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1. INTRODUCTION AND BACKGROUND

1.1 Introduction to Part 2

The final report of project FATIMA is prested in two parts. Part 1 contains a
summary of the FATIMA method and setst the key recommendations in terms of
policies and optimisation methodology froboth project OPTIMA and project
FATIMA. Part 1 is thus directed particulatowards policy makers. Part 2 contains

the details of the methodology, including fleemulation of the objective functions,

the optimisation process, the resulting optimal strategies under the various objective
function regimes and a summary of tleagibility and acceptability of the optimal
strategies based on consultations with the aitthorities. This part is thus mainly
aimed at the professional in transport planning and modelling.

1.2  Options for private finance in transport

1.2.1 General

The concept of using private finance fwansport has become more important in
recent years, in particular because of t@msts on public sector spending. This is
the key issue underlying project FATIMA.

The private sector can contribute to the transport system in several ways:

e A tax can be imposed, reflecting theoad transport benefits obtained by the
private sector; the Frendfersement Transpois an example.

e A more focused charge can be leviefleaing the specific transport benefits
obtained by a particular property; the 0&cept of ‘value capture’ is based on
this principle.

e The private sector can be involved dthean financing a new investment, as
happens with many rail projects, with the operator of the infrastructure repaying
the loan over its life.

e The private sector can be involved in gien, with the private sector operator
obtaining its revenue directly from the user.

The first two of these have no direct effectthe specification of a transport strategy,

but may well help to make the strategy financially feasible. The third introduces the
impact of private sector objectives, i will emphasise a financial return on
investment in the specific measures covetedhis case, the private sector may be
more willing to invest in certain types of project than others, and this could bias the
specification of the strategy. In the fourthse the charges on users, through fares,
parking charges or road use charges and, tollsbe determined in part to maximise
revenue, and this can significantly affeat ferformance of the overall strategy. For
example, higher fares designed to producetan on investment in a new urban rail
system may reduce patronage and hence the contribution to congestion relief and
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environmental protection.

1.2.2 What is private finance and why use it?

The financing of a project can be said to be purely private if
e the private party runs all risks, and

e the investment is paid directly by its users, and

e the operation is based on user charges.

A key objective of private financing is tavercome the shortage of public funding,
which constrains the range of possible transport strategies.

The private sector usually seeks for comnarprofit that can be gained either as
income from investment interests, or as value capture through an improvement in the
transport system. Furthermore, despitghbr cost of capital raised from commercial
sources and the need to cover the risks and gaining commercial profit, it has been
argued that the overall cost for the commuweibyld be lower with private financing,

than if the government provides the faciktif'om taxation funds. If this is so, it
would be due to the efficiency in managent of capital and manpower that results
from the profit motive of private enterprises.

The following objectives for private finamg of infrastructure projects have been
identified:

e minimisation of the impact of addinal taxation, debt burden or financial
guarantees on the finances of the government;

e introduction of the benefits of privatedor management and control techniques
in the construction and operational phases of the projects;

e promotion of private entrepreneurialitiative and innovation in infrastructure
projects;

¢ increase in the financial resources that might be available for the projects.

In addition to the commercial profit thatdependent on the investment time, interest
rates and risk management, participationfimancing of the transport system can
bring value capture benefits to the iste@. Value capture appears as private
contributions that result in increase property values, attraction of customers,
facilitation of employee’s travel to worknd provision of cheaper and more reliable
transport opportunities. Benefit sharing mechanisms can be grouped into two
categories; land development or I|e@siarrangements and direct charges on
benefiting parties.

1.2.3 Risks

The major issue in involving private finangifor transport infrastructure investments
concerns the sharing of risk. Investments in infrastructure include, like all
investments, various types of risks. Besmwf the long time periods included, these
risks may be very high. The following main classes of risk may be distinguished:

e political risks; for example, changestmansport policy, nationalisation, interven-
7
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tion/regulation by the government, etc.;

e financial risks; for example, fluctuations imerest rates, fluctuations in exchange
rates, wrong expectations about inflation, etc.;

e construction risks; for example, delays, unexpected and higher costs etc.;

e operational risks; for example, damage by accidents, vandalism, demand
shortfalls, etc.;

e commercial risks; for example, wrong stoestimates, wrong estimates of the
traffic volume, unexpected competition, etc.

