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2. EXECUTIVE SUMMARY

2.1 OBJECTIVES OF THE PROJECT
The overall objectives of Project OPTIMA were:

(1) to identify optimal urban transport andnth use strategies for a range of urban areas
within the EU;

(i)  to compare the strategies which are speciéisptimal in different cities, and to assess
the reasons for these differences;

(i)  to assess the acceptability and feasibilityimplementation of these strategies both in
nine case study cities (Edinburgh, Merseysid#enna, Eisenstadt, Tromsg, Oslo,
Helsinki, Torino and Salerno) and more widely in the EU; and

(iv)  to use the results to provide more gahguidance on urban transport policy within the
EU.

2.2 TECHNICAL DESCRIPTION

Theses objectives were achieved by carrying out the following tasks:

1. specify two objective functions, one edon economic efficiency and sustainability,
which are acceptable to, and can be applied in, all the cities being studied,;

2. identify, separately for each city, an acceptable set of transport and land use policy
instruments, and to extend this list to cover measures in use elsewhere in the EU;

3. conduct a series of tests of combinationgadicy measures, in each city, using currently
available transport models of these cities;

4. use the optimisation methodology, separafedyeach city, to identify strategies which
are optimal in terms of economic efficiency and sustainability in each city.

5. draw policy conclusions for each city on the differences between the efficiency-optimal

and sustainability -optimal strategies, thestification for those strategies, and the
feasibility of implementation, in discussion with the city authorities;

6. draw project-wide conclusions by comparithe results for the different cities,
explaining the differences between them, dmstussing their applicability in other EU
member states.

Definition of objective functions (Task 1)

The Economic Efficiency Functio(EEF) reflects the cities’ objectives of overall efficiency of
the transport system, economising the use afuregs, accessibility within the city and at least
the possibilityof economic regeneration. Essentially, the EEF performs a cost benefit analysis of
the tested policy, while also imposing a shadow price on the financial support required.

The Sustainability Objective Functio§SOF) differs from the EEF in that the exhaustible
resource of fossil fuel is valued more highly thisnmarket price, and that a penalty is incurred
for those policies that do not meet a certainimum requirement on fossil fuel savings. These
features of the SOF reflect the aim to reduce €Rissions. Also, costs and benefits are only
considered for the horizon year, representing the interests of future generations.
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Common set of measures

Based upon an inventory of measures cardetlby the project (Task 2), a set of common
measures was selected for use in the optimisgitiocess. Table 1 shows these measures and the
maximum ranges considered (some cities used narrower ranges where it was felt that the
maximum range was simply infeasible).

Abbreviation Name Minimum | Maximum
Value Value

IH High public transport infrastructut® 1
investment (dummy)

IM Medium public transport infrastructuf® 1
investment (dummy)

CAP Low cost increase/decrease of rp@d% +20%
capacity (whole city)*

FREQ Increasing/decreasing public  transpes0% +100%
frequency (whole city)

RP Road pricing (city centre) 0 10.0 ecus

PCH Increasing/decreasing parking charges |-100% +500%
(city centre)

FARE Increasing/decreasing public transport far&80% +100%
(whole city)

Table 1: Measures tested

* Road capacity measures include various typdgaffic management and transport telematics dounot include
road building

# The value of the measure Road Pricing refetedgaost per trip inaved by the car driver

Optimisation process

Once measures and their ranges were defined petnsodel runs were carried out (Task 3) to

test an initial set of combinations of transport measyrask@ges The number of packages in

this set was the minimum number required to start up the optimisation process. The optimisation
process (Task 4) was then applied to find theénmgom set of values of these measures for each
city, separately for each objective function.

Consultation process

Based on the initial review of the results, condidtes were held with officials in each of the

nine cities (Task 5). They were presented i results, and invited to assess them against a
set of criteria which focused on issues of ileiéisy and acceptability. Inevitably there was some
overlap between the concerns under these twoilgsd The officials were also invited to
suggest alternative strategies which they would wish to have tested. When these alternatives
were tested, none of them performed bett@ntthe predicted optima (with respect to the
objective functions), and the opportunity was tatediscuss these results. The output of these
consultations was discussed with two other citieesb transferability, and then used to develop

the conclusions specified below (Task 6).



PROJECT OPTIMA: OPTIMISATION OPOLICIES FOR TRANSPORT INTEGRATION IN METROPOLITAN AREAS

2.3 RESULTS AND CONCLUSIONS
Policy results and recommendations
The results from the optimisation process are summarised in Table 2, which gives an overview

of the relative benefit (over the nine case study cities) of each measure with respect to the two
objective functions used.

EEF SOF
Public transport infrastructure - **
Low cost road capacity improvements rkk *
Increase in public transport frequency * *x
Reduction in public transport fares *x rrk
Road pricing and/or increased parking *x *rx
charges

* indicates there is (overall) a small benefit to using the measure
** indicates there is (overall) a medium benefit to using the measure
*** indicates there is (overall) a strong benefit to using the measure

Table 2 : Summary of beneficial measures

From the results in Table 2 and fromhet aspects of the research, the following
recommendations can be made for policy makers

¢ strategies should be based on combinatiomseafsures, and should draw fully on the synergy
between success measures;

e economically efficient measures can be expetbeshclude low cost improvements to road
capacity, improvements in public transport (inceshservice levels or reductions in fares),
and increases in the cost of car use;

e public transport infrastructure investment is hiely, in the majority of cases, to be a key
element in economically efficient strategies;

¢ reductions in capacity to discourage car use are not likely to be economically efficient;

e the scale of changes in service levels amdsfavill be influenced by the current level of
subsidy; in some cases a reduction in servicddeyean increase in fares may be justified on
economic grounds;

¢ the scale of increase in costs of car use will ddpe part on current levels of congestion; the
study suggests that road pricing and parkinggdharcreases are broadly interchangeable, but
this needs assessing in more detail;

¢ in most cases economically efficient strategias be designed which are financially feasible,
provided that revenues can be used to finance other strategy elements;

e the pursuit of sustainability is likely to justiipvestment in public transport infrastructure,
further improvements to public transport services and/or fares, and further increases in the
cost of car use;

e availability of finance will be a major baer to implementation of many sustainability-
optimal strategies, and further work is needed to investigate the extent to which financial
costs can be reduced by strategies which are slightly sub-optimal;

¢ legislation will be needed to enable impleragion of road pricing and to control parking
charges; in the UK and ltaly there is alsocase for changing legislation to permit
economically more efficient public transport strategies;
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public acceptability will be a significant barrianith those measures which reduce service
levels or increase costs; this implies treea for effective public relations campaigns, and
carefully designed implementation programmes;

detailed measures to improve the environimand provide better facilities for cyclists,
pedestrians and disabled people should be designed within the context of a preferred strategy.

Methodological conclusions and recommendations

the optimisation procedure has been shown to be successful, and has attracted widespread
interest; however, it is important that careflnbught is given to the policy implications of

each stage of the process;

the frequent use of upper and lower bound values in the optima is a cause of some concern;
strategic models are in many ways more apprtpttzan tactical models in the development

of optimal strategies;

such models should include walking and cycling, both peak and off peak conditions, and the

effects of public transport loadings on user costs;

2.4 COLLABORATION SOUGHT FOR EXPLOITATION

Academic exploitation

A search will be made for suitable collaborators as follows:

Research organisations overseas (i.e. outside EU) who have an interest in strategic modelling
and optimisation. In particular, research oigations in Asia and Latin America would be
particularly appropriate.

Research organisations involved in combgniland use modelling with strategic transport
modelling, who have an interest in optimisation.

Research organisations involved with developing national/international models, who have an
interest in optimisation.

Consultancy

Effort will be put into finding suitable partnerships with:

Cities who already have existing strategic tpms models, and would like to make extra use
of these models by using the OPTIMA optimisation method.

Cities/consultancies who are already building strategic transport models.
Cities/consultancies who are planning to build strategic transport models in the future.
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2.5 DISSEMINATION

Presentations/publications already made

e R.Barletta, S.Toffolo, G.Surace (1996) Optimisatof transport policy in metropolitan areas:
implementation of the OPTIMA project in TariPaper presented to the Annual Conference
of the Operational Research Society of Italy, 16-20 September, 1996.

¢ H.Minken (1996). Sustainable transport: A bakmetween the dictatorships of present and
future generations. Samferdsel 35 (10), pp 20-22.

e H.Minken (1996). What is sustainable transpét&per presented at the T@I-dagen, 3 October
1996. Working Paper T@1/937/96, TAI.

e H.Minken (1997). Efficient or sustainableatrsport: what does it mean in practice?
Transportdagene i Oslo, 5-6 May 1997.

e A.D.May (1997) Transport strategies to improve the quality of European cities. Paper
presented at “Moving On: Transport, Locatiand Economic Growth after the Election”.
Cambridge Econometrics Annual Conference, Cambridge, 3-4 July 1997.

e S.P.Shepherd, G.Emberger, K.Johansen ni-Biykanen (1997) OPTIMA: Optimisation of
Policies for Transport Integration in Metropofitéreas: a review of the method applied to
nine European cities. Paper presented to the 25th European Transport Forum, 1-5 September
1997.

e A.D.May, L.Rand, P.M.Timms, S.Toffolo (199QPTIMA: Optimisation of Policies for
Transport Integration in Metropolitan Areas: a eaviof the results applied to nine European
cities. Paper presented to the 25th European Transport Forum, 1-5 September 1997.

¢ H.Minken, P.M.Timms (1997) Optimal urban teport strategies: how do we find them and
what do they look like? Presentation to W@roup 2 at the “COST Action 616" workshop
on clean-air-oriented urban transport strategies. Copenhagen, 8-9 September 1997.

e AD.May (1997) Can transport be sustd&ile®  Proc. British Association for the
Advancement of Science. Leeds. September 1997.

e H.Minken (1997) Optimal transport policy: exples from Norwegian and foreign cities.
Paper presented at The Research Days of 1997, 25 September 1997.



PROJECT OPTIMA : OPTIMISATIONDF POLICIES FOR TRANSPORT INTEGRATION IN METROPOLITAN AREAS

3. OBJECTIVES OF THE PROJECT
The overall objectives of Project OPTIMA were:

(1) to identify optimal urban transport andnth use strategies for a range of urban areas
within the EU;

(i)  to compare the strategies which are specifisptimal in different cities, and to assess
the reasons for these differences;

(i)  to assess the acceptability and feasibilityimmplementation of these strategies both in
nine case study cities and more widely in the EU; and

(iv)  to use the results to provide more gahguidance on urban transport policy within the
EU.

There is a wide range of objectives of transpalicy in urban areas, but most can be grouped
under the broad headings efonomic efficiency including economic development, on the one
hand, andsustainability, including environment, safety, equiyd quality of life, on the other.

It is now generally accepted that the overall strategy for achieving these objectives must include
an element of reduction of private car use aaddfer of travel to other modes. The policy
instruments for achieving these objectives @arlude infrastructure provision, management
measures to enhance other modes and to restniaise, and pricing measures to make public
transport more attractive and to increase the makgwst of car use. It is now widely accepted

that the most appropriate strategy will involgeveral of these measures, combined in an
integrated way which emphasises the synergy between them.

The most appropriate strategy for a cityllwvdepend on its size, the current built form,
topography, transport infrastructure and patternssef levels of car ownership, congestion and
projected growth in travel; transport policy inshents already in use; and the acceptability of
other measures in political and legislative terms. These will differ from city to city. Policy
advice cannot therefore be generalised, but muskeleloped for a rang# different types of

city. This is the approach adopted in this studywhich nine different cities in five countries
(Edinburgh, Merseyside, Vienna, Eisenstadt, Tmnt3slo, Helsinki, Torino and Salerno) have
been studied in detail, using a commstudy methodology. The main purpose of this
deliverable is to present this methodology and the results obtained from using it. These results
are expressed in terms of optimal stratedg@s each city with respect to both economic
efficiency and sustainability.
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4. MEANS USED TO ACHIEVE THE OBJECTIVES
The means used to achieve the objectives were to:

1. specify a standard set of objectivendtions for both economic efficiency and
sustainability, which are acceptable to, and can be applied in, all the cities being studied;

2. identify, separately for each city, an acceptable set of transport and land use policy
instruments, and to extend this list to cover measures in use elsewhere in the EU;

3. conduct a series of tests of combinationgadicy measures, in each city, using currently
available transport models of these cities;

4. use the optimisation methodology, separdf@iyeach city, to identify strategies which
are optimal in terms of economic efficiency and sustainability in each city.

5. draw policy conclusions for each city on the differences between the efficiency-optimal
and sustainability -optimal strategies, thestification for those strategies, and the
feasibility of implementation, in discussion with the city authorities;

6. draw project-wide conclusions by comparithe results for the different cities,
explaining the differences between them, distussing their applicability in other EU
member states.

These were achieved in Work Packages 16Qaespectively, extensive details of which are
given in the respective Work PackagepBes (OPTIMA, 1997a, 1997b, 1997c, and 1997d) also
avialable on the ITS web page at:

http://lwww.its.Leeds.ac.uk/projects/optima/

As indicated in Table 3, the nine cities regrsa wide range of conditions. Five, including
Merseyside, are Metropolitan Areas (MA) includiagnajor city and its suburbs. Unless stated
otherwise, references in the text for thesgees are to the whole MA. Three are large in
population terms, three medium and three sritllee have much lower population density than
the others. Car ownership varies widely, withuch higher levels in Eisenstadt and Torino.
Annex 1 gives further summary information about the nine case study cities.
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Edinburgh Merseyside Vienna

MA
Population 420
(‘000)
popdensity/ha  29.9

car ownership  0.32
per person

Tripsby car (%) 51

1440

22.2

0.27

78*

1540

37.9

0.32

37

Eisenstadt Tromsg Oslo
MA
10 57 919
2.4 0.3 1.7
0.66 0.38 0.44
56 54 62

Helsinki
MA

891

12.0

0.32

a7

Torino
MA

1454

23.7

0.63

77

Salerno

157

26.2

0.40

40

* of motorised trips only

Table 3 : City Characteristics




PROJECT OPTIMA : OPTIMISATIONDF POLICIES FOR TRANSPORT INTEGRATION IN METROPOLITAN AREAS

5. SCIENTIFIC AND TECHNICAL DESCRIPTION OF
PROJECT

5.1 INTRODUCTION

5.1.1 Overview of the optimisation process

The overall structure of the project can be ustb®d by reference to the optimisation method
used in WP40. A “basic method” for optimisation is illustrated in Figure 1.

Step 1 defines the objective functions use®RPTIMA: economic efficiency measured by Net
Present Value (NPV) and the Sustainability €ative Function (SOF). The definition of these
functions was part of WP10, and is described in Section 5.2.

Step 2 specifies the policy measures that hen used for finding optima. The work involved

with this was part of WP20, and is describedsection 5.3. In particular, Section 5.3 lists the

basic common set of measures tested in each city. These measures can be divided into “discrete”
measures or “continuous” measures. Discrete umeasare one-off infrastructure projects that

are either fully built or not built at all. Othe other hand, continuous measures could be
implemented at any level within a range apprdpri@ the measure. Standardised ranges have
been decided upon for OPTIMA. However, some sihave diverged slightly from some of the
standard ranges where these were not consiggprbpriate. Section 5.3 also gives the cost
assumptions made in each city for the measures.

Step 3 involves using a transport model in each city to modehiaal set of 18 policy
combinations, chosen according to an orthogonsigdefrom the ranges specified in Step 2. A
brief summary of the transport models use®@RTIMA is given in Section 5.4. In particular a
distinction is made between two generic types of model used in the project: “strategic” models
and “tactical” models. The work in Step 3 formed the early part of work in WP30.

Steps 4 to 6 involve an iteratiygrocess of linear regression afutther transport model
running. This process, which formed the latter part of WP30 and all of WP40, is described fully
in Section 5.5. In general, there is a ‘ibaptimisation method and a “comprehensive”
optimisation method, with the basic methodineillustrated fully in Figure 1. In the
comprehensive method, further objective functiams farther measures can be introduced to the
method, without the necessity of starting the whole process from the beginning.

10
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Define objective, key indicator

(Step 1)

Specify policy measures

(Step 2)

Initial runs of strategic model

(Step 3)

Specify, calibrate regression model

(Step 4)

Estimate optimal policy

(Step 5)

Run approximation to predicted
optimum and additional runs
around this

(Step 6)

Is predicted optimum
actually the best outcome ?

Is predicted optimum
performace close enough
o the prediction?

Optimum defined as in step 5

Fig. 1. The optimisation process

11
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5.1.2 A “European” optimisation approach

A central feature of the OPTIMATroject is that it is devising an approach that can be used
throughout the whole of Europe. Whilst thenh@al discussion on the transferability of the
results is dealt with later in this deliverable, ttgsction reports on the attempts made to ensure
that the OPTIMAmethod can be used in as widespread way as possible throughout Europe.

An important recognition to make here isathhe OPTIMA method synthesises a number of
already existingore planning tools. This section conceaters on how the synthesis of planning
tools has been engineered to fit with a “Europgarspective” (a summary of how some of these
planning tools have been further developéithvww OPTIMA is given below in Section 5.1.3).

The central ingredients of the OPTIMA method are threefold:

(i) One or more objective functions;
(ii) A transportation model;
(iif) An optimisation algorithm.

Of these, the objective functions need todedined for the individual city, but the OPTIMA
consortium has generated two commonly applicable functions (see Section 5.2). The
optimisation algorithm is a direct output of ORIA, and is described in Section 5.5. Thus the
only significant potential barrier to transferability is the availability of a transportation model.

An essential part of the OPTIMA philosophg the recognition that a wide range of
transportation models are already in useiires throughout Europe; the OPTIMA methodology
consists of a set of procedures for makinglibst use of these models. Two important points
arise immediately from this philosophy. Firstlyjs the intention othe OPTIMA consortium
that the method can be used with as many ashpeshiferent types of transportation model. To
this end the project has consciously included a watge of models in its test case study cities:
more information on this is given in Sectibrdt below. Secondly, the OPTIMA method needs
to be consistent with current transportatimodel usage throughout Europe. The project has
identified a number of model characteristics whach important in facilitating the identification
of optimal strategies, and these are discussed in Section 5.4.

Whilst this philosophy is totally ifine with the objectives of European-wide research, there are
some inevitable drawbacks, which largely rekat¢he capabilities of the transportation models,
and the feasibility of quantifying some trangppolicy objectives. In one specific way, these
limitations led to one of the objectives of Rycff OPTIMA not being realised, since it proved
infeasible to model the interaction of land useasures with transport policy measures. It
should be emphasised that the OPTIMA consworti@cognises that land use measures are of
great importance in long-term transportationnpiag. However, the fact remains that, in the
typical current usage of transportation models in cities across Europe, it is impossible to model
the effects of land use measures in aonjion with transportation measures: thgical models

used in the OPTIMA case studies confirm tetatement. It follows immediately that any
attempt to make land use modelling central to the OPTIMA method would have seriously
undermined its current European-wide transféitgb However, two comments should be made

to qualify this statement. Firstly, land use measuare being considered in a marginal way in
two of the OPTIMA case study cieand a summary of results of the impacts of transport on
land use for Edinburgh is included in Section 53&condly, it will be extremely straightforward

to adapt the optimisation algorithm to make itahie for the time when land use modelling is in
reality a central feature of transportation modelling.

12
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5.1.3 Further development of core planning tools in OPTIMA

As explained above, the OPTIMA approach haserally been to create a method which can
make best use of already existing transpamafplanning tools. However, in creating this
method it has been necessary to develop further some of these tools. Notable examples include:

- The creation of a new type of objectifumction, the Sustainability Objective Function,
as described in Section 5.2.

- The improvement of the alreadyisting (pre-OPTIMA) optimisation algorithm
(described by May et al, 1995) to includesubjective stopping criterion, so that in
practice the user does not stop the algorithtit s#ine is convinced that convergence has
been obtained, even when formal stopping criteria have been met. This (improved)
algorithm, named thBasic Methodis described in Section 5.5.

