and 

f) monitoring as a fundamental organizational task. 

7.5. Monitoring the man-environment interaction 

The importance of monitoring in managing uncertainty is too of ten underestimated. 
Monitoring is feedback, and systems theory argues that feedback is essential for system 
viability. Common sense tells us the same, but although monitoring is another area 
where we pay lip service, it is very of ten the case that policy planning systems proceed 
on a basis of woefully inadequate knowledge about the recent past and the likely 
consequences of action. Valid information can assist in developing a necessary measure 
of consensus on problem definition, and may foster a commitment to action. The 
development of strategic monitoring capacity may he one key 10 managing uncertainty 
insofar as planners acting in turbulent environments no longer solve problems (if they 
ever did) as much as they assist in the learning process which relies on flows of valid 
information. Given turbulence, difficult and sometimes intractable metaproblems require 
constant redefinition, and continual readjustment of responses, in an interactive fashion 
as new knowledge becomes available. Institutionally this requires that monitoring 
becomes a primary planning function, but more importantly, that the institutional 
patterns and rigidities that build up around static problem conceptions and responses he 
done away with, or modified to reward innovative and flexible approaches. 

Monitoring in turn requires that we think carefully about issues on which information is 
to he collected, how it is to he processed, who is to deal with it, and 10 whom it is 10 he 
transmitted. These are key specifications in the manipulation of information as a 
resource, and planners are of ten in a position to exert influence on some or all of them. 
Conversely, it is when monitoring is not undertaken that we are of ten surprised when 
policy impacts are greatly different from those predicted, and may on balance he 
negative. In the absence of monitoring we have lost all opportunities for leaming and 
incremental redirection of policy efforts. 
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It is obvious that the definition of monitoring used here is broader than the nonnal 
references to bio-physica1 monitoring. Elsewhere (Carley and Bustelo, 1984) 1 ca1led for 
cumulative impact monitoring characterised by a regional rather than site specific, 
perspective; attention to overlapping impact of different projects and policies; and a 
time-perspective stressing the long term, incremental and dynamic nature of social 
change. It should be carried out by government to provide a regional, overview; to 
provide a coordinated and organised flow of infonnation for strategic planning purposes; 
and to ensure some compatibility in the impact of different policies emanating from 
different agencies. It is intended to counteract the ravages of turbulence. In addition it 
serves to coordinate the variety of infonnation generated by less strategic types of 
monitoring. It can be a component of a regional or strategic development process, and 
therefore unrelated to the timing or acceptability of particular projects. 

It is of course obvious that monitoring information is an important resource which can 
be used and manipulated for political reasons and denied to key participants when 
convenienL For this reason gaining access to information is not only a primary task of 
governments which plan, but also of less powerful constituencies like environmental 
action groups, who often receive infonnation from government which is too little or too 
late. Moreover, information may embarrass, and arnbiguity is often preferred by 
government The environmental policy process is of ten in great debt to action groups 

like Greenpeace, Friends of the Earth and others who are constantly forcing us to 

confront new information about environmental degradation and to revise the political 
agenda accordingly. Because the temptation to manipulate or misuse information is 
great, attention to the institutional arrangements for monitoring, that is who does it and 
how the infonnation is to be evaluated and acted upon, is at least as important as 
deciding what infonnation is to be collected. 

7.6. Underpinning institutional development witb an ecological perspective. 

The latterday intellectua1 and administrative response to turbulence has been 
characterized by a) extreme specialization in the development of academic knowledge 
and b) compartmentalization of the public service into a plethora of poorly relating 
agencies, whose actions are as much likely to increase, as decrease turbulence. The 
problem is that specialization and compartmentalization, which may be useful for 
systematic advancement of academic knowledge and for administrative control 
respectively, are not very adequate responses to either turbulence or environmental 
metaproblems. A higher level of activity, called variously strategic planning or 
metapolicy-making is required. As turbulence increases, environmental sustainability 
requires this level of activity. There is little however in the theoretica1 literature of 
planning which addresses in a practical fashion the problems of social action at the 
strategic level. One symptom of this is that plaiming theorists are notoriously weak on 
practical advice for planners. This problem has been aptly describ,(:d as 'the gap between 
theory and practice, and the resulting chasm between knowledge and action' (Bolan, 
1980). This linkage, or lack of it, between theory and practice, of ten referred to as a 
crisis of rationality, carne to be a major theoretical issue in the 1980s. It remains on the 
whoie, unresolved. 
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If, as I have argued, the 'environment' can only be usefully perceived as a socio­
biophysical whoie, then the implications of the rationality debate are important. The 
epistemological origins of the debate are to be found in the legacy of Enlightenment 
thought and the attraction of positivism. This approach to social knowledge led to a 
belief in the ability of social scientist and economists to establish simplified, reductionist 
models of human behaviour, and to use these to predict the consequences of alternative 
interventions in human society. Social theorists fmd in this positivist legacy dangers of 
gross oversimplification of social reality at best, and at worst the possibility of 
technocratic and amoral domination of political processes. Many practicing planners, on 
the other hand, have side-stepped the debate and have evolved working definitions of 
rationality which focus on the systematic organization of information related to policy 
options. At the heart of the debate are questions about theextent to which the human 
world is amenable to scientific study, and upon what basis of knowledge do we plan for 
the future? 

Positivists would have an apparent advantage, for in the natural sciences the discovery 
of laws governing events reveals causal connections that allow the subjection of such 
events to human manipulation. Genetic engineering is a good example. Here 
predictability of the world is the connecting link: between theory and practice (Giddens, 
1977, p. 23). But it is amistake to extend this reasoning to the social sphere for 
predictability in human affairs is not independent of human knowledge of the social 
world Social reality, which includes the natural environments, is complex and multi­
dimensional and individuals and groups are directly involved in its construction. The 
diversity of human existence continually undermines attempts to formulate sociallaws. 
The interactive nature of social reality precludes its capture in quantitative modeis, and 
our forecasts are invariably made wrong by discontinuous events. This does not mean 
that social systems do not respond to attempts to change them, but given turbulence we 
can seldom quite predict or control the nature of the change. If social prediction cannot 
he scientific but consists mainly, it might be argued, of philosophical and ethical 
discourse based on best, if limited, knowiedge, then neo-positivist methodologies will be 
of marginal value in managing environmental meta-problerns. Further, as I have argued, 
complex environmental problerns must be considered in an holistic framework which 
recognises that the environment, · social structure, social groups, economic functions and 
cultural values must all be considered together at some point to understand the problem 
Consideration of any one factor in isolation will seldom be sufficient. What is required 
therefore is the human ecological perspective. Human ecology, as the name indicates, is 
concerned with the interrelationships between human beings and the whole life of nature 
in the dynamic social and economie environment Man holds attitudes and creates 
institutions which in their operation continually react to alter the balance between the 
human and natural environment 

There is increasing recognition that such a perspective is essential, for all its difficulties, 
and in the face of a lack of a professional reward structure. An ecological perspective 
has an emetgent quality: the whole is of ten more than the sum of the parts, particularly 
where interdisciplinary thought is used to address policy problems. Santos (1986) argues 
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tbat one of tbe most potent causes of tbe crisis of tbe social sciences is tbeir insularity, 
shortsightedness, and neglect of comprehensive, systematic studies. Capra (1982) 
describes a globally interconnected world, in which psychological, social and 
environmentaI phenomena are all interdependent To describe this world appropriately, 
he argues, we need a perspective which tbe Cartesian world view does not offer, tbat is 
tbe holistic view described by tbe term human ecology. 

Unfortunately tbere is little reward in academic or govemment circles for 
interdisciplinary analysis, and intelligent generalists of ten need some security of tenure 
before tbey cao start generalizing. Many academic journals are unresponsive 10 holistic 
approaches. This reflects tbe nature of tbe modern university in which academic 
disciplines socialize tbeir members into paradigmatic views which cao be almost 
insurmountable harriers to communication. Social scientists of different disciplines 
suffer from problems in communication and tbat among social and natura! scientists and 
engineers is mcre difficult still. Language, jargon, different metbodologies and different 
world views all serve to keep disciplines apart Attempts at multidisciplinary teamwork 
or true interdisciplinary analysis can be extremely challenging, and a positive reward 
structure is often necessary. In Holland, for example, tbe national government recently 
offered positive inducement 10 universities to establish interdepartmental policy units 
focussed on areas or topics of interest, for example, on technology assessment or water 
resources policymaking. Unfortunately, Holland is tbe exception ratber tban tbe rule and 
interdisciplinary planning· faces an uphill struggle in securing mandate, resources, in 
operating, and in acceptance of findings. 
Government departments also very of ten adopt a narrow sectoral and programme 
approach 10 policy problems which precludes botb interdisciplinary and interagency 
perspectives (Kuldinksi, 1987). Attempts to counter tbis natura! inclination in tbe 
Canadian government federal bureaucracy have been described as 'like pulling against 
gravity', and doubt bas been expressed about whetber even tbe Prime Minister himself 
could alter current bureaucratic arrangements (Savoie, 1984). Practically all government 
bureaucracies share this problem - in part because there are many tangible inducements 
to do so and little reward for operating in any other way. However environmental policy 
analysis, perhaps because it is not a traditional discipline, but ratber more problem­
oriented, possesses tbe rudiments of an holistic perspective. lts outlook is already multi­
disciplinary, 10 its advantage, and this facilities transition to true interdisciplinary 
analysis. This puts environmentaI policy analysis in a position to evolve metbods of 
social enquiry which transcend existing doctrines and rigidities in tbe social and natura! 
sciences. 

7.7 A basis ror institutional development 

A 7-point approach to institutional development can be suggested: 

1. Recognition tbat tbe institutional structure and context of environmental policy 
reflects dominant, but alterabie, political values. 

2. Development of practical organizational options at the state-market conjuncture 
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which fuse tbe infonnational advantages of market intelligence systems witb a 
notion of social responsibility based on a human ecological perspective nurtured by 
tbe state among otber societal institutions. 

3. Recognition of tbe advantages of building environmental coalitions towards 
consensus as a mode of political action; such policy planning systems are issue­
oriented coalitions of public, private and voluntary organizations and individuals. 

4. Attempting to overcome government compartmentalization by intersectoral 
coordinative mechanisms, tbe promotion of interagency communication and joint 
working, and organizationallearning. 

5. Promotion of interdisciplinary analysis and interpretation in service to policy, given 
tbe profound need for mediation between technical or biophysical knowledge and 
political or bureaucratie objectives. 

6. Recognition of tbe need for management scientists to help administrators develop 
innovative management approaches given tbat tbey are greatly constrained by tbe 
day-to-day demands of administration. 

7. Approaches which stress tbe importance of integrated environmental, economic, and 
social monitoring as a basic management function ratber tban .as a technical 
appendage to large projects, in particular to address tbe cumulative effects of large 
and smal1 scale natura! resource uses, and to help develop policies conducive to 
sustainable environments. 

7.8. Conclusion 

In conclusion, I have characterised tbe context of environmental policy as a turbulent 
environment fulI of interaction between human organizations and tbe natura! 
environment. High levels of complexity and interdependence mean tbat uncertainty is 
tbe norm ratber tban tbe exception. Tbe most positive response to this situation is tbe 
norm ratber tban tbe exception. Tbe most positive response to this situation is tbe 
revitalisation of social institutions in a way which will enable tbem and tbeir members to 
respond to uncertainty in a rapid and unthreatened manner. 

What is required is to fuse three components: 

politie al coalitions which shift environmental considerations to tbe center of tbe 
policy agenda; 
institutional developments which encourage bureaucracies to engage in innovative 
environmental management and become involved in policy planning systems; and 
a human ecological perspective which infuses not only academic research but 
political debate and policy discussions. 

To accomplish tbese requires organizationallearning, attention to tbe quality of 
societal information flows, and a constant re-examination of tbe value basis of 
institutional structures. Also required is tbe restructuring of bureaucracies to allow 
networking, non-hierarchical lateral linkages, risk-taking, entrepreneurship and tbe 
possibility of fallure. Some policy fallure is inevitabIe because of a natura! inability to 
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prediet the eonsequenees of aetion in a turbulent environment. This reinforces the need 
for both strategie and technieal monitoring. In a turbulent environment there are no fmal 
solutions to environmental problems but rather a eontinuing series of appropriate 
responses. Here professional reward must he found in the process of continuing 
appropriate responses rather than in the elegance of a model or a solution. 
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CHAPTER8 

IMPACf ASSESSMENT METHODOLOGIES FOR COMPLEX NATURAL 

SYSTEMS 

F. Perez-Trejo 

Ecological impact assessment of natura! systems faces some significant metbodological difficulties 
because of tbe long-tenn nature of tbe effects tbat are being monitored, tbe complex nature of tbe 
systems, and \he very large spatial dirnension of tbe areas affected. The purpose of tbis paper is to 

address some fundamental issues about natural systems tbat should be considered in developing a 

useful metbodological framework for assessing ecological impacts in natura! systems. The objective of 
impact assessment in natura! systems is defmed here as \he evaluation of policies (strategies) and 
management schemes in tenns of tbeir impact on tbe distribution, diversity, and persistence of 
ecosystems, tbat sustain tbe productive activities on which society relies for its basic resources (such as 
water resources, agriculture, forestry, and livestock production). These impacts usually have a long­
term, large scale nature, leading to undermining tbe sustainability of tbe production schemes on which 
development depends. 
In order to make valuabie impact assessments in tbe context of natura! systems it seems logical to fust 
examine some tbeoretical aspects about \he nature of complex natura! systems tbat have important 
implications on tbe metbods tbat might be used in carrying out \he assessment. This paper will 
concentrate on metbodological aspects of evaluating ecological impacts of human activities that have 
widespread, long term effect on terrestrial systems. The implications of tbese tbeoretical considerations 
for ecological impact assessment will be examined, as tbey apply to tbe three phases of impact 
assessment (1) a descriptive phase, in which \he structure and dynamics of tbe system are described; 
(2) a risk assessment phase, in which tbe risk of irreversible damage to tbe resources is estimated; and 
(3) a decision-support phase, to actually assist in tbe decision-making process. The three phases will be 
presented by an example of tbe way in which tbis metbodology was applied in tbe evaluation of tbe 
impact of flooding in a savanna ecosystem in tbe Alto Apure of Venezuela. 

