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Abstract

Urban transport is facing an increasing numberoblems. Innovative technological
solutions have been proposed for many of thesdgarab The implementation of these
solutions, however, is surrounded by many unceitson — for example, about future
relevant developments for urban transport demaddsapply, the possible
consequences of these developments for urban trdaipn system performance, and
the way crucial stakeholders will value these cquseces. In order to deal with these
uncertainties, a flexible or adaptive policy ispoeed that takes some actions right
away and creates a framework for future actionsalew for adaptations over time as
knowledge about urban transport technologies actatesiand critical events with
respect to the implementation of these technolagies place. The adaptive approach is
illustrated for three promising technological s@os for urban transport problems: (1)
Intelligent Speed Adaptation, (2) Personal IntelfigTravel Assistant, and (3)
Underground Freight Transport.

1. Introduction

Increasing urbanization, lifestyle changes, deedintition of activities, and growing

use of the private car, together with inadequat#iptransport services, have placed

the mobility of persons and transportation of goodder pressure in many cities. For
instance, urban congestion causes more air and polkition, short trips made with a
cold engine increase fuel consumption exponentiatig emissions become three or
four times higher while traffic speed is three aurftimes slower. In terms of safety,

half of all fatal accidents take place in urbarreundings, and the highest casualties are
among pedestrians, cyclists, and motorcyclists (CHO1).

Various urban transport policies have been implaateim the past, including new
infrastructures, park and ride facilities, improymeblic transport, road pricing, time-
frames for goods delivery, etc (CEMT, 2006). Altgbwseful, additional measures are
required in order to (further) improve urban trasr$performance. Recently, several
radical, innovative solutions have been proposeddéaling with these problems, such
as intelligent vehicles, advanced travel informasgstems, and automated freight
transport. These solutions, however, have eitheyeitdbeen tried, or have been tried
only on a small scale. Reasons for this lack ofyjss include the fact that the
implementation of innovations in urban transpogusrounded by massive uncertainties
regarding external developments relevant for utb@msport (e.g. technological
progress, economic developments, urban plannimgpdeaphic developments), the
possible consequences of these developments fan tirdnsportation system
performance (e.g. impacts on throughput, safetyiremment), and the way crucial
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stakeholders will value these consequences (eaqgiig preferences between vehicle
throughput and environmental quality).

These uncertainties are often ignored or not handkl in traditional transport
analyses that carry out modeling and impact assgsmof innovative urban transport
solutions -- e.g., by assuming that the future ldllmore or less the same as the present
or by specifying a variety of scenarios, any onabich will occur with probability

zero. Although useful, these approaches do notledatiire trend breaks very well,
such as technological breakthroughs, demographi@aonomic developments, shifts
in activity behavior and related mobility, changimginions on urban transport
performance by crucial stakeholders, etc. As altiedecisionmaking with respect to
innovative urban transport systems is avoided oolnes delayed (e.g. in order to
perform more research or more pilot tests). Anldcalgh uncertainty has attracted a
great deal of interest in transport policy and plag since the 1990s, the ways it can or
should be taken into account in policymaking alledstveloping (Van Geenhuizen et
al., 2007).

In this paper, an adaptive policy approach is psedpunder which some actions are
taken right away and a framework is created farriiactions that allows for
adaptations over time as knowledge about the pagnce and acceptance of
innovative urban transport solutions accumulatesaitical events for implementation
take place. A systemic view on (transport) policking is presented in Section 2. In
Section 3, the concept and set-up of an adaptilreyps given. The following three
sections illustrate the adaptive approach for tepEeific urban transport solutions:
intelligent speed adaptation (ISA), personal irgelt travel assistant (PITA), and
underground freight transport (UFT). These illustras show that, compared to
traditional policymaking, the adaptive approachighly promising in terms of
handling the range of uncertainties related to @m@nting innovative urban transport
solutions. Furthermore, they show that an adagptpoach enables policymakers to
proceed with implementing these solutions despigemtassive uncertainties
surrounding them. The paper ends with conclusiodsracommendations on further
developing and implementing adaptive policies.