- The development of a new framework of optimisation algorithms named the
Comprehensive Method This framework of algorithms has the Basic Method as a
relatively simple example. Its developmens lexplicitly taken into account the fact that
a wide range of transportation models cam$ed, and that the run times of these models
vary widely. Generally speaking, thBasic Method is more appropriate for
transportation models with a long run time,ilsfhmore complex approaches can be used
for transportation models with a short run timehis framework is described in Section
5.5.

13
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5.2 DEFINITION OF OBJECTIVE FUNCTIONS

Work Package 10 defined two objective fuons: Economic Efficiency Function (EEF),
measured by a variant of Net Present Value (NPV) and a Sustainability Objective Function
(SOF). This section provides a detailed explanation of these two functions; further background
information is available in a Working Paper (OPTIMA, 1997a). Section 5.2.1 makes
introductory comments about the objectives ef time case study cities, Section 5.2.2 addresses
some limitations imposed by the transportation models used upon the scope of the objective
functions, whilst Section 5.2.3 makes some commabbut the exclusion of distributional and
financial feasibility objectives from the objee functions. Following these introductory
comments, Section 5.2.4 gives an overview ofretimnale behind the two objective functions,
EEF and SOF, actually used@PTIMA. Section 5.2.5 defines Present Value of Finance (PVF)
which is used in the calculation of theawbjective functions, whilst Sections 5.2.6 and 5.2.7
make definitions of EEF and SOF respectively.

5.2.1 The objectives of the cities

A review of the transport policy objectives of the nine cities has been carried out. In all
Metropolitan Areas except Merseyside and Helsinki, the consultation was with the authority
responsible for the principal city. The generahclusion from the review is that the cities’
transport policy objectives cover the whole ramjeobjectives traditionally set out for urban
transport policy. The aims of improving the &tyaof public transport and pedestrian and
cycling facilities with the intention of reducing car use seems to be of importance to most of the
cities. The Nordic and Austrian citiesfee specifically to the need to reduce £€missions.
Three cities (Merseyside, Helsinki and Oslanat making the best use of the existing road
network rather than adding to road capacifyhe shift of policy towards priority for public
transport and environmental goals is datieely new tendency, and strategic highway
investment plans will still be implemented for many years to come, in for example Oslo.

As is often the case, city authorities' statdgectives (as instanced above) are a mix of true
objectives (such as reducing €émissions) and strategies for meeting those objectives (such as
improving public transport). The OPTIMA projebas stressed the distinction between these
two, and sought a clear specificatiof actual objectives. All cities include economic efficiency,
environmental and accessibility objectives. The British cities, especially Merseyside, put stress
on economic regeneration. Edinburgh seems todstaut in putting safety as a top priority,
while Helsinki and Vienna stand out in theiglg attached to maintaining a dense city.

5.2.2 Limitations imposed by the models

Transport models will be unable to mirror théole range of changes in the economic and
physical conditions of a city and its inhalpits brought about by a transport strategy. They
concentrate on changes Bome aspects of travellers’ behaviour, namely trip frequency,
destination, mode and route choice. From a ptiedicof these changes, changes in travellers’
benefits and costs as well as the immediagarts on the number of accidents, pollution levels
etc. may be obtained.

Some of the objectives of the cities do not dedendheir fulfilment in a clear-cut way on these

14
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four aspects of travellers’ behaviour. Instetitty depend directly on decisions made by the
authorities, or on other changes in behavithan those assessed by transport models, like
decisions to relocate houses and businesseskéstittle sense to include such objectives in the
objective functions.

Land use objectivesSThe models available in the case study cities are not integrated land use-
transport models. This means that the impaetmoéxogenously given land use change on traffic
flows, costs and benefits in the transportatsector could be assessed, but the impact of an
exogenously given transport strategy on lamse cannot. The objectives of preserving
townscapes (Merseyside) and landscape and oulid®@iromsg) must therefore be taken care

of when formulating the land use scenarios and investment strategies, and the degree of
fulfilment of them will be immediately appareffom an inspection of these scenarios and
strategies. Such objectives need not and cannot be included in the objective functions.

Dense city structureRegarding the objective of a dense city structure (Helsinki, Vienna), this
objective is not entirely an end in itself, batmeans to reduce the need for travelling and
increase the modal shares of public transpod walking and cycling. For a given dense land

use scenario, the effects on travelling and modal split can be determined from the transport
model. The effects on city structure from a tpors strategy that reduces travel and travel by car

in particular, can however not be assessed. Tdeheee that city structure is shaped by market
forces, this makes it difficult to judge whethee thbjective is attained by any given combination

of land use and transport policy instruments.

Economic regeneration objectiveBhe attainment of this objective can not be assessed fully by
transport models. These models are static, and unable to mirror the process towards economic
regeneration. Income levels are exogenously ignd, no feedback from transport cost savings

to income levels exists. Economic regeneratwill depend in part on land use policy, and in

turn have strong impacts on land use. Non¢hete interactions are modelled. If, however, a
consumer surplus measure is included in tlememic efficiency objective function, the change

in consumer surplus, especially for freight and business trips, will be a measure of the
possibilitiesfor economic regeneration brought about by a transport strategy.

National and international accessibilityhis objective cannot be assessed because of the limited
geographical area covered by the models, and so need not be included in the objective functions.

5.2.3 The exclusion of distributional and financial feasibility objectives from the objective
functions

The perspective of the OPTIMA project is thatsoiciety as a whole. This means that to the
extent possible, all benefits and disbenefitat thow from a givenurban transport strategy
should be included in the objective function, whettihey are monetary or not, and whether or
not they accrue to households, firms, government or other agencies.

Obviously, the question of who getse benefits and disbenefits is a matter of concern to the
cities. Some (Merseyside, Helsinki) single dagnefits to commercial traffic as a special
concern. There are concerns, for example in Tegrtisat benefits should be fairly distributed
among all inhabitants, regardless of car ownerghiplly, it is only natural that local authorities

are concerned that the benefits should accrue to the city, and not be siphoned off to the region as
a whole.

15
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Regarding thesustainability objective function, the concept of sustainability has obvious
distributional connotations. To be sustainabieyelopment will have to reduce the gap between
rich and poor countries and be able to seaudecent standard of living for everybody. It is felt
that these aspects of sustainability go beyondstope of the distributional objectives of the
cities, and so there is no need to include thstributional objectives of the cities in the
sustainability objective function either.

The choice we have made is to disregard thistibnal concerns when formulating both of the
objective functions. Although distributional e@lgfives are not included in the objective
functions, they are not lost sight of in theoject. The results of each transport strategy is
displayed in a way that permits judgements onribistional effects. This information will be
utilised in the Work Packages 50 and 60, wheeeféasibility of implementation of the optimal
strategies are judged both in terms of techreffaictiveness and political and public acceptance,
and ways to overcome barriers to implementation are sought.

Financial feasibilityis captured in part by assigning aadbw price to the Present Value of
Finance (PVF) (Section 5.2.5) where the PVF igatige, and a net financial outlay is thus
required. However, the assumption is made in ®ATthat if this shadow price can be justified

by the benefits, the finance required will be provided. This assumption is not always realistic,
and a subsequent project, FATIMA, is investiggtiurther the impact of financial constraints
and the potential for using private finance.

All the remaining objectives of the cities cae subsumed under the headings of economic
efficiency and sustainability, broadly defined. whver, to formulate the economic efficiency
and sustainability objective functions, the definitiarisefficiency and sustainability had to be
narrowed down to be operational in the context of the transport models of the cities.

5.2.4 Overview of objective functions

The Economic Efficiency Function (EEF) reflecte ttities’ objectives of overall efficiency of

the transport system, economising the use a@furegs, accessibility within the city and at least
the possibilityof economic regeneration. Essentially, the EEF performs a cost benefit analysis of
the tested policy. The optimisation with regardhis function is to find the policy with the best

Net Present Value (NPV) of social benefitglaosts after including a shadow price for PVF.

The costs of accidents, noise and local pollutom not included in the EEF. Ideally, they of
course ought to be. However, as usually catedlan cost benefit analyses, changes in these
costs do not form a very large part of the netgumesalue of most city-wide transport strategies.
There is also a considerable uncertainty invlirethe economic evaluation of these impacts.
Moreover, not all city models predict all of these impacts.

The Sustainability Objective Function (SOF) diffefrom the EEF in that the exhaustible
resource of fossil fuel is valued more highly thisnmarket price, and that a penalty is incurred
for those policies that do not meet a certainimum requirement on fossil fuel savings. These
features of the SOF reflect the aim to reduce €Rissions. Also, costs and benefits are only
considered for the horizon year, representing ttexests of future generations. The higher than
market-price shadow price of fuel consumptioedign the SOF could aldee taken to reflect
approximately the impacts of local and regiopallution that follows from the use of fossil
fuels.
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In both objective functions, prices of resourcedude taxes. For investment costs, the reasoning
behind this is that the investment packageswhatonsider are so large that resources will have
to be drawn largely from other construction atyivn the area. For labour costs, using wage
rates including taxes and social expensedignghat labour is drawn from other productive
uses, and not from the ranks of the unemployedoAsther operating costs, entering them with
taxes included is not strictly correct, but is expediency not thought to influence the results.
For both objective functions, we also use adsiaprice of public fundef 0.25, reflecting the
loss in economic efficiency associated with taxation.

In the EEF, time savings are valued in theitradal way, by attaching a value of time to these
savings. The value of time may differ between géigwrposes. User benefits consist of travel
time savings and monetary savings. Together thvyg a Consumer Surplus that is calculated by
the so-called ‘rule of a half'.

For each of the tested transport &gges, the transport model of the city is run for the target year
(2010 for most cities, 2015 for some). Tooyide a benchmark against which the other
strategies can be assessed, a "Do minimum" strategy is carefully specified. The "Do minimum"”
strategy consists of investment proje@sd land use changes already decided upon or
implemented, as well as present levels for ofpmicy variables. For Oslo, it is part of the
present toll ring scheme to abolish the toll in 2007 such cases, the planned future level of the
policy variable is used. For each strategyhbibte EEF and the SOF are expressed not in
absolute terms, but in terms of the change from the "Do minimum"” strategy.

As is conventionally done, a 30 year planningizar is assumed. As we only have an actual
transport model outcome for one of these yeansassumption must be made about how the
benefits and costs of the other years of the ptanperiod relate to those of the target year. As
our policy instruments are mostly pricing me@s that can be quickly implemented once
decided upon, and as transport users can be expgedaeglst fairly quickly to new levels of the
policies, it has been assumed that benefitscasts for each year in the planning period are the
same as in the target year.

The discount rate used to form the present vafude benefit and coglements of all the 30
years, varies between the cities. Wheneuerofficial or recommended discount rate for a
country exists, it has been used. The discount rate varies between 6 and 9%.

The results of these analyses are present&kation 5.6. Sample calculations, which include

the distribution of time savings, monetary betsedind costs among travellers, operators and tax
payers are included in the Working Paper on WP30/40 (OPTIMA, 1997c¢).
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5.2.5 Present Value of Finance (PVF)

The Present Value of Finance (PVF) of a meamidefined as the net financial benefit of the
measure to government and other providers of transport facilities, both public and private.

In the OPTIMA study, where only one future target year is being modelled, PVF is defined as:

30 1
21) PVF=-1+ _* f
(2] ;(1+r)l

where: | is the present value thie cost of infrastructure investment, compared to the do-
minimum scenario;

f is the net financial benefit to transpsuppliers and government in the modelled
target year, compared to the do-mmim scenario, taking into account both
revenue and operating costs;

r is the annual (country specific) discount rate.

5.2.6 Economic Efficiency Function (EEF)

The present value of net benefits, B, consistsiaif benefits to travellers, operators and the
government.

The generalised cost of travel is defined as ritonetary costs, plus in-vehicle time cost (in-
vehicle time multiplied by the value of time), plus other elements of travel time costs, such as
waiting time cost, access time cost etc. Consistent with the assumption underlying the transport
models themselves, the demand for trips on aqodar travel movement (e.g. origin-destination

pair, mode, trip purpose) is defined as a functiothefgeneralised travel costs of that movement

and other movements. These demand functi@esl mot be given an explicit analytical form,

but are embedded in the transport model, and can be charted by running the model many times
over with different generalised costs.

The net benefits to travellers are evaluated as the generalised consumer surplus from the change
in generalised costs on all travel movemeassuming that the demand functions are linear in

the relevant region of generalised costs. The $$andard evaluation procedure in cost benefit
analyses of transport, and it goes by the name of the rule of a half.

The present value of net benefits, B, over a 30 year period is given by:

30

(22 B= (L+r)

*(f+u
where: u is the net benefit to transport gsierthe target year, compared with the do-
minimum scenario, calculated as described above;

f, r are as described in Section 5.2.5.
Two comments can be made here:
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(i) Equations 2.1 and 2.2 implicitly assumaitlihe transport strategy is implemented
immediately and that benefits apply immedigt An alternative can be used in which
revenues, benefits and costs are assutaedicrease incrementally over the 30 year
period.

(i) The present value of net benefits for the do-minimum scenario is, by definition, zero.

The formula for EEF is then:

(23) EEF = B-1+0.25PVF if PVF<0
= B-| if PVF>0

Equation 2.3 expresses the EEF as consisting gfresent benefits to travellers, operators and
government. A shadow price of public funds @25 has been added if the tested strategy
requires increased public spending. This reflects the efficiency loss involved in raising extra
taxes. As this element is not added if thategy actually saves tax money, it is assumed that
such savings are kept by the operating companies or government.

Since (B - 1) is the Net Present Value (NPV) equation 2.3 can also be written

EEF = NPV + 0.25PVF if PVF <0
= NPV if PVE O

5.2.7 Sustainability Objective Function (SOF)

Ideally, the sustainability objective function (SOF&signed to reflect the benefits per year of

the transport strategy in some future situation, characterised by sustainable levels of resource
utilisation. Because that situation can ideallysbstained indefinitely, it will not matter exactly

what year it is. This per year benefit consiefsbenefits to travellers, operators and the
government, just as in the EEF. However, thguirement for sustainable levels of resource
utilisation requires that fuel consumption stagelow the level required for sustainability.
Ideally, the sustainable situation should also be characterised by certain requirements on land
use. Fuel consumption is here used directly as an indicator 0€i@iSsions, and indirectly as a

proxy for other environmental impacts, like local and regional pollution and accident levels.

To make these requirements on the SOF operadtiona simple way, the target year of the
transport model runs has been used as the igeahich these benefits are measured and in
which the fuel consumption requirement is to be met. The land use requirement has been left out
for the reasons given in Section 5.2.2. This cataken as implying that this objective has to be
fulfilled not by optimisation, but by direct planning by the city authorities.

A weak and a strong requirement on sustainalibitye been formulated. The weak requirement

is designed to discourage higher levels of ftaisumption and is modelled by pricing all fuel
consumption at four times the current fuel price. This can be taken as a shadow price of fuel to
reflect the sustainability requirements. Themsty requirement is that fuel consumption is less
than in the "Do minimum" stragyy. If that requirement is not met for a particular strategy, a
strong penalty is incurred.

Let b be the per year benefit to travellers, ofmesaand government. We measure these benefits

in the same way as in the EEF calculations, so
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(24) b=f+u
where f and u are defined in Section 5.2.6
The pure sustainability objective function (SOF) is given by:

(25) SOF=b-y-z (if fuel consumption exceeds do-minimum)
b-y (otherwise)

where vy is the “weak penalty” on fuel conguiion in the target year (calculated by
multiplying the fuel consumption cost by skhadow price of 4) and z is the “strong
penalty” on fuel consumption in the targeiay (a large value taken as 1000 Mecu, which
ensures that no package of meas can be selected if it increases fuel consumption from

the do-minimurm).

In this pure function, no costs and benefits med before the target year are included, so
current investment carries no weight in the SQRis is because while the EEF only reflects the
interests of present generations, the SOF focusta®ly upon the interests of future generations,
living in sustainable or near-sustainable dbads, resulting in part from investments made

now.

The interests of both present and future gaiens can be included by defining a Weighted
Sustainability Function (WSF) that is a weighted average of the EEF and the SOF.

Thus :
(2.6) WSF,=oEEF + (1 -o) SOF

Because the EEF tends to be about 10 times tlet ¢ the SOF (the first is a present value
while the second is a per year value)aaf 0.1 will give approximately the same weight to the
present as to all future generations. AlthoughWSF was not used in the optimisation process,
sensitivity tests were carried out in some citiehow well the strategies with optimal strategies
with respect to EEF and SOF would perfornthé WSF were to be used. In general it was

found that ifa. was greater than 0.1 the optimal strategies with respect to WSF were broadly the

same as the optimal strategies with respect to EEF.

1 |If the assumption is made that &hifuel efficiency will increase by 100%etween the base year and the target

year, it follows that the strong penalty is implemented if fuel consumption falls by less than 50% between the base

year and target year.
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5.3 POLICY MEASURES

5.3.1 Summary of measures

Work Package 20 made an inventory of traffieasures in each of thenei OPTIMA test case
cities. A full description of this inventory given in OPTIMA (1997b), and a summary is shown
in Table 4. This inventory was based upon infation supplied by city officials specifically for
the OPTIMA project. It can be seen that there is a distinction between:

(1) Measures already in use
(2) Measures planned
(3) Measures considered but rejected.

EdinbyMerse|Viennd EisendHelsin| Torino|SalernOslo |[Troms
U|P|R|U|P|RJUP|RJU|P|R[U|P|RJU|P|R|U|P|R|U|PIRJU|P|R
A |Infrastructure measures
1|New road construction x x| x| x| |x X X X x| | x] x| |x|x
2|Parking supply, off-street X X X X
3|Rail services X |x x| x| | x x| x X x| | x| x
4|Light rail X X x| | x| x x| | x
5|Bus (tram) lanes X X x| x X
7|Park and ride X |x x| x| | x X X X
9|Traffic calming (speed humps, wide pavements) X X X x| x
10|Cycle routes, lanes, paths X x| | x X x| x x| | x| x
11 |Pedestrian areas, pedestrianisation X |x X X X X X x| | x x| x
B |Management measures
3| Traffic calming in residental areas X x| x| | x X X x| x| | x| x
4|Traffic calming on radials X
6|Regulatory restrictions on car use X X
7|Reduce on-street parking X x| x X X
8|Parking controls X X X X
11|Bus (tram) priorities X x| x| | x X x| x
12|Bus lanes X x| x| | x| x x| | x
14|Modified service levels of bus and rail services X X X x| x x| | x X
15|Improve the reliability of bus services X X X
D |Pricing measures
2|Fuel taxes X X X
4|Parking charges X x| x| | x X X x| x X
6|Public transport fare levels X X X x| x X
8|Road pricing X X X x| x X
E |Land use measures
2|Densities of population and employment x| x X X
3|Development within transport corridors X x| x
4|Development mix
U IN USE
P PLANNED
R RI‘EJEC"I'EI‘D

Table 4. Summary of the measures most commonly mentioned by all cities.
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Furthermore, there is a categorisation of messumto: infrastructure measures, management
measures, pricing measures and land use meésukasnitial list of all possible measures was
generated from an international review, whicbliiled practice in othéfU countries. A brief
description of the main measuiaseach of these categories (and their usage in the nine cities) is
given in Section 5.3.2 below. Short summariethefgeography, transport system and transport
policy measures for each city are given in AnfieXA detailed description of the same items can
be found in the working paper on WP20 (OPTIMA, 1997b).

From this list of measures, a condensed comsaimf measures was identified for use in the
optimisation process. This set is presente@ection 5.3.3, along with the cost assumptions
made for the measures.

5.3.2 Types of measure

Table 4 groups the measures as they were catedaristhe survey ofity authorities. Only
those measures which were discussed widely are listed.

Infrastructure measures

In all cities road construction is seen as apartant measure, as well as the construction of
pedestrian areas. Construction of public transport infrastructure depends on the present public
transport system and on the size of the city (and thus varies from city to city).