8.1. The nature of natural systems 

Natural systems can he characterized by three major features that determine the context 
in which a methodologica! framework for impact assessment can he developed. Natural 
systems are the product of an evolutionary process; they display spatia! structure that is 
self-generated (at least in part); and complex natura! systems possess non-linear 
dynamics that explain the unpredictable nature of the response to man's accumulated 
impacts. These features will he discussed helow, with emphasis on the implications 
regarding impact assessment The examples cited in this discussion are meant to 
illustrate how the characteristics of natural systems can help us understand and study the 
nature of the impacts of the collective effects of agriculture, deforestation, 
industrialization, and urbanization while trying to find sustainable production schemes. 

Even though it might he widely accepted that complex natura! systems are the product of 
an evolutionary process, the implications of the process of evolution on the form and 
function of the components of natura! systems are yet to he completely understood. We 
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are not concerned here with debating the actual mechanisms of the evolutionary process 
in natura! systems, but rather, the way that system level responses can he explained by 
the interactions and feedbacks of its components that are the product of evolution. Allen 
and McGlade (1986) point out that one of the consequences of natura! systems reslilting 
from an evolutionary process is that the components of such systems are highly 
interrelated. The resources that one set of organisms depend upon for survival are other 
living organisms that are trying to survive as weIl. Adaptations or strategies respond to 
fluctuations or changes in each organism's environment. Since each organism has as 
part of its environment other organisms that are changing and adapting, change and 
variability in survival strategies are the prominent features of the system's environment 
The consequence of this realization is that the dynamics of natural systems are not 
fluctuating around some equilibrium point, but instead are capable of what Allen et al. 
(1985) descrihe as qualitative changes in their structure and their hehavior. 
The evolutionary nature of complex systems can also help in explaining how the kind of 
impacts that might he obsetved are not related to the magnitude of the disturbance. Por 
example, in the Sahel, where drought is a salient feature of the climate of the region, the 
impact produced by drought in the 1970's was more intense and widespread than that of 
previous, more severe droughts (Garcia 1981). This is caused by interactions among 
components of the system that amplify the impact to levels that are not proportional to 
the intensity of drought in a climatological sense. It is reasonabie to suppose that these 
components were not present in the same measures during earlier droughts. Garcia 
explains that the impacts of drought in semi-arid regions have increased due to the 
adoption of drought-susceptible agricultural practices, that increase the risk: of erop 
fallure. Grazing practices have followed the same tendencies. Grazing systems in the 
Sahel have become more sedentary, commercially oriented and no longer operate based 
on risk reducing strategies that have existed for centuries for coping with drought (UNU 
1986). Garcia presents convincing evidence of the way in which these changes in the 
strategies of resource Use have had an effect on the dynamics of the resources 
themselves, and have made the system more susceptible to the impact of drought. 
Another example of the non-linear nature of the response of natura! systems to impacts 
of long-term exploitation is the response observed in grazing lands (Ojasti 1973) and 
fisheries (Cury and Roy 1987). The generalized curve shown in Figure 1 illustrates how 
harvest levels can he maintained over a wide range of intensities of harvest, until some 
threshold is reached at point "A", and the system collapses. 

The collapse in productivity is associated with qualitative changes in the structure of the 
systems that may not he reversibie, even when harvesting is completely stopped to allow 
for recovery. In the section that pertains to the example on applying a methodology for 
impact assessment, the carry-over effect of grazing on the productivity of grazing lands 
that can account for the sudden collapse of the forage resource is described. On this 
basis, grazing strategies can he evaluated in terms of the risk of not heing able to sustain 
a desired level of livestock production on a long-term basis. 
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Figure 1. Generalized 'catastrophe" curve describing the collapse in the 
productivity of natural systems. 

8.2. A complex systems framework 

Developing a methodological approach for the study of complex, natura! systems 
requires some epistemological considerations. Allen (1987) points out that a Newtonian 
approach (which is based on breaking down the system into its components to try to 
understand how they function, eventually leading to the discovery of universallaws that 
predict its dynamics) is not an appropriate theoretical basis for understanding complex 
systems, because it is based on equilibrium dynamics and a fixed structure. The 
Newtonian approach leaves out the causal relationships between the components of a 
system that hold the potential for qualitative changes in its structure and behavior. Since 
we are dealing with long-term impacts and system level responses, it is precisely those 
qualitative changes that are the subject of ecological impact assessment. The subject of 
impact assessment is not only the study of a particular system structure, but also 
understanding the processes within the system that generate changes in that structure. 
Garcia (1986) describes the analytical framework and the implications for productive 
interdisciplinary research in a complex systems framework. 
Another important consideration in defining a methodological basis for ecological 
impact assessment is the spatial distribution of the components and processes in natura! 
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systems. Impacts may be detected and measured in the field within a few square meters, 
but the effects may extend over very large areas, usually several square kilometers, 
affecting the distribution and dynamics of plants and animals over a whole region. What 
is required for assessing the impact of local effects over a whole region is an 
understanding of the spatial structure of the systern and how the processes at the site 
level might affect other processes at the landscape level. A vivid example of the 
problem is portrayed in the difficulties associated with evaluating the effects of changes 
in the soil properties in upland areas of watersheds, which change the depth and 
distribution of groundwater tables in lowland areas (lmeson 1988), on which plant and 
animal species depend for survival. 
Spatial patterns affect not only abiotic processes such as water flows, floods, nutrient 
flows, erosion, (Imeson 1987, Gerits et al. 1987, Lopes et al. 1977, Ramia 1980) but al­
so biotic processes, such as movement of individuals in populations, migration, and re­
cruitment rates (Ambuel and Temple 1983, Schoener and Schoener 1983, Urban and 
Shugart 1985). In order to make useful impact assessments in natural systerns it is 
necessary to consider how changes in the spatial patterns of these processes affects the 
dynamics of the system. This requires a conceptual and methodological framework that 
considers the spatial patterns of a system and its effects on the processes that govern its 
dynamics. The example that follows describes such a framework and how it was applied 
in the evaluation of the impact of regulated flooding on the savanna ecosystems of 

Venezuela. 

8.3. An example of the methodology 

The purpose of presenting this example is to illustrate how the three phases of a complex 
systems framework were used in the evaluation of the impact of flooding on a region of 
around 300,000 hectares in the savannas of Alto Apure of western Venezuela (Figure 2) . 
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Figure 2. Location of the Mantecal and Chichiteras landscapes in the 
western savannes of Venezuela. (adapted from Ramia 1980) 
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Phase 1: Description of the System. 

The objective of this phase of the methodology is not just to classify and describe the 
components, but also to understand how the interactions between the components 
change to produce structural changes in the dynamics of the system. The first step is to 
defrne the boundaries of the system that is to be the subject of the study; and to 
determine its eomponents, how these components interaet with eaeh other and with 
variables outside the boundaries that have been defined. As Garcia (1986) points out, the 
process of system definition continues throughout the life of a project, as new processes 
are found to have an important role in the dynamics of the system. 
In the case of the flooded savannas of Venezuela, the extent and duration of periodic 
flooding in these savannas is mainly determined by the spatial pattems of the region. In 
an attempt to regulate the flooding, a series of dikes were constructed in the region and 
have had a marked impact on biotic and abiotic components of the system. In order to 
understand the spatial structure of the system we used a scheme for describing the region 
in terms of landscapes, eomposed of ecologieal response units (ERU), which was 
developed by Ramia (1980). 
In this system, each landscape is described in terms of a geographic location eovering 
several square kilometers, and is composed of ecological response units that are 
characterized in terms of geomorphology, soils, vegetation, and response to disturbance 
(such as buming, flooding, or grazing). The Alto Apure region was divided into two 
landscapes, the ancient savanna (Chichiteras) and the recent sedimentary savanna 
(Mantecal) (Perez-Trejo and Ramia 1988), each with its partieular proportion of ERU 

Landscapes ERU % Soils 

Medano 9 .6 Sandy 
Ancient Silty-bajio 10.6 Silty 
Savanna Sandy-bajio 49.7 Sandy-clay 
(Pleistocene) Banco 10.0 Sandy-Ioam 

Loam-bajio 20.1 

Recent Banco 14 Sandy-Ioam 
Sedimentary Bajio 65 Clay-Ioam 
Savanna Estero 20 Clay 
(Holocene) Medano 1 Sandy 

Table 1. Landscapes of the Alto Apure savannas. 

The ERU have a certain spatial pattem over the landscape that accounts for the extent 
and duration of flooding at the regionallevel. The spatial pattems that can be observed 
in Figure 3 show how the ERU in the recent savanna are distributed in a mosaic of small 
(mostly less that one kilometer) patches. 
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Figure 3. Ecological response units of the Recent (Mantecal) landscape 
(adapted from Ramia 1980). 

In contrast, the spatial pattems of the ERU of the ancient savanna landscape (Figure 4) 
are much more homogeneously distributed, and cover areas of several square kilometers. 

These differences in the spatial pattern of ERU produce quite different patterns of 
flooding in the two landscapes. In the recent savannas flooding depths are much more 
variabIe over the landscape, varying from 0 cm to above 100 cm over distances of a few 
hundred meters. In-the ancient savanna flooding levels are much less variabIe over the 
landscape, covering about 50% of the ground with a sheet of water of 50 to 100 cm for 
three to four months of the year. 
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Figure 4. Ecological response units of the Ancient (Chichiteras) landscape. 
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Each ERU was characterized in tenns of soils, vegetation, and above-ground 
productivity. Two ERU were chosen to exemplify the differences observed in response 
to regulate flooding. Tables 2 and 3 summarize the different variables that were used in 
comparing the response to regulated flooding by the dikes of the "Bajio" unit in the 
recent savanna, versus the "silty Bajio" in the ancient savanna. 

Natural Conditions Flooded Conditions 

SOILS Clay-Ioam Clay-Ioam 
saturated flooded 

VEGETATION 

No. spp. 37 12 

Dominant spp. 
Panicum laxum Hymenachne amplex. 
Leersia hexandra Leersia hexandra 
Paspalum chaff. 
Axonopus comp. 

Above-ground primary 
production (tons/ha) 

7±1 10 

Table 2. Effect of regulated flooding on the Bajio of the Recent savanna. 

Natural Conditions Flooded Conditions 

SOILS Silty 
Silty flooded 
saturated 

VEGETATION 

No. spp. 20 10 

Dominant spp. 
Mesosetum chasae Paratheria prostata 
Axonopus anceps Leersia hexandra 
Andropogon brevifolius 
Axonopus purpusii 
Sorghastrum parvifl. 
Leersia hexandra 
Bearsoil 35% 

Above-ground primary 
production (tons/ha) 

2.5 3.5 

Table 3. Effect of regulated flooding on the Silty-Bajio of the Ancient savanna. 
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In both cases there was a significant decrease in the diversity of the plant species that 
invade under controlled flooding conditions, both in total numher of species and in the 
species that account for most of the above-ground biomass. The response in total above­
ground biomass due 10 regulated flooding was marked by a significant increase in the 
Bajio of the recent savanna, in contrast to the very slight increase in the above-ground 
biomass of the silty Bajio of the ancient savanna. The differences in the productivity of 
the two landscapes can he explained in terms of the relatively lower levels of soil 
nutrients found in the ancient savanna (Rarnia 1980), and probably 10 the differences 
hetween the two landscapes in the effect of spatial patterns on the dynarnics of nutrient 
flows. 

Phase 2: Risk Assessment of Management Strategies. 