These risks may make the private investor generally more conscious of the necessity
of efficient forecasting and appraisachniques than the public sector, because
transport projects have often been subjectcost overruns and delays. These,
together with inadequate forecasts foe tuture, have previously resulted in low
levels of interest by the private sector. lalso believed that, generally, investment in
transport infrastructure is seen as havirfgger risk than investment in other types

of projects

1.2.4 Division of responsibility

Almost all European transport infrasttue has been financed and operated by
governments or by public organisationsdtieo the government. In the case of
railways in Sweden, Norway, Switzerlanadethe United Kingdom, there is at present

a trend to separate the financing and opemadif infrastructure. In this approach, the
management and financing of infrastructure are under responsibility of the govern-
ment. The operation takes place on a privetsis, where the operator imposes user
charges. In this situation there may be several suppliers of transport services, which
allows competition. This model corresponds to recent EU regulations and is proposed
or under discussion in several countries (Germany, Italy and the Netherlands).

The private sector is not always wilj wholly to finance urban transport
infrastructure due to the risks involvedratovering the high start-up costs, so public-
private partnerships are often used, particularly through franchising agreements.

Franchising is a way of organising publicyaie partnerships. A franchise can be
defined as a contract between a transpothority (the franchiser) and a private
company (the franchisee), by which the latter obtains the right to operate a transport
system, facility or service. Granting of an exclusive operating franchise is an
incentive to operate the service withoetrf of competition for sufficient time to
recuperate the investment and make aipridhder a conventional franchise contract,

the franchisee pays the franchiser for usirsggpnoperty rights. In the case of transport
infrastructure, this situation may be reversed: the transport authority may compensate
the private company for an expected operational deficit. These franchise contracts
may be distributed by means of tenderiignere may be two different kinds of
contracts: a given transport system, facibtyservice is transferred to the company
which offers to operate it at the lowest apstlternatively, the contract is transferred

to the company which offers the besansport system for a given budget. Such
systems need detailed agreement on service levels and operating conditions, in order
to meet both efficiency and equityiteria and other transport objectives. The
following approaches to franchising may be identified:
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e BOT: Build-Operate-Transfer (the usuapproach: facility paid for by the
investor/franchisee but is owned by tbencessionaire/franchiser; the investor
maintains and operates the facility durthg concession period and then transfers
ownership back to the franchiser), with the following variants:

e BOQO: Build-Own-Operate: Investor retains ownership, operates in perpetuity via
an open-ended franchise;

e DBOT: Design-Build-Operate-Transfer. as BOT, with the franchisee also
designing the scheme;

e DBOQO: Design-Build-Own-Operate: as BOO, but the franchisee also designs the
scheme. (This is known as DBFO — Design-Build-Finance-Operate — in the UK);

e BOOS: Build-Own-Operate-Sell: at the eofithe franchise period the state pays
a (residual) value to the franchisee;

e BOOT: Build-Own-Operate-Transfer: as BOOS, without terminal payment;

e BOTT: Build-Operate-Training-Transfemvestor is required to provide training
before the facility is transferred (mainly for developing countries).

Regarding public transport, when introducing competition to the public transport
system, the authorities have to take iatcount scale economies, market size and the
social service requirements of the syste8election of the form of competition for
public transport is a matter of finding thesbeombination of different objectives of
government authorities, the technical a@bnomic characteristics of the supplying
modes, the nature of the local markieimands, and what can be afforded, both by
individuals and governments. The criticictor is the introduction of effective
competition. The competition in the public transport system can be arranged in many
ways, for example:

e concessions;

e comprehensive competitive tendering of service packages;
e competitive tendering of subsidised services; or

e completely free entry to the market.

The choice depends on technology, city size and complexity, environmental and
distributional policy issues and the adrsinative capability of authorities. It is
widely accepted that private sector participation needs to be part of a phased,
comprehensive reform. This reform inclgdgeparation of regulatory and operational
functions, liberalisation of entry, corporadtion of former state enterprises and the
consideration of appropriate systems of regulation.