Bus and/or tram lanes are used or plannethénlarger cities. Light rail systems are being
planned in many cities and are already in us&adrnino and Oslo. Park and ride facilities are
being constructed in the larger cities and oféstrparking facilities are being constructed in the
smaller cities. Traffic calming infrastructure measuare used in the Austrian cities, Helsinki
and Oslo. Construction of cycle routes, lanad/ar paths has been reported for most of the
cities.

Management measures

Traffic calming through management measures sl uis all other cities except the Italian ones.

As an alternative, Torino has regulatory restrictions on car use; such a measure is also being
planned for Salerno. On-street parking is beirtyiced in the British cities and in Helsinki, and
there are plans to do likewise in the Norwegian cities.

Bus and tram priorities are used in many citidso promoting public transport by management
measures such as improved level of serviceelability has been reported for all cities except
for Vienna.

Pricing measures

All cities except Salerno are using parking charge levels as a demand management measure.
Road pricing is used in Oslo, is planned in Bngish cities but has been rejected in Tromsg and
Helsinki. Using public transport fare levels asdemand management measure has also been
reported for most of the cities. Apart from the #rodies, Merseyside is the only larger city not

to report it.

2 Information measures were considered briefly. However, since it is not feasible to model them on the level
required by the OPTIMA project, they are not considered further.
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Land use measures

Land use measures are reported in less detail. Control of development, development within
existing public transport corridors (preferablyttwtrack-based infrastructure) and making the

city structure more dense are the most common measures reported.

The northern cities intend to retain the inngy @s a residential area by improving its living
conditions and by decentralisation of business. The tendency for mixed land use is favoured, as
is regulatory control in the other areas of tlteeg, to reduce unnecessary car traffic, such as
actions against car-based shopping centres outside densely populated areas.

As explained in Section 5.1.2 above, the tpamtation models used in OPTIMA were not
adequate for representing land use measuresvettw, there is a parallel project to OPTIMA,
involving ITS, in which the OPTIMA transpottan model is linked up to a land use model to
create a combined land-use- transportation motiels combined model is being used to make a
land use sensitivity analysis on the OPTIMA iiestor Edinburgh, and the results are presented
below in Section 5.6.3.

5.3.3 Measures tested in the optimisation process

Based upon the inventory of measures reporbeyey, a set of common measures was selected

for use in the optimisation process. Tablsl®ws these measures and the maximum ranges
considered (some cities used narrower ranges where it was felt that the maximum range was
simply infeasible). The criteria for selection of measures were that the measures:

- Were common to all nine case study cities (either already used or planned)

- Could be modelled by all the nine city-specific transportation models

- Were likely to be used or planned in a large number of cities throughout Europe
- Were (or arguably should be) controlled by the city authorities.

Extra measures were introduced into the Merseyside optimisation process (as part of the
“Comprehensive Method” to be defined iecion 5.5 below) by distinguishing between long-
term and short-term parking charges and betvpesak and off-peak public transport frequency.

The ranges for all these measures were as given in Table 5.

Tables 6 and 7 show the assumed costs usétkeicalculation of the two objective functions.
These costs are based upon currently used coste inities for the purposes of cost benefit
analysis.

Table 6 shows the assumed capital costs (in eatheafine cities) for road capacity changes,
public transport infrastructure, and road pricitigcan be seen that there was wide variation
across cities for both public transport infrastructanel road capacity changes. In the case of
public transport infrastructure, this is not surprising since the infrastructure measures being
considered varied widely between cities; particular, Vienna and Torino envisaged new
underground construction. In the case of road capacity changes, there might have been expected
to be some correlation between cost and city diz¢he sense that the “small cities” (Eisenstadt,
Tromsg and Salerno) all had small costs for reguhcity changes, this expectation is borne out.
Even here there are differences; Salerno's nhowekr figure is based on an assumption that it
could be achieved by using signahntrol alone. More generally, there is clearly wide variation
amongst the larger cities. Merseyside's estimates were based on a much more thorough
assessment, and are likely to be more defensibtinburgh took the view, in later consultation,
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that their costs should have beeigher. A sensible way of dealing with this variation is to
conduct sensitivity tests of the type which examihe impact on City A’s results if City B’s
costs were to be used. Tests of this sort warged out and are repged in Appendix B of the
Report on Work Packages 30 and 40 (OPTIMA, 1997t)e costs of implementing road pricing

also vary markedly. In the case of Oslo, rpading already exists, and there is no additional
capital cost. In Tromsg it is assumed that the city's remoteness will enable implementation
through an increase in fuel tax. Vienna's paféidy high charge is explained by the need to
equip 200 charging points inside the city's inner ring.

Table 7 shows the annual operating costs (in ezcthe nine cities) for public transport
frequency changes and road pricing. It cansben that in some cities (notably Oslo and
Helsinki) the cost of increasing public transpiequency (which must be paid out year after
year) was high compared with the cost of a one-off increase road capacity.
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Abbreviation Name Minimum [ Maximum
Value Value

IH High  public transport infrastructufr® 1
investment (dummy)

IM Medium public transport infrastructuf@ 1
investment (dummy)

CAP Low cost increase/decrease of rpad% +20%
capacity (whole city)*

FREQ Increasing/decreasing public  transpe&s0% +100%
frequency (whole city)

RP Road pricing (city centre) 0 10.0 ecus

PCH Increasing/decreasing parking charges |-100% +500%
(city centre)

FARE Increasing/decreasing public transport far&80% +100%
(whole city)

Table 1: Measures tested
* Road capacity measures include various typdgaffic management and transport telematics diouot include

road building

# The value of the measure Road Pricing refeteegaost per trip inaved by the car driver

Edinburgh | M’'side Vienna | Eisen- | Tromsg | Oslo Helsinki| Torino | Salernd

Road capacity changes stadt

-20% 50 176 40 4 12 93 5 137 0.02
-10% 31 88 20 2 6 46 4 69 0.01
-5% 16 44 10 1 3 23 2 34 0

+5% 2 44 53 0.2 6 46 11 28 0

+10% 15 194 106 0.3 12 93 22 48 0

+20% 34 494 * * 25 185 86 * *

P.T. infrastructure

High p.t. infrastructure 564 360 4254 * * 494 780 3459 45
Medium p.t. infrastructure 35 40 2127 * * * 420 671 0.5
Road pricing 2 4 52 3 0 0 4 0.3 0.1
* indicates “not costed”
Table 6: Capital costs of new measures (in million ecus)

Edinburgh | M'side Vienna | Eisen- | Tromsg | Oslo Helsinki| Torino | Salernd

Change in p.t. frequency stadt

-50% -16 -69 -162 -1 -6 -170 -130t | -69° -4

+50% +16 +69 +163 +1 +6 +168 +130t1 | +54 +2
+100% +32 +139 +326 +2 +12 +340 +2281 |* *

Road pricing +2 +3 +2 +0.1 +0.4 +9 +0.4 |+0.03 |+0.01

t Different values were usedhen combined with new didtransport infrastructure.
# The cost of a pt frequency decrease/increa8@%f, where this was the minimum/maximum considered.

Table 7: Operating costs of new measures (in million ecus per annum).
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5.4 OVERVIEW OF TRANSPORT MODELS USED

The approach taken by OPTIMA has been toaigespecific transportation models which had
already been set up, calibrated and used by thauihorities before the start of OPTIMA. This
has allowed the project to make the workimgsumption that the models used are properly
calibrated and, on an appropriate level of aggregation, transferable.

The OPTIMA project has used several differérgnsportation models. Some of them are
implemented with commercial software like EMMEghilst some are implemented in software
packages developed by the OPTIMA partners gedves (before the staof OPTIMA). A full
description of the models used is giverAippendix A of the Report on Work Packages 30 and
40 (OPTIMA, 1997c).

Broadly speaking, the models fall into two main categories: strategic and tactical models.

Strategic modelsare used for running simulations atvery high level of aggregation. The
physical transport network is not directly repented and the number of spatial zones is low
(typically less than 40). Travel costs are eitheculaked in terms of “area speed-flow” curves or
(at the highest level of aggregation) are fixed inputs for each origin-destination zone pair.

The main advantage of using these models isttiegt are very fast to run, which can be an
important factor if a large number of runs aeguired. Furthermore, the preparation time for
creating the input files is typically short.

The major disadvantage of strategic models for optimisation work (such as in OPTIMA) is
simply that, given a particular city, it is unligethat there will already be a strategic model
ready for use.

In OPTIMA, Edinburgh, Merseyside, Vienna and Eisenstadt all used strategic models.

Tactical models are more detailed than strategicodels. Typically they represent each
(significant) road and public transport link in thetwork. The output of tactical models is more
complex than the output of strategic modefior OPTIMA purposes, there is a need for much
aggregation of this output, which can be extremely time-consuming if done manually.

The main advantage of tactical models for optat work (such as in OPTIMA) is that they
are already used in a large number of Europd#as to help design and assess various specific
transport schemes.

The cities of Tromsg, Oslo, Helsinki, Salerno and Torino all used tactical models.

Because each model was used consistently to produce a series of runs which were compared
with one another to find an optimum, therengs difficulty in comparing the optimum generated

by a strategic model in one city with that obtairieom a tactical model in another city. There

were, however, some differences between models which will have affected the comparability of
the results.
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The most important of these are :-

0] coverage limited to the peak periods in some models (Vienna, Eisenstadt, Torino,
Salerno) while the others modelled both peak and off peak;

(i) exclusion of walking and cycling from s@ models (Edinburgh, Torino) while the others
allowed for transfer of travel to and from those modes;

(i) inclusion of the effects of public trapert overloading (Edinburgh, Merseyside), while in

the other models it was necessary to detect packages in which public transport was
overloaded, and make separate adjustments.
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5.5 DESCRIPTION OF OPTIMISATION METHODOLOGY

This section describes the optimisation moeiology used in the OPTIMA project. Firstly, a
simple overview of the approach is given. isTls followed by a description of a “Basic
Method”, in which an optimum set of policyeasures is found with respect to one objective
function. Subsequently, this method is extehtte a “Comprehensive Method” which allows
the possibility to introduce extra objective fulncts and extra measures to the optimisation
process after the process has started.

5.5.1 Overview

Once measures and their ranges have beenedef{see Section 5.3), transport model runs are
carried out to test anitial set of combinations of transport measupegckages The number of
packages in this set is the minimum numbeuned to start up the optimisation process. The
actual packages are chosen using an orthogdesign so that as many different types of
combination of measure as possible are te&abject to the limit on the overall number of
initial runs).

The value of the objective function is calculated each package, using the results from the
relevant transport model run. It must be strédbat some packages are clearly ridiculous in
real policy terms whereas others might, by good fortune, lead to good results. The important
point of this step is to capture the effélcht policy measures have on the objective function
rather than to find an optimum.

Using the objective function values for these ihitiens, a statistical regression is carried out,
which aims to explain the (objective function) rfésin the form of an equation. The variables in

this equation are the values of the measures.éduation has a quadratic form: i.e. it has linear
terms and squared terms in it. It must be pointed out that this equation is a simplification: the
true transport model results cannot be represented quite so easily (the actual true function
representing them would be very complicated@he curve defined by the equation will have a
maximum value either within the range of feésibalues or else at the minimum or maximum
values that have been specified. This maximulaevaf the curve gives an estimate of what set

of transport measures give the highest value of the objective funcgomni.estimate of the
optimum set of measures within the ranges specified.

The transport model is next run to determine the true value of the objective function for this
predicted optimum package. The true value ilyiko differ significantly from the prediction at

this stage, because the prediction is based on only the minimum number of policy runs. To
improve on the estimate, the model run foe tporedicted optimum run, and runs for other
packages close to the estimated optimum, are added to the set of model runs.

Then, using the results of the new transpuddel runs as well as the initial runs, a new
regression estimate is made, leading to a new aaroptimum. Further transport models runs
are then carried out to calculate the objecfiwection for this new estimated optimum. This
procedure (involving transport model runs and statistical regressions) carries on iteratively until
the user is convinced that a true optimum has actually been achieved.

In order to focus the optimisation on packagese to the optimum, the objective function was
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typically weighted in the regression. Thetura of the weighting used differed between
objective functions, but this will not have affected the comparability of the results.

5.5.2 Basic Method

The basic method is summarised by the flow chaetn in Figure 1. For the sake of simplicity,
it is assumed in the following description thag thbjective function being considered is NPV.
However, exactly the same procedure is used for other objective functions.

Step 1concerns the precise definition of the objective function (as summarised in Section 5.2).

Step 2covers the selection of transport policy measures for the optimisation process as described
in Section 5.3.

Step 3involves making a set of initial transport model runs of various combinations of these
measures, selected according to an orthogonafj€so that as wide as possible “space” of
transport measures is covered). The minimum number of initial runs, n, can be derived from the
following rule of thumb:

n=(2*9+d+5

where c is the number of “continuous” policy maa@s and d is the number of “discrete” policy
measures. This number of runs will allow a linesgression to be made with both squared and
linear terms for continuous measures and dummy variables for discrete measures. Hence in the
case of OPTIMA, with five continuous variableand two discrete variables, the minimum
number of initial runs is 18. Using the outgtam the transport model and other output, the

NPV is estimated for each run. A standarda$el8 runs, covering the policy space as fully as
possible, was conducted in each of the nine citiksshould be stresdethat Step 3 was not
designed to generate a credible optimum, but simply to start the subsequent iterative process.

Step 4involves the creation of a regression moekxplain the NPV in terms of the policy
variables. Since there are five continuous véesland two discrete variables, the 18 runs will
only (meaningfully) allow this regression to bedran terms of linear and squared terms: i.e.
there is not enough dadé this stagefor cross-product terms (e.g. fare*frequency).

Step 5Suses the regression model from Step 4 to estimate the optimum set of transport policies.

Step 6 runs the transport model with the optimurh afetransport policies estimated in Step 5.
Other runs are carried out in this step which can be distinguished into two main types:
- packages that are “similar” to the estimated optimal set from Step 5, and which
would be expected to yield high NPVs.
- sensitivity tests which can be carried out for two purposes. The first purpose is
that they can help establish what igivehg” the optimal set of policies (i.e.
which measures are dominating the iatteent of high NPVs). The second
purpose is that they can help identifya local maximum has been achieved
which is not globally optimal, thus indicating that “another hill must be climbed”
in the optimisation process.

Steps 4 to 6are then repeated iteratively until convergence is achieved. At this stage, cross-
product terms are allowed in the regression in Step 4.
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To test convergence, the user has the follovilinge criteria (one subjective and two objective):

(@) Is the user satisfied that the latest regression model is qualitatively
satisfactory? For example, the useight be able to make a suggestion, by
observation, for a new optimum based upon the results around the existing
optimum.

(b) Is the regression model quarttitaly satisfactory? When creating a
regression model, there are three conditibias should be satisfied, with the first
being the most important:
(i) The standard errors for eachriable should be less than half the
absolute value of the estimatedefficient (otherwise the regression
coefficient for that variable is meaningless).
(i) The model should predict the highest runs (i.e. those with the highest
NPV) better than lower runs.
(iif) Where possible the convexity @oncavity of the quadratic function
for each variable (i.e. whether they have a maximum or a minimum)
should fit prior belief as to whethehey would in fact be convex or
concave; i.e. the regression should make sense in policy terms.

(c) Compare the “true” NPV for the lategttimal set of policies (as calculated by
the transport model) with the “estiredt NPV (as calculated by the latest
regression model). The procésss not convergedf *
(I) the regression value is more than 1@#éater than the true value from
the transport model run;
or (i) the regression estimate is letsan the value from the transport
model ru;
or (iii) the NPV from the “optimal” transport model run is less than the
NPV from another run already carried out.

Comments on this process:

() It is likely that there will be more #n one regression model that satisfies the
conditions in (b). It is the user’s judgemeas to how much time to spend finding the
best. This judgement must be dependent on loog it takes to run the transport model.

For tactical models with long run timesist probably better to spend longer finding the
best regression model than when a strategic model is used.

(i) The number of extra runs to be carried out in Step 6 is inevitably dependent on how
long it takes to run the transport model. Fansport model with a long time run is used

(i.e. tactical models with large networkg)is probably best to do a regression after each

run (since the time taken to do a regression is much less than the time taken to run the
transport model).

® These convergence criteria might need to be relaxedrtain cases. For example, it is sometimes difficult for
the regression process to represent atelyrthe effect of a minor measure st contributes only a relatively small
amount to the objective function. However, it is still usébulthe optimiser to attempt to reach the criteria stated.

“ If the regression estimate is less than the transport model run, it must generally be assumed that a better regression

can be found by adding the “new” information from the latest transport model run. If a subsequent regression can
represent this new run accurately, thgression is automatically superiorany other regressiasbtained before.
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(i) The algorithm outlined here is a stamdgrocedure for finding the maximum of a
function where the function can only be caltethby simulation (i.e. there is no explicit
analytical form to it), and where it is appimated at successive iterations by quadratic
functions. Using available literature on opsation theory, it should be possible to
develop more sophisticated algorithm@or example the last two quadratic
approximations could be used to specify newsras opposed to just the last one). This
issue is not so important when a strategiagport model (with a short run time) is being
used in the optimisation process. However, itasy relevant if a tactical model is being
used.

5.5.3 Comprehensive Method

Two main additions can be made to thecess of the Basic Method in order to get the
Comprehensive Method. What these additions hagenmmon is that they care seen as part of
an ongoing process: they can be injected into the Basic Method whenever it suits the user.

1. New objective functions can be addedSection 5.2 describes a sustainability objective
function (SOF). Furthermore, it describes hotentobjective functions can be created by taking

a weighted average of NPV and BOWhenever there is a desire to create an optimal set of
policies with respect to a new objective function, the following steps can be inserted in the Basic
Method:

Step 4a Create a regression model to explaia tiew objective function in terms of the
policy variables.

Step 5a Make other transport model runs based upon the regression model from Step 4a.

The procedure then continues until both NR\d @ahe new objective function are (separately)
optimised. It is important to remember that iprebably not necessary to do twice as many runs
(after Run 18) for two objective functions (comga to the Basic Method). Runs carried out for
optimising sustainability will have useful inforti@n for runs carried out to optimise NPV, and
vice-versa. This information will be particularyseful where a run yields high values for both
objective functions.

2. New continuous variables can be addedt is the user’'s judgement as to which variables
might be added. Typically they will be variables thagre either left out of the original set of
variables in order to minimise the number of initians or variables that merit inclusion as a
result of the iteration results. Often they will beiahles that are more disaggregated than those
used in the original definition of transparteasures. For example peak and off-peak public
transport fares charges could be introduced (tHisonly lead to one extra variable since all-day
public transport fares can then be droppedis the user’s judgement when to introduce new
variables. Certainly they cannot be introdudsxfore the completion of 24 runs. When new
variables are introduced, it should be straightforward to reformulate the results of previous runs
in terms of 5+n variables (where n is the nuntdifenew variables to be introduced). In the bus
fares example, the value of peak PT fare changehe same as the value of off-peak fare
changes for all those runs before the new variables are introduced.

Note on the statistical software packages used:
Three statistical software packages have beed imsthe OPTIMA project for the calculation of
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regression models: SPSS, SAS and GLIM. Tests haen carried out within the project to
ensure that they are being used in exactly equivalent ways: i.e. given a set of input data, the
resulting regression model is independent of which package is used.
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5.6 RESULTS FOR THE NINE CASE STUDY CITIES

5.6.1 Introduction

The full optimisation process, and the intermedmatelel runs, are described for each city in the
working paper on Work Packages 30 and 40 (OPTIMA, 1997c).

Table 8 gives the modal splits (both by tapd by distance travelled) for the modelled do-
minimum case in each city. Table 9 gives the seh@hsures for each city that leads to the best
EEF (theEEF optimunp, whilst Table 10 gives the set of maess leading to the best SOF (the
SOF optimum

Section 5.6.2 looks at the results on a city Ity basis whilst Section 5.7 makes comparisons
across cities. The initial results of the testshef effects of transport on land use in Edinburgh
are reported in Section 5.6.3.