The goal of risk assessment in natural systems is to evaluate the impact of different 
management strategies for their sustainability on a long-term basis. Computer modeling 
can he used as one of the tools for this purpose. But modeling can only he considered 
within a broader analytical framework, in which many processes and driving forces in a 
system cannot he adequately represented in mathematical terms as flows of matter or 
energy (Garcia 1986). Examples of such processes are changes in attitudes, cultural and 
political views. These attitudes and values can he put into a model in terms of the 
demands and flows that they represent in the socio-economic structures of our 
production systems, and evaluated as strategies in terms of the impacts that they may 
produce. Impact assessment should therefore be a continuous exchange hetween an 
analytical framework, empirical experimentation, and dynarnic spatial modeling, that 
interact in a systematic and productive way. 
It is important to exarnine the role of modeling in the context of impact assessment 
Given the complexity of natural systems, and our relative ignorance about the biotic and 
abiotic interactions that determine their dynamics, it seems of little use 10 try to make 
predictions about the impacts that might he expected given any particular management 
strategy. For example, attempting to forecast next year's forage production in an area 
that has been overgrazed during the present growing season. A more productive 
approach would he to utilize models in helping to understand the causal relationships 
that are responsible for changes in the structure and dynarnics in the system. 
Modelling techniques adapted from water resources management (Labadie 1984, Hirsch 
1978) called position analysis can be used to analyze model results 10 determine the 
likelihood of failing to meet the management and environmental objectives of each of 
the possible management alternatives, or the likelihood that certain thresholds might he 
reached that will cause the system to collapse. This modelling approach allows not only 
economic factors 10 be incIuded in the analysis, but also a measure of the likelihood of 
the sustainability of each proposed alternative. 
In the example of the flooded savannas, the objective of the second phase was 10 assess 
the sustainability of different grazing strategies on the flooded savanna on a long-term 
basis. A simulation model was developed 10 evaluate different grazing strategies in 
terms of the risk of failing to provide enough feed to sustain the herds of livestock that 
graze the natural vegetation of these savannas on a year-round basis. In spite of some 
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differences in tbe way tbat livestock is managed, tbis analytical framework for 
evaluating grazing strategies would be worth while testing in many semi-arid grazing 
systems of tbe world 
Grazing systems have evolved in tbe dry tropics and semi-arid regions of tbe world in 
response to tbe many risks tbat livestock managers must contend witb in tbe highly 
uncertain environment in which tbey survive. It is not tbe concern for immediate profits 
that shape tbeir strategies, but minimizing tbe impacts of highly variabie forage 
production and tbe risk of high animal mortality during periodic droughts. 
Pastoralists and livestock managers operate in a highly uncertain decision environment 
In most situations tbey must allocate forage resources weIl in advance of tbe time when 
tbey can see tbe effect of tbeir decisions on tbe productivity of tbe system, or tbe impact 
on tbe forage resource. Environmental, economic, and institutional factors beyond tbe 
managers' control may have an unpredictable impact on production levels and on tbe 
response of tbe forage resource to grazing. 
In an uncertain environment managers must contend witb distributions of outcomes. 
Social, cultural, and environmental factors determine tbeir decision environment tbat a 
Newtonian "carrying capacity" approach cannot take into account (Perez-Trejo 1987). 
To formulate adaptive strategies tbe approach must consider knowledge about tbe 
current state of tbe grazing system and estimations about its future states. Adaptive 
strategies are rules used in decision-making under uncertainty tbat do not fix a course of 
action, but ratber, make tbe decisions dependent upon a monitoring scheme tbat provides 
information about tbe current state of tbe system (Day 1975, Murphy 1965). 
In tbe Alto Apure study adynamic programming procedure (Bellman 1957, Dreyfus and 
Law 1977, Labadie et al. 1982) was used to simulate tbe effects of grazing strategies on 
tbe dynamics oftbe forage (perez-Trejo 1984). Tbe dynamic state equation in tbis model 
expresses standing erop at any given time in terms of tbe standing erop at tbe end of tbe 
last period, and deatb and grazing losses during tbe current period: 

SC;+1 
where: SC;+ 1 

SC; 
GROWTIIt 
CONt 
LOSSESt 

= SC; + GROWTIIt - CONt - LOSSESt (1) 
= tbe standing erop at period t+ 1; 
= tbe standing erop at period t; 
= tbe growtb during period t; 
= tbe forage grazed during period t; and 
= deatb, translocation losses of tbe vegetation during period t 

Growtb is calculated as a function of standing crop (dependent growtb), as follows: 

GROWTIIt = 2 * RGR * SC; * (1 - SCJMSC) 

where: RGR 

MSC 

= tbe relative growtb rate at tbe 
point of maximum growtb (gig); 

= tbe maximum standing erop. 

(2) 

Tbe dynamic programming formulation in this model was solved using a Max-Min 
objective function (recursion equation) explained in the following paragraph: 
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= MAX {min(CONJat. Ft+ 1 (SCt+ 1> )} (3) 
= estimated consumption over last grazing period t 

(for all discrete SCt); 
= monthly consumption in month t (g/m2); and 
= fraction of tota! annual consumption (C) 

consumed in grazing period t. 

The pwpose of this fonnulation was to evaluate grazing policies taking into account the 
carry-over impact of grazing on the potential growth capabilities of the forage. In effect, 
the model examines all feasible amounts of forage that could he grazed. within the 
boundary conditions defmed for the system, and determines the grazing level that will 
provide a maximum of feed for the livestock, and at the same time, reduces the carry­
over impact of grazing on the growth potential of the forage resource in future growing 
seasons. 
To gain an understanding of the effect of the carry-over impact of grazing on the 
sustainability of different grazing policies, the model was used to compare the likelihood 
of failure of a short-term grazing policy of two years versus a long-term grazing policy 
of sixteen years. The results in Figure 5 show how the risk of failing to maintain a given 
level of grazing, calculated on the basis of a short-term grazing plan, underestimates the 
real risk level derived from the long-term grazing plan. 

1.0~------------------~~--------------~ 

0 .8 

0.6 

0.4 

0 . 2 • Short-term plan 

o Long-term plan 

O.O~----~----~--~-----T----~----~--~ 
160 200 220 260 

EXPECTED LEVEL OF GRAlm g/~ /month 

Figure 5. Comparison of a short and long term grazing policies in terms of the 
probability offailing to meet expected grazing levels (adapted from Perez-Trejo 1984). 
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This can he explained by the fact that the short-tenn grazing plan only considers one 
year of carry-over effect of grazing, in contrast to the long-tenn plan that is based on 
fifteen years of carry-over effect. Also, a long-tenn grazing plan takes into consideration 
drought years that might occur in succession, that accentuate the growth depressing 
effects of grazing on the forage resource. 

These results do not imply that the carry-over impact of grazing in flooded savannas 
lasts over a period as long as fifteen years. They only show the need to consider more 
than one year of carry-over effect in evaluating grazing policies. Three to five years is 
probably sufficient time to evaluate the effect, but much more research is needed to 
determine the length of time required, and also to determine the factors that play a role 
in explaining such an impact. 

There is still much 10 he leamed about the impact of grazing on plant growth and long­
tenn sustainability of forage resources, and there is great difficulty in trying 10 study 
these effects in field experiments (Jameson 1963, McNaughton 1979, Menke and Trlica 
1981). Each system responds differently, depending on its particular dynamics, history, 
and management (or mis-management). A complex systems framework cao certainly 
contribute in gaining an understanding of such impacts, and can provide valuable insight 
into the kinds of field experiments that might he needed. 
What is important to the manager who is trying to decide how much and for how long to 
graze is: 
A. The amount of forage available for grazing during any particular grazing season 

depends on climatic factors (in particular precipitation), characteristics of each site, 
the amount of grazing, or over-grazing that lOOk place during the previous grazing 
seasons. 

B. The manager would like to know more precisely the levels of over-grazing at which 
the system eventually reaches a threshold level of impact, at which the forage 
productivity of the site eventually collapses, as a result of soil erosion and 
environmental degradation. 

Phase 3: Decision-support. 

The objective of this phase is to present the findings and results of the investigations and 
modeling exercises to managers and decision-makers in a foon that is accessible and can 
he clearly displayed. This paper will not go into all the details of the kinds of tools that 
might he needed to achieve this objective. The discussion will he restricted to the 
experience accumulated over several years on the development and implementation of 
these decision-support tools. 
When the results of the research on the flooded savannas (such as those presented in 
Figures 3, 4, and 5) were presented to managers during a series of workshops, there was 
an immediate reaction 10 test other altematives and scenarios that were of interest to 
them. This posed some serious difficulties because the model required considerabIe 
computer literacy and programming expertise. Futhennore, the results were produced in 
a foon that required an expert several man-hours to interpret. This happened before 
micro computers were available, and researchers were limited to main-frame computers 
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with no intemctive capabilities and the likt 
use to managers and decision makers was very low. 
The conclusion from this and other experiences is that there is a need for interactive 
programs and research tools. These include graphically displayed results, geographic 
information systems (GIS) to store and display spatial information, menu-driven modeIs, 
and user-friendly knowledge base systems, that do not require extensive computer and 
programming experience. This does not mean that these tools will do OUT thinking for 
us, but that there is need for easily and intemctively collecting, analyzing and 
synthesizing data and information that must become part of the decision-making 
processes for effective management of natura! resources. 

8.4. Conclusions 

This paper presents some of the methodological implications that arise from considering 
the three major features of natura! systems. Natura! systems are the product of an 
evolutionary process, they display spatial structure, and they possess non-linear 
dynamics as a result of the close interrelation of their components. 
A methodological framework for studying the impact of long-term, wide spread impacts 
is presented The methodology emphasizes the need to assess the carry-over impacts of 
exploitation on the regenemtion capacity of the system, and the need for a better 
understanding of the processes that bring about the collapse of systems when certain 
thresholds are reached with over-exploitation. 
This methodological framework can be used to test different natura! resources 
management stmtegies by evaluating the probability of having a major impact on the 
long-term sustainability of the production systems. In the case of grazing system, this 
type of analysis could be very useful in evaluating different human stmtegies (individual 
and institutional), the relative effectiveness of different supplementation stmtegies, 
animal health programs, and range improvement altematives. 
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CHAPTER9 

NEGOTIATIONS OF IMPACT ASSESSMENTS 

L.Y. Maystre and J. Simos 

Negotiations require procedures which take into account the personal evaluations of each 
involved actor: aggregation methods need to consider the personal character, the thresholds of 
indifference and the imprecision of evaluations. 
This approach is presented in four mies exemplified by the case-study of solid waste management 
of Geneva. 
Fourteen development schemes (80 called "actions") have been evaluated by a group of eight 
actors, using eleven criteria upon which the actors agreed af ter a pre-negotiation. The distribution 
of evaluations is discussed and a sensitivity analysis is presented, using the ELEClRE outranking 
procedure. This approach is shown to avoid polarization resulting from dichotomization of 
opinions. 

9.1. Methodology 
Environmental problems quite of ten involve confrontations between different, even 
diverging strategies. Conventional analyses requiring the definition of, and 
agreement upon a "utility function" are not appropriate, precisely because various 
people, instances or pressure groups are unable to reach such an agreement. 
Conflicts arise already at the stage of the definition and selection of criteria for 
comparisons and about the respective weights, or ranks, of the criteria which are 
indispensabIe to define such a utility function. Negotiation is an interrelation 
between people, not between things. People expressing strong thoughts do not 
accept that their opinions be aggregated in some kind of anonymous average. They 
feel manipulated, loosing their identity, betraying the confidence of those who 
choose them as their formal, or informal, representatives. A first rule arises from 
these facts: 

Rule 1: in an aid-to-decision mak:ing procedure, the individual opinions, estimates 
or evaluations of the participants (persons, groups, offices, in stances, i.e. "peers" 
have to be kept distinct until the conc1usion stage of the procedure. 

Human intelligence is limited in its ability to compare simultaneously many items 
according to many criteria. On the contrary, the comparison of two items according 
to one criterion is very familiar to any human being, since he performs this daily and 
in all situations. Still, we have to compare many items according to many criteria 
and do it in different ways. A second rule arises from these facts: 

Rule 2: in an aid to-decision making procedure, the participants have to make 
comparisons by pair and for a single criterion and a sound logic has to be used to 
combine all the individu al comparisons of each participant into an integrated 
comparison. 
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Of course no a priori exclusion of a point of view is acceptable in a negotiation, lest 
it should break up. It is essential that the logic applied be of the type "PO" 
(possible), rather than an exclusion logic of the type "YES" or "NO". A third rule 
may thus be suggested: 

Rule 3: no proposal of any participant to an aid-to-decision-making procedure 
should a priori be excluded: it should always be included in the set of comparisons. 

Finally, all estimations and evaluations tolerate a margin of error or uncertainty: 
terrns of comparison should then be possible between fuzzy valuations. Indifference 
or incomparability may exist between items compared with many criteria. A fourth 
rule may be proposed: 

Rule 4: The logic applied to an aid-to-decision making-procedure should allow 
sensitivity and robustness analyses with fuzzy sets of cardinal and ordinal values, 
considering thresholds of indifference, strong preference and veto. 

9.2. The case • study 

The solid waste management of Geneva has always been apolitical headache: habits 
of disposal, willingness to sort waste categories for recycling or a better protection 
of the environment, location of the treatment facilities, centralization versus 
decentralization, taxation policy and other issues receive various importance 
depending on the involved parties. Presently, the principle of "everything into the 
trash can, then to the incinerator" is fought by many who see a better alternative in 
non mixing of all waste for more efficient recycling, better protection of the 
environment and less expensive disposal. 

Political parties and pressure groups have been vehemently fighting about this 
problem, preventing necessary decisions, about an extension of the existing facilities 
being made. 