In terms of public transport regulation, i important to distinguish between two
basic types of regime. Firstly there is a regime in which the public authorities set the
policy (e.g. the levels of fare and frequency) and secondly there is a regime in which
private operators are free to do so. Ie thtter case there is a distinction as to
whether a perfect market is operatiog whether the operators are monopoly
providers, either informally or formally (through franchising). Although these
distinctions are particularly relevant for public transport, they can also be used when
considering the private financing of other sectors.

Public/private partnerships in general’bahe potential for creating synergy between
the public service culture and the entrepreia@approach. It is possible to specify
five desirable features for a successful pubtiggie partnership. These features are:

9
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e ajoint interest in delivering an effective service;
e a co-operative effort, with clear division of responsibility;

e shared cost and revenue relationshipgh wnore flexibility than if the public
sector operates alone;

e private sector interest in the well-being of the customer and quality of service;

e public sector concern for the wider public interest, especially the well-being of
non-users.

These and other issues regarding the ugeigdte finance in transport were reviewed
as an early part of the FATIMA projecthe review providing the basis for the
development of a range of objective fupas against which to assess integrated
transport strategies. These objective functions are set out in the following section.

2. DEFINITION OF OBJECTIVE FUNCTIONS

2.1 Overview of objective functions

The objective functions used in FATIMA weagrived at through a review of current

practice and future opportunities in privatadncing of transport, starting from the

acknowledgement that public finance for spart is currently scarce. Information

for the review was obtained through a literatsearch and from interviews with

public officials, politicians and representatsvof private companies. Based on this
review, the FATIMA project defined a rangé objective functions to be used in the
modelling process, and these are described below.

Essentially, five new objective functions reedefined for FATIMA,; three of these
corresponded to regimes in which private involvement is regulated by the city
authority and two objective functions reespond to regimes in which private
involvement is deregulated. Before defigithese objective functions (in Sections 2.6
to 2.10), some preliminary definitionare given (in Sections 2.2 to 2.5) of
components of the functions. A fuller specdiion of all the objective functions is
given in Minken (1998).

2.2 Present Value of Finance (PVF)

The Present Value of Finem (PVF) of a measure is defined as the net financial
benefit of the measure to government arfteoproviders of transport facilities, both
public and private.

In the FATIMA study, where only one fututarget year is being modelled, PVF is
defined as:

30 1
(21) PVF=—I+ x f
= (L+r)

where: | is the present value of the cokinfrastructure investment, compared
to the do-minimum scenario;
f is the net financial benefit to transport suppliers in the modelled

10



FATIMA: FINANCIAL ASSISTANCE FOR TRANSPORT INTEGRATION IN METROPOLITAN AREAS:
DELIVERABLE D4: FINAL REPORT: PART 2

target year, compared to the doamum scenario, taking into account
both revenue and operating costs;
r is the annual (country specific) discount rate.

2.3 Economic Efficiency Function (EEF)

The present value ofet benefits, B, consistsf net benefits to travellers, operators
and the government.

The generalised cost of travel is definedtlas monetary 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, acdasge cost etc. Consistent with the
assumption underlying the transport moddgemselves, the demand for trips on a
particular travel movement (e.g. origin-destination pair, mode, trip purpose) is defined
as a function of the generalised travel sastthat movement and other movements.
These demand functions need not be given an explicit analytical form, but are
embedded in the transport model, arah be charted by running the model many
times over with different generalised costs.

The net benefits to travellers are evaldats the generalised consumer surplus from
the change in generalised costs on alvét movements, assuming that the demand
functions are linear in the relevant region of generalised costs. This is a standard
evaluation procede in cost benefit analyseé 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
2.2) B= -*(f+u
(2.2) 2 1ty (f+u
where:u is the net benefit to transparders in the target year,rapared with

the do-minimum scenario, caletéd as described above;
ard f, r are as described in Section 2.2.

The formula for EEF is then:

(23) EEF = B-I1+0.25PVF
Equation 2.3 expresses the EEF as consigiinget present benefits to travellers,
operators and government. A shadow poégublic funds of 0.25 has been added.
This reflects the efficiency loss involved riaising extra taxes. The shadow price is
identical to that used in OPTIMA and jisstified there (OPTIMA 1997). However,
while OPTIMA only applied it to negative kees d PVF, in FATIMA it has been
applied to both positive and negative values of PVF.
Since (B - 1) is the Net Present Value (NPV) equation 2.3 can also be written

EEF = NPV + 0.25PVF

11
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2.4 Economic Efficiency Objectie Function with external costs
(EEFP)

EEFP is an extension of the economic efficiency objective function EEF including
external costs for pollution, noise and accidents.