2. A systemic view of policymaking for urban transport

Policymaking on urban transport requires an integraiew with respect to the various
alternative options, their possible consequencethéourban transport system
performance, and societal conditions for implemioia(Bertoloni et al., 2008). The
basis for such a view has been provided by Wak@d@a). According to this view,
policymaking, in essence, concerns making choiegarding a system in order to
change the system outcomes in a desired way (geeeFl). At the heart of this view is
the system comprising the policy domain, in ouleds® urban transport system. An
urban transport system can be defined by distihguisits physical components (e.g.
loads, vehicles, and infrastructure) and their @litteractions. The results of these
interactions (the system outputs) are catlattomes of interesind refer to the
characteristics of the system that are considexiedrant criteria for the evaluation of
policies. Thevaluation of outcome®fers to the (relative) importance given to the
outcomes by crucial stakeholders, including poliakers. Two types of forces act on
the systemexternal forcesndpolicies Both types of forces are developments outside
the system that can affect the structure of theegygand, hence, the outcomes of
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interest to policymakers and other stakeholdé&siernal forcegefer to forces that are
not controllable by the decisionmaker but may iefice the system significantly, i.e.
exogenous influences. policy is a set of actions taken to control the systenhgelp
solve problems within it or caused by it, or toghebtain benefits from it.

<Figure 1 about here>

Applying this analytical framework to the implematibn of innovative urban transport
solutions shows the following uncertainties. Fitise possible influence of external
forces, including technology development, is uraiartAlthough the importance of
exogenous events for the development of urbangoahsnovations, like urban sprawl,
dispersion of work centers, working flexibility cethas been argued, most studies
assume that technological progress will drive thplementation process, neglecting
the likely co-evolution of transport technology asuatiety (e.g. Geels and Smit, 2000).
Second, the outcomes from urban transport techgatoglementation are uncertain
(e.g. Cohen et al., 2002; Gertz, 2002). The walgrtelogy implementation might affect
urban transport system performance is currenthnank, since the key-relationships
determining transport system performance from teldgy implementation are very
uncertain. Current knowledge about performancédt@naestricted to evaluating the
impacts of specific urban transport technologiedenunrealistic assumptions — e.g.
assuming optimal technological performance, usetsaccept and use technologies as
intended, and optimal urban transport conditiorsssich, figures on performance
improvements from implementation of these techne®gre hardly more than
indicative. Finally, the valuation of the outconiesm technology implementation is
uncertain. Different stakeholders have differenbmms about what is most important
in the outcomes from the urban transport systeq {ee environment vs. the
economy). This results in different, often confhgf, needs regarding urban transport
policies. As such, the willingness of stakeholderaccept (or reject) the
implementation of urban transport innovations isartain.

Summarizing, large uncertainties exist about exedevelopments, the outcomes of
policy decisions on urban transport innovationsl tre valuation of the outcomes by
stakeholders involved in or affected by policy dems (e.g. May et al., 2003). Up until
now, policymakers have dealt with these uncertagnith one of two ways (Walker,
2000b). The most common approach is to pay littkenéion to them, assuming that the
future world will be more or less the same as timeent world. While this may be the
easiest option for the short term, it means in &&cepting large uncertainty with
respect to, for instance, policy outcomes. Thidattead to a serious policy failure. For
instance, in the Netherlands, Personal Rapid Tr8ART) was once considered as a
promising option to improve urban accessibility. TPIRvolves an automated, driverless
taxi with a dedicated infrastructure, enabling gigant higher average travel speeds
then conventional public transport. The implemeatadf PRT in a Dutch city was
abandoned because of unforeseen changes, bothay paorities and key
stakeholders, which had not been taken into acdawadvance (Van Zuylen and
Ouwehand, 2005).