An "expert committee" of 8 was appointed, representing all the involved tendencies. 
It included representatives from: 

the waste collection division of the city; 
the surrounding municipalities of the urban area; 
the public works department; 
the World Wildlife Fund, Swiss section; 
the existing incineration plant; 
a regional consumers' association; 
a national association for the protection of the environment; 
the energy planning administration. 

The Institute of environmental engineering of the Federal Polytechnic of Lausanne 
(IGE EPFL) was appointed to assist this committee in the evaluation of a large 
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number of contradictory ideas. At the beginning, the committee members were in 
strong disagreement between each other, even suspecting the others of trying to 
deceive them; on some occasions, we had to plead for the continuation of the 
negotiation process. 

Af ter about one year, the committee was able to agree on general appraisal of 14 
different strategies, of which 5 are undeniably unsatisfactory, 4 are very 
questionable, 5 are rather good: of the latter 2 appear to be worth further studies. (2) 

9.3. The logic appIied 

It belongs to the family of the methods of outranking combined with partial 
aggregation. called Electre (1). Electre 111 was chosen, because it operates with 
pseudo criteria. The outranking relationship is fuzzy, since a "level of credibility" is 
associated. Electre 111 allows incomparabilities and ex aequo since its final output is 
a partial pre order. Three thresholds were adopted: of indifference, of strict 
preference and of veto. The valuations according to all criteria were expressed into 
grades: this is naturally the case for all ordinal values. Cardinal values were 
converted into grades with the two following justifications: most cardinal values 
(cost, pollution loads) are very approximate or just orders of magnitude; criteria 
should not be segregated between "objective" and "subjective" at this level of 
negotiation. 

The real stake of a negotIatIon is not so much the valuations given byeach 
participant to each investigated strategy. Nobody wants to be considered as "not 
realistic" or "biased". And the members of an expert committee have in turn to rely 
on the more particular expertise of still more specialized experts. 
The real stake is on one hand the choice of the criteria and the relative importance 
given to each criterion; on the other hand the choice of the strategies to be compared 
with one another, more specifically the sensitivity analyses related to the chance of 
success of each strategy. 

If various members of a committee can agree on a list of criteria to be considered 
(according to rule number two), each member will stick to his personal view about 
the relative importance of each criterion and will not accept any type of "averaging" 
procedure: this point is developed under point 4. The same applies for the strategies: 
every plausible strategy will be accepted for comparison but every participant of a 
negotiation group will stick to his judgement about the chances of success of a 
strategy: this point is developed under point 5. 

9.4. Criteria 

The 8 members of the expert committee agreed upon 11 criteri 
No 1 investment and operation costs; 
No 2 reliability of a solid waste treatment technology ; 
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No 3 flexibility of a technology (following changes in quality of waste); 
No 4 necessary final disposal volume (scarce space around Geneva); 
No 5 recycling of materials (metal, paper, organic, plastic, etc); 
No 6 recovery of energy from waste (net production); 
No 7 marketing possibilities for recycled materiais; 
No 8 pollution of tbe environment resulting from the use of recycled materials; 
No 9 pollution of tbe environment resulting from the waste treatment technology; 
No 10 nuisances (dirt, noise, traffic) resulting from tbe collection and treatment 

system; 
No 11 education and participation of consumers (i.e. waste producers). 

Each member of tbe expert committee was asked to rank these criteria, ex aequo 
or void ranks being accepted. Figure 1 presents tbe ranking of one of tbe 
member. 
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The corresponding weighing is: 
C l =1; ClO=3; 

C4 = 5; C3 = 6; 
C8 = C9 = (8+9)/2 = 8.5; 
Cll = C7 = C5 = (10+11+12)/3 =11 
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C6=7; 
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Each of the 8 different weight sets of the committee members has then been 
standardized on a 100 scale. These weights have been introduced into the Electre m 
programme for each member. Of course the weight sets differ considerably from 
member to member, each one refIecting the general point of view of those whom he 
actually represented (formally or informally) . 

For some of the criteria, the weighing differed greatly between two sub groups of 
the committee, thus revealing a conflictual polarization. For other criteria, the 
weight sets were rather similar, thus expressing a near to consensus appraisal. Still 
for other criteria, the weights were evenly distributed, thus expressing randomness. 
Figure 2 illustrates these three cases. 
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Figure 2. Distribution of the weightings of criteria. 
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9.5. Chances of success 

Four sensitivity analyses have been introduced into the investigation: 
- The percentage of various waste categories expected to he sorted at the source by 

the consumers, thus not mixed with other waste; 
- the performance of mechanical sorting; 
- a combination of both variations (non mixing at the source-and mechanical 

sorting); 
- the influence of the discretization of continues variables. 

Most important is the frrst sensitivity analysis for which a large enquiry was carried 
out among 6 memhers of the expert committee (the two members from the Public 
Works Department were not consulted), 14 memhers from all political parties of the 
local parliament, 10 distribution enterprises and 5 production enterprises. 

Thirteen questions were asked: 
- By what measures could the quantity of package material in waste he reduced? 
- Should retail selling he reintroduced for some products? (sugar, fiour) 
- What could he done to discourage advertising material heing put into mailing 

boxes? 
- Should the practice of return glass with refunding be extended? 
- Should plastic bottles be replaced by glass bottles? If yes, how? 
- Should garbage bags he sold to a price including collection service? 
- Should retailers he compelled to accept packaging material deemed useless by 

consumers? 
- What are the chances of reuse af ter repair of bulk waste (furniture, equipment) 

and should a hall he provided for such a marketing? 
- Is it possible to influence producers to lengthen the life of domestic equipment? 
- Do you think a free phone number should give information to the public about 

waste? 
- What action do you recommend to limit beverage cans? 

Should glass containers for drugs he favoured against plastic ones 
- Could glass he reintroduced for milk distribution? 

The answers lead to a choice of "acceptabie" spans of success of sorting at the 
source by the consumers and enterprises. 

9.6. Strategies 

The expert committee visited several plants in Switzerland and abroad and agreed 
upon a list of 14 strategies worth comparison. They are presented in Figure 3. 
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Legend 

I : incineratlon 

S: separatlon 

SS: separatlon at source 

MS: mechanica1 separatlon 

RC: recycling center 

SC: separate collectlon 

MI: dlgestlon of yard waste 

M2: digestlon of food and 
yard waste 

Cl : compostlng of yard 
waste 

C2: compostlng of food and 
yard waste 
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Processes 

C3: compostlng of yard 
waste a t dlstrtct level 

P: pyrolysls 

CM: productlon of 
constructlon materlal 

R: productlon of refuse -
- dertved fue! 

V: other recycling processes 

Figure 3: List of considered strategies 

9.7. Outputs of Electre 111 

The partial preorders resulting from the Electre III analysis have been represented 
by graphs like thus illustrated for three strategies (1, 3 and 5) in Figure 4. 
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Figure 4: Graphs of the results of strategies 1, 3 and 5 

These graphs can be interpreted in the following way: 
the more the cloud of points (each point represents the result for one data set and 
one decision maker) is close to the top right corner, the more the strategy is a 
"good" one (i.e. strategy 5); 
the more the cloud of points is close to the bisecting line, the more the strategy's 
"degree of incomparability" is low (i.e. strategy 1). 

The results have shown that five strategies may definitely be considered as the 
"worst" (th is is a purely comparative statement and does not mean that any of those 
is intrinsically "bad": otherwise it would not even have been considered for the 
comparison). Those are strategies nO 1,4,8, 13 and 14. Notwithstanding their initial 
divergences of opinions, the comrnittee members could agree with this statement. 
Four strategies (nO 2, 3, 10 and 12) have an unreliable ranking and have been very 
diversely evaluated by the committee members: they do not deserve much 
confidence. 
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Five strategies may be considered; although to various degrees, as the "better" ones. 
Tbose are nO 5, 6, 7, 9 and 11. Looking closer to this group, it can benoticed that 
strategy 11 does not have a very stabIe ranking if the various assumptions of the 
sensitivity analyses are taken into consideration; strategy 9 is too of ten 
incomparable, thus inspiring reluctance; strategy 6 is systematically second to 
strategy 7. Thus tbe two most interesting strategies which deserve further more 
detailed investigations are strategies 5 and 7. 
Tbe Electre III procedure has thus achieved two purposes: 

a reduction in the conflicts between the committee members and those 
represented by them, 
a reduction in the complexity of the problem, therefore the time and money 
necessary to fmalize tbe project studies. 

No committee member can deny or reject tbis statement and flnal ranking, since no 
proposal or opinion has been exc1uded and the individual rankings have not been 
aggregated. What may sound natura! and obvious at tbis stage was not at all evident 
at the beginning of tbe procedure. 

9.8. Between antagonistic pOlarization and consensus 

Many environmental studies have outlined the tendency of antagonistic polarization 
of bellefs, opinions and attitudes. Tbe investigation of behavioural pattems of 
consumers regarding tbe disposal of their waste carried out in two Swiss cities 
(about 300 interviews) showed that the consumers belong to either one of two 
portraits: 
those who don't care and mix all tbeir waste in one bin or bag, 
those who care (i.e. have an "ecological consciousness"); tbey do not mix tbeir 
waste but put them apart in order to carry separately waste paper, glass, aluminium, 
even oil and fats or batteries, to the appropriate collection container of their ward. 
(3) 

Figure 5 shows the predominant behavioural pattems of those who care (80 %) and 
tbose who don't (20 %). Tbe large black line expresses the portrait of the majority of 
those who care; the line in hatches expresses tbe portrait of the majority of those 
who don't care. Tbere is much hesitation about who beneflts from the separate 
collection and there is agreement upon the usefulness of separate glass collection, 
even fiom those who don't care. 

9.9. Conclusion 

Not allopinions are evidently dichotomizable fiom tbe start. Neither is consensus by 
all means tbe prevailing initial state. Facing life and its complexity, people have 
generally a broad spectrum of opinions, statements or evaluations. But this unstable 
situation evolves more or less rapidly towards either antagonistic polarization or 
towards some kind of more or less acceptable compromise, even to consensus. 
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In a democratie society, it is achallenge to apply the appropriate tools which may 
favour compromise or consensus, particularly in environmental issues which are 
everybody's concern. Partial aggregation outranking methods like Electre m seem to 
be a promising negotiation instrument for impact assessments. 
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CHAPTERIO 

EVALUATING THE BENEFITS OF R1VER WATER QUALITY 
IMPROVEMENT 

C.H. Green, S. Tunstall and M. House 

A benefit-cost methodology for application to all sewerage schemes bas been developed for tbe UK 
Water Autborities. This metbodology includes the evaluation of improvements to river water quality 
resuIting from the upgrading of discharges from any point source, and includes assessment of both the 
benefits to users of the river corridor and non-user, or intrinsic benefits. 
Since there are no henefits uniess the user perceives the water quality to have improved, the method is 
built round the development of Indices of Perceived Water Quality. These are, in turn, related to Water 
Quality Indices, which summarise tbe biochemica! quality of tbe receiving water, which can he 
predicted from river basin modeIs. The user benefits of improvement to a river reach have been shown 
to depend not only upon tbe type of use, of which tbe most significant are on-bank recreational uses, 
but also upon tbe perceived environmental quality of tbe river corridor. Some uses are, in fact, very 
insensitive to water quality. It bas also been shown that as a motivation underlying an individual's 
willingness-to-pay for water quality improvement, actual or potential use is much less important than 
essentially moral concerns relating to preservation of the environment in its own right 

10.1 Context 

Investments in sewerage schemes which have as aresult improvements in river water 
quality have increasingly to be justified in economic terms (House of Lords 1982). 
In 1985, the Department of the Environment commissioned the Water Research Center 
and the Flood Hazard Research Center to develop a feasible methodology for evaluating 
the benefits of sewerage schemes (Green et al 1988). A prerequisite of such a 
methodology is the availability of methods of modelling water quality as it is affected by 
both continuous and discontinuous discharges of used water (Clifforde et al 1986; Moys 
and Henderson 1987). A second requirement is for methods of summarising the water 
quality both now and consequent upon the scheme (House 1986). 

In the simplest terms, an economic benefit arises from a change if someone is willing to 

pay in order to have the change occur. Evaluating the benefits of water quality 
improvement therefore required the determination of the types of changes in water 
quality which the public desire; the reasons why they desire those changes to occur; the 
contexts in which they desire water quality improvements; and finally their willingness 
to pay for desirabie changes. For a change to be desired it must fust be perceived and 
therefore a major strand in the work has been the exploration of perceived water quality. 

The final methodology developed (Green et al 1988) has been based upon the results 
from some 1200 interviews with river corridor users; 300 interviews with households 
living adjacent to a river corridor; and 300 with households living at least two miles 
from an accessible river corridor. The 'Contingent Valuation Method' (Cummings et al 
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1986; Tunstall, Lord and Green 1988) was used to evaluate the benefits of water quality 
improvement 

10.2 Benefits from water quality improvement 

The benefits of water quality improvement in the UK will mainly arise from increases in 
the amenity and recreational value of rivers, rather than from abstractive uses, and 
particularly to riverbank recreational users rather than instream users. Instream uses will 
continue in many cases to be limited by the small size and other characteristics of the 
rivers. In addition, the number of river bank users, such as walkers and picnickers, is 
much larger than the number of fishermen, canoeists and other instream users. 