(24) EEFP=EEF-EC
where EC = Change in external costs from the do-minimum

The external cost indicator for each modéhis sum of accident cost, noise cost and
pollution costs per vehicle kilometre, timiég® number of vehicle kilometres for that
mode. It is calculated for each strategy based on the vehicle kilometres of the mode in
question as it is output from the transport model. Tinch (1995) is taken as the basis for
the unit cost of accidents, noise and padiatof each mode. It is however necessary

to adjust these values to the specific conditions of each city, such as population
density (determining the number of people exposed to noise and pollution) and
meteorological conditions (determining the stokollutant in the air of the city that
results from a particular level of emiss). The overall risks of accidents per vehicle
kilometre may also differ between thmties, depending on average speed, the
separation of walking and cycling froother modes etc. Summing over all modes
gives us the external cost indicator E@ each strategy. Walking and cycling are
however not assumed to have external costs.

Expressing the external costs of each mode fasiction of vehicle kilometres or total
fuel consumption means that we are unabletalel the benefits of rerouting traffic

to less densely populated streets or partthefcity, or of separating motorised and
non-motorised traffic. It may even be tisaich measures increase total kilometerage,
and will count as disbenefits in our calculations. However, as traffic calming in
residential areas is supposed to be carriedroatl strategies, we consider that such
rerouting effects can be ignored at the strategic level of the FATIMA study.

Our external cost indicator does not tak account the changes in average driving
conditions brought about by a transport sgggtesuch as lengthening or shortening of
peak hours, increase or decrease of aeergmeed etc. As fuel consumption per
vehicle kilometre, and thereby also pollution, is dependent on speed, this is a
limitation.

Our indicators of pollution costs are only iogiors of the costs of the city-wide or
regional air pollution levels that result from a total level of transport and a certain
modal split within the city, and cannot mirrehanges at the level of particular
locations within the city. The same applie® noise, but as noise is a very local
impact, and strictly speaking has no city-widffects, our noise indicator will have
further limitations. Finally, accident cestire obviously not a simple function of
kilometerage only, but depend very muah various accident prevention measures
and on speed. It will have to be assdnthat appropriate accident prevention
measures are taken in all strategies.

While there are thus limitations in relagi the costs of pollution, noise and accidents
solely to changes in vehicle-kilometres, we concluded that, at a strategic level, this
was a reasonable approximation. It wasany case imposed on us, since not all

12
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models were able to predict these impacts directly.

Let yam Ynm andypm be the city specific costs perhiele kilometre in mode m from
accidents, noise and pollution respectively. Lgtde the vehicle kilometres by mode

m in strategy number i in the test year. Our external cost indicator EC for strategy
number i is:

(2.5) EC =62 7k

where y =7 otV m T m

30 1
and &= Z T
i=1

Thus we form a composite external cpst vehicle kilometre for each mode, and sum
costs over modes. Finally, we use the discount factormake EC a present value.

The y*5 values are shown in the following table. Edinburgh, Merseyside, Helsinki,
Torino and Salerno used the Tinch-val@&mch, 1995). For accidents, Vienna and
Eisenstadt used their own calculated values with veh-km as the basis and for noise
and pollution the Tinch-values as in atlaties. The accident data for Eisenstadt
showed a much higher rate was required compared to Vienna for car but that the
reported rate for bus tended towards zero.

In Table 1 Helsinki has used its own vedumainly for car noise and bus accidents
(also tramway, train and metro differ slightly). Otherwise, the Tinch values were used
because they were so close to the vathascould be obtained from Helsinki's own
research on pollution and accidents. ThH#edénces are due to relational effects
between the modes based on that own reeed@he low car noise can be explained
with the low population density outside thiggyand the bus accident cost happens to
be low because normally injuries are minor.

The relatively low noise and pollution values for Tromsg are because of the weather
conditions in the town and because Tronsmot densely populated. People also
mainly live quite a distance from the maoads. Tromsg also hadatvely few big

and complicated intersections. It is coesat quite safe to be a pedestrian and
cyclist in Tromsg. This is reflected in the accident figure for Tromsg.