The second approach to dealing with these uncégsiis more enlightened. It assumes
that the range of future worlds can be specifiell @@ugh to determine robust policies
that will produce favorable outcomes in most ofth&hese future worlds are
described by means of scenarios. The best politheipolicy that produces the most
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desirable outcomes across the range of scenaritb&ugyh this approach has been
successful in the past, the problem is that ifrttreye of assumptions about the future
turns out to be wrong, the negative consequencgistroe larger than if the
uncertainties were totally ignored. In this rapidhanging world, is it feasible to
develop and analyze a full set of plausible, fusgenarios? Also, recent research
points out that scenarios, in general, have rdregn used to address discontinuities in
future developments; there has been a natural negder scenarios to stay close to
evolutionary (discontinuity averse) business-asausituations (Van Notten et al.,
2005).

Hence, traditional approaches have serious shomgsnin handling uncertainties
regarding policymaking on urban transport innovagian an appropriate way (Dewar
and Wachs, 2006). The challenge for enlighteneyrobking is to develop other,
innovative approaches to handle these uncertaittistead of focusing on the
identification of all feasible urban transport teologies and development paths, which
would be a waste of resources, an approach is deabdeallows implementation to
begin in the short term, adapts to the future s®wif events, and fully exploits
knowledge that becomes available as time proceeds.

3. The adaptive approach

The first ideas on adaptive policies came earth@1900s. Dewey (1927) put forth an
argument proposing that ‘policies be treated agexpents, with the aim of promoting
continual learning and adaptation in response pegance over time’. A large

literature review, however, has revealed that sthaetime there has been little
literature relating directly to the topic of adagtipolicies (IISD, 2006). In general, an
adaptive approach allows implementation to begiorpo the resolution of all major
uncertainties, with the policy being adapted owreetbased on new knowledge (Walker
et al., 2001). It is a way that makes it possiblproceed with implementation of urban
transport innovations despite the uncertaintieg djpproach makes adaptation explicit
at the outset of policy formulation. Thus, the im&le policy changes become part of a
larger, recognized process and are not forced todme repeatedly on an ad-hoc basis.
Adaptive policies are devised not to be optimalddrest estimate future (which almost
certainly will not occur), but to be robust acrassinge of plausible futures. Such
policies combine actions that are time urgent witise that make important
commitments to shape the future, preserve needgiility for the future, and protect
the policy from failure. Under this approach, sfgant changes in the surface
transportation system would be based on a polieyy#io effort that first identifies
system goals, and then identifies policies desigoexthieve those goals and ways of
modifying those policies as conditions change. Withe adaptive policy framework,
individual actors would carry out their activitias they would under normal policy
conditions. But policymakers, through monitoringlanid-course corrections, would
try to keep the system headed toward the origioalgg Figure 2 illustrates the adaptive
policymaking process. In particular, the followisigps summarize the process for
creating and implementing an adaptive policy.

Both the first and the second steps are basidadl\same steps as are used currently in
policy formulation. The first step constitutes #iage-settingtep in the policymaking
process. This step involves the specification géctives, constraints, and available
policy options. This specification should lead tdedinition of success, i.e. the
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specification of desirable outcomes. In the nesp sabasic policyis assembled,
consisting of (a) the specification of an initiadic policy and (b) the identification of
the conditions needed for the basic policy to sedce