Improvements in water quality may lead to increases in the pleasure that the users gain 
from their visit to the river corridor. However, the pleasure they gain from their visit will 
only be partially dependent upon water quality (Davis and Parker 1982) and depends as 
weIl upon other factors, inc1uding the quality of the river corridor taken as a whoie. In 
turn this implies that the value of water quality improvements for a given stretch of river 
depends upon the broader quality of the river corridor: being lower when the river 
corridor is perceived to be of poor quality. Table 1 indicates those characteristics which 
are most and least desired of a river corridor. 

Considering just river sites, which features would add most to your enjoyment when 
visitin one? 

want 
many weIl grown trees and plant 
not too many people 
adequate car parking 
toilets 
safe place for children to paddle/swim 
many birds and insects to be seen/heard 
easy and cheap to get to 
many plants in and around the water 
cafe/restaurant 

drypaths 
childrens' play area 
picknicking facilities 
historic buildings to visit 
historic monuments 
row boats for hire 
visitor center/museum 
motor boat trips 
fishing 

mean % no affect % don't 

8.0 
7.5 
7.3 
7.3 
7.3 
7.2 
7.2 
7.1 
5.8 
5.8 
5.4 
5.4 
5.0 
4.7 
4.7 
4.5 
4.1 
2.7 

I 
2 
3 
9 

12 
1 
7 
3 

16 
10 
23 
12 
12 
8 

14 
8 

20 
34 

2 
2 

3 
10 
2 
4 
3 
4 
10 
10 
16 
17 
11 

scale: -9 don't want 0 (no affect on enjoyment) to 10 (add most to enjoyment) 
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Table 1. "Considering just river sites, which features would add most 
to your enjoyment when visiting one?" 



Summarising, our respondents would prefer to visit a river corridor which is contained 
in a mature landscape and which supports a diverse population of birds, insects, plants 
and fish; but which also has dry paths, is easily accessible and has toilets. The low 
interest in facilities such as visitor centers may be interpretabie as a desire to avoid 
anything being developed in the corridor which they think might attract other visitors. 

The increased pleasure which visitors gain from a visit when water quality is improved 
also partly depends upon the type of activity which they are undertaking. 

The benefits of water quality improvement are not, however, limited to additional 
pleasure when visiting. It has been widely supposed (Decker et al 1987; Krutilla and 
Fisher 1985; Smith and Desvouges 1986) that there are additional non-use or 'intrinsic' 
benefits arising from environmental improvement or conservation, in addition to the 
possibility that people may be willing to pay to ensure that the valued environment will 
be maintained so that they could choose to visit it at some subsequent date. Technically 
the latter is termed 'option value'. 

However, whilst there has been widespread speculation by economists that people will 
be willing to pay for environmental improvements and conservation for reasons 
additional to possible pleasure when visiting, there has been very little empirical 
examination of the motivation behind such willingness to pay (Croke et al 1984). In 
order to ensure that we had identified all of the benefits of water quality improvement it 
was necessary to derive an exhaustive set of motivations underlying willingness to pay. 
Furthermore, to avoid possible overstating these benefits, the set of motivations should­
also be mutually exclusive since there were methodological reasons for separating out 
the contributions to willingness to pay of user and non-user motivations. 

A set of possible motivations underlying a willingness to pay were therefore included in 
the trial interview schedule for the sample of river corridor users. The motivations listed 
included both user benefits and those possible non-user motivations which had been 
identified in the literature. In addition, a number of more broad attitudinal motivations 
were inc1uded. The question was preceded by one which asked whether public 
expenditure on reducing river water pollution should he decreased or increased. 

In the three main samples the same questions were included but the motivations were 
expanded to include 'preservation of public health'. This was added in recognition of the 
degree to which British rivers are used occasionally for paddling and swimming. Table 2 
illustrates the results from the survey of residents living remote form a river corridor. 
This shows c1early the greater importance given to non-user benefits compared to user 
values and in particular the weight given to bequeathing a rich and varied ecological 
network to future generations. 
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Relative importance of reasons for spending money to reduce pollution in streams and 
rivers (means) 

To increase enjoyment of users of rivers 6.6 
To avoid unsightly, smelly rivers 8.6 
To provide for increased demand for leisure and recreation in the future 7.8 
To improve the quality of life 8.6 
To contribute towards the improvement of the environment in general 8.8 
So that clean rivers are here if we want to visit them in the future 8.8 
To conserve wildlife and plants 9.2 
It is a moral issue: we ought not to pollute the environment 9.3 
To ensure a pleasant environment for future generations 9.2 
To ensure public health 9.4 

N=815 
scale: 0 = not important at all 10 = most important 

Table 2 Relative importance of reasons for spending money to reduce pollution in 
streams and rivers. 

The motivational statement 'it is a moral issue: we ought not to pollute' is also strongly 
supported. As a moral requirement it is not easily accommodated into economic 
efficiency benefit oost analysis (Green and Penning-Rowsell 1986) because the 
efficiency approach implies that there is some optimum level, in this case of pollution, 
where the costs of pollution abatement are balanced against the benefits of reducing 
pollution. This is a logic of 'how much' as opposed to the moral fiat of 'not al all'. 

It implies a strong presumption against any increase in pollution loads, but is less easily 
interpreted and applied in context of expenditure 10 decrease pollution. It may possibly 
be best interpreted as defining the question not as one of 'how much is it worth spending' 
but solely in terms of 'how much can we afford 1Opay'. Overall, there are a number of 
problems in deriving demand for environmental goods; for which the motivation bebind 
the demand cannot be wholly ascribed to a desire to maximise the individual's own 
personal pleasure (Margolis 1982; Tunstall, Lord and Green 1988). 

Variance in scores for each of the motivations was small and the distributions were very 
skewed. This precluded our original intention of regressing both willingness 10 pay and 
preferences for public investment on these motivational variables in order to determine 
the relative importance of user and non-user motivations. However, in the sample of 
households living at least two miles from an accessible river corridor, the population 
mean willingness to pay was approximately 70% higher for those who had visited a river 
corridor in the past three months. This difference was taken as a measure of their 
willingness 10 pay for user related benefits. The willingness 10 pay of those households 
who had not visited a river corridor is taken to have been motivated by a desire for 
attractive rivers to be available should they choose to visit one in the future, or option 
value, together with non-u ser motivations. 
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10.3 Perceived water quality 

Unless tbe public perceives water quality to have improved tbere are strictly no benefits 
from water quality improvement. Moreover, in order to ask respondents tbe value to 
them of some improvement in water quality, it was necessary to be able to define the 

change in meaningful terms. 

Previous work in the United States (Mitchell and Carson 1981; Smith and Desvouges 
1986) bas used tbe concept of 'Ladders of Water Quality': whilst tbese have defined 
levels of water quality in terms which are comprehensible to tbe public, tbese ladders 
were defmed in terms of acceptability for instream uses (eg boating, fishing and 
swimming). Many British rivers and streams are too small to ever be used for fishing or 
boating. More importantly, defining the possible change in water quality solely in terms 
of recreational uses is to assume that the most important reason for an individual 
desiring water quality improvement is the increased recreational opportunities. 
Moreover, as described earlier, the desired river corridor is rich in plants, animals and 
insects and conservation of wildlife is regarded as an important reason why public 
investment in reducing river pollution should be undertaken. Any conceptual water 
quality ladder must obviously tberefore be defmed in terms which individuals can relate 
to their reasons for desiring improvements in water quality, and, in particular, include 
aspects of ecology and habitat. 

In deriving a valid and reliable scale of perceived water quality, the scale must also one 
which can be referenced against a biochemical (House 1986) or biological index of 
water quality across tbe full range of ambient water qualities. 

David (1971) and otbers (Ditton and Goodale 1973) derived indicators of perceived 
water quality over the lower quality end of the spectrum using such indicators as 
'unusual color' and 'oily appearance'. The presence or absence of such indicators is easily 
perceived and recognised. 

For the higher quality end of the spectrum, we concluded tbat tbere were only two 
possible types of indicator: tbe presence/absence of biota and of supposedly more expert 
users. In selecting possible candidate indicators, a further requirement is that the casual 
and untrained river corridor users both are able to recognize the indicators if they see 
one and also that they can correctly associate the presence/absence of that indicator with 
the water quality. Moreover, a third requirement is that there be substantial agreement 
between people as to what each indicator shows about water quality. Further, in 
biochemical or biological terms the indicator itself should discriminate between different 
standards of water quality. 

A possible set of biota and other indicators was therefore derived with the aid of in­
house ecologists. These were selected on the basis that the indicator was to some degree 
sensitive to water quality and was recognizable. A somewhat unscientific approach was 
adopted to the latter: the senior au thor rejecting any proposed indicator which he 
couldn't recognize. This drastically reduced the candidate indicators. 
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As part of the preliminary pretesting work, a question was included which asked 
whether the presencelabsence of each of the indicators showed that the river was clean 
or polluted This question was pretested on some 300 river corridor Users on rivers in the 
east and south of Engtand The results of this trial (Green, Suleman and Wood 1987) 
showed that there was a high degree of agreement between respondents as to the 
significance of the presence or absence of the different indicators. It was therefore 
judged that the derivation of a index of perceived water quality with the required 
psychometric properties was feasible. 

A refined set of indicator biota (tabie 3) was then derived based upon the advice of Nigel 
Holmes and Chris Newbold (Nature Conservancy Council); John Solbe (Water Research 
Center, Medmenham); and David Holland (North West Water Authority). The 
presence/absence of a particular species is not dependent solely upon water quality, and 
additionally the applicability of the seale is limited to lowland rivers and streams. Their 
reliability in biological terms is obviously less than that of specialised biological indices 
(Hargreaves et al 1979; North West Water 1982). 

"Which of the following do you think are signs that a river is clean and which that it is 
dirty?" (means) 

oily look to water 1.0 
seum on water 1.0 
unusual color (eg red) 1.1 
dead fish on surface of water 1.1 
pipes visibly diseharging into river 1.1 
protruding rubbish (eg bedsteads, trolleys. tires, bicycles etc) 1.1 
smells 1.1 
foam on water 1.1 
rubbish on banks 1.2 
presence of water surf ace insects 2.3 
presence of dragonflies/damsel flies 2.5 
canoeists 2.6 
marginal plants (eg bulrushes, rushes and sedges) 2.7 
presence of swans 2.7 
presence of grebe 2.7 
presence of coots/moorhens 2.7 
fishermen on banks 2.7 
aquatic plants growing in the river 2.8 
presence of ducks/mallards 2.8 
swimmers 2.8 
presence of kingfishers 2.9 
can see bottom of river 2.9 
fish seen 2.9 

N=203 
score: 1= dirty 2 = neither one nor other 3 = clean 

Table 3 Indicators of perceived water quality. 
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This set of indicators was then included in the main survey of some 900 river corridor 
users at some 12 sites across England. Respondents were asked to indicate whether they 
had seen each of the indicators during their visit to the river. They also were asked to 
make an overall assessment of the water quality on a 6 point category scale. 

However, because of the time schedule of the overall project, we were unable to await 
the derivation of the detailed index of perceived water quality befOl'e proceeding to the 
derivation of willingness-to-pay for improvements in river water quality. The questions 
to estimate this willingness-to-pay were included in the same interview schedule, 
administered to the sample of 900 river corridor users, as the refmed set of indicators. 
The interview surveys with the households living adjacent to a watercourse and those 
living at least 2 miles from the nearest accessible watercourse were undertaken 
concurrently. Consequently, a simple water quality ladder, based upon the result of the 
initial study of water quality perception, was adopted (tabie 4) for use in the willingness 
to pay questions. 

perceived water quality class NWC Water Quality 
class Index scorel ) 

open sewer/carrier of industrial waste 4 10-20 
good enough for water birds (eg swans, 
coots, ducks etc) to use the water 3 30+ 
good enough to support many fish including trout, 
dragonflies and to allow many different types of 
plants to grow both in the water and on the edge lB/lA 65+ 
supports breeding salmon lB/lA 70+ 
to be safe for children to paddle 
orswim2) lB/lA 70+ 

1) House (1986) 
2) neither the NWC classification nor water quality indices as yet adequately represen t 

the additional requirements in terms of bacteriological cleanliness for this use. 

Table 4 Perceived water quality and NWC classes. 

10.4 Value of water quality improvements 

The value of improving the existing water quality of a stretch of river to a higher 
standard is estimated as: the number of visits times the value of increased pleasure per 
visit plus the non-u se value of improvement. As an indication of the magnitude of these 
benefits, Table 5 summarises the value of increased pleasure resulting from 
improvement in existing water quality to each of three levels. More detailed figures are 
given (Green et al 1988) for other site types and as a function of the environmental 
quality of the river corridor. The number of adult visits made to a local park each year is, 
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depending upon the particular park, generally in the range of 10,000 to 30,000 (Green et 
al 1988). 