Edinburgh | M'side Vienna Eisen- | Tromsg |Oslo Helsinki | Torino | Salernp
Modal splits stadt
MS (trips)-car 63% 62% 39% 45% 73% 68% 49% 57% 59%
MS(trips)-public transport 37% 15% 34% 3% 11% 22% 30% 43% 14%6
MS (trips)-others n/a 23% 27% 52% 16% 10% 21% n/a 27%
MS-(distance) 72% 67% 46% 58% 80% 69% 63% 60% 88%
car
MS-(distance) 28% 15% 44% 4% 12% 25% 37% 40% n/a
public transport
MS-(distance) n/a 18% 10% 39% 8% 6% n/a n/a 12%)
others

Table 8: Modal splits in the do-minimum case
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Measures Edinburgh | M’side Vienna Eisen- | Tromsg | Oslo Helsinki | Torino Salerno
stadt

Infrastructure investmerjtNo No No * * No No No No

high (IH)

Infrastructure investmerjtYes Yes No * * * No No No

medium (IM)

Road capacity (CAP) +20% +5% +109% | +109% [ +2094 | +209%% |+209%8° |+109%4 | +109%

PT frequency (FREQ) +85% * +100%| +1009% |-35% -26% | -30% 0% +5096"
Peak PT frequency * +60% * * * * * * *

Off-Peak PT frequency | * -30% * * * * * * *

Road pricing (ecus)(RP] 1.6 0 0" 0 0" 1,2 d 0 1

Parking charges (PCH)|] * * +226% +149% 0% -100% 0% +5004650%

Long term parking ~ -100% | * * * * * * K

charges (LTP)

Short term parking * +30% * * * * * i *

charges (STP)

PT fares (FARE) -60% -100% | +31% -100% | -50% -70% +25% -25% -50%

Modal splits

MS (trips)-car 52% 59% 35% 41% 2% 67% 52% 50% 56%

MS(trips)-public 48% 22% 39% 8% 12% 24% 25% 50% 17%

transport

MS (trips)-others n/a 19% 27% 51% 16% 9% 22% n/a 27%

MS-(distance) 60% 61% 42% 53% 79% 67% 69% 55% 87%

car

MS-(distance) 40% 24% 49% 9% 12% 28% 31% 45% n/a

public transport

MS-(distance) n/a 15% 9% 38% 9% 5% n/a n/a 13%

others

Cost model output

PVF (million ecus) +5 -2361 +127 -1 -2 +29 +999 +940 -58

EEF (million ecus) +1847 +2963 1294 +20 +37 +1230| +341 +1675 +167

SOF (million ecus) +266 +352 +444 +2 +17 +227% -1012 +230 +18

* indicates that the measure was not tested
~ indicates that the value of the asere was irrelevant at the optimum
# indicates a boundary value of the measure

$ indicates that the value of the measureiigertain (i.e. widely different valuesatd to similar NPV values at or near the

optimun)
Table 9: Summary table - best EEF

34



PROJECT OPTIMA : OPTIMISATIONDF POLICIES FOR TRANSPORT INTEGRATION IN METROPOLITAN AREAS

Measures Edinburgh | M’side Vienna Eisen- | Tromsg | Oslo Helsinki | Torino Salerno
stadt

Infrastructure Yes No Yes * * Yes No Yes Yes

investment

high (IH)

Infrastructure No Yes No * * * No No No

investment

medium (IM)

Road capacity (CAP) | +20% | +209¢' +1% +109% +2098 | +209%4" 0% +109% | +109%

PT frequency (FREQ)| +100% |* +1009%° |+1009% |-28% -20% 0% -30% +5086

Peak PT  frequency * +59% * * * * * * *

Off-Peak Pl * -42% * * * * * * *

frequency

Road pricing (ecud)2.8 d 0 0 2,5 7 ] 0 2

(RP)

Parking charges (PCH) * * +250% |  +149% -1009% -100% | +92% +500% | -100%

Long term parking |~ -100% * * * * * * k

charges (LTP)

Short term parking * +144% * * * * * i [

charges (STP)

PT fares (FARE) -100%  |-1009% +1% -1009% -1009%6 |[-10096 |-1009% |[-50% -100%

Modal splits

MS (trips)-car 47% 59% 31% 41% 65% 53% 35% 49% 53%

MS(trips)-public 53% 22% 46% 8% 17% 37% 46% 51% 22%

transport

MS (trips)-others n/a 19% 22% 51% 18% 10% 19% n/a 25%)

MS (distance) 54% 61% 37% 53% 73% 49% 44% 53% 88%

car

MS (distance) 46% 24% 55% 9% 18% 46% 56% 47% n/a

public transport

MS (distance) n/a 15% 8% 38% 9% 5% n/a n/a 12%

others

Cost model output

PVF (million ecus) -1230 -2604 -7077 -1 -17 +1874 -2815 -416P -174

EEF (million ecus) +1012 +2722 -2100 +20 +16 -2146 -915 -1958 +13p

SOF (million ecus) +295 +407 45 +2 +20 +526 +240 +270 +23

* indicates that the measure was not tested
~ indicates that the value of the measure was irrelevant at the optimum
# indicates a boundary value for the measure

Table 10: Summary table - best SOF

5.6.2 Results for the individual cities
56.2.1 Generalcomments

In this section the results for individual cities are reviewed. For each city the commentary
considers in turn:

the measures included in the EEF optimum;

the measures included in the SOF optimum;

the difference between these;

the impacts of both on modal split;

the differences between the EEFs;

the differences between the SOFs;
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e the differences between the PVFs.

Most of the results reported here are concewmitil the EEF and SOF optima before they were
reported to the cities as part of Work Package H0wever, as a result of the discussions with
city representatives, a number of sensitivity desere suggested. The results of these are
reported below in cases where they are felt to be particularly significant.

5.6.2.2 Edinburgh

The EEF optimum involves medium infrastructure; the maximum increase (20%) in road
capacity; an 85% increase in frequency; a @macng charge of 1.6 ecu; and a 60% reduction in
fares. Broadly these appear to be justifiable]j are reasonably consistent with previous policy
recommendations. However, the question arises as to how far the maximum increase in road
capacity is dependent upon the relatively low esstumed for it. Sensitivity tests showed that
the optimal change in road capacity only becéess than +20% when the costs were multiplied
by a factor of ten (which, from Table 5, wduiake the Edinburgh costs approximately the
same as the Merseyside costs). Long stalimg charges were irrelevant, because parking
activity was reduced to a minimum by roadicprg and public transport improvements.
Sensitivity tests showed that EEF could beeased from the EEF optimum by increasing short
term parking charges, with the maximum inceeas EEF arising from a maximum increase in
charges of 500%.

The SOF optimum is similar, but with theghi level of infrastructure investment; a 100%
increase in frequency; a road pricing charg2.8fecu and free fares. Long term parking charges
are again irrelevant. Again these seem broesthgonable. The main difference between the two
optima is that that for SOF involves greateraficial outlay. This is common to many of the
cities studied, and can be explained by the exatukom SOF of costs in other than the horizon
year.

The EEF optimum reduces the car modal shama $3% to 52%, and the SOF optimum reduces
it slightly further to 47%. Similar reductions, bubm a higher base, occur in car-km. Since the
Edinburgh model does not consider non-motoriseades, all of these transfer to public
transport. These reductions appear consistent with the strategies implemented.

The optimum EEF is the second highest amongithe cities. The EEF for the SOF optimum is
some 40% lower than this optimum, which carelgplained by the high costs of the additional
measures. However, this does demonstrate theat is a conflict between the two objective
functions. The SOF for the EEF optimum owever, only around 10% below the optimum,
suggesting greater flexibility in the specificem of the SOF strategy. The PVF for the EEF
optimum is virtually zero, indicating that it igossible in Edinburgh talesign an efficient
strategy which is revenue neutral. Again, thesifoms earlier strategy results for the city. The
PVF for the SOF optimum is substantially niagm indicating the high financial cost of
achieving optimal sustainability, mainly the high cost of light rail and free fares.

5.6.2.3 Merseyside

The EEF optimal strategy for Merseyside again involves medium infrastructure, this time
together with a 5% increase in road capacity; a 60% increase in peak frequency and a 30%
reduction off peak; free long term parking and a 30% increase for short term; and zero fares.
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These results are less immediately plausible. The increase in peak frequency and reduction off
peak can be explained by the higher benefits of inducing modal change and higher loading levels
in the peak; but it should be notdtat the costs of additional peak provision will in practice be
higher. The reduction in long stay parking charged the increase for short stay can possibly be
explained if the remaining long stay parkers sgen as captive, while those parking for shorter
periods can be induced to change mode stimkgion. A policy of charging less for long stay
parking than for short stay would clearly ne¢ede well-designed, and would probably involve
issuing long-stay permits at the workplace. This measure would be particularly attractive if
joined together with a car-pooling measure: peviding free long-term parking to registered
car-poolers.

The SOF optimum differs in increasing the raagacity by the maximum of 20%; reducing the
off peak frequency further (by 42%); and inciagsthe short stay parking charges further (by
144%). This does not show as much emphasiigh cost measures as in Edinburgh. The
further reduction in off-peak frequency for BEQcompared to EEF) is explained by the extra
emphasis of SOF upon fuel consumption: thrduction in fuel consumption through decreasing
bus frequency outweighs the increase in fuglstimption due to bus users switching to cars in
response to decreased frequency.

The EEF and SOF optima have identical impactsnodal split, with the percentage using cars
falling from 62% to 59% and the percentaggaefrney length by car falling from 67% to 61%.
These reductions are relatively small, and in peftect the low level of congestion currently in
Merseyside. However, they result in a 50% inoeaagublic transport use, primarily induced by
the zero fares.

The optimum EEF, at 2963 Mecu, is the highest of all nine cities. This is consistent with
Merseyside’s position as the most populous diy, is still surprising given the low level of
congestion currently experienced. The EEF forSé optimum is within 10% of this optimum,
while the SOF for the EEF optimum is around 1B&tow the optimum. These results suggest
that there is little difference in practice betweka two objective functions in this case. Both
PVFs are very negative, withahfor the EEF optimum by far the lowest of the nine cities; both
PVFs are almost certainly untenable in politicalifinial terms. It is important to note, however,
that the high PVF for the EEF optimum is fully gfied if the shadow pde of finance used (see
Section 5.2) is considered appropriaBensitivity tests showed that high EEFs could be still be
obtained with dramatically improved PVFs byimg a smaller reduction than 100% in fares.
For example, if the reduction in fares was only 5@¢%th other measures the same as at the EEF
optimum), an EEF of 2329 Mecus would be obtawét a PVF of -858 Mecus. Furthermore, a
reduction in both fares and long term parking cheugjeonly 30% (again with other measures at
the EEF optimum) led to an EEF of 1465 Mecus with a PVF of only -281 Mecus
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56.2.4 Vienna

The EEF optimum for Vienna involved the maximum (10%) increase in road capacity; a 100%
increase in frequency; a 226% increase in parkaharges; and a 31% increase in fares. This
seems broadly plausible, with parallel increasdsoth capacity and cost for public and private
transport. Sensitivity tests showed that: drthwere no fare increases, the EEF would fall by
approximately 30% to 914 Mecus; and thathiére were no increase in parking charges, the
EEF would fall by approximately 65%.

The SOF optimum differs by introducing the highdeof infrastructure investment; reducing

the road capacity to virtually current levels; slightly increasing the parking charge; and reverting
to approximately do minimum fare levels. €nagain, the higher level of investment is
explained by the concentration in SOF on futurggsand benefits. The justification for reducing

the road capacity is slightly less obvioushaiigh it will limit the growth in fuel consumption,

as will avoiding the fares increase.

The EEF optimum reduces the proportion apdrby car from 39% to 35%, and the SOF
optimum reduces them further to 31%; in the ferrnase all trips transfer to public transport,
while in the latter public transport also attrastene travel from other modes. Broadly similar
changes occur for the shares of trip-km. Thads@nges are consistent with the policy changes
introduced.

While the optimum EEF is the fourth highestang the cities, the EEF for the SOF optimum is
strongly negative, largely because of the higkt€m®f increasing public transport frequency.
Conversely, the SOF for the EEF optimum isusnd 40% lower than the optimum; while this
difference is still substantial, it suggests that SOF is less sensitive to policy specification than
EEF around the optimum. The PVF for the EEF optmmis slightly positive, despite the high
costs of increasing public transport frequencyweeer, the PVF for the SOF optimum is by far

the most negative of all nine cities. This can be explained by the combination of the high costs of
the high level of infrastructure investmente tthaximum frequency increases (including the
new public transport infrastructure) and the removal of the fares increase. A sensitivity test
showed that if the frequency were to be dased by 10%, the PVF would be at a much more
acceptable level of -393 Mecus. Howevee 80OF would be reduced from 745 to 143 Mecus
and the NPV from -2100 to -3596 Mecus.

5.6.2.5 Eisenstadt

The EEF optimum and the SOF optimum fosdfistadt are identical, involving a maximum
(10%) increase in road capacity; a 100% increadeeguency; an increase of 149% in parking
charges and a reduction of 100% in fares. This strategy appears sensible; public transport is
being substantially improved, albeit from a véow base, while the costs of car use are being
substantially increased.

The combined optimum reduces the percentadgeps by car from 45% to 41%, and more than
doubles the increase in the public transport share from 3% to 8%.

The combined optimum has a slightly negatived=R} -1 Mecu. Values of EEF, SOF and PVF

38



PROJECT OPTIMA : OPTIMISATIONDF POLICIES FOR TRANSPORT INTEGRATION IN METROPOLITAN AREAS

are all small, given the small scale of the city.

5.6.2.6 Tromsg

The EEF optimum for Tromsg includes the mmaxim (20%) increase in road capacity; a 35%
decrease in frequency; no change in parkinggggmo road pricing; and a 50% fares reduction.
The main focus is thus on using reduced fareatti@ct car users, and a reduced frequency to
reduce resource costs. At first sight thegmpear incompatible but further checks have
demonstrated that the public transport systeouisently operating witlexcess capacity in the
off-peak. A sensitivity test has shown thafréquency were to be reduced by a maximum 50%
in the off-peak but increased by 10% in the peak, EEF would increase by 25%.

The SOF optimum involves a maximum road capacity increase; a decrease in frequency of 28%;
a 100% reduction in both fares and parking charged;a road pricing charge of 2.5 ecus. The
main differences from the EEF optimum are agreéase in the attractiveness of public transport
and replacement of parking charges by road pricifige first of these will be at the expense of

an increase in financial costs. The second showdrease the effectiveness of the strategy in
reducing fuel consumption.

The EEF optimum generates a very slight reduatiothe car share of all trips from 73% to
72%, whilst the SOF optimum induces a reductioB386. Virtually all of the transfer for the

SOF optimum is to public transport; Tromsg is not well suited to encouraging an increase in
walking and cycling. The effects on the car share of trip-km are similar.

The EEF optimum is 37 Mecus, and the EEF for the SOF optimum is 16 Mecus. The SOF
optimum is 23 Mecus, and the S@J the EEF optimum is 17 Mecus. This suggests that SOF is
somewhat less sensitive to policy specification than EEF around the optimum.

The PVF is 17 Mecus for the EEF optimum, and/#&cus for the SOF optimum. This confirms
that the EEF optimum is achieving greater ecanagfficiency primarily by reducing provision

of public transport, while the SOF optimumashieved at the expense of a small increase in
financial outlay.

5.6.2.7 Oslo

The Oslo EEF optimum includes the maximum (20%) increase in road capacity; a 100%
reduction in parking charges; a reduction of 26%equency; a road pricing charge of 1.2 ecus;
and a decrease of 70% in fares. As in Tmntke reduction in both public transport frequency
and fares seems surprising, but checks have sha@avmitst of this can be achieved by reducing
frequency in outer areas where crowding is naa#fd. A sensitivity test has shown that if peak
frequency were to be decreased by only 20%o0ffiupeak frequency were to be decreased by
31%, there would be a 5% impraowent in EEF.  Sensitivity tests have considered separate
levels of change for bus and rail, reflecting thecmhbigher costs of frequency increases for rail.
These suggest that, with the other measured fikee best frequency change for bus would be -
15%. The EEF optimum for Oslo also invadveeplacing parking charges by a road pricing
charge, indicating that this is a slightly more effective way of reducing congestion costs.

The SOF optimum has high public transport asfructure investment, a public transport
frequency reduction of 20%, zero fares, a rpaiding charge of 7 ecus and, as in the EEF
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optimum, a 20% increase in road capacity and zero parking charges. The main differences from
the EEF optimum are the much increased noacing charge, designed to reduce car use and
hence fuel consumption, and the improvementgutolic transport. Checks indicated that this
strategy may in practice not be feasible,csirthe public transport would be over capacity.
Sensitivity tests indicated that, with bus and opilimised separately, the best frequency change

for bus was +25%.

The EEF optimum reduces car use slightly, from 68% to 67% of all trips, and slightly increases
the public transport share from 22% to 24%e BOF optimum has a strong impact on car use,
which falls to 53% of all trips, while publicansport use increases to 38%. These differences
from the EEF optimum reflect the major differences in overall strategy.

The optimum EEF is 1230 Mecus, while the Ef6F the SOF optimum is strongly negative,
reflecting the high costs of infrastructur@darestraint of car use to below the economic
optimum. The optimum SOF is 526 Mecus, while the SOF for the EEF optimum is 227 Mecus,
suggesting once again that SOF is less itemsto policy specification. PVF for the EEF
optimum is slightly positive, at 29 Mecus, whileat for the SOF optimum is much higher, at
1874 Mecus. This result is in marked contrtasthe PVFs for other cities’ SOF optima. It
appears that the high road pricing charge is ntioae sufficient to cover the financial costs of
the strategy.

5.6.2.8 Helsinki

The EEF optimum for Helsinki includes the largest (20%) increase in road capacity; a reduction
of 30% in frequency; no change in parking ¢es and a 25% increase in fares. This somewhat
surprising result is explained by the current Higyel of public transport provision and one of

the highest percentage subsidies of the case study cities. The fare income decrease due to lost
passengers is compensated by an increase in fahestravel speed of the increased number of

cars is ensured by adding road capacity in the central areas. In other words, it is argued,
resources can be saved by streamlining the public transport service.

The SOF optimum has no change in road capacity or frequency from the do-minimum; a 92%
increase in parking charges; and introduces zero fares. This strategy is in marked contrast to the
EEF optimum, since it removes the road improvetsiereverses the public transport reductions

and substantially increases the costs of car uieigity centre. Sensitivity tests indicated that

zero fares were the key element in any SORegya and that the effects of parking charges,

road pricing and infrastructure were to some extent interchangeable.

The EEF optimum increases the car mode eshfiom 49% to 52%, and also increases non
motorised travel, both at the expense of putshaosport. With the SOF optimum, however, car

use falls dramatically, to 35% of trips. These results are consistent with the marked differences
in strategy.

The EEF for the SOF optimum is negative,pliasising the marked difference between the
requirements of the two objectives. The SOF value for the EEF optimum includes the hard
penalty for an increase in fuel consumption, which is to be expected given the increase in car
use. This again reinforces the differencawmen the two strategies. The PVF for the EEF
optimum is strongly positive, which can be eaipkd by the reduction in the current high level

of expenditure on public transport. The remadaiares inevitably imposes a large negative PVF

on the SOF optimum.
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5.6.2.9 Torino

The EEF optimum for Torino involves the high€Bd%) increase in road capacity; no change in
frequency; no road pricing; the highest (500%) increase in parking charges; and a 25% reduction
in fares. This strategy aims to encourage amdfer from car to public transport to reduce
congestion. It is perhaps surprising that tdptimum did not include an increase in public
transport frequency, but the costs of such increases are high.

The SOF optimum also includes the highestaase in road capacity, the highest increase in
parking charges and no road pricing. Howeitaalso includes a reduction in frequency of 30%,
high public transport infrastructure and a reductiofares of 50%. The main differences from
the EEF optimum are in the constructiontbé underground rail network, which permits a
reduction in frequency on the existing serviced a further fares reduction. This strategy is
explained by the lack of capital costs in the SOF optimisation.