<Figure 2 about here>

In the third step of the adaptive policymaking @es, theest of the policys specified.
These are the pieces that make the policy adafthis.step is based on identifying in
advance the vulnerabilities of the basic policy (Gonditions or events that could make
the policy fail), and specifying actions to be tale anticipation or in response to them.
This step involves (a) the identification of thdnerabilities, (b) defining actions to be
taken immediately or in the future, and (c) defingignposts that should be monitored
in order to be sure that the underlying analysesne valid, that implementation is
proceeding well, and that any needed policy intetiees are taken in a timely and
effective manne/ulnerabilitiesare possible developments that can reduce the
performance of a policy to a point where the poigpo longer successful. Actions are
defined related to the type of vulnerability andemhhe action should be taken. Both
certain and uncertain vulnerabilities can be digtished. Certain vulnerabilities can be
addressed by implementingjtigating actions- actions taken in advance to reduce the
certain adverse effects of a policy. Uncertain etdibilities are handled by
implementinghedging actions- actions taken in advance to reduce or spreadish of
possible adverse effects of a policy. For posdiltiere actions, signposts are defined
and a monitoring system established to determirenvalttions are needed to guarantee
the progress and success of the policy. In padicalitical values of signpost variables
(triggery) are specified, beyond which actions should bdempnted to ensure that a
policy progresses in the right direction and atappr speed.

Once the above policy is agreed upon, the final steolvesimplementationin this

step, the actions to be taken immediately are impteged, signpost information related
to the triggers begins to be collected, and pdictyons are started, altered, stopped, or
extended. After implementation of the initial aciso the adaptive policymaking process
is suspended until a trigger event is reachedoAg &s the original policy objectives
and constraints remain in place, the responsesrigger event have a defensive or
corrective character — that is, they are adjusteenthe basic policy that preserve its
benefits or meet outside challenges. Under sonsaroistances, neither defensive nor
corrective actions will be sufficient. In that catiee entire policy will have to be
reassessed and substantially changed or even atethdbso, however, the next policy
deliberations would benefit from the previous exgaces. The knowledge gathered in
the initial adaptive policymaking process on outespobjectives, measures,
preferences of stakeholders, etc., would be aJeilahd would accelerate the new
policymaking process.

The adaptive policymaking approach seems promigingrban transportation system
development in terms of how, in the face of deegeuiainty, policymaking can occur.
In the following sections the concept of adaptieéqymaking described above will be
illustrated for developing three innovative tranggmlicies regarding urban transport.
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4. Case study 1: An Adaptive Policy for Implementing 8A

A major objective for transport policies is the impement of road traffic safety. In
general, speed is a major factor contributing sdraccidents. In addition to traditional
measures (e.g. building separate infrastructurestimw and fast traffic, implementing
roundabouts/traffic lights at junctions, driver-edtion campaigns, and legislation), a
traffic safety policy strategy could include thepilementation of ISA. ISA involves an
in-vehicle device, using digital maps and GPS, watns the driver and/or temporarily
controls the vehicle in case of speeding. In Steg the adaptive policy process, the
constraints could be those imposed by costs, elicbughput, travel time, comfort,
convenience, etc. The definition of success in@fer instance, achieving a certain
reduction of fatalities and injuries. For instantast results in the Netherlands on ISA
indicate a potential 34% reduction in fatal acctdeand a 27% reduction in injuries as a
result of large scale implementation of ISA on 3@ &0 km/h roads, assuming that
60% of the vehicles are equipped with ISA (Wilmitkal., 2004). Research has shown
that use of ISA on all roads might even reducerinpccidents up to 36% and fatal
accidents by 59% (Carsten and Tate, 2005).

In Step 2, a basic policy needs to be assembleskdan existing research, a promising
basic policy might be to implement ISA for ‘unsatkivers on ‘unsafe roads’. Based on
Dutch traffic safety statistics, such a basic pohleould implement ISA for novice
drivers on urban roads (Vlakveld, 2005). Due toested driver acceptance problems,
we initially choose to implement a type of ISA thatly warns the driver in case of
speeding and can be switched off and on by thedriNecessary conditions for success
of this basic policy include full availability ofcaurate speed limit data and reliable
communication systems, driver and stakeholder aaoep, that drivers follow the
system advice, and that adverse behavior (e.glgsayattention to driving speed) does
not occur.