WATER QUALITY 
STANDARD 

good enough for: 
waterbirds 
fish, dragonflies & plants 
children to paddle or swim 

SITE TYPE 

LocalPark 

42 
48 
38 

Table 5 User benefits of improvement (pence/visit) 

10.5 Conclusions and developments 

River corridors are major recreational resources in Great Britain and their importance 
and use for these purposes is increasing. 
Furthermore, it is generally believed that a high quality environment is a prerequisite to 
inward investment and economic regeneration. In terms of overall integrated river basin 
management, the public demands for environmental quality, which this study has 
revea1ed, indicate both the need to integrate these requirements into all decisions relating 
to the use and development of river corridors and the specific objectives which should 
be satisfied in relation to such decisions. It has shown specifica1ly that the benefits of 
water quality improvement can be substantial (Green et al 1988). The methods 
developed have subsequenûy been applied to the evaluation of river corridor and 
channel improvements (Coker and Tunstall 1988), and integrated into environmental 
impact assessments (Green 1988). 

Currenûy, work on validating a fuIl index of perceived water quality, both internaUy and 
against biochemical indices of water quality, continues (House and Burrows 1988). 
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CHAPTERll 

TECHNOLOGY IMPACT ASSESSMENT (T.A.) 

W.I. Beek 

Historically assessment developed from: the opinion of tbe alter ego of tbe roler (tbe assessor), via 
tbe 'assiduous' replacement of tbe roler's opinion *) towards today's political need of assessing the 
consequences of societal trends, mainly of technological trends. Hence, tbe act of assessment bas 
always been an act of substitution: for judgement, for administration and for policy. 
Presently. we fmd tbis historical development of assessment procedures. mirrored and codified in our 
legal framework: rights for groups of concerned citizens to play the role of an alter ego (teade unions, 
clerical administrations. voluntary groups), 'scientific' councils for governmental policies seeking to 
present policy intentions 'neutrally' and obligations Cor entrepreneurs to present tbe administration 
witb impact analyses of tbeir proposals against tbose of altetnatives. 
In all tbese cases purposes and hence, 'metbodologies' differ, even to the extent that assessment 
procedures lack tbe backing and tbe strength of a logical, discursive approach. The current practice 
of assessment studies puts an empbasis on undesired effects (for which scenarios are tbe easit7 to 
conceive) and is. hence, more orientated towards action than to design (Adams). 
For students of technological impact analysis, tbis state of the art poses a fundamentaI question, 
which tbe paper addresses witb examples of case histories: is growing insight into tbe role of analysis 
in decision making tbe more important for achieving tbe objectives of a wider acceptability of our 
choices or is the furtht7 development of metbodologies tbe more important? I will defend the flrSt, 
while most peers in assessment research seem to defend tbe latter, in a search for prestige derived 
from objectivity without responsibility. 
I hope to show you that mature TA is a combination of a convincing ability to analyse and tbe smart 
skill to guide a mediation process. 

11.1 Introduction 

Sustained ca1ls for more in depth assessments of the impact of new technologies is not 
an expression of a desire of oor societies to he engaged in a learned discourse (5). In 
oor age of socalled scientific management, which indeed pays public lipservice to the 
values of foresight activities, the factual situation is that scientifically trained staff 
complain that their analyses do not really contribute to a more informed 
decisiontaking and that those who are in charge loath the overall quality of what their 
staffs prepare so meticulously (I, 2). 

I present a few examples of this. 
"We do not need analysts, but people who have got it in their finger tips", said tbe 
Chairman ofUnilever NV addressing an academie audience in 1985. 
"Enterprise is war", said bis colleague Dreesmann on several occasions, "it asks for 

*) E.g. the famous AssizeofBread (1266), one ofthe forerunnezs ofthe RxxIs and Drugs Administratioo.. 
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single-minded objectives". 
"The scientific Council for Governmental Policy is by statute free to he engaged in 
whatever study they wish to undertake, as long as it is related to the redistribution of 
wealth, power and education", proclaimed the late Dutch Prime Minister Den Uyl to the 
Council, at its inauguration. 

However, those just quoted, when speaking of their own real responsibility, still seem 
heavily engaged in foresight activities. The fact is, that the continuity of their mission 
depends on their orientation towards the future. In weaker moments, they are prepared to 
seek council, knowing that sharing insight and opinion might add to, but not substitute, 
their individu al judgement 

This situation is not unique for forecasting activities. It holds equally, for analysts of 
administrative action, in matters of science policy, for the nation or an industry and for 
planning agencies. The Chairman of the Dutch national planning bureau for economic 
development once said: "politicians should not rely so heavily on the products of this 
bureau, because our studies Can never meet the kind of accuracy which seems to matter 
in the political debate". 
No country next to ours seems to he so rich in bodies for scientific council (a quote from 
our Scientific Council for Government Policy), no one so slow in putting its acts 
together (OECD, several reports). Nearly all our procedures, aimed at reaching 
consensus, distract us from the real art of managing dissent 
The new use of the word "scientific" in the context of scientific council takes the image 
of a social innovation, but in fact it stresses a dichotomy in our societies: scientific here 
means simply "not political" and hence, it is alien to the sphere of decision making. That 
will not change. 

11.2. Foresigbt activiües: staüng tbe problem of TA 

The deadlock into wbich the forecasting discipline as a scientific movement has been 
manoeuvred, relates to the same dilemma, upside down. 

Entrepreneurial agreements differ from scientific agreements, in much the same way as 
managing dissent or uncertainty differs from consensus procedures in scientific peer 
groups. Here, intrlnsic, factual power meets intellectual power, action mindedness meets 
intellectua1 design and mere reaction, foresight. "Change is acbieved not so much by 
design, but by action", wrote Bruce Adams, a sociologist of the 19th century. 
"Governing is not foresight, but reaction ", said Donner, member of our High Court, at 
the occasion of the first anniversary of our Scientific Council for Governmental Policy. 

The forecasting community should, in my view, learn a few simple lessons from this 
state of affairs: 
First, forecasting to some purpose needs a committed client, able to define bis issue 
weIl. The corollary to this is that those who claim academic freedom to foresight studies 
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are, of course, free to act as their own client if they find the spare time to do 50; but, 
such studies serve no other purpose than an academic interest Their instigators should 
blame no other than thernselves, if they claim to be listened to outside the academic 
arena and find this not to he the case. 
Secondly, even with a committed client and a clearly defined issue, they might expect to 
he heard, but not to he listened to. The result of their consensus procedure is nothing but 
a possible contribution in a process to manage dissent. 
Thirdly, testing forecasts on their direct, traceable effect in managerial decision making 
is of little avail. This tests a practical result, which might be trivial, incidental or 
opportunistic, and says little about the process by which decisions are achieved at and 
little of the quality of those decisions, It is of more importance to know the factors which 
determine a constructive dialogue between scientists and their environment Fourthly, 
the responsibility of a forecaster is limited to the gathering of all the relevant data 
appropriate for reaching an answer to the question posed and to presenting an 
illuminating picture thereof. The test of his skill is not so much the inherent quality of 
his own judgement, sustained or not by his peer group, but the effect his study has on the 
quality of reaching acceptable decisions which do not have to be foreed upon people. 

11.3. Forecasting as hygienic discipline; the state of the art 

The tools available for the forecaster to live up to this role are limited. In fact, he is 
asked to use his scientific training without reliance on a scientific discipline designed for 
this purpose (10). 

How do the peer groups of forecasters react to this? The answer is: in widely variant 
ways. 
The one says that, given these circumstances, insight into the pitfalls of interactive group 
dealings is all that matters, 
The other states, that only an analysis of a series of forecasts on the same subject matter 
warrants scientific endeavour. This school of "forecasts of forecasts" claims that one 
forecast in isolation (the usual practice with governments) is of no value and a series of 
similar forecasts only if in each study the underlying assumptions and the conclusions 
are spelled out according to specific rules of accountability. 
Others seek a solution in the good tradition of science, looking for better sustainable 
proofs of their statements, digging themselves deeper and deeper into questions of the 
philosophy of science, 
Quite a few, regretfully, take the opportunistic approach and deliver whatever is asked 
for. 

1 have tried to analyse, from my own experience (which relates more to studies in 
science policy and industrialization than to 'early-waming' studies), how hygienically we 
proceed to develop forecasting activities to some purpose. To this end 1 have taken two 
sets of documents: those underlying the impact studies in which 1 was involved for 
government and the about 600 reprints of papers selected for the ftles of our faculty from 
the textbooks of TA (5, 10). 
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I have divided tbose in three categories: 
a) impact studies as such for which tbe technology and its possible areas of application 

were weIl defined ex ante, witb or without a committed dient and which present a 
discursive analysis, 

b) learned studies on metbods of analysis, i.e. tbose which, once accepted, conditiona1ly 
or not, depend no longer on an interactive group contribution and 

c) all otbers, papers designed to influence opinions or ideologies, for instance the 
ideology of TA. 

The outcome is given in Table 1 

own consultancy faculty files 

a. impact studies 10 ( 8%) 30 ( 5%) 
(discursive syntheses) 

b. methodology 62 (48%) 108 (19%) 
(scientificaspects) 

c. opinion molding 57 (44%) 426 (76%) 
(political views, 
ideologies ) 

Tota! 129 (100%) 564 (100%) 

Table 1 Occurrence rate of 3 classes of TA-papers 

This presents, of course, a mere indicative picture. But, it teaches us, I think, tbat real 
attempts of technological impact studies are still few and that those conducted triggered 
either a follow-up in a need to improve methodology (I guess an expression of tbe fact 
that no sincere scientist was ever really satisfied af ter the publication of the final 
assessment) or a follow-up to save hard work from early oblivion, by scientist­
administrators who themselves entered the public debate. The sources of both files teach 
us a second lesson (TabIe 2). 

Universities Government agencies 

with a client without client 

a. impact studies 8% 56% 36% 

b. metbodology 30% 34% 36% 
(scientific) 

c. opinion molding 38% 12% 50% 
(ooliticaJ) 

Table 2 Sources of TA-papers analysed (in %) 
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This lesson is that with respect to TA the universities are no longer the guardians of a 
methodology. In fact, the behavior of scientists and of administrators in this field is not 
too different, a fact which perhaps discloses how these two spheres merge by sharing a 
scholastic culture. 

Next, I have analysed the 47 forecasts produced in our country in the 80's with respect to 
the role attributed in those studies to the impact of technology. These studies relate to 10 
spheres of administrative activity (11). I offer three broad conclusions from those 
studies. 

Afirst, astonishing conclusion is that in 5 of these spheres technology seems to play no 
role whatsoever. Novel technologies are seen to have virtually no impact on: 
environmental repairs, lifestyles, education methodology, recreation activities and 
housing constructions. This, I suggest, does not reflect so much a lack of creative 
thinking as well as the fact that creative thinking on technology was not challenged here. 
In all these spheres, the underlying wony seemed to be a social one: how to avoid the 
development of two cultures within one society. The churches and the welfare councils 
more than any other public actor put this issue on the public agenda. They seem to be 
convinced that technology is no weapon for the weak, nor that it offers them 
opportunities. 

A second conclusion of those studies is that administrations themselves discover, 
stronger than ever before, that there is more to technology than a need to regulate it. 
Administrations face choices of technical systems for achieving their own goals. ''The'' 
quoted examples are, apart from the classic al example of defence systems: 
- Personal registration in the legal and crimina! sphere. First line medical treatment 

instead of polyclinical treatment by improved communication systems. Improved 
distribution of goods and improved flows of transportation, using new ways of 
information exchange, offsetting by doing so excessive demands on its infrastructure. 

- Tbe use of medical technologies for solving demographic and health issues like the 
quality of the extra years in ageing populations which have now to be kept in their old 
environments as long as possible, novel and cheaper approaches to treat defects of the 
human immune system and a more cost-effective approach to the prescription of 
pharmacy in general. 

- Tbe development of agricultural technologies in order to keep productive land, 
situated in relatively small parcels between cities and their interconnections, in 
production, without a need to subsidize overproduction. 

All this is not new and the consensus on possible, positive and negative impacts of those 
technologies seems so omnipresent that new assessments, - which will still be asked 
for -, will differ only in their overall picture, not in their elements. 
The important question in managing dissent is how TA may help to develop an 
understanding between the politica! arena and the most prominent pro-actor which can 
be identified in all these areas: 
- for military- and gene manipulating technologies the churches (again), 
- for medical technologies still its professional lobby more than any other and 
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- for agricultural technologies the green front. 

A third conclusion of the 47 Dutch forecasts analysed is that in the sphere of production 
and manufacturing, technology is perceived as strengthening and not weakening private 
enterprise, tbe managers of which are seen as tbe guardians of tbeir own technologies 
and the trade unions as tbeir most prominent pro-actor. Publicized forecasts, on whieh 
trade unions have to rely mainly, are foremost economie forecasts, treating the influenee 
of technologieal development almost exclusively as an exogenous factor. Forecasts of 
technologieal developments are either a (minor) part of these studies and then, mainly 
relate to scienee- and/or research policies (6,8,9, 12) or, - mueh less so nowadays -, to 

'early warnings'. 

11.4 To improve the art of TA 

I use Table 3, summarizing the just mentioned results for eoncluding what has been said 
so far and to seek ways and means to improve the art of TA. 