The Gamma values for Oslo and Tromsg are generally some average of the Tinch
values and some values from a Norwagitug/ Eriksen og Hov(1995). The noise

value for Oslo is low as the area is predominantly rural with low population density
which therefore lowers the mean noise values.

13
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Edinburgh, Vienna Eisenstadt Helsinki Oslo Tromsg
M’side,
Salerno, Torino
Dimension| [ECU/veh-km]| [ECU/veh{[ECU/veh- |[ECU/veh-km] | [ECU/vekkm] |[ECU/veh-km]
km] km]
Pollution
Car 0.0275 0.0275 0.0275 0.027 0.016 0.0024
Bus 0.2176 0.0547 0.2176 0.218 0.064 0.0096
Tramway 0.0 0.0547 | n.a 0.0 0.0 n.a.
Noise
Car 0.0373 0.0373 0.0373 0.019 0.004 0.002
Bus 0.0746 0.0643 0.0746 0.075 0.024 0.012
Tramway 0.0622 0.0643 n.a. 0.075 0.028 n.a.
Train 0.063 0.032
Metro 0.05 0.028
Accidents
Car 0.0222 0.0404 0.1680 0.023 0.016 0.012
Bus 0.0453 0.0133 0.0001 0.023 0.0528 0.0396
Tramway 0.0453 0.0135| n.a. 0.045 0.1024 n.a.
Train 0.0008
Metro 0.00056

1

Includes all public transport for Vienna

Table 1: Pollution, noise and accident costs per veh/kavdlues) used in different
cities

2.5 Sustainability Objective Function (SOF)

The sustainability objective function (SOF), which was fully defined in the OPTIMA
project, is given by:

(2.6) SOFE @a+w)*f + u - y + hard penalty (if fuel

consumption
exceedglo-minimum)
@+)*f + u -y (otherwise)

where: y is a “soft penalty” on fuel camaption in the target year, calculated

by multiplying the fuel consumption cost (relative to the do-minimum
strategy) by a shadow price of 4;

“hard penalty” is a large negativeumber that ensures that optimal
SOF policy will have less fuel consumption than the do-minimum;

u, f and\ are as defined above.

The main intention of the soft and hard penalties on fuel consumption is to generate
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“optimal” transport policies that preservetmal resources. The use of a hard penalty
effectively ensures that such policies must use less fuel than those envisaged by the
do-minimum transport strategy

The SOF does not explicitly take into account external costs of the type calculated by
EC above. The rationale for this approacthat the issue of external costs is catered

for by the soft and hard penalties onelfuconsumption. However, it could
alternatively be argued that the sole purpose of these constraints is to preserve natural
resources, and that air pollution, noise aniiétgashould be considered separately.
This issue is examined in the section on sensitivity testsroection 8.

The use of in SOF is entirely analogous to its use in EEFP as described above.

2.6 Benchmark Objective Function (BOF)

BOF (Benchmark Objective Function) & combination of EEFP and SOF which
balances the perspectives of current and future generations.

It is defined as:
(2.7) BOF =oEEFP + (1 o) SOF

For the main tests in FATIMAg was set at 0.1. Since SOF is only concerned with a
single target year whilst EEFP is concermeth a (discounted) period of 30 years, it
follows that the size of EEFP will be approximately ten tihike size of SOF. Thus

a value of 0.1 forr was chosen to ensure that the perspective of a future generation
have approximately the same weightthe perspective of the present generation.
Since a was a “new parameter” creatdry the FATIMA project, no previous
literature can be cited as to its “best” value.

In some respects, the useBDF (with a suitable value af) is analogous to setting
the discount rate r at O, in the sense Hah approaches put greater emphasis on the
benefits and costs of future generatiorfsai(t in a standard cost benefit analysis).
However, BOF has the extra element ddtrieting fuel consumption (from its SOF
component), and in particular specifies thatl consumption should be less than in
the do-minimum strategy.

2.7 Constrained Objective Function (COF)

COF (Constrained Objective Function) iseattension of BOF that takes into account
that there is a fixed constraint on pubfioney. For the sake of simplicity, it is
assumed that public finance is constrained to the level implied in the do-minimum
scenario.