In Step 3, the vulnerabilities of this basic polarg identified and the necessary
conditions for success are translated into sigispibstt provide warnings in case of
undesirable developments (see Table 1). For instancertain vulnerability of the new
policy might be a lack of accurate speed limit ddiaut incidental speed limits (work
zones, accidents, etc.) or reliable communicatiantzan locations where there is lack
of GPS signals. A mitigating action in such sitaas would be to build in some
redundancy by providing temporary vehicle-roadwagnmunication around incidents;
in the second case, redundancy could be providedsigiling beacons that would
communicate within built-up areas. An uncertaimeunhbility involves the adverse
driving behavior that speed adaptation devices migtuce. Experimental results
indicate that, with speed adaptation devices implaied, drivers exhibit riskier gap-
acceptance, loss of vigilance, increased frusiaad increased impatience
(Brookhuis et al., 2001). Therefore, the drivindvé&eior of drivers with ISA should be
monitored closely. ‘Triggers’ should be definedtth@uld implement corrective policy
actions when certain predefined levels of riskyidd behavior develop. Another
uncertain vulnerability involves driver acceptanbeiver education programs that
educate drivers on the potential and the riskSaf inight be undertaken to hedge
against this vulnerability. In addition, a signptisit monitors driver acceptance can be
defined together with a trigger related, for ins&no an ISA penetration level required
to reach the stated decrease in fatalities andesju
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Table 1: Dealing with vulnerabilities of the bas®A policy

Vulnerabilities Mitigating/Hedging Possible Signposts/
Actions Triggers/Actions

Certain: Mitigating Actions:

Lack of accurate spegdrovide temporary

limit data about vehicle-roadway

incidental speed communication around

limits/within built-up | incidents/ within built-up

areas areas

Uncertain: Hedging Actions:

Acceptance among |+ Spread investment/

crucial stakeholders revenue risks among

(e.g. automotive public and private

industry, insurance parties

companies) « Prespecify liability in
case of ISA incidents

Uncertain: Driver Hedging Actions: Monitor driver acceptance. In

acceptance « Educate drivers on the case of e.g. too low ISA
potential and the risks| penetration for reaching the
of ISA stated decrease in fatalities and

« Provide financial injuries, undertake corrective

incentives to ISA actions (e.g. adapt basic policy
acceptance to reach goals).

Uncertain: Hedging Actions: Monitor drivers with ISA. In

Adverse driving + Let novice drivers case of a certain level of riskie

behavior with ISA experience the driving behavior (trigger),
limitations of ISA undertake corrective policy
during a driving actions (e.g. adapt ISA system
education program. operating characteristics)

After agreeing upon the basic policy, conditionsdoccess, policy actions, signposts,
and trigger levels, the policy would be implementedcase of a trigger event, the basic
policy would be adjusted. For instance, in caseptieelefined levels of risky driving
behavior are reached, corrective actions mightrisetiaken. These could include the
exclusion of ‘unsafe’ drivers from the identifieskds, or the vehicles of the unsafe
drivers could be equipped with black-boxes in wiehl-time vehicle driving data
would be stored. However, for some trigger evamther defensive nor corrective
actions might be sufficient. In a malfunctioningheology case, resulting in a large
accident, the entire policy might come under serijoessure. If so, however, the
policymaking process would not have to start alirosgain. The experiences gained
and knowledge gathered in the initial adaptiveqyoliaking process would be available
and would accelerate the new policymaking process.

5. Case study 2: An Adaptive Policy for Implementing Rrsonal Intelligent Travel
Assistant (PITA)
Another major objective for transport policieshg kfficient use by travelers of the

existing transport capacity. Although travel infation through radio, television,
Internet, etc., is widely available, its effectiess is low, since (Chorus et al., 2006):
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« Current information is limited (e.g. often no attative routes are offered for
travelers confronted with congestion);

» Current information is unimodal (i.e. no alternatiwodes are offered for
travelers confronted with delays);

* Current information is generic (i.e. the specifavel preferences of individual
travelers are not taken into account).