Prominent, 
Sphereof Impact of Memberof public 
gymt activity technology forecasts pro-actor( s) 

environmentalrepair ) 4 ehurches 
life-style-environment ) 1 and 
education methodology ) none 5 
recreation activities ) 2 welfare 
housing construction ) 2 councils 

transport, distribution info-tech. 5 none! 
healthcare med.(bio )-teehn. 4 profession 

info-techn. 
infrastrueture agrieult.-techn. 3 green front 
legal, criminal info-techn. 2 ehurch 
defence all high-teeh 2 ehureh 

-
economy, info-techn. 17 private 
industrialization, CIM and FPA)* enterprise 
employment bio-techn. and trade 

materials-techn. unions 

Table 3 A surnmary of 47 Duteh foreeasts of the 80's 

*) Computer Integrated Manufacturing (CIM) and F1exible Production Automation (FPA)-
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From this tabie, it is clear that if the process in which TA-studies are being used has to 
be become more clear in order to improve their impact, prominent, public pro-actors can 
be identified for nearly every undertaking. It is my opinion, that public networks, 
expanded in size, have been weakening. 

The only exception of this statement is, to my knowiedge, public networking is highly 
stressed and overpopulated local areas. Here, voluntary bodies and pressure groups form 
at grass root level attracting people who have been over-educated in terms of their 
everyday economic role and who are satisfying their wider potential by joining in the 
political process. They express the growing wish to defend the privacy and integrity of 
their near environment and their own yard (4). That is why, e.g. issues of pollution 
abatement seem of ten so homely; why these groups, - present in most constituencies -, 
give an impression of an ethical, almost religious movement (or conspiracy, in the eyes 
of some highly ranked managers and officers) and why central governments find it so 
difficult to tap their growing expertise. 

All other prominent, public pro-actors have the potential which · may be used to 
institutionalize TA to some purpose. These groups, however, differ highly with respect 
to their behavior when facing two issues of assessment. That is: the ability of 
technologists to solve in progress as yet still unresolved technological problems and the 
flexibility of societies to adapt to new circumstances. 

I present some examples. In closing our estuaries from the sea, this country was 
prepared to bet on new and as yet unproven technology. Dur technologists did the job 
weIl, however, at a high price. With nuclear energy, on the contrary, only very few were 
prepared to gamble with still experimental technologies. 

We created new forms of education in what Olaf Palme coined a "rolling reform", that is 
being prepared to change and alter these social innovations on their way. This was not 
only an enormous advanced overdraft on social flexibility and adaptability, but it 
developed into quite likely, a disastrous thinking which says: "whatever the choice of the 
curriculum, the market will absorb its students". 

The issue, here, is wider than that between thinking normatively or thinking trend-wise~ 
because each of us will balance that type of polarization within his own opinions. The 
real issue is the preparedness of a society to give either technical and industrial skills and 
leadership advanced-credit or to bestow this on public leadership and social skill. 

The use of knowledge to tip the balance of judgement between social or technological 
innovation either a bit in the one or in the other direction is the mission of TA. 

I have experienced that representatives in the political arena speak mainly of social 
change to the good and that once they carry responsibility of office and hence, face up to 
decisions, they mistrust social flexibility. That poses a problem of conducting client­
orientated TA-studies. Economical and technological analyses tend to dominate these 
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studies, which normally are weak in social content, even to tbe extent tbat issues like tbe 
future qualities of life- and labor-environments are being treated only marginally. The 
image of such TA-studies is technocratic, perhaps convincing tbose who opt for 
technological ratber tban social measures but not tbe otbers and bring so no progress into 
their debate. 

For me, tbe overriding question now is not so much to get TA even better 
institutionalized in scientific circles (as a scientific discipline, TA, - given its subject 
matter, will always be weak in terms of logical conviction), but to get it better 
institutionalized in political and managerial circles (3, 7). 

Notwitbstanding tbe fact tbat angle-guardians are only formally acknowledged by 
people in distress, - and so TA-students by tbose in power, tbere is an unmistakable 
societal trend towards increased consultation. The old democracies of Europe, who have 
never been strong in tbe use of "hearings" to ease dissent, now exploit this tooI more 
often. Public hearings on tbe development of nuclear energy and on tbe industrial usage 
of genetically manipulated species are examples in case. Most countries regulated some 
form of Environmental Impact Analysis for new undertakings and some procedures for 
local consultation in matters of resource and urban planning (e.g. tbe "Planologische 
Kernbeslissing" (PKB) in tbe Netberlands). 

They have a 'brokers'-function and tbese processes are generally coined "processes of 
mediation". The number of consuiting agencies who specialize in tbe management 
techniques for such endeavors is increasing. Some of tbese agencies even emerged from 
tbe more knowledgeable grass-root groups of concerned citizens. 

I have been involved in several of tbose and will conclude by giving you briefly 5 
examples of cases where social actors and co-actors opted voluntary for mediation. 

11.5. Examples ofimproved TA 

115.1 First example 
In tbe early 70's, scientific findings disclosed tbat one component of some vegetable oils 
(erucic acid) had, when eaten, an adverse effect on healtb. The findings were 
substantiated botb in semi-govemmental and industrial research. Mediation between 
administrations, industry, trade unions and consumer unions has led to a voluntary ban 
of such species and to tbe breeding of non-erucic containing species. The crux of this 
gentlemen's agreement was a continuous, voluntary reporting by all industry involved 
instead of a repressive system of monitoring by govemmental agencies. In tbe early 70's, 
such deals were still kept secret here. The media only started reporting on it years af ter 
tbe event when tbe agreement had already proven itself to work. 

1152. Second example 
A little while af ter, our society has tried to solve tbe problem of (poly)-phosphate­
pollution of waters in a similar way. The technological issue was a clear one. Phosphate 
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concentration in OUT waters was so high that algae was rampant. Half of their phosphate 
nutrient came from abroad via the big rivers, the other half had three indigenous sources 
of almost equal seize: faeces, fertilizers and detergent powders. The latter could be 
curtailed easiest of all, at the source, be it that no replacement for this builder in 
detergent powders was as yet available. All stakeholders met and agreement on actions 
by all partners within a given time-span emerged, but no measures were included to 
verify social accountability. For this reason, the agreement failed and each participant in 
the deal surpassed his time-limit. Recently the agreement has been reinforced, caring 
also for the issue of accountability. The remarkable experience in this exercise has been 
that the human inclination to shift responsibilities to others could be mitigate(l. I think 
that for the fust time some ten years ago, the more forward thinking stakeholders, 
including some industrialists, began to realize that failing continuously in the eyes of 
major public groups and being seen publicly as the culprit is in itself an entrepreneurial 
risk, because it creates turmoil and uncertainty where continuity is what is sought for. 

1153.Third example 
At present, a mediation platform on acid rain has been established between exploiters of 
large furnaces (process-industry and electricity boards), agriculture (intensive cattle 
breeding) and transportation agencies. The TA-content here is more vague than in the 
cases reported above. Is the problem only acidity or also photo-oxidants? Do hydra­
carbons play a role? Are the European forests (which fonn nearly all populations of less 
wen selected species, af ter their climax) not prone to decline anyway? If acid rain is the 
main culprit, may proton-emission then be used to agree on a unified approach? 

In the absence of final answers, agreement has been reached between partners that 
proton-emission will be the measure for a consolidated approach. So, here, mediation 
reached a conclusion which objective, scientific TA never could have achieved. 

The next problem was of course, again, the issue that most deposition here comes from 
abroad (apart from arnmonia-emission from cattle breeding) and that OUT proton­
emissions are mainly exported. The consensus says, for accepted political reasons, that 
the partners here will treat this issue as 'neutral' and not shift responsibilities to the 
neighbors (up to a point, which is further away then the plans for the next ten years 
foresee). Academic TA would have had no other leverage than recommending a slow 
approach by the European Community. 

Not yet resolved are the undesired effects of proportionality in measures to be taken by 
each actor according to their emission rates. Abatement is still quicker, more efficient 
and less costly to achieve in large furnaces than in the transport- or agricultural sector. 

A model then could be that each actor contributes a fixed unit share to a fund, which a 
supervising board invests into measures, measure by measure according to priority. That 
is the model which France uses for keeping its river basins clean. Our industry is not a 
great believer of targeted levies and objects to underwrite voluntary such a virtually 
open-ended, social contract Hence, we are now in the progress of writing and adopting 
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concise investment plans for each actor, for the immediate future. Such an exercise will 
never bear fruit if undertaken away from the negotiation tabie. 

115.4. Founh example 
An actual assessment study completely different from the ones mentioned before relates 
to the question 'has agriculturalland still added value?', which refers to the high costs of 
keeping the agricultural policy going. 
The underlying causes for this worry are: 
a) that the productivity of agriculturallabor still increases (a doubling of the ratio of 

capital and labor every 8 years), 
b) that the productivity of good lots still increases (0,5 a percent of dry matter raised per 

hectare per year, up to a limit to photosynthesis which is till a factor of about 2 away) 
and 

c) that women do not longer wish to become farmers' wives. 
The basic question before starting TA, which only the client can answer, is: are 
ecological models which concentrate on the needs of people and on conservation of land 
permitted or has TA to focus on solutions within a free market economy? The client's 
answer in this case was a clear one: offer has to match demand (food and non-foods), 
primary production should be integrated with industrial production and corrective 

measures are considered only in sight of ecologicallimits. 

Farmers representatives, scientists and administrators are now developing a TA­
approach to address this problem. From the beginning it was clear that commercially 
non-food outlets were tbe most likely candidates, the intemal, non-expanding food­
market being saturated and export possibilities being smaller in volume than the total 
problem The non-food sector buys on specification, so the whole plant can only be used 
as energy carrier (which is still too expensive) or cattle feed (which only shifts the 
problem). Next is the usage of almost whole plants, using successive oxidation by 
fermentation. Only the primary oxidation steps are cost effective (alcohol, some 
aldehydes and ketons), because the raw material istoo expensive to follow the trick of 
the petrochemie al industry which knocks every molecule apart into small basic 
chemicals whichare then used as the building blocks for further synthesis. 

So, we bet on added value from extracted, mainly stereospecific components (of which 
quite a few have been identified as the better substitutes for aids and additives used in 
paints, glues, detergents, personal products or food). The problem, however, is what to 
do with the bulk af ter extraction, mainly consisting of carbohydrates among which quite 
some cellulose fiber. This leads to TA-concepts of agro-refming and shadow-farming, 
where the non-food crop sown in with the food-crop matures swiftly af ter the harvest of 
the latter. This type of TA cannot be an analysis on paper. One needs the judgement of 
experienced farmers on each single step of creative thinking. 

1155 Fifth example 
As a last example which is not yet on the TA-agenda but which is getting increased 
public attention: the polydextroses and sucrose-polyesters, which have fat-like properties 
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but are not metabolized within the human body. The ultimate slimming agent Again the 
impact of this technology is clear from the onset Not metabolized, they are included in 
the faeces and if not treated in the waste water treatment plants, they will form a fatty 
layer on the surf aces of our lakes and waterways. Furthermore, some drugs after 
administration will dissolve into this fatty matter, among which the anti-conception pill. 

Then it will depend on the dispersion of the stool how much of these drugs the intestines 
will extract Hence, individual prescriptions by the general practitioner will become 
more and more difficult. I predict that issues like this one will become an acid test to TA, 
because here we speak not only of low level additives or environmental side effects. It is 
a much bigger issue, with quite some interwoven interests, economically and in terms of 
public health. 

11.6. Conclusion 

I hope that I have shown you how I perceive mature TA as a combination of a 
convincing ability to analyse and as the smart skill of guiding a mediation process. 
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CHAPTER12 

THE SOCIAL COSTS OF ELECTRICITY GENERATION: 
FOSSIL AND NUCLEAR VERSUS WIND ENERGY 

Olav H. Hohmeyer 

Martel introduction of new energy technologies based on renewable energy sources such as wind 
energy systems depends on tbe markel price of tbe energy supplied by tbe new technologies. Since tbe 
competing conventionaI energy technologies are able to pass on to society a substantial part of tbeir 
costs (extemal or social), renewable energy sources, which do so to a far lesser extent, are put at a 
systematic disadvantage. 
The objective of this paper is 10 derive tbe difference in tbe extemal costs of wind energy and 
conventional electricity generation and 10 analyse tbe impact of not including tbese costs in tbe market 
price of electricity on the competitive position and tbe time of market introduction of wind energy. The 
net social costs of conventionaI electricity generation as compared 10 wind energy are estimated to be at 
least in tbe order of 0.06 to 0.12 DM/kWh. This compares witb a market price of electricity supplied to 
consumers in the FRG today of about 0.25 DM/kWh. Witb wind energy electricity costs in the FRG at 
between 0.2 and 0.3 DM/kWh, and still decreasing aloog a technical learning curve, tbe inclusion of 
extemal costs bas a considerable effect on cost-effectiveness and market penetration of tbe new energy 
technology. IC social costs had been included in tbe market prices of cooventionally generated 
electricity, cost-effectiveness of wind energy could have been reached in 1984. IC social costs continue 
10 be excluded, it may take until 1994 for cost-effectiveness 10 be reached. 
Since tbe non-inclusion of social costs in market prices leads 10 wrong investments decisions and to 
excessive electricity costs 10 society, the state bas to intervene 10 adjust tbe situation by intemalizing 
social costs. This cao be done by means of taxes on energy systems witb high social costs or of 
subsidies 10 systems witb low social costs. 