The maximum increase in parking charges aedréfaluction in fares in the EEF optimum have,
together, reduced the car mode share from 57%9% of trips, and from 60% to 55% of trip-

km. Since non-motorised modes are not modelddd,of these reductions are reflected in
increases in public transport use. In spite of the decrease in frequency, the further reduction in
fares and high public transport infrastructure in the SOF optimum reduce the car mode share
marginally further to 49% of trips and 53% of trip-kms.

The EEF at the EEF optimum is the third highest, at 1675 Mecu; this is justifiable, since Torino
is the second largest city tested. The SOth@tEEF optimum is, at 230 Mecu, approximately
20% less than the SOF for the SOF optim@v0( Mecu), suggesting that SOF is not very
sensitive to policy specifications where these @alatively near the optimum. However, the
EEF at the SOF optimum is, at -1958 Mecu,gbeond worst EEF for a SOF optimum. This is
explained by the very high caesof providing the underground system (3459 Mecus). This is
reflected also in the differences in PVF. atlior the EEF optimum is +940 Mecus, primarily
because of the substantial increase in parkawgnues. That for the SOF optimum is -4169
Mecus, reflecting the high cost of the underground system and the further loss of fares revenue.

5.6.2.10 Salerno

The EEF optimum for Salerno involves the maximum (10%) increase in road capacity; a
maximum (50%) increase in frequency; a roadipg charge of 1 ecu; a reduction of 50% in
parking charges; and a reduction of 50% in fafds.of these are consistent with an overall
strategy of diverting travel from car to publi@ansport. Sensitivity tests indicated that the
parking charge and road pricing measures largely interchangeable, since there is little
through traffic in Salerno. A virtually ideotl EEF was obtained using a 75% increase in
parking charge and zero road pricing.

The SOF optimum also includes maximum incesag road capacity and public transport
frequency, as well as high infrastructure inwestt; a road pricing charge doubled to 2 ecu;
removal of parking charges and zero fare&gain, road pricing and parking charges were
interchangeable. These changes are consistentheittack of initial investment costs in SOF,
and with the need to induce an additional tskof public transport in order to reduce fuel
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consumption.

The EEF optimum produces only a small reduction irusat from 59% to 58%f all trips, with

the transfer being to non-motorised travel. Téiggests that the effects of road pricing and
parking charge reductions are roughly in balafite SOF optimum reduces car use to 53% and
also reduces non-motorised travel from 27% to 28%ips. This is consistent with the strong
emphasis on public transport in the SOF optimum.

The EEF for the SOF optimum is around 20% lowean the optimum, while the SOF for the
EEF optimum is around 25% lower than its optimuBoth of these suggest a relatively small
trade-off between the two objective functions, etteough the strategies are quite different in
their emphasis. The PVF for the EEF optimumlightly negative, suggesting that the change in
revenue from car users is not quite sufficiemfinance the capacity and frequency increases.
The PVF for the SOF optimum is much more neallig negative, as a result of the removal of
fares and parking charges, and the costs of infastructure, partly offset by the doubling of
the road pricing charge.

5.6.3 Land use effects in Edinburgh

Within the overall task of determining methodshielp switch traffic to public transport, the
objectives of OPTIMA intended that these methsksuld include land use as well as transport
policy instruments. Due to the capabilities of skrategic models, it proved not to be possible to
address the land use issue across the nine cliesever, for the city of Edinburgh, a separate
study has been carried out, the objectives of which were:

() to increase understanding of the impactactessibility and environmental quality on
individuals’ and firms’ location decisions;

(i) to use the findings of (i) to enhance a neweéveloped strategic transport and land use
interaction model;

(i)  to use the enhanced model to assess thecatipins for urban sustainability of the impact
of transport policy on location choice;

(iv)  to use the enhanced model to assess the eejaiformance of different combinations of
transport and land use strategy.

Literature reviews and interviews as part of 8tudy demonstrated that the impact of transport
on land use is perceived as a serious gap inypohderstanding. Interviews also revealed that
land use-transport models are treated witimesoscepticism, because there is insufficient
understanding of such relationships within themd insufficient familiarity with existing
models.

As a result of this lack of understanding, there is a danger that impacts of transport on land use
might have counter-productive effects on the lasd - transport strategy. For example, road
pricing which, as has been shown in OPTIMAd elsewhere, may be a key element in a
sustainable transport strategy, may reduce ssduéity by private car, and hence lead to
outmigration of business, thus producing a lessasniable land use pattern. Conversely it could
enhance the city centre environment, and henceueage certain firms to relocate to the centre.
These twin impacts of transport policy on acdagi and on environmental quality are the key
elements in predicting the resulting location decisiof individuals and firms, and need to be
better understood if sustainable land use - transport strategies are to be developed.
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This section reports the key elementshaf Edinburgh study, as reported in Bristewval (1997).

It should be noted that Bristogt alis concerned with the initial $&s on the land use impact of a
range of transport measures for Edinburglsedaon initial runs of the START-DELTA model
which was developed in response to objective (ii) above.

The land use analysis was based on a locational sub-model in which the change in the utility of
location is defined in terms of a series of abkes including accessibility and of transport-related
environmental quality.

Seven basic transport strategies were testedthiéie levels of location response to accessibility
and environmental indicators. The seven strategies were based upon: -

e do-minimum (described below);

e do-minimum plus Light Rapid Transit (LRT)Xthe OPTIMA high-infrastructure option)
involving two lines North-South and East-West with a high frequency of 12 trains per hour;

e do-minimum plus two way road pricing cordomand the city centre ¢gan OPTIMA) with a

charge of £1.50 per crossing in either direction;

do-minimum plus a reduction in bus fares of 50%;

do-minimum plus LRT and road pricing as above;

do-minimum plus bus fare reduction and road pricing;

do-minimum plus LRT, bus fare reduction and road pricing.

The do-minimum strategy, which was the saasein OPTIMA, had the following features:
SCOQOT traffic control, M8 extension, increasesity centre parking charges, switch from private
to more public parking spaces, greenways on maghalsa(corridors with significant bus priority
and traffic calming), fare inflation of 1.29 ov20 years, and earnings index 1.8 over 20 years.

The most striking result of the Edinburgh studytenms of strategies was the response to LRT
strategies. The very high frequency LRTsteyn as modelled in the study provided better
alternatives to bus and some car routes for jarityaof OD pairings within the Edinburgh area; it
also provides limited park and ride facilities foms® of the outer zones. The response to this
increased accessibility was to centralise the paipalavithin the centre of Edinburgh where the
changes in accessibility were greatest. This rebsuttdiigher city centre rents and as a result of
this the larger households, who are more sersitivchanges in accessibility, tended to dominate
the city centre. This resultéd total trips increasing with LRT strategies; though it was not clear
whether this increase in trips was a trips rate issue (with more people in the high trip rate zones) or
whether it was related to the LRT system itsedfu@ng generalised costs and thus allowing more
trips to take place.
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Conclusions
The overall conclusions resulting from the study were:

() At the response levels tested, the impacts of land use response were small in terms of trips,
car trips and hence fuel consumption.

(i) However, the impacts on location were sfgaint, particularly for strategies involving
LRT. The impact was less on jobs than on population.

(i) Similarly the impacts on choice of publicansport mode with response to accessibility
included were substantial, with marked diffezes between those with and without LRT as
an element.

(iv) At the levels tested the accessibility patts on trip patterns were greater than the
environmental ones, but the latter were amsportant, and for LRT strategies act in the
opposite direction.

(v) In terms of response to the environment, only road pricing could improve the city centre
environment significantly and so cause imgration; however, when the responses are
combined this is outweighed by the decdisiray effect of the response to reduced
accessibility.
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5.7 COMPARISONS OF OPTIMAL STRATEGIES ACROSS CITIES

This section is concerned with comparing tliges in terms of their EEF and SOF optimal
strategies as determined by the modellingcess in Work Packages 30 and 40. It is not
concerned with feasibility or acceptability which are dealt with in Sections 5.8 and 5.9.

5.7.1 Public transport infrastructure investment

No city had high public transport infrasttuce investment in its EEF optimum, although
medium infrastructure investment was includethe EEF optima of Edinburgh and Merseyside.
The problem here for comparison is that therdedin of “large” and “medium” public transport
infrastructure is extremely city-dependentblea6 shows the cost of high and medium public
transport infrastructure for all cities where it wasted, and it can be seen that there is a wide
variation in costs. This variation is largelypéained by the different nature of infrastructure
measures. The problem of lack of comparabiitypublic transport infrastructure, which also
applies to road infrastructure investment, hasn acknowledged since the start of the OPTIMA
project, and explains why a majority of the meas being tested are “continuous” (which are by
nature more comparable across cities).

With regard to SOF optima, five cities (Edingbr Vienna, Oslo, Torinora Salerno) had high
infrastructure in their optimal sets of measures. Helsinki included high infrastructure in several
close to optimal strategies. Given thae Merseyside SOF optimum included medium
infrastructure and that neither Eisenstadt dfoomsg tested any form of public transport
infrastructure, it follows that public transportfrastructure is generally a key element of the
SOF optimum. The difference here, comparetheoEEF optima case above, can be explained
by the fact that present day investment costs ptayole in the SOF so that, in general, SOF
would be more likely than EEF to favour infrastructure measures.

5.7.2 Road capacity changes

Eight of the nine cities included the maximunerigase in road capacity in their EEF optima,
while Merseyside had a marginal increas&he position for the SOF optima was similar,
although Helsinki rejected the measure, Vienna substantially reduced it, and Merseyside
increased its use. The different approaciMarseyside can be explained by the much higher
cost of the measure, and the lower level of congestion in the do-minimum. The other cities
assumed a low cost for these changes (TabMt&rh will not allow for remedying any negative

side effects of such changes. This increas®a capacity is at first sight somewhat counter-
intuitive. However, it should be stressed tingirovides a relatively low cost way of improving
efficiency, while other measures in the strategylmamsed to control car use. Possible impacts

on cyclists or pedestrians may need to be examined.

5.7.3 Public transport frequency
The changes in public transport frequency in the EEF optima are extremely variable across

cities. The Vienna, Eisenstadt and Sateroptima contain maximum frequency increases
(100%, 100% and 50% respectively) and the Edinburgh EEF optimum contains a near-maximum
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increase (85%). On the other hand, the Helsiflldlo and Tromsg EEF optima all include a
frequency reduction of around 30%. One explanation for the mixed results can be found by
looking at the Merseyside results where therecharly different results for peak and off-peak
frequency. If this result were common to all cities, the aggregate frequency changes would be
heavily dependent on the already-existing all@rawf resources between peak and off-peak.
Sensitivity tests in Oslo have confirmed this.

The public transport frequency changes in thé $ptima were the same as in the EEF optima
for three cities (Vienna, Eisenstadt and Sad¢r The frequency increases for the Edinburgh,
Oslo and Tromsg SOF optima were approximatiedysame as for the EEF optima (within 15%
of each other), although in all three cases taguency was higher in the SOF optimum than in
the EEF optimum. In Merseyside the pef&quency change in the SOF optimum was
approximately the same as in the EEF optimurilst the off-peak frequency change in the
SOF optimum was slightly more negative tharthea EEF optimum (-42% compared to -30%).
Helsinki and Torino showed the greatest chamgtly Helsinki reversing the capacity reduction
in its EEF optimum, and Torino introducing orike latter is explained by the replacement by
high infrastructure provision.

Generally the policy on public transport frequemgpears to be highly sensitive to the current
level of provision, with those cities with the higihg@ercentage subsidies most likely to have a
reduction in frequency recommended.

5.7.4 Road pricing

Only three cities, Edinburgh, Oslo and Salerno, had a road-pricing charge in the EEF optima.
All these charges were relatively modest (1.6,ah@ 1.0 ecu respectively). In the SOF optima,
four cities (the above three plus Tromsg) had madng charges, all of which were at a higher
level than for the EEF optima. The increaseOslo, from 1.2 to 7.0 ecus, was particularly
marked, and helps explain the substantiallyitpes PVF and negative EEF of this strategy.
Generally it appears, as noted below, thaad pricing and parking charges are broadly
interchangeable in their effects.

5.7.5 Parking charges

For the EEF optima, three cities (Vienna, Eiseds and Torino) had increases in parking
charges of over 100%. On the other hand, the &&ffnum of Oslo had free parking; that of
Salerno had a 50% decrease in charges; whsEEF optimum of Merseyside had free long-
term parking but an increase of 30% in short-term parking. Moreover, the EEF optimum for
Edinburgh was insensitive to parking charges becalidee impact of road pricing. In all cases
except Merseyside, low parking charges were consistent with the introduction of road pricing.

In the case of SOF optima, the results are ewere polarised than in the EEF optimum case.

The three cities with the largest increases nkipg charges for EEF optima (Vienna, Eisenstadt

and Torino) had approximately the same increases in the SOF optima. On the other hand, the
SOF optima in three cities (Tromsg, Oslo and rBalehad 100% reductions in parking charges.
Helsinki introduced a 92% increase, whilebdinburgh the SOF optimum was again insensitive

to parking charges. Finally, the SOF optimumM#rseyside (where long-term and short-term
parking charges were considered separately) had a 100% decrease in long-term parking charges
and a 144% increase in short-term parking charges.
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The likely conclusion from these results is ttia# optimum level of parking charges is highly
dependent on synergies with other measures. sigrgficant that in the EEF optima, six cities
(Vienna, Eisenstadt, Oslo, Torino, Edinburgh &®alerno) had either large parking charge
increases (more than 100%) or road pricing,tbat none of them had both. This result would
confirm the intuitive expectatiothat the two measures would be roughly equivalent, since they
both concentrate on restricting traffic into thy @entre (however, road pricing clearly affects
through-traffic in the city centre whilst parkingasiges do not). In the case of the SOF optima,
all cities either had large parking charge increases (over 90%) or road pricing.

5.7.6 Public transport fares

There was wide variation between cities on the public transport fares policies in the EEF optima,
although there was more emphasis upon fares tieducather than fares increase. The
Merseyside and Eisenstadt EEF optima had fisees, whilst in Edinburgh, Tromsg, Oslo and
Salerno there were also substantial decreasksarof at least 50%. On the other hand, Vienna

and Helsinki had increases in fare. The resaolnfiienna is partly explained by the increase in
frequency and the overall emphasis on increased cost. That for Helsinki appears to be due to
current high levels of subsidy.

On the other hand, seven cities (all except Vieammé Torino) had free public transport fares in
their SOF optima, while Torino had a reduction56f6 and Vienna onlad a tiny increase of

1%. Whilst free or reduced public transport fames likely to have contributed significantly to

the high negative PVFs of SOF optima in Mstside, Edinburgh, Helsinki, Torino and Salerno,
one city (Oslo) was able to achieve a hygphositive PVF with a package including free public
transport fares. Furthermore, it is ironic that the city with the highest negative PVF for a SOF
optimum (Vienna with a PVF value of -7077ekls) was the only city to increase public
transport fares.

It is interesting to note that three cities (Tromsg, Oslo and Salerno) all had “free public transport

and free parking” policies in the SOF optima,ilsthMerseyside had a “free public transport and
free long-term parking” policy.
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5.8 THE CONSULTATION PROCESS

The city authorities of each city were consulsesdthe work progressed in order to ensure co-
operation and to gather their suggestions and opinions, which were then taken into account
during the study.

The process began with a meeting with the atthorities in which the purpose of the OPTIMA
project was explained and the timedology described. At this meeting the cities were asked to
indicate whether they were interested in sachroject and also if they were willing to co-
operate by providing suggestions, ideas and opsduring the different phases of the study.

In general the responses were all positive: alkthes showed interest and curiosity and agreed
that the project could be useful to identifytioml urban transport strategies, to assess the
acceptability and feasibility of impmentation of these strategies and to provide more general
guidance on urban transport policy. This initiabalission in some cases was also useful to
define the ranges of each policy measure to be tested in the optimisations.

When intermediate optimisation results becamalable, new meetings were planned in order

to establish the opinion of the city authoritiaad to incorporate their suggestions in the
continuing work. On this occasion the cities pd®d some indication of new combinations of

the different measures which cdube tested, based on the results obtained so far. This also
included in some case tests on single measures (sensitivity tests) as well as tests on strategies
preferred by the cities, where these differed significantly from the optimisation results.

At the end of the project a questionnaire was gieethe city authorities in order to enable them

to summarise their comments on the whole project and its final results. The questionnaire
consisted of a series of open questions to lwitievas also possible to give a numerical score
that represented the level of agreement orfaatisn with the item referred to in the question.
The questions are summarised in Table 11. ddrapleted questionnaires made it possible to
analyse the feasibility and acceptability of theimpm strategies and any barriers to their
implementation. Final comments on the each cijrategy could thus also take into account the
opinions expressed by the city itself.

The complete version of every questionnatan be examined in the WP50 report of the

corresponding city (OPTIMA, 1997d). A summadseersion of the results of all the
guestionnaires is shown in Table 12.
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QUESTION |DESCRIPTION RESULT/SCORE
(O=not at all, 5=yes
1 Interest in the set of measures that were tested 0-5
2 Before knowing the final result was an optimum Ek€s/no
strategy forecast?
3 Before knowing the final result was an optimum Sé&s/no
strategy forecast?
4 Is the selected EEF optimum sensible? 0-5
4.1 Is it feasible? 0-5
4.2 Is it publicly acceptable? 0-5
4.3 Is it politically acceptable? 0-5
4.4 Are there any barriers to its implementation? 0-5
4.5 Can these barriers be overcome? 0-5
5 Is the selected SOF optimum sensible? 0-5
5.1 Is it feasible? 0-5
5.2 Is it publicly acceptable? 0-5
5.3 Is it politically acceptable? 0-5
5.4 Are there any barriers to its implementation? 0-5
5.5 Can these barriers be overcome? 0-5
6 Does the concentration on sustainability explain|@&
difference between the EEF and SOF optima?
7 Was another new more acceptable or feasible stragyegjno
suggested?
8 Degree of satisfaction with the methodology used0t6
analyse and select the strategies
9 Degree of satisfaction with the criteria used to anal§<e
costs and benefits of strategies
10 Are the data presented the ones you would like to kGebv
for choosing a strategy?
11 Degree of satisfaction with the whole method 0-5
12 Additional requirements or suggestions to improve| thpeecify)
method
13 Other specific suggestions (specify)

Table 11  The questionnaire for the cities
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EDINBURGH

EISENSTADT

HELSINKI MERSEYSIDE

OSLO

SALERNO

TORINO

TROMSJ

WIEN

Answer (1=yes 0=no)

total

averag

1. Interest in measures

4.3

. NPV optimum forecast?

yes

yes yes

W

yes

yes

yes

yes yes

yes

[

yes

2
3. SOF optimum forecast?
4. NPV optimum

[N

20

2.2

4.1 feasible?

19

2.1

4.2 publicly acceptable?

20

2.2

4.3 politically acceptable?

22

2.4

4.4 barriers?

Wi~

=
olNvIN| O

N[~ |O+

MR ENES

Rlw|w|-

15

1.7

4.5 possible to overcome barriers?

[d%]

5. SOF optimum

20

2.2

5.1 feasible?

17

1.9

5.2 publicly acceptable?

26

2.8

5.3 politically acceptable?

17

1.9

5.4 barriers?

NdIA™|™

w|o|o|w

R |o|-

o|o|o|o

NININN

w|r|o|~

14

1.6

5.5 possible to overcome barriers?

DD

L4

6. sustain. explain different stegies?

27

3.8

7. another strategy suggested?

yes

yes

€S

ng

ES

no

7.1 feasible?

4.3

7.2 publicly acceptable?

4.0

7.3 politically acceptable?

3.8

7.4 barriers?

2.6

7.5 possible to overcome barriers?

8. methodology and strategies?

9. cost-benefit criteria?

I

2.5

10. used data?

S

2.9

11. satisfaction with method?