(2.8) COF = BOF if PVF>0

! In fact, EEFP will be approximatedytimes the size of SOF, whesds defined by
Equation 4.
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= BOF + hard penalty if PVF <0

2.8 Regulated Objective Function (ROF)

ROF (Regulated Objective Function) is artension of COF, and recognises that
extra (private) finance can be input ttee transport system through value capture
(VC). The transport system is regulatedhe sense that the private finance has no
direct control over the levels at which fardrequencies, road pricing etc are set,
which remain firmly under overall public control.

VC is defined as a proportiof of user benefits, which are seen as a measure of
overall accessibility. The logic here is that companies in the city should (collectively)
be prepared to pay for overall city-wide accetity due to the bends that they gain
from this in terms of: efficiency of commuter trips and business trips, inward
investment (due to city attractiveness)d general city regeneration. The political
issue as to whether VC should be raisgdcompulsory means (through taxes) or
voluntary means was not dealt with in FATIMA.

(2.9) ROF =BOF if PVF +VC >0
= BOF + hard penalty if PVF+VC<O0
where:
(2.10) VC =B*d*u ifu>0
=0 otherwise

and where is as defined above.

For the main tests in FATIMAB was set at 0.1. Singé was another “new”
parameter defined by the FATIMA projectetle has been no previous literature about
a “best” value.

2.9 Deregulated Objective Function (DOF)

DOF (Deregulated Objective Function) is an extension of COF. It assumes that
control of public transport is handed overthe private sector, who are free to set
fares and frequencies, and to take any prttigs$ result. On the other hand, there are

no public subsidies for running public transport. The other measures in the transport
system (road pricing, parking charges and road capacity changes) are assumed to stay
under public control.

The public transport market is assumed tcahemperfectly contestable market (i.e.
somewhere between a perfect market anchonopolistic situation). Under these
conditions, the Internal Rate of Return (IRR) for the public transport market is
assumed to be close to 15%.

(2.11) DOF = BOF + (penalty(IRR) if IRRis not 15%) if PVF*>0
16
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= BOF + hard penalty if PVF*<0

where: PVF* is the PVF for all publicly controlled transport sectors;
IRRyt is the Internal Rate of Return for public transport;
penalty(IRR) increases as IRRliverges from 15%.

2.10 Half regulated Objective Function (HOF)

HOF (Half-regulated Objective Function)as extension of DOF, loosening the rule
on subsidy for public transport. Under HOF, subsidies can be paid for public
transport when in private control, sabj to PVF* being positive. The precise
purpose/mechanism for providing subsidy wdry between each city. However two
examples are:

e Subsidy is paid for off-peak public transport

e Subsidy is paid to help finance thevestment costs of public transport
infrastructure

The assumption about profits to the prevagector is the same as in DOF. Thus

subsidy is not being used to increase pevabfits but (hopefully) to improve social

benefit.

(2.12) HOF BOF + (penalty(IRR) if IRRis not 15%) if PVF*-S >0

= BOF + hard penalty if PVF*-S <0

where: S is a subsidy paid to the private sector for running public transport.
PVF*, IRRet and penalty(IRR) are as defined above.

2.11 City specific definitions of HOF

o Edinburgh, Vienna, Eisenstadt, Oslo, Tromsg, and Helsinki :
In the subsidised half regulate@gime (function HOF) the subsidy was
assumed to be available for increasing frequency, reducing fares and
implementing infrastructure.
The subsidy requirement was calculatedhsthat the public transport sector
received a return of 15%, this sulbsiwas however subject to public funds
being available i.e. the public PVF must be greater than or equal to zero after
paying the subsidy.

o Merseyside:

Two HOF objective functions were used in the Merseyside case study:

1. The standard HOF as used in other case studies.

2. HOF1 is a Merseyside-specific definitiafi HOF for the Merseyside case study.
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To understand HOF1 (in Merseyside), it must be remembered that public transport
provision in all FATIMA case studies must btleast at a level of 50% of the do
minimum scenario (i.e. the maximum decrease is 50%). HOF1 is then defined in
Merseyside to be the same as DOF ekdbpt there is a possibility of public
subsidy to operators if they run a higlguency than the minimum level. This
subsidy is calculated as the cost of the “extra” frequency, subject to