12.1. Introduction 

In a market economy, tbe basic economic problem of allocating scarce resources to 
competing uses is solved through tbe market mechanism based on tbe market prices of 
tbe resources. A precondition for tbe optimal functioning of this allocation process is 
tbat tbe market prices reflect all costs involved in production. If tbis situation is assured, 
tbe microeconomic calculations of tbe economic agents involved may lead to a 
microeconomic optimum of tbe allocation process for society. If substantial costs of tbe 
production process are not reflected in tbe market prices because such costs are passed 
on to tbird parties not involved as consumers or producers of a product (extemal or 
social costs), the market mechanism cannot secure an optimal macroeconomic 
allocation. This suboptimal allocation leads to considerabie losses to society. Typical 
costs passed on to third parties include environmental costs (e.g. forest damage), healtb 
costs, costs of intertemporal misallocation of depletable resources or R&D subsidies. 
Electricity production based on fossil or nuclear fuels induces substantial extemal costs, 
whereas it would appear that the use of renewable energy sources involves far fewer and 
lower extemal costs. If this is tbe case, then in terms of a macroeconomic optimum, 
there may be too litüe investment in technologies utilizing renewable energy sources 
resulting in high costs to society. 
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12.2. Tbe social costs of electricity generation 

The question arises as to how large the difference is between the extemal costs (and 
benefits) of wind energy and those of conventional electricity generation? Is this 
differenee large enough to affect the competitive position of wind energy? If 80, how 
does it affect the market introduction and diffusion of wind energy systems? Although it 
is difficult to impossible to quantify and monetarize certain extemal costs, particularly 
those in the area of health and environmental damage, this paper compares the estimated 
minimum net extemal costs of conventional electricity with those of wind energy. Even 
though full monetarization can at best remain an estimate, awareness of the minimum 
net extemal costs (the lowest possible realistic figures) cannot but help to improve an 
allocation process wbich takes into account no social costs whatsoever. The results given 
should be interpreted as a fust systematic overview producing very crude figures wbich 
can nevertheless be used as a base for some initial corrective economie policy measures. 
Wherever doubt exists, assumptions have been made counter to the underlying 
hypothesis, namely, that the extemal costs of systems using renewable energy sources 
are considerably lower than those of systems using conventional energy. Thus, although 
suggested corrective measures may not be optimal, they err only insofar as they are 
insufficient 
The study upon which this chaptef is based has been conducted within the economie and 
administrative framework of the Federal Republic of Germany. Although the 
quantitative and monetary results are not directly applicable to other countries, the 
general approach is valid for any market-oriented economy. 
Three principal areas of extemal effects of energy systems have been considered: 
environmental effects, including effects on human health, general economic effects such 
as changes in gross value added or employment, and subsidies paid by govemment 
agencies directly or indirectly as public provisions in kind Public expenditure for 
research and development on energy technologies has been subsumed under the general 
heading of public subsidies. In each of these general areas, there are a variety of single 
extemal effects wbich are discussed in the final report of the research project 
(Hohmeyer, 1988). 

The following effects could not be quantified and monetarized: 
- the psych~social costs of serious illnesses or deaths as weIl as the costs to the health 

care system 
- the environmental effects of the production of intermediate goods used for 

investments in energy systems and the operation of these systems 
- the environmental effects of all stages of the fuel cycles (specifically in the case of 

nuclear energy) 
- the fuIl costs of climatic changes 
- the environmental risks of routine operation of nuclear power plants 
- bidden subsidies for energy systems given under other titles. 
When the quantified extemal effects of conventional energy systems for the production 
of electricity based on fossil fuels are summed up and standardized for the production of 
1 kWh, gross extemal effects in the range of 0.04 to 0.09 DMs2fkWh result For 
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electricity generated in nuclear reactors (excluding breeder reactors), external costs in 
the range of 0.1 to 0.2 DM821kWh have been calculated. A weighted average for these 
gross external costs according to the fuel composition found in the electricity generation 
of the Federal Republic of Germany in 1984 is 0.05 to 0.12 DM821kWh electricity 
generated. 

Table 1. gives a summary of the external effects of the different means of electricity 
generation monetarized in our study, which should he consulted for detailed information 
(Hohmeyer, 1988) 

a) Gross external effects of electricity 
generated from fossil fuels (all figurea 
are estimated minimal external costs) 

l. Environmental effects 0.0114 - 0.0609 DM.a/kWh.1 
2. Depletion surcharge (1985) 0.0229 DM.a/kWhe1 
3. Goods and service. publicly supplied 0.0007 DM.a/kWhe1 
4 . Konetary subsidi es 

(including accelerated depreciation) 0.0032 DHaa/kWhe1 
5 . Public R&D transfers 0.0004 DHaa/kWh.1 

Total 0 . 0386 - 0.0881 DHaa/kWh.1 

b) Gross external effects of electricity 
generated in nuc1ear reactors, excluding 
breeder reactors (all figures are estimated 
minimal external costs) 

l. Environmental effects (human health) 0.0120 - 0.1200 DHaa/kWh.1 
2. Depletion surcharge (1985) 0 . 0591 - 0.0623 DM.a/kWh.1 
3. Goods and services publicly supplied 0.0011 DHaa/kWh.1 
4. Konetary subsidies 0.0014 DHaa/kWh.1 
5. Public R&D transfers 0.0235 DHaa/kWh.1 

Total 0.0971 - 0.2083 DHaa/kWh.1 

c) Average gross external costs of the 
electricity generated in the FRG in 1984 

l. Costs due to electricity from 
foseil fuels (weighting factor 0 . 7444) 0.0287 - 0.0656 DHaa/kWh.1 

2. Costs due to electricity from 
nuclear energy (weighting factor 0 . 2556) 0.0248 - 0 . 0532 DHaa/kWh.1 

Total ( conventional electricity) 0 . 0535 - 0.1188 DHaa/kWh.1 

d) Wind energy 

l. Environmental effects (noise) (-) 0.0001 DM.a/kWh.1 
2. Public R&D transfers (estimate) - 0.0026 - (-) 0 . 0055 DHaa/kWh.1 
3 . Economie net effects + 0.0053 - (+) 0.0094 DHaa/kWh.1 
4. Avoided external cost of present 

electricity generation + 0.0535 - (+) 0.1188 DHaa/kWhe1 

Total external benefits rounded to 
three digits + 0 . 056 - (+) 0.123 DM.a/kWhe1 

mean (+) 0.089 DM.a/kWh.1 

Table 1: Summary of the external effects of electricity generation based on fossil 
fuels, nuclear energy, and wind energy (1982 prices) 
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When the positive and negative extemal effects of electricity generated on the basis of 
wind energy are considered (with the extemal costs of present electricity generation 
included as avoided costs), tota! extemal benefits in the range of 0.06 to 0.12 
DMgVkWh result This is an estimate of a probable range for the minimum extemal 
benefits of wind energy. Since all assumptions in this study minimize the advantages of 
renewable energy sources, in cases of doubt, the probable tota! extemal benefits are 
considerably higher than these figures show. 
Even without the inclusion of all extemal effects, and with a deliberate bias against 
renewable energy sources, the monetarized net extemal effects of wind energy systems 
are of the same order of magnitude as the basic market prices of conventionally 
generated electricity. The handling of the extemal effects has a considerabIe effect on the 
allocation process and the current market introduction of wind energy. 

12.3. Results 

In the following, the extemal costs quantified above are applied to the analysis of the 
future competitive position and market diffusion of wind energy. Figure 1. shows the 
impact of including extemal effects of electricity generation on the competitive situation 

and the resulting market introduction of wind energy systems in the FRG. An electricity 
price of 0.25 DMIdkWh is assumed for small consumers, and is applied to private 
production of electricity by wind energy which substitutes electricity otherwise bought 
from public utilities. An electricity price of 0.065 DMs2fk:Wh is assumed for the 
electricity sold to the grid by decentralized installations. It is also assumed that WEe 
owners will consume only 20% of the electricity produced by wind energy systems, and 
80% will be sold to the public grid. This results in an average electricity price of 0.102 
DMIdkWh for the conventionally generated electricity to be substituted by the wind 
energy systems. A real price increase of 2% annually for the substituted electricity has 
been taken into account This price development is shown as the lowest price curve for 
substituted electricity in Figure la. For the electricity price of wind energy systems 
(small wind energy systems of 50 to 100 kW nominal power), a cost curve has been 
derived, based on the few available German wind energy cost figures of the period 1980 
to 1986, and on the very reliable Danish wind energy prices of the years 1979 to 1985. 
The data given as investment costs have been recalculated as cost per kWh, assuming 
yearly capita! costs of 9.63% (annuity) based on a real interest rate of 5%, which slightly 
exceeds the long term real interest rate of the last 30 years in the FRO, and an 
operationallife span of 15 years, which is clearly below the generally assumed 20 years. 
There is an intersection of the wind energy cost curve with the market price curve of the 
electricity to be substituted termed A in Figure la. At this point of intersection, wind 
energy is competitive with the electricity to be substituted at market prices which do not 
include extemal effect. Adding the lower range of the estimated minimum net extemal 
effects (0.06 DM/kWh) to this market price curve results in a second curve for the 
substituted electricity which gives the new point of cost-effectiveness for wind energy at 
B. The inclusion of these extemal effects shows that wind energy is competitive with the 
electricity to be substituted considerably earlier than market prices show. Accordingly, 
the market introduction of wind energy systems starts considerably earlier. This is shown 
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Figure 1: The influence of socia! costs on the starting point of market penetration of 
decentralized wind energy systems and the future penetration to the 

year 2030 (1982 prices) 
a) costs for wind energy compared with costs for substituted electricity 

b) market penetration of wind energy based on costs shown above 
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in Figure l.b for Gennao wind energy price conditions. It has been assumed that the 
pioneer market for wind energy systems not oriented 10wards oost-effectiveness amounts 
to about 5% of a technically feasible potential of about 20 1Wh wind electricity 
produced per year in the Federal Republic of Gennany. This potential translates into 
about 100 000 wind energy systems of 100 kW nominal power. Af ter wind energy 
systems become cost-effective, market penetration should begin, reaching 95% of the 
technical potential 20 years af ter achieving oost-effectiveness, as shown in Figure l.b. 
The addition of the upper range of the minimum net extemaI effects of electricity 
generation (0.12 DM/kWh) 10 the market price of substituted electricity results in a third 
oost curve for the substituted electricity. This curve again gives a point of cost­
effectiveness for wind energy systems as the intersection with the wind energy oost 
curve at C. The change in the market penetration of wind energy systems resulting from 
this altered oost situation is shown in Figure 1 b. in the same way as the effect discussed 
above. The inclusion of extemal effects in the market allocation process would already 
have lead 10 a substantial shift in the market penetration of wind energy system. 
Depending on how extemal effects are taken into account in the near future, the point of 
oost-effectiveness of wind energy systems in the FRG varies overall from 7 10 10 years. 
Thus, it is clear that if extemal effects are not included, a serious misallocation of 
resources results, causing substantial costs to society. 

12.4. Conclusion 

Since the genera! market pricing mechanism does not work adequately in the case of 
competing electricity generating technologies, govemment has to step in aod intemalize 
the extemal effects of economic processes. Theoretically, this should be done by leveling 
a tax against all electricity generating processes causing external effects 10 offset the 
amount of these costs passed on 10 society. The estimated minimum costs given above 
could be a starting point for such a tax. But in practical politics, it will be very difficult 
to overcome the resistance of interested groups to such a tax. A way around the practical 
problem of imposing a tax would be 10 pay subsidies for wind energy systems 10 the 
extent of the social costs avoided through their operation. 
In the case of wind energy, urgent action is required to correct the current seriously 
distorted market situation. Either the substantial extemal costs of electricity generation 
on the basis of fossil fuels or nuclear energy, or at least the positive net extemal effects 
(net social benefits ) of wind energy should be intemalized to achieve energy prices 
which allowaooptima! allocation of resources to the different energy systems. If this 
intemalization is not achieved, the external oosts of a sub-optimal structure of the 
electricity generating system, relying too little on renewable energy sources, will result 
in substantial oosts 10 society in the Federa! Republic of Gennany. Rapid intemalization 
of extemal benefits aod optima! allocation of resources in the energy market cao best be 
achieved (taking a rather pragmatic approach) by paying compensation 10 wind energy 
systems for their net extemal benefits. In this way, the competitive situation cao be 
corrected aod misallocation cao be avoided. At present, such compensation could range 
from 0.06 to 0.13 DMg:zlkWh wind electricity produced. This wOuld translate into 
approximately 180000 to 390 000 DMg2 per wind energy system (with 100 kW nominal 
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power) at 1982 prices. This amount is equal to the estimated minimum external benefits 
of the use of wind energy systems not reflected in market prices today. 
The figures in this chapter are based on the economie and administrative situation of the 
Federal Republic of Germany. Although the quantitative and monetary results are not 
directly applicable to other countries, the genera! approach is valid for any market 
oriented economy. The Danish policy of subsidizing wind energy systems and paying 
comparatively high rates for wind electricity sold to the public grid can he judged 
against this background. It seems that this policy has done more to achieve an adequate 
functioning of the energy markets than any so-called 'market oriented' energy policy 
could have done. Due to the substantial social costs of conventional energy systems, 
optimal investment decisions in the area of electricity production obviously require 
public intervention. 
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