2.8

12. Cities suggestions for method
improvement

see text

13. Other specific suggested by cities

see text

Table 12: Results of city consultations
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All the city authorities considered the set ofamures in the OPTIMA project to be of great
interest. Naturally, some also showed interest in other measures unique to their own situation
(for example, changes in fuel tax) which warg covered in the optimisations. Opinions on the
methodology were also generally good. All the cities agreed that the final results represented the
optimum strategies from the economic and ausbility point of view, though in many cases

the optima did not conform to their own ‘best stgats’. It was considered that the difference
between the optima and cities’ own best strategere due to the city objectives not being fully
represented in the specification of the objecfivections. The comments from the cities on the
method and on the results form an importamut to the development of Europe-wide
application of the OPTIMA results and methods.

The results of the consultations on the feasibditgl acceptability of the optima are reported in
Section 5.9 and comments on the method in Section 5.10.
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5.9 FEASIBILITY AND ACCEPTABILITY

5.9.1 General

Once the optimum strategies had been identified, they were analysed and discussed, both among
the project partners and with the respective aitthorities. This was done terms of feasibility
(financial, practical or legislative) and of actapulity (to the public and to politicians). In
addition, the authorities were asked to indicate any barriers to the implementation of the optimal
strategies. These observations could be generdture or be made in terms of advantages and
disadvantages to particular user classes. Theffigrals were also invited to suggest alternative
strategies which they would wish to have tested, and the opportunity was taken to discuss these
results. None of the alternatives proposed performed better than the predicted optima.

In practice, during the course of the condidtes, it was frequently found that the feasibility,
public acceptability, political acceptability and barriers to implementation were inter-connected,
with particular issues (e.g. insufficient fir@m unacceptably high road pricing charge) coming
up under several of these headings. In tletiens which follow the results have been
restructured to some extent to reduce tiegetition. In addition, it was often the case that
‘feasibility’ and ‘barriers to implementation’ seeoh to be considered to be the same by the
cities. Consequently, in the following sectipfizarriers to implementation’ are included under
the appropriate ‘feasibility’ section.

This section reports the results of this adtation process. The next sub-section (5.9.2)
contains the results for each city, whideport the feasibility (including barriers to
implementation), public acceptability and politicatceptability of the city's EEF and SOF
optima. The following sub-sections (5.9.3 and 5.9.4) in then summarise the results in a
systematic way over all cities, in a fornfatlowed thereafter through the remainder of the
report.

It should be noted that only the issues relatethéobest strategies (EEF and SOF optima) are
reported.

5.9.2 Results for each city

This sub-section reports all the comments ntadeach city on the OPTIMA method; and on the
feasibility, public acceptability, political acceptabiliyd barriers to implementation of the EEF
and SOF optimum strategies.

5.9.2.1 Edinburgh

Edinburgh were generally happy with the approach adopted and were very interested in the
results. However, there were several isaifemportance to Edinburgh which are not accounted
for in the transport model and which would ndedbe addressed within an overall strategy,
before adoption and implementation. Theseuidet!l encouragement of cycling and walking and
issues of land take, noise and health. In aslditedinburgh would have liked to have taken into
account supply and charges for private non-residgdiking and to have a distinction between
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central area and non-central measures.

EEF optimum strategy

The optimum strategy considered to be brpadllogical one to mawiise NPV, though there
was some surprise that the best 35 stratdgreBdinburgh in NPV terms all included increases
in road capacity. This is important, as it veasmsidered that a 20 per cent increase in capacity
would almost certainly need some new roadstruction and such construction would form the
largest barrier to public acceptability. Overall, lewmer, the EEF optimum was considered to be
generally feasible provided that suitable legfisin for road pricing could be enacted and
provided that there could be changes to the eegry framework of public transport (currently
deregulated). Both of these would require a long time, certainly several years.

There could be difficulties with public acceptanoke EEF strategy if the increases in road
capacity (+20%) required new highway constiatti Public acceptance could also be increased
if there is a clear link between road pricing charges and transport investment.

There were two major barriers to political acceptaacg:road construction needed to attain the
capacity increases (+20%) and the political difficglted introducing road pricing (1.6 ecu). In
the case of the latter measure, the political difffcaould be reduced if similar schemes could
be shown to be successful elsewhere and (asaned) if the public could see the income from
road pricing being used on transport system improvements.

Political and public acceptance problems could alswur if it became necessary to raise local
taxes to finance the costlier elements: fares reduction (-60%) and public transport frequency
increase (+85%).

SOF optimum strategy

In Edinburgh the measures suggested by the SOF optimum strategy (-100% public transport fare,
+100% public transport frequency, high publiansport infrastructure, +20% road capacity)
were considered to be a sensible combinatioorder to maximise the SOF. They were also
considered to be feasible, but only in a puredpns$port terms, because they are too expensive to

be realistically implemented.

It was considered that the free fares compomweould tend to make the SOF optimum more
attractive than the EEF optimumrfthe public, especially if this could be seen to be a direct
result from the road pricing charge. However, as with the EEF optimum, there could be
difficulties with public acceptance dhe SOF strategy if the increases in road capacity (+20%)
required new highway construction. The higlmead pricing charge (2.8ecu) in the SOF
optimum might also cause problems of public acd®littaas could the high cost of constructing

the LRT.

The political problems would be similar to those for the EEF optimum. The higher road pricing

charge (2.8 ecu) could be an additional problene fAigh cost would also be difficult to justify
politically.
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5.9.2.2 Merseyside

Merseyside were generally satisfied with the method, including the data components and the
cost-benefit analysis criteria, and were very riegééed in the results. They suggested that it
would be useful to include parking supply, rattiean just parking charges, in the measures for
testing. As can be seen below, both optimare considered financially infeasible and
consequently a number of additional runs waagied out to try to find optima with high EEF

and SOF values but with less extremely negative PVF values: these additional strategies
included those suggested by Merseyside itself.

EEF optimum strategy

Though the EEF optimum strategy was considerdzbtm some respects a desirable one, it was
considered overall to be neither sensible norilbéas The main reason for this is the high cost:
the free fares component would be particulari§ialilt in this respect. A further main barrier
(to both optima) is that the introduction of the jiwkransport fare and frequency changes would
need a change in the regulatory framework for pubdinsport: even if this were to come about,
it would probably take several years and sould affect the timing and sequence of
implementation of the components of this strategy.

From the point of view of public acceptily of the EEF optimum, there could be a
contradiction: though the reduction in fares amagtterm parking charges and the increases in
road capacity would generally please the publieytivould also be aware of the high cost of
both strategies. However, if financed throughreased local taxes (or a reduction in other
services) this would be likely to cause it to be largely unacceptable to the public, particularly as
Merseyside in an economically depressed area which already has high local taxes.

All the best EEF and SOF results include fpeblic transport and free long-term parking, both
very costly to the local authority. As these are ongoing costs, presumably to be financed by
increasing local taxes, it is unlikely theredothat these strategies would be politically
acceptable. There could also be problemsatifical acceptability because the strategy does not
greatly alter the modal split towards public transport compared to the do-minimum case.

SOF optimum strategy

As for the EEF optimum, the SOF strategy woualat be financially feasible. In any case,
Merseyside were puzzled by the increase iadrgeapacity in a supposedly pro-environment
strategy which should seek to reduce car travel, particularly for commuters.

Overall, the level of acceptance of the SQBtimum by the public and politicians can be
expected to be as for the EEF strategy. I$ wansidered that the only way to overcome the
barriers to acceptance would be through a maeallocation of central government funds and
partnerships with the private sector.
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5.9.2.3 Vienna

Vienna were interested in the OPTIMA methauhsl results, and welcomed the opportunity the
project gave to review transport problems and analytical methods of other European cities.
Regarding the objective functions, they considdhed time savings, a main component of the
functions, were not the best way to evaluateomstiand that it would be better to examine modal
split to ensure that it was compagitwith that proposed in the master plan for the city. Vienna
would also have liked to have extended the ligmehsures to include fuel taxes, city structure
changes and specific facilities for pedestrians and cyclists.

EEF optimum strategy

The barrier to the EEF strategy is that it is politically unacceptable.

The Vienna EEF strategy has a combination of mmessthat were considered to be unrealistic
and so not feasible: in particular to increases in road capacity (+I@¥@tdhe same time to
increase public transport frequency (+100%).

Overall, the strategy would be on the wholelmiypacceptable, with the improved conditions
for both the public and the private transport syst users, though this is offset by the increase
in parking charges.

One political problem which arises is the mase in parking charges (+226%): only if this
measure could be implemented gradually ovee timght the problem be overcome. A further
important political problem could arise as the modal split from the OPTIMA optimum is
contrary to that set out in the master plan for transport development in Vienna.

SOF optimum strategy

The combination of measures in the best S@&tegy is similar to the city’s transport plan
(‘Transport Concept 1994’). Even the modal split of 45% for public transport is close to the
planned modal split. On this basis, the [&#0F strategy has been judged to be acceptable:
the increased attractiveness of the pulttensport system through the doubling of the
frequency this strategy should be acceptable to public transport users. On the other hand car
users might resist the increased parking charges (+250%). Again, the similarity in the modal
split figure resulting from this strategy with thedecified in Vienna’s master plan renders the
SOF optimum politically acceptable on balance.

The high cost of the strategy, however, renders it infeasible.

5.9.2.4 Eisenstadt

The Eisenstadt representatives were very intdest the results, particularly as they had not
had a strategic model of the city before BETIMA project. They pointed out that some
measures tested were perhaps not suited toall sity, for example the ‘high’ public transport

infrastructure option. They also had some Irnisgs about the objective functions similar to
Vienna’s: that time savings are not an optinmalicator as they only have temporary effects.
They considered a major objective to be the puagien of the city’s compact urban structure.
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Given that most journeys are now either on fdmtycle or private car (little public transport)
they would also like to have known the specéitects on walking and cycling as a means of
monitoring reductions in G@missions.

EEF optimum strategy

For Eisenstadt city all the measures in the EpEmum strategy were judged to be feasible,
provided the financial barriers could be overcome, as it was believed they could be.

The EEF strategy would also be publiglgceptable because of the improvementsédopublic
transport system (increasing the frequency by 100% and simultaneously reducing fares to zero)
and to the car transport system. The disbenefitdtorists from the increase in parking charges
(+149%) will be compensated for by the increase of 10% in road capacity.

The strategy would generally be acceptable pality but the increase in public transport
frequency (+100%) and the free fares could be anfilah problem for the city. In particular it is
uncertain whether it would be politically accdgtato use the income from the increased
parking charges (+149%) for subsidising public transport.

SOF optimum strategy

As with Edinburgh, the measures are consideesasible but only in theory as there are
economic constraints on their implementation.efBhwould be particular problems relating to
free fares because it is not clear who would theeysubsidy to the public transport company to
support the loss of revenue: this could be a barrier which might prove difficult to overcome.

The public and political acceptability of the SOF optimum would be as for the EEF optimum.

5.9.2.5 Tromsg

The city officials were very interested the method used, though they found the objective
functions to be rather too restrictive: theypwd have like to have included specifically the
benefits to pedestrians and cyclists and aogts to these groups. They pointed out that
accidents and local pollutants, including noise mormally explicitly taken account of when
assessing any local transport scheme in Noraray they were not convinced that OPTIMA’s
assumptions took these fully into account.

EEF optimum strategy

The EEF optimum strategy was considered tofdasible in general, but it is important to
emphasise that the decrease in public trandpoes by 50% is possible only if the authorities
increase subsidies to the public transport companies.

Some problems of public acceptability could deicipated as, though it favours both cars and
public transport, pedestrians and cyclists would be critical.

On the whole the EEF strategy would be politically acceptable.
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SOF optimum strategy

In Tromsg the main problems of feasibility tife SOF optimum are the financial barriers
resulting from the free public transport and tree parking. Free public transport can only be
supported if the authorities increase subsidies and free parking is not feasible unless the
authorities give grants to the private parkingnpany which has invested in and is currently
operating the parking facilities. There could also be legal barriers to free parking.

Public transport users could experience actdftaproblems deriving from the overcrowding
caused by the free fares and the reduction in frezyuand public transport users might find this
unacceptable. Car users would find the sgratcceptable: though they incur a loss through the
higher road pricing charge (2.5 ecu), they are compensated by the free parking and by the
savings in travel time following from the increased capacity (+20%).

Political barriers to the SOF optimum could arise from implementation of the new road pricing
charge (2.5 ecu) because this cost would adthtexisting local fuel tax already levied on the
inhabitants, which is dedicated to improve the road system of Tromsg.

5.9.2.6 Oslo

The Oslo representatives were interested in the methods and results. However, for both optima
they pointed out that reducing the public transport fare and simultaneously decreasing the
frequency could result in an irrational modgplit (empty streets and congestion on public
transport vehicles).

EEF optimum strategy

Public and political opposition can be expected to arise, particularly from the road pricing
increase (to 1.2 ecu), the means to achieve the road capacity increase of 20 per cent and the 26
per cent reduction in public transport frequency.

Despite this, no financial, institutional, legalprysical barriers were considered likely to hinder
implementation of the strategy for very long, pa®d the technical feasibility issues are solved
and political support is provided. However, some short term concerns remain, due to the limited
powers of city authorities in parking poliapatters, concerns about walking and cycling
conditions after a 20% road capacity increase the possibility of unforeseen costs on the
public transport side.

SOF optimum strategy

Very strong public and political opposition can b@ected to arise on the matter of the extreme
road pricing increase (7 ecu). At best, thelementation of this measure would have to be
gradual.

57



PROJECT OPTIMA: OPTIMISATION OIPOLICIES FOR TRANSPORT INTEGRATION IN METROPOLITAN AREAS

5.9.2.7 Helsinki

The methods and results were of great intarestelsinki, and they had a number of comments

on both. Although the Helsinki results were somevgheprising to the city officials, the method

itself seemed interesting and attractive in thamay give totally new ideas about feasible
transport measure combinations. For it to be widely adopted it should be more easily applicable:
for example the more detailed tactical model systems with a long model-run-time, currently used
in Helsinki, should be replaced by more aggregate strategic models.

They also believed that the OPTIMA approatiti not fully take account of environmental and
other external effects of the transport system #hey felt that transport system quality was not
fully assessed.

They also questioned, in the benefit calculations faélet that government taxes on fuel etc. were
calculated as benefits for the system although #reynot reimbursed as a whole to be used for
the metropolitan area transport system.

EEF optimum strategy

The feasibility of the EEF optimurstrategy in Helsinki could be in doubt because the fuel
consumption of this strategy exceeds the do-minirtewval and this is contrary to international
contracts agreed.

In Helsinki very few car users could approvetlué suggested strategy: the vast majority would
not although the strategy promotes car use. Comapinion is that public transport should be
frequent and less expensive (the strategy suggasticrease in fares of 25% and a decrease in
frequency of 30%). Constructing enough off-styeaatking places instead of the present on-street
parking would surely be a public acceptabilggoblem as it seems unnecessary because the
streets in the city are fairly wide and suitable for parking and the removal of on-street parking (to
increase road capacity) would not please car drivers.

The politicians are representatives of the publiche same comments as for the public can be
applied, but in this case costs of environmentdl @ther external effects should be incorporated.
In addition, the EEF optimum strategy may rm# acceptable to politicians because the
frequency reduction (-30%) on public transport #mel fare increase (+25%) together with the
road capacity increase (+20%) runs counter &dity’s goal of promoting the use of public
transport and keeping car use at its present lev@kimnner city. This problem is intensified as
there is no increase in car travel costs to correspond to the increase in fares.

SOF optimum strategy

With regard to the SOF strategy there wouldobablems of financial feasibility relating to free
fares because it would be difficult to obtain mpre pay the subsidy to the public transport
company to compensate for lost revenue. Thkerdd also be problems of technical feasibility
because if public transport becomes free of ghaas it is suggested, public transport capacity
should be increased simultaneously (the SpEmum does not include this) and maybe the
infrastructure should also be improved.

The SOF optimum strategy for Helsinki inclsdfeee fares which obviously wouldn't in itself
cause problems of public acceptability, but it dlsdudes no change in frequency and so this

58



PROJECT OPTIMA: OPTIMISATION OIPOLICIES FOR TRANSPORT INTEGRATION IN METROPOLITAN AREAS

measure could cause overcrowding of vehicleschvivould decrease the level of service and
consequently increase the dissatisfaction of users.

The high cost of the strategy could be a barrier.

5.9.2.8 Torino

The Torino authorities were very interestedhia study methods and in the results, even though
the results were quite different from thoseyttwould have expected. Regarding the method,
they would have preferred to have seen thstsc@and benefits of the strategies indicated
separately for the different users, e.g. car users, bus users, pedestrians and so on.

EEF optimum strategy

Problems of acceptability are perhaps greater famdahan for any of the other cities. The
main barriers to the EEF optimum are, firstlyattkthe reduction in fares (-25%) does not agree
with the legal requirement to increase incomesnfitickets sales and to decrease subsidy from
government; thus the EEF optimum was considered to be infeasible. It is not possible to
decrease the public transport fare by 25% because this would adversely affect the public
company’s balance sheet. The increase in cap@elfyso), though feasible in a theoretical way,
could be difficult to implement in reality.

The increase of +500% in the parking chargielve unacceptable to the public and would cause
resistance from pressure groups e.g. lobbieshop owners, automobile clubs, etc.. Finally,
some methods of increasing road network cépde.g. sidewalk width reductions, removal of

parking places, etc.) may cause public acceptance problems.

A main political acceptance problem would be the cost.

SOF optimum strategy

As for the EEF strategy, problems of acceptabitifythe SOF strategy are greater for Torino
than for any of the other cities, being similathose of the EEF optimum, but rather greater, as
public transport fares are reduced by 50 per cent rather than by 25 per cent.

Public objections would also be similar to tBEF optimum. In addition, it is possible that the
reduction of the public transport frequency (-308ih cause some problems even with the fare
reduction of 50%. The parking charge incre&s&00%) would also be considered to be too
high. The public transport frequency reduction %30night also seem contradictory in view of
the public transport system improvement policy (high infrastructure).

Political problems would be as for the EEF optimum, made worse by the higher (50 per cent)
fare reduction.
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5.9.2.9 Salerno

The Salerno authorities, both the technical officers and the politicians, were interested in the
final results of the OPTIMA study. They agrewdth the methods used and the measures
examined.

Although they did not agree with the componentshef EEF or SOF optimahey agreed that
the difference between the two optima could be explained by the different objective functions.

EEF optimum strategy

The EEF strategy would be generally feasibieugh the 50% decrease of the public transport
fare could not be sustained unless the goventrpeovides a subsidy. This barrier could be

overcome by, for instance, reducing the seasthet costs without acting on single-journey

tickets; by simply improving the season ticketvgge or perhaps by increasing the number of
different season tickets including creating seasckets aimed at particular groups of users
(employees of central offices, pensioners, etc.).

There would be no problem from the public acceiits point of view, especially with the
reduction in public transport fares (-50%) and ffarallel increase in public transport service
frequency by 50%.

There could be moderate political acceptability problems relating to public transport because of
the need for the public transport companyb® subsidised to reduce fares and increase
frequency

SOF optimum strategy

With regard to the SOF strategy the main bart@eimplementation is the necessity that the
government subsidises the public transport caippa make up for the loss of income resulting
from free fares. This may not be feasible.

There would be no problems with this strategyrirthe public acceptability point of view, as it
favours the users of both the private and the public networks.

Free fares for public transport, however, wontat be politically acceptable if the subsidy is
from local government.

60



PROJECT OPTIMA: OPTIMISATION OIPOLICIES FOR TRANSPORT INTEGRATION IN METROPOLITAN AREAS

5.9.3 Overall feasibility

The EEF optimum strategies for the medium anmhll sized cities tended to be feasible, with
Edinburgh, Eisenstadt, Salerno and Tromso being given a good feasibility score by the city
authorities. The EEF optimum strategies fbe bigger cities, however, tended not to be
feasible. In some case the authorities of tlygdm cities stressed the fact that some measures
were not realistic in their specific cases oattthe values of the measures suggested by the
optimisation process were too big or too small.