Therefore, a mobile-phone based travel informasienvice has been developed that
provides travelers with a full overview of travgitmns for traveling in the most
efficient and effective way from a certain origma certain destination. This so-called
Personal Intelligent Travel Assistant (PITA) is exfed to become available within the
next few years (TRAIL Research School, 2002). epSt of developing an adaptive
policy, important constraints would be financiatlamrequirement that other transport
policy objectives (e.g. safety, environmental Sye®t increase due to the
implementation of PITA. A definition of success miidpe a specified improvement in
the (reliability of) travel times. For instance tioaal policy objectives in the
Netherlands include that, in 2020, 95% of all moeats by road should be on time
during the rush hour, and 90% of the trains shbeldn time (Ministry of Transport,
Public Works and Water Management, 2000).

In Step 2, a basic policy might be to implement&efiFst for those individuals who
have a high value of time, e.g. professional de\ard business travelers (e.g.
Polydoropoulou. and Ben-Akiva, 1999; Bovy, 2001)e%e travelers are likely to be the
most willing to adopt PITA since, by definitiongyare the subgroup of travelers that
are most affected by travel time losses and utniéitia Basic conditions for success
include the willingness of key actors (e.g. roadftt managers, public transport
operators) to provide reliable and accurate tranfermation, the availability of
integrated models to combine multimodal travel datmeet individual preferences,
and the willingness of professional drivers andress travelers to buy and use PITA.

In Step 3, the several vulnerabilities of this bamilicy are identified. A certain
vulnerability might be a temporary lack of travelta availability for certain modes. A
mitigating action might to include a back-up tragbrmation system that travelers can
use in case of a temporary black-out. Another oexalnerability would be that
travelers resist the willingness to buy PITA beeauisiffects their privacy — i.e. it
seems like ‘Big Brother’ watching their travel belwa. Some travel-data encoding that
avoids personal identification in relation to tregkoices can be used to mitigate this
vulnerability. An uncertain vulnerability involveke user acceptance of PITA —in
particular, whether the PITA advice will be follodvby travelers (Bonsall, 2004). A
signpost can be constructed that monitors the l&vBITA use. As soon as the level of
use drops under a predefined level (trigger), soomeective action might be initiated,
such as advertising or educating travelers ondkargages of using PITA when
traveling. This is related to another uncertaimeudbility: the willingness of key actors
to cooperate on implementing PITA due to, for instg too large investment risks for
public transport operators. A hedging action miggthat, at the beginning, public
policymakers give some insurance for companiesiagaotential investment losses.
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Table 2: Dealing with vulnerabilities of the ba§i€TA policy

Vulnerabilities Mitigating/Hedging Possible Signposts/
Actions Triggers/Actions
Certain: (Temporary) | Mitigating Actions:
lack of travel data Provide back-up travel
availability information system

Certain: Willingness of| Mitigating Actions:
travelers to buy PITA |« Provide travel-data
due to e.qg. privacy encoding ensuring
reasons, individual cog privacy of travelers
benefit trade-offs. « Give (financial)
incentives to traveler
for buying PITA
Uncertain: Willingness| Hedging Actions: Monitor the level of PITA use,
of professional drivers| « Explain advantages | in case too low usage (trigger),
and business traveler to  of PITA use to target| implement some corrective
use PITA groups action (e.g. provide incentives to
travelers for using PITA, expand
basic policy to other target

—

UJ

groups).
Uncertain: Willingness| Hedging Actions:
of key actors to * Provide insurance fo
cooperate on PITA companies
implementing PITA against potential

investment losses

Once the above policy is agreed upon, the basié PHlicy is implemented and
signpost information begins to be collected. Inecafsa trigger event, the pre-defined
action is undertaken. If, for instance, the nundfdravelers following the PITA advice
appears to be too low, some corrective action eamlglertaken — e.g., giving some
financial incentive to those travelers who do comith the PITA advice. For some
trigger events, only a full reassessment of théchadicy might be sufficient. In case
some of the key actors are not willing to partitgpanymore, e.g., if the returns on
investment remain too low, the entire policy migbtne under serious pressure.
However, the knowledge gathered in the initial dadapolicymaking process on
outcomes, objectives, measures, preferences adtatiders, etc., would already be
available and would accelerate the new policymakimmgess.

6. Case study 3: An Adaptive Policy for Implementing Widerground Freight
Transport (UFT)

In many cities, the distribution of consumer goaaffice supplies, building materials,
and the collection of waste and reverse produat$ gsowing concern for city
authorities, trucking companies, logistics senpoaviders, retail chains, and city
inhabitants. Goods movements are largely indiffetenhe internal structure of cities,
Urban policies targeted on freight mobility apptabe quite inefficient, and the
improvement of urban logistic services is slow nmegging, despite growing needs
(Dablanc, 2007). As mentioned in the White PapehefEuropean Commission (2001),
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a major policy objective is the development of aimgble urban goods transport, which
means the facilitation of continuing economic griowy developing transport with high
reliability and good accessibility, while protegithe environment and ensuring a
better quality of life for future generations. Faties, this implies that reductions should
be obtained in terms of truck operating costs gréimes, CQ and NQ emissions, and
traffic accidentsA definition of success in this case might be thieee a reduction by

a factor of twenty in transport related emissiorsse pollution, energy consumption,
and use of space in the next fifty years, as sugdes the Brundlandt report (World
Commission on Environment and Development, 1987).

For freight transport in urban areas, this impéiegerious reduction (by 70%) in freight
movements (IPOT, 2000). Additional goals are tagrbpeople in downtown areas,
regulate the goods supply flow, prevent physicah@ge to inner cities, and create a
good shopping environment. Among the traditiondias for attempting to achieve
these goals are speed limitation, loading and aiggzones, time windows (Van Duin,
2005), and the use of city distribution centersfé@pthe traditional options have not
been sufficient to achieve the goals, and the @isayodistribution centers has not
proven to be feasible, due to the low level ofies¢ shown by carriers, who prefer
direct deliveries (Van Duin, 1997). Thus, more catisolutions are needed. One such
possibility is underground freight transport (UFWhich is viewed as the only possible
and serious solution for sustainable freight transe.g. Zhang et al., 2005; Pielage
and Rijsenbrij, 2006).

In Step 2 of the adaptive procedure, a basic pdicWFT is assembled. It would seem
logical to start by implementing UFT in those urlsagions where the traffic problems
are most serious and there are large volumes eft¢nitical goods. Within the
Netherlands, one such area is around Schiphol Airpofact, a pilot project, ULS-
ASH (Underground Logistics System — Aalsmeer Sabliptoofddorp), was actually
set up in that area in order to address the fattdbteriorating accessibility, increasing
traffic congestion, and growing costs were threagpthe economic position of the
national airport and the flower auction market. Tleeessary conditions for success of
such a UFT policy include a substantial demandréaght transport, sufficient funding,
and technological reliability of the UFT system.

In Step 3, the vulnerabilities of this basic polarg identified. A certain vulnerability is
not having enough transport demand, since mosterstavill probably prefer to use

their existing distribution structures instead sing UFT. Their willingness to
participate is very much dependent on the operatiocosts and on the speed and
reliability of delivery. Mitigating actions mighhclude the provision of compensation

in case of (too) low reliability and financial intéves for UFT use. In addition,
authorities might increase the enforcement of timeier city regulations and increase
urban delivery costs (e.qg., using cordon fees @@ioto encourage the shift from
conventional delivery by truck to the new UFT). &Wknown uncertain vulnerability

for large infrastructure projects, including UFTe @&ost overruns (Priemus et al., 2008).
For example, in 1995 a pilot UFT project was impdeted between the flower auction
in Aalsmeer, the Amsterdam Airport, and a nearliyteaminal. Due to an overrun of
costs for another large infrastructure project @e¢uwe Line), the reserved budget for
the construction of the pilot case was used to rthaeexpenses of the Betuwe Line and
the pilot UFT project was stopped. If this vulnéligdphad been taken into account, the
pilot UFT project might have been successful.
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Table3: Dealing with vulnerabilities of the basi€U policy