The SOF optimum strategies suggested by the optimisation process in general were considered
not to be feasible, especially because sonmepoments appeared to be incompatible with each
other or were considered not to be applicaliddinburgh and Eisenstadt were the only cities that
provided a positive judgement from the SOF faligitpoint of view, but they stressed anyway

the economic difficulties of implementing those strategies.

The results of the questions concerning the fddgibf the optima suggest that feasibility is
viewed by the cities under three headingsiaficial feasibility, practical feasibility and
legislative feasibility. Each of these is dealt with in turn below.

5.9.3.1 Financial feasibility

By far the most frequent concern of the cityhauities has been the financial feasibility of the
proposals. It is important to note that this was reflected in partdhyding a shadow price of
0.25 on the PVF, hence indicating that strategiés avpositive EEF were a justifiable use of the
public funds required.

In five cases (Edinburgh, Vienn@slo, Helsinki, Torino) the PVF for the EEF optimum is in
fact positive, while in the two smallest cities (Eisenstadt and Tromsg) the PVF, while negative, is
very small. The problem of affordability is gnéerious for Merseyside, and, to a lesser extent,
Salerno. This is an important result, becausedicates that it should be financially feasible to
introduce economically optimal strategies in mases relying, in some cases, on the ability to
finance new measures in part from revenue friares, road pricing or parking charges.
However, this will depend on the willingness of goweents to allocate these revenues to the
city authorities.

For the SOF optimum, the problem is more widead. Only Oslo generates sufficient finance
from other measures to pay for its optimal strategy, and most cities express concern about the
financial costs. However, Vienna considetbd financial cost worth incurring to achieve a
more acceptable strategy. It is clear that pursuit of the most sustainable strategies will imply
substantial financial outlay in most cities, andttthere is a need to try to find slightly sub-
optimal strategies which are significantly mofeoadable. This is a key task for the follow-up
project FATIMA.

In summary, the EEF optimal strategies app@athe main to be financially feasible, as
evidenced by the positive or only slightly negativeFP¥alues for seven of the of nine cities.
Thus both the public and politicians can heaue expectation that, provided the revenues
generated are re-invested in transport, enmntation of EEF optima need not be an ongoing
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cost. For the SOF optima this is not generally thase: the implementation of such strategies
therefore depends on whether the strengtheefirig of the public and politicians to improve
environmental quality exceeds their reluctance to pay for it.

5.9.3.2 Practical feasibility

In a few cases, city authorities expressed doutsitethe feasibility of the measures tested, and
this was reinforced by the tendency to include the upper or lower bound measures in the optimal
strategy. Specific concerns included the higheelke of road capacity increase, which were
considered in some cases only to be achievable by new road construction and potentially to
cause environmental damage; public transport service reductions, which would result in
increased loadings, whose effect was not gdnvanodelled; and zero fares and zero parking
charges, which would both result in major changesperating practices and costs. These issues
will be tackled in the follow-up project FATIMA.

5.9.3.3 Legislative feasibility

In the UK and Italy examples were identifiedtbé need for new legislation to enable optimal
strategies to be implemented. These conedility to introduce road pricing and to control
private parking (for which legislation would ingmtice be needed in all countries), changes in
the UK bus deregulation regime to permit citythanities to influence service levels and fares
more directly, and changes in the ltalian anfliation legislation, which currently requires
public transport operators to increase fae®l reduce subsidies. These are important
conclusions, and imply that legislative changes should be sought to facilitate optimal strategies.

5.9.4 Overall public acceptability

In three cities of the nine (Edinburgh, Eisedstand Helsinki) the EEF optimum strategy was
generally publicly acceptable. The lack of puldaceptability in the other cities was cited as
being a result of the penalisation of cyclists @edestrians (Tromso), the increase of the local
taxes likely to be necessary to implement sorees measures (Merseyside), the increases of
some charges such as road pricing and parking (Torino and Oslo) and the decrease of public
transport fare coupled with the increase of frequency (Salerno).

In four cities of the nine (Edinburgh, Eisenstadt, Vienna and Salerno) the SOF optimum strategy
was generally publicly acceptable. Public acoeggoroblems for the other cities included the
increase of the local taxes necessary to emgint some new measures (Merseyside), the
increases of charges such as road pricmd) @arking (Oslo and Torino) and the overcrowding
problems which could arise from decreasing puttbmsport fares while decreasing frequency
(Helsinki and Tromso).

It is important to stress that these views argeldeon officials' judgements rather than on public
consultation.

The main concerns overall, taking the EEF &@F optima together, related to road capacity
increases and, as might be expected, redwssdices, increased fares, road pricing and
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increased parking charges. Not surprisingly thergtgration in public transport in Helsinki was
considered particularly unacceptable. The firsthaefse is the most interesting; it suggests that

the public are more likely to be concerned by ehgironmental impacts of such measures than

by the benefits of reduced contges. In all cases these concerns highlight the need for an
effective public relations campaign and for a carefully designed implementation programme.
Where strategies are fully justified, it will be portant to present these arguments clearly and
allay the fears of the public. Where a strategy involves both positive and negative measures, the
latter need to be preceded, where possible, by the former.

5.9.5 Overall political acceptability

The EEF optimum strategies are acceptable framptlitical point of viewin only two of the
tested cities, (Eisenstadt and Tromso) witl political acceptance for Edinburgh, Salerno and
Vienna being ‘neutral’. In general the mamoblems are similar to those cited for public
acceptability: the penalisation of cyclists and petes, the increase in local taxes necessary in
some cases to implement new measures, theases of charges such as road pricing and
parking and the decrease in fares coupled with the increase in frequency.

The SOF strategies were acceptable from the gallipoint of view inonly two of the tested
cities; Eisenstadt and Vienna. The maiohiems are by and large the same as for public
acceptability and for EEF political acceptability.

Overall, city officials' assessments of politiaceptability were inevitably influenced by their
views of feasibility and publiacceptability, as reported above. However, Vienna commented
that the SOF optimum was more acceptable tharEEF, since it accorded more closely with
their overall approach and the modal split target contained in their master plan.
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5.10 COMMENTS ON THE METHODOLOGY

Sub-section 5.9.2 contained the commentstle methodology of OPTIMA made by the
individual cities. This section summarisé®$e comments in terms of the overall method and
evaluation used (Sub-section 5.10.1), the spetiicaf the objective functions (5.10.2) and the
set of measures tested (to the extent thay impinge on the methodology) (5.10.3). The
implications for FATIMA are set out later, mainly in 5.12.3.

5.10.1 The overall method and assessment of strategies

The opinion of the cities on the whole metheds, on balance, generally good (though with
Tromsg and Vienna less enthusiastic than thersj. Though the OPTIM#Aesults were often at
variance with the actual policies of the citiesganeral it was considered that the final results
represent the optimum strategies from the ecamand sustainable point of view and that
difference between the OPTIMA results and thesteng policies of the cities were due to the
different objectives and calculation of the functions. Most cities were also satisfied (exceptions
being Tromsg, Torino and Vienna) with the methused specifically to select and analyse the
strategies.

In some cases, (such as in Torino and Vienna) the authorities thought that when assessing
strategies and their effects it is important tketéinto account some indicators of the quality of
transport supply and the effect on city struetoesulting from the changing attractiveness of
zones caused by transport system changes.

The value of the models in assessing stratesgices was widely recognised but some concern
was expressed about certain features of soouels; for example for Helsinki it was pointed out
that the model may not be capable of handthmg highest peaks within the peak period which
could have indicated deficiencies in public Bpart capacity. It was also suspected that the
model was not able to predict fully the effectdrek public transport, which is outside the range
of data on which the model was calibrated.

5.10.2 The objective functions

Though the method was in general considergd@d method of evaluation, almost every city
involved in the project would have changed disgective functions by adding some factors that
the city authorities believed fundamental foe thlanning of their specific city. The most
frequent concern was with impacts on the la@malironment and safety; some would also have
preferred a greater emphasis on accessibility End use. The reasons for omitting these
objectives were outlined earlier in this paper. However, it is intended both to analyse
accessibility impacts (as an indication of the potential for value capture) and to include fuel
consumption in the EEF (as a proxy for environmental and safety implications) in the FATIMA
project. Some concern was also expressest the emphasis on time savings in the EEF
calculation.

Some city officials would also like to haveen more inclusion of land use measures (which

were omitted as not being able to be modelled) and of measures to improve conditions for
cyclists, pedestrians and disabled travellers. These latter measures are, in practice, better
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designed within the context of an overall optimal strategy.
Specific points made were as follows.

Edinburgh suggested taking into account in theabje functions factors which were directly
sustainability related, such as land take, norgk teealth. On the same lines, both Vienna and
Eisenstadt felt that time savings should not lgentfain indicator of transport system quality and
that other effects, including those on urban form as mentioned above, should be incorporated.

Edinburgh, Eisenstadt and Tromsg would have preferred the modal split between motorised and
unmotorised (pedestrians and cyclists) to have been specifically included in the evaluation
process.

It was also pointed out by Tromsg and by Helsthiit accidents and externalities such as local
pollutants (including noise) should be incorporaded it was further noted by Tromsg that these
are normally explicitly taken into account when assessing local transport schemes in Norway.

Torino would have liked further disaggregationcokts and benefits for the various users (car
users, bus users, pedestrians and so onpendders (public transport authority, government
and so on.

Eisenstadt did not agree with the formulatmfnthe objective functions which they felt should
have reflected more clearly the structure of the city.

In summary, the main suggestions included:

e subdivision of costs into central governmeaty government, companies, residents,
etc.;

e inclusion of quality variables;

e placing constraints on the costs for the different actors;

e inclusion of other variables: modal spbetween motorised and unmotorised trips,
noise, land use, environment, etc.

The consultations were very valuable in eaving the objective functions. This will be an
important input to the project FATIMA, (théollow-up to OPTIMA), where there is an
opportunity to take into account the suggestions made in the consultation stage of this study.

5.10.3 The tested measures

As the tested measures were based in part on prior consultation with the cities, the broad set of
measures used in OPTIMA were of course unalgrof great interest. However, some criticism
arose on the details of the measures; this indulde limits chosen for some measures as some

of them were considered not to be feasiblesfume cities and, despite giving good results in the
optimisation, might not be acceptable in practideurther, the frequent use of the upper and
lower bound values in the optima was sometineensas a weakness. Specific comments made

on the measures were as follows.

Edinburgh would liked the effect of varyirgupply and charges specifically for private non-
residential parking to be taken account of ieafying the measures, and to distinguish more
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clearly between measures for the city centre and measures for other parts of the city.
Merseyside would have preferred parking supply to be included, not just parking charges.
Vienna would have liked a wider range of measuespecially the effects of fuel taxes, city
structure changes and the provision of facilitiesgedestrians and cyclists. On the other hand

Eisenstadt would have omitted measures which ¢begidered not suitable for a city of this size
(for example the high infrastructure investment).
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5.11 CONSULTATION WITH TWO ADDITIONAL CITIES

5.11.1 General

It is part of the OPTIMA project to consult ¢ime outputs, not only with the nine main cities but
also more widely in the EU. To this end tfwsther cities were sought in countries other than
those included in the main study. Though it waseasty to find cities who were prepared to
comment on methods and outputs that not directly concern them, two cities agreed to be
approached. They were the small city of Idstein, close to Frankfurt in Germany, and Stockholm.

The purpose was to gain professional outsiderpantial opinions of the project and the method
developed in it and also of its practicability maenerally in European cities. With this in
mind, the OPTIMA project with its preliminary selts was introduced to technical officers of
the two cities prior to eliciting their opinions through consultation.

Key data for these cities is as follows:

Idstein  Stockholm

Population (‘000) 21 1600
Area (ha) 4330 345500
Density (persons/ha) 4.74 4.63
% pedestrian trips 23 13

% cycling trips 4 8

% car trips 65 31

% public transport trips 8 47

Generally, both cities were happy to give comtseon the OPTIMA approach and method but
neither was anxious to comment on the results obtained from other cities. Despite this,
Stockholm did provide limited comments on the redutisy the other Nordic capital cities, Oslo

and Helsinki.

5.11.2 Comments on the method

Stockholm

The Stockholm discussions on methods began witteview of the model system used in
Stockholm. This is similar to the ones useddslo and Helsinki, a so-called tactical model
system including network assignment. In Stockhthere are two distinct basic models in use
called TIRIM and FREDRIK of which the formes used by the Office of Regional Planning and
Urban Transportation and the latter mainly bydéveloper - a consultancy called Transek AB.
Both of the basic models are complemented by the EMME/2 model for the network assignment
for both car traffic and public transport. In addition a land use model called IMREL has been
linked to the system. The model system is fairly detailed but consequently slow.

The Stockholm officials were very interestedtve OPTIMA strategic approach, and wondered
whether it would be possible to replace diserEEF and SOF optimisations with a single
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‘optimum’ objective function satisfying both the politicians and the public, which would result in
a strategy that ensures an economic efficient transport system with a high level of quality
resulting in sustainable conditions. (They acknowledged that this is a target and can hardly be
completely achieved). (This single objective function approach is to be examined in FATIMA).

In the Stockholm case, expert judgement has lkerkey to strategic decisions, with some
model runs made to check that judgement, together with some runs to test sensitivity. This
approach seemed to be related to the laclkrofappropriate strategic model for Stockholm,
meaning that only a tactical model is availatbeassess strategic issues, for which it is not
designed. Despite running on atf@aomputer, the Stockholm tactical model takes several hours
to test a single alternative.

Stockholm has made some steps towards develdpeigown strategic model, but have so far

not been impressed with the often counteriive results it gives. There was a discussion on

the issue of the correct balance between simplicity and detail in a strategic model and after a
short examination of some of the OPTIMA ritssuhey wondered whether some of the models
used produced results which were rather too uncertain.

The officials agreed that if a fast and trustilhgrstrategic model was made available to them
they would find it useful in strategic decisionkireg and they would not have any objection to
testing the OPTIMA method for Stockholm. Witletdetailed and slow tactical model suite they
currently have, they could not even think of doing the many runs required, however.

In conclusion, they found the method to be irggng but would be very time-consuming if only
a tactical model is available. The definition tbie objective function was felt to be of great
importance and thus a difficult task, as is the method of cost-benefit analysis of the outcome.

Idstein

The Idstein representatives found the method irtiagesThey were particularly interested in the
transport model outputs, especially the chamgenodal split towards cycling and walking,
which is an important issue for a small city likdstein. Because of thithey felt that there
should be more explicit emphasis on encouragingmotorised modes. In the same vein, with
regard to the objective functions, they pointaat that not everything of importance in the
system can be given monetary values and & wated by the Idstein officials that even the
sustainability objective function is stronglconomically orientated. The emphasis on the
benefits from time savings was of particuleoncern in this respect and they would have
preferred the inclusion of more social criteria in the process.

5.11.3 Comments on the results
As mentioned above, only Stockholm felt able to make useful comments on the results.

The Stockholm reviewers preferred to make themments on the results from the other Nordic
capitals of Oslo and Helsinki as they had a good knowledge of these cities. They also considered
the traffic systems and the traffic behaviour of the people to be similar in large cities of
Scandinavia. Interestingly, they considereddpgma for these two cities, particularly Oslo, to

be generally less feasible than did the officials of those cities themselves.
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The results for Helsinki were considered notbw feasible in all respects: this brought the
discussion back to the subject of the cost-benedilyars of the results of the model runs. In the
optimisation process the balance between sagmgs/costs and public authority or operator
revenues/costs is of great importance. As aamgte the time values used for travellers may
affect the results significantly as can be seethenresults of Helsinki in comparison with the
other cities that have used higher values of time.

The results for Oslo were also consideredasible. In both Helsinki and Oslo the public
transport frequency was reduced. This is eaisible nor acceptable to politicians or the public
in any of the Nordic countries.

It was acknowledged, however, that the resultsevi@gical given the OPTIMA assumptions and

cost-benefit approach used and they were ttwsvinced of the coect functioning of the
method.
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6. POLICY IMPLICATIONS AND GUIDELINES FOR THE EU

6.1 THE NATURE OF THE OPTIMAL STRATEGIES

6.1.1 The need for an integrated approach

The most important conclusion to be drawn frdhthe nine cities is that the optimal strategies
involve a combination of measures, and rely on synergy to be gained from implementing them
together. There is no single best measure forcégyand there is certainly no best solution for
European cities more generally.

6.1.2 The Economic Efficiency optimum

The economic efficiency optimum is likely to involve :-

no new infrastructure investment;

low cost improvements in road capacity;

no use of road capacity reductions to discourage car use;

improvements in public transport by increasing frequency and/or reducing fares; and
restrictions on car use involving either road pricing or increased parking charges.

There are, however, exceptions to this, and we comment on each in turn below.

Public transport infrastructure investment is included in the two UK case studies, where the
level of public transport subsidy is currentlyviest. However, they are included only at the
medium level, which implies bus-based improvetee Elsewhere, the high resource cost of
investment makes such measures economically inefficient.

Road capacity improvementsare included in all nine cities, on the assumption that the cost of
implementing them would be small. This asstiophas since been questioned, and one task in
the subsequent project, FATIMA, will be toopide improved estimates for these costs.
However, the overall result is important, and &dtfsight counter-intuitive. The implication is
that it is worth increasing road capacity to geteeracreased efficiency provided that the costs
of doing so are low, and the growth of car useastrolled by other means. Conversely there is
no justification on efficiency grounds, for using road capacity reductions to discourage car use.

Public transport changesmay include an increase in far@denna) or a reduction in service
level (Tromsg, Oslo). It appears that theseuo where the current level of public transport
subsidy is highest, suggesting that some redudatidime resources used for public transport may
improve efficiency. In particular, this appeardthe justification for the strategy in Helsinki,
where both a reduction in service level and an increase in fares are proposed.

Restrictions on car usemay involve introduction of a roadiping charge, or an increase in
parking charges, but never both. In all cat#es models treat these measures as largely
interchangeable, although road pricing will impact through traffic in the city centre, and
parking charges will not, in practice, apply tavpte parking. Typically, road pricing charges
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are combined with a reduction in parking chargds|e still achieving a reduction in car use. In
three cases (Merseyside, Tromsg and Helsinkiestiiction is imposed on peak period car use.
This appears to be associated with lower levels of congestion in the do-minimum conditions.

6.1.3 The Sustainability optimum

When compared with the economic efficiency optimum, the weighted sustainability optimum is
most likely to involve :-

e investment in new public transport infrastructure;

¢ similar levels of low cost improvement in road capacity;

o further improvement in public transport by ieasing service levels and/or reducing fares;
and

o further restrictions on car use, involving eitlhead pricing or increased parking charges.

Public transport infrastructure investment becomes more acceptable when less emphasis is
given to initial investment costs (which are giva@pproximately a half weight in the WSF) and
the importance of reducing fuel consumption, dethce car use, is increased. Of the seven
cities testing such investment, all but two udzd the high level of investment (typically rail-
based) while Merseyside included the bus-basediium level, and Helsinki included high
investment in several close to optimal strategies.

Road capacity improvementsare typically at the same ldvas for the economic efficiency
optimum, and the arguments in (6.1.2) aboveyapplerseyside, whose costs of road capacity
increases are greatest, adds to them whemwestiment costs are givésss weight; Vienna and
Helsinki reduce them, presumably because of their impact on fuel consumption.

Public transport changes may still include service level reductions (in Tromsg, Oslo and
Torino) but the reductions are typically loweathwith the economic efficiency optimum. The

one exception is Torino, where the service level is reduced to reflect the provision of an
extensive new underground system. Fares are reduced in all cases except Vienna, where there is
a minor increase. In all cases, the public fpanisservice provided (considering service levels

and fares combined) is better than for the economic efficiency optimum.

Restrictions on car usestill involve either road pricing chges or increases in parking charges,

and the same arguments as in (6.1.2) apply. Mexyéhe charges now apply in all cities and are
(except for Eisenstadt and Torino) higher than in the economic efficiency optimum.

71



PROJECT OPTIMA: OPTIMISATION OIPOLICIES FOR TRANSPORT INTEGRATION IN METROPOLITAN AREAS

6.2 FEASIBILITY

The most frequent concern of the city auities has been the financial feasibility of the
proposals. However, the problem of affabdity for the EEF optima is only serious for
Merseyside, and, to a lesser extent, Salerno. i§ks important result, because it indicates that

it should be financially feasible to introduceoaomically optimal strategies in most cities
relying, in some cases, on the ability to finances meeasures in part from revenue from fares,
road pricing or parking charges. For the SOF optima, the affordability problem is more
widespread with only Oslo generating sufficidimance from other measures to pay for its
optimal strategy. This too is an important resulit &s clear that pursuit of the most sustainable
strategies will imply substantial financial outlayrmmost cities, and that there is a need to try to
find slightly sub-optimal strategies which are significantly more affordable.

In a few cases, city authorities expressed doabtsut the feasibility of some of the more
extreme measures, including the higher leveloatl capacity increase, public transport service
reductions, free fares and zero parking charges.

Finally, examples were identified, particularlg the UK and Italy, of the need for new
legislation to enable optimal strategies to be implemented.
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6.3 ACCEPTABILITY

Several cities expressed concern over the public tadméfy of certain measures, in particular

road capacity increases and, as might be expaetgaced services, increased fares, road pricing
and increased parking charges. Not surprisingdyditerioration in public transport in Helsinki
was considered particularly unacceptable. The first of these is the most interesting; it suggests
that the public are more likely to be concerigdthe environmental impacts of such measures
than by the benefits of reduced congestion.

City officials' assessments of political acceptabiligre inevitably influenced by their views of
feasibility and public acceptability, as reportdzbae. Some cities also expressed doubts about
the objective functions used, with the mdetquent concern being impacts on the local
environment and safety; some would also hanederred a greater emphasis on accessibility and
land use as well as measures to improve itiond for cyclists, pedestrians and disabled
travellers.

The methods used in the project were genematlyeptable and attracted considerable interest.
The frequent use of the upper and lower boundeglan the optima was, however, seen as a
weakness and some concern was expressed tigooapabilities of certain models: these most
often were the difficulties of using tactical models for strategic analysis (some cities only possess
tactical models) and the general lack of mochgbability to synthesise land use policies or to
produce a land use response to transport system changes.

As a result of the comments made on the method, the following will be addressed in FATIMA :

use of a wider range of objective functions;

reduced ranges for certain measures;

improved estimates of the costs of all measures;

distinction between peak and off peak application where the model permits;
distinction between applications in the inner city and outside it, where relevant;
more severe constraints on the availability of finance.
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6.4 CONCLUSIONS AND RECOMMENDATIONS

6.4.1 Recommendations for policy makers

¢ strategies should be based on combinatiomseafsures, and should draw fully on the synergy
between success measures;

e economically efficient measures can be expetbemhclude low cost improvements to road
capacity, improvements in public transport (incezaservice levels or reductions in fares,
and increases in the cost of car use;

e public transport infrastructure investment is not likely, in the majority of cases, to be a key
element in economically efficient strategies;

e reductions in capacity to discourage car use are not likely to be economically efficient;

¢ the scale of changes in service levels amdsfavill be influenced by the current level of
subsidy; in some cases a reduction in servicddedrean increase in fares may be justified on
economic grounds;

¢ the scale of increase in costs of car use will ddpe part on current levels of congestion; the
study suggests that road pricing and parkinggdharcreases are broadly interchangeable, but
this needs assessing in more detalil;

¢ in most cases economically efficient strategias be designed which are financially feasible,
provided that revenues can be used to finance other strategy elements;

¢ the pursuit of sustainability is likely to justiipvestment in public transport infrastructure,
further improvements to public transport services and/or fares, and further increases in the
cost of car use;

¢ availability of finance will be a major baer to implementation of many sustainability-
optimal strategies, and further work is needed to investigate the extent to which financial
costs can be reduced by strategies which are slightly sub-optimal;

¢ legislation will be needed to enable implenation of road pricing and to control parking
charges; in the UK and ltaly there is alsocase for changing legislation to permit
economically more efficient public transport strategies;

¢ public acceptability will be a significant barrianth those measures which reduce service
levels or increase costs; this implies theed for effective public relations campaigns, and
carefully designed implementation programmes;

e detailed measures to improve the environimand provide better facilities for cyclists,
pedestrians and disabled people should be designed within the context of a preferred strategy.
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6.4.2 Methodological conclusions and recommendations

¢ the optimisation procedure has been shown to be successful, and has attracted widespread
interest; however, it is important that careflnbught is given to the policy implications of
each stage of the process;

¢ the frequent use of upper and lower bound values in the optima is a cause of some concern;
strategic models are in many ways more apprtpttzan tactical models in the development
of optimal strategies; cities wishing to develofegrated transport policies should develop or
acquire appropriate strategic models;

¢ such models should include walking and cycling, both peak and off peak conditions, and the
effects of public transport loadings on user costs;

e most strategic models have no direchdause capability; models should therefore be
developed which have the capability of predicting land-use effects of changes in transport
policy and the transport implications of changes in land use patterns;

e the issues listed in 6.3 above should be addressed in FATIMA.
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ANNEX 1
DESCRIPTION OF THE CITIES

Each test city is represented in a sectioftobwn comprised of a short overall description of
the city, its transport system and policy measures.

Al.1 Edinburgh MA

General description of the city

Edinburgh is the capital city of Scotland. The study area includes the city and its immediately
surrounding commuter towns, including the southmgart of Fife Region, immediately north of

the Forth road and rail bridges. It is the pijral centre for government, finance and legislation
for Scotland, a regional shopping centre, and se bar high technology industry linked to its
three universities. It is also a major centretiurism focused on the castle and Old Town, and
the Georgian New Town.

The population of Edinburgh MA is 420 000, 58 %hofuseholds own cars and car ownership is
0.32 cars per inhabitant.

Transportation system

The transport network of the study area is constrained by the Forth Estuary, to the north of the
city, and ranges of hills to the south. The 'sitypad network includes a purpose-built outer ring
road, and motorway connections to Glasgow and bilemost of the roads within the city are of
variable standard. Most public transport is by bus, supplemented by urban rail services,
predominantly to the west and across the River Forth.

51 % of all trips are made by car and 65 % of ms#al trip-km are by car with most of the rest
by bus.

Transport policy measures

In Edinburgh a combination of infrastructure, magement and pricing measures is used to
reduce car traffic in the city centre. The intentiis to forbid long-stay trips by car but allow
short-stay trips. On street parking is benegluced. There are also schemes for new highway
construction and increasing capacity, but the attitude is changing towards encouraging public
transport instead of building more roads. In residential areas traffic calming is being introduced.

The public transport network has recently been expanded by a new rail line and a new light rail
system is being planned. Better information ey for both public transport and car drivers are
under preparation.

There are several ongoing measures for enhancing non-motorised-traffic and its facilities,
pedestrianisation in city centre, wide pavemeacysle lanes, parking facilities for bicycles etc.
Also totally car-less development areas are planned.

Al. 2 Merseyside

General description of the city

The Merseyside conurbation, centred on the cityieérpool, lies on the west coast of England.
Liverpool itself is a regional centre for shoppingdabusiness, as well as being the main west
coast port and a university centre. It is bordered by the boroughs of Sefton, including the seaside
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resort of Southport, and Knowsley, which has sgvdistinct town cené&s within an area of
suburban development. St Helens lies furtheth east, while the Wirral District, including
Birkenhead, is separated from Liverpool by the Mersey estuary.

Merseyside has a population of 1 440 000 of which Liverpool accounts for 700 000. The average
population density is 22.2 inhabitants per hectare.

Car ownership in Merseyside is low, 0.69 cpes household in 1991 compared to the national
average of 0.88.

Transportation system

The area has several motorways and high dpasads including two toll tunnels linking
Birkenhead and Liverpool under the Merseyaldo has an extensive suburban rail network,
centred on Liverpool, with a tunnel linking Liverpool to Birkenhead and towns on the Wirral.

78 % of motorised person-km are by car, 19 % by bus and 3 % by rail.

Transport policy measures

Merseyside aims at improving the accessibility affetiency of the transport system. For public
transport the rail network and park and ride eystvill be extended, a light rail system is under
consideration and new technology will be used to promote public transport.

Also measures improving car traffic are beingliemented. Parking measures are however used
to favour short-stay trips to the centre andaemage commuters to choose public transport. A
road pricing cordon around the centre has h@anned if the ongoing measures are not enough
to prevent congestion. Traffic calming measures wed in residential areas and residential

centres. Improving facilities of non-motorisedffi@aelsewhere includes pedestrianisation and

new cycle routes and other facilities.

Al.3 Vienna

General description of the city

Vienna is the capital city of Austria. It ithe principal centre for government, finance and
legislation of Austria, a regional shopping cen&réocus for culture and industry, and contains a
concentration of universities. The traditional agntre, the many famous buildings and cultural
associations have made Vienna a major centre for tourism.

Table Al. The population, area and population density for different zones in Vienna.

Zone Population  |Area (Ha) Density (Person/Ha)
City Centre 18 002 301 59.81

Inside Districts 385 933 3711 103.99

Outside Districts 828 038 19 248 43.02

Wide-area Districts |307 875 17 348 17.75

Total 1539 848 40 609 37.92

Source : Statistiches Jahrbuch der Stadt Wien, 1993, Tab. 1.08., 2.02, 2.03.E.

Around 80 % of households own cars.

Transportation system
The city road network includes three ringads and a north-south and east-west motorway.
Reorganisation of the road network has beeplamning to restructure the network based upon
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its function (PT main streets, Private car mameeds, and PT/Private car main streets). Most
public transport is by metro and trams supplemented by urban rail services and buses. Vienna
public transport modes are: tram, bus, undrrmgd, commuter train, regional train and bus. The

city centre is mostly pedestrianised.

Around 37 % of all trips are madbg car, 37 % on public transport and the rest are as pedestrians
and cyclists.

Transport policy measures

Several measures for reducing car traffic ie ity centre and promoting public transport,
walking and cycling have been introducedeatty since 1970s in Vienna. Large pedestrian
areas, wide and/or raised footpaths were egeand a wide cycle path network has been
introduced. Also public transport has beenmoted by continuous upkeep and construction,
reserving separated lanes, giving priority at intersections as well as pricing policy and
information.

Also necessary car traffic has been taken oi®y restructuring the road network, by building
parking garages and park and ride facilitieg,reducing on-street parking and by increasing
levels of parking charge.

Al.4 Eisenstadt

General description of the city

Eisenstadt is the capital of the province of Runignd, one of the 9 provinces in Austria. The
study area includes the whole of the city. Eisattstathe principal centre for local government,
an education centre, and also a regioslabpping centre. Tourism has increased through
publicity as the City of Haydn. Ehcity centre is a traditional shopping area and has the largest
pedestrian zone (2.1 m? / person) in Austria. Tiheaf Eisenstadt is a very rare case in that the
city makes a profit out of the traffic system.

Eisenstadt has a relatively small developeshand low population density. Car ownership is
0.66 cars per person and 1.66 cars per household.

Table A2. The population, area, and population density for the zones of Eisenstadt.

Zone Population |Area (Ha) |Density (Person/Ha)
City Centre 767 66 11.63

Central city area 2584 162 15.97

Residential area 3 521 741 4.75

Distinct town centres 3037 2432 1.25
Business/Industrial area |440 889 0.49

Total 10 349 4290 2.41

Transportation system

Eisenstadt has a large pedestrian zone, aaiysystem in operation 24 hours a day as public
transport, supported by regional buses and ik network of the study area includes the
nearby motorways and the main street.

Transport policy measures

Car traffic in the centre of Eisenstadt has besstricted by severe parking policy and land use
measures by dedicating a separate area for commerce and industry use. Public transport has been
promoted by introducing a sirgltariff for all modes and integrating and improving PT
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operation. A speciality of Eisenstadt is a city taxi system which is highly subsidised.

Al.5 Helsinki MA

General description of the city

Helsinki, the capital city of Finland, lies in Southd-inland by the Gulf of Finland in the Baltic
Sea. It is surrounded by three other citiegpdés Kauniainen and Vantaa; and they together
form the Helsinki Metropolitan Area, which is teidy area. The old city centre of Helsinki lies
on a peninsula which has its influence on the traffic system.

Table A3. The population, area, and population density for Helsinki MA.

Population Area (land) Population
density

1995 1990 hectares inh./ha 1995
Helsinki 525 031 492 400 18 450 28.53
Espoo 191 247 72 629 31190 6.15
Kauniainen 8298 7 889 590 14.07
Vantaa 166 480 154 933 24 080 6.94
Total 891 056 827 851 74 310 11.99

Car ownership is one of the lowest in Fimda at 320 cars/1000 inhabitants. Slightly over 60 %
of households have a car at their disposal.

Transportation system

The road network creates a system of severakaaid two orbital roads. The public transport
trunk network is based on both rail traffic and buJéwere are three local railway lines and one
metro line radial to the city centre. Only thvestern corridor relies on buses only. In the inner
city there are seven tram lines as well. The public transport system operates very well.

In Helsinki MA 47 % of all trips are madey car, 29 % on public transport and 24 % as
pedestrians or cyclists.

Transport policy measures

Helsinki has determinedly promoted public Bpart to keep it in a competitive position with
private car. The means have been intraggicnew lines, improving frequency, speed and
reliability, a simple price system, subsidies and especially good information with timetable
booklets delivered free of charge to each household in the area.

A very strict parking policy in the city centre the main measure for restraining unwanted car
traffic. Traffic calming using several measures baen implemented in residential areas both in
the inner city and suburbs. Cycling and watkhave been promoted by ongoing construction of
separate lanes for non motorised traffic allrotbee area. Also good and safe parking facilities
especially for park and ride are under development.

Al1l.6 Torino MA
General description of the city

Torino is a regional capital. It is one dhe most industrialised cities of Italyforino
Metropolitan Area is composed of Torino and 22 municipalities of the conurbation.

80



PROJECT OPTIMA: OPTIMISATION OIPOLICIES FOR TRANSPORT INTEGRATION IN METROPOLITAN AREAS

Table A4. The population, area, and population density for Torino.

Population (1995) Area (ha) Density (inh./ha)
Torino 924161 13017 71.0
Belt 529667 48208 11.0
Total 1453828 61225 23.7

Car ownership in 1992 in Torino was 0.63 cars per inhabitant (from ACI data).

Transportation system

The available means of public transport in #rea are a railway system used principally by
commuters and for long distance trips, andghbblic transport system for urban and suburban
trips which has 79 lines (11 of which are tramway lines and the remainder bus).

The public transport share of motorised tripsTorino MA is 23 %, but 39 % for trips made
inside Torino city itself.

Transport policy measures

In Torino many measures have already beeplamented to improve the efficiency of the
transportation system of the city, save tinmel @lecrease pollution and noise. There is a city-
wide traffic control system with public transperiorities, streets and lanes reserved for PT and
pricing measures used to encourage PT amdlceslong-stay parking in the centre. The most
powerful measure was introduced in 1990, namely the Traffic Limited Zone where no private car
traffic is allowed without a permit between 7.30 am and 1.00 pm.

Public transport network extensions are plannecs$pecially all rail modes, light rail, tram and
metro. A park and ride system will be introduced.

The ongoing large 5T-project in Torino (Telemalfiechnologies for Transport and Traffic in
Torino) is a great step forward in developing and controlling the transport system.

Al.7 Salerno

General description of the city

Salerno lies on the Tyrenian Sea, fastfrom Naples. It is a typical Italian medium-sized city: it
has a large concentration of activities and mosets towards the central zones, a rather
homogeneous daily distribution of mobility withree peaks at 8.00 a.m., at 1.00 p.m. and at
8.00 p.m., and finally a significant quota of moversewotand from with the outlying areas that
account for 50% of all movements

Table A5. Population by zone in Salerno (1981 Census):

ZONE POPULATION (%
centre 26915 (17
central area 82746 (53
suburban area 36105 (23
peripheral area 11619 |7
TOTAL 157385 (100

Population density in Salerno is 26.2 inhatisaper hectare and car ownership is around 0.4
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cars per inhabitant.

Transportation system
The modal split for internal trips is 40 % by car, 7 % by public transport, 6 % on bicycle and 47
% on foot. For commuters the modal split is 77 % by car, 19 % by bus and 4 % by train.

Transport policy measures

Salerno is at the moment at the planning estaf introducing transport policy measures. It
envisages improving public transport by newadstments, lane separation, information,
promoting walking and cycling by good facilitiesd making car traffic smoother by increasing
road capacity and off-street parking places.

Al1l.8 Oslo MA

Oslo is the capital city of Norway. The greentlaeas in the north and east of Oslo combined
with the Oslo Fjord result in three corridolsading to the central parts of Oslo. Oslo

Metropolitan Area, which is the study area, includiee city itself and the county of Akershus

consisting of several municipalities. It is by the greatest metropolitan area of Norway with a
population of 918 500.

Table A6. The population, area and population density for the zones of Oslo MA.

Zone Area (hectares) | Population [ Inhabitants/hectare
1 Central business district 259 2000 8

2 Inner city 2306 143000 62

3 Outer city west 3789 97000 26

4 Outer city east 8940 240000 27

5 Green belt 30104 1500 0.05

6 Akershus 491600 434000 1

Transportation system

The available means of transport in O$WA are walking, cycling and car (driver and
passenger), and the following public modes: bus, tram/light rail, metro, railway, boat and taxi.

The metro system comprises 100 km of track irBarmed star structure, on which 5 lines are
operated. Oslo is also the hub of the Norwegahsystem, with lines to the west, north, east
and south. The length of tramway lines is 128 ke Stnucture of the trunk road system is three
orbital rings and five radials, concentrated in three corridors: west, east and south.

The modal split in the area is car 62 % of the trips, public transport 16.4 % and slow modes
(walk and cycle) 21.6%.

Transport policy measures

A variety of transport policy measures are ie us Oslo. These include a highway construction
plan for the period 1988-2007, partly finandeg a toll ring. Bus lanes on the new and old

highways are an important part of this policyndw airport is being built, and a high speed rail

connection is to secure a high share of publicspart to the airport. The metro system has been
constantly improved, and measures such as Isgyimaitisation and own rights of way are taken
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to increase journey speed of buses and tramw@gsthe other hand, traffic calming measures
has been introduced in most residential areakirRppolicy has been restrictive in the inner
city. Public transport fares policy has been changing, from rather big increases in the ‘80s to
stable fares in the ‘90s. A unitary fare systEmthe whole region exists, and is shortly to be
improved by electronic ticketing.

There are high taxes both on cars and fuel in ldgrWwhe major feature of the land use policy is
the ban on building in the green belt area.

Al.9 Tromsg

General description of the city

Tromsg is a regional centre with a large hias@mnd several educational centres. The topology
of Tromsg is special, with a large part of tbevn area on an island with bridges to both sides,
and with steep hills and distinctive ribbonlike stretches of built up areas along the coast lines.

Table A7. The population and working places for the zones of Tromsg (1996).

Population | Students Working places
City centre 4147 0 9459
Tromsg island (rest) | 24210 8713 16585
Mainland 13696 0 2079
Kvalgya 6784 0 1074
Other 7778 0 717
Total 56615 8713 29914

The average population density is 0.26 inhabitgetr hectare. Car ownership was 0.382 cars per
inhabitant in 1990.

Transportation system
The available motorised means of transport are local and regional bus lines, private car and taxi.

54% of trips are made as car driver, 10%aspassenger, 14% by bus and 22% by walking and
cycling.

Transport policy measures

Tromsg lies on an island and thus is physicediparated from mainland. There are two special
provisions; the first one is a local fuel tax fmad construction and the second a private road
tunnel crossing the island financed by toll collextiThere is also another road tunnel crossing
the Tromsg strait implemented by national and local authorities and a third tunnel for reducing
overground car traffic is under consideration.
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Promoting public transport and restrictingar traffic using parking policies are under
preparation.
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