Vulnerabilities Mitigating/Hedging Actions PossibleSignposts/
Triggers/Actions
Certain: Mitigating Actions:
Transport demand |+« Compensate UFT users for
for the UFT potential losses

* Encourage UFT use and
discourage use of other
urban transport modes

Uncertain: Cost Hedging Actions: Monitor expenditures. In case
overruns for » Establish public-private | of cost overruns, implement
building/operating partnerships, enabling | defensive (e.g. explain cause
UFT private investments in to the public) or corrective
(parts of) constructing and (e.g. adapt UFT to increase
operating facilities revenues) actions
Uncertain: Hedging Actions: Monitor vehicle status
Technological « Provide insurance in casginformation continuously with
reliability of UFT of malfunctioning pro-active RFID (Radio
technology Frequency IDentification)

e Build in some
redundancy, by providing
short bypass connections
on crucial trunk lines

Once the above policy is agreed upon, the basic i€y is implemented and
signpost information begins to be collected. Inecafsa trigger event, the pre-defined
action is undertaken. In fact, as a step towargdementation, many towns in the
Netherlands had carried out feasibility studie®)Bil (Versteegt et al., 2001). But,
since then some local governments have reassdssegalicy by changing their scope
from Underground Freight Transport to Undisturbeeidght Transport with the
development of dedicated freight lines operatedrbyironmentally-friendly vehicles.
Nonetheless, even though they have already ad#pedolicy, they can still benefit
from the technical knowledge gained from the formiéot project ULS-ASH.

7. Conclusions and discussion

This paper has focused on handling the uncertaistierounding the implementation of
innovative urban transport solutions from the pecsipe of public policymaking.
Several studies and pilot projects have shownvidwadus technologies have great
potential to contribute to urban transport polioats. On the other hand, public policy
and decisionmaking is confronted with the existesfdarge uncertainties related to the
implementation of these technologies, which inkiltiteir implementation. The
challenge for enlightened policymaking is to depealmnovative approaches for
handling these uncertainties. The paper has prdpas@pproach involving a flexible
or adaptive policy that allows adaptations in tiaseexperience and knowledge about
the real-world functioning of urban transport teglugical innovations proceeds. In
particular, policymakers are encouraged to firsietl®p a normative view and then
guide the policy development, implementation, atapsation process based on
gathering information that allows the resolutiortlaf uncertainties over time. The
adaptive policy approach was illustrated by threses designed to achieve different
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urban transport policy objectives (an improvemédnirban traffic safety, a more
efficient use of different urban travel optionsdamproved urban freight
transportation). We showed how policymakers careaeph uncertainties concerning
urban transport technologies by implementing amptdapolicy, and how such a
policy can be adjusted as new information becoraa#able on its real world
performance. The illustrations have shown that,gam®d to traditional policymaking,
the adaptive approach is highly promising in teahkandling the range of
uncertainties related to urban transport technologlementation for traffic safety and
efficiency. Future challenges in this field involadurther specification and testing of
the adaptive approach focused on developing sysieayproaches to fully identifying
the vulnerabilities, specifying trigger events angger values, and laying the political
and legal groundwork for implementing adaptive giek. One way of testing and
assessing the attractiveness of the adaptive agproaght be to use scenario and
simulation gaming to compare the performance ofthagptive policymaking approach
to more traditional policymaking approaches.
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Figure 1 — An integrated view of policymaking.
Figure 2 — The adaptive policymaking procedure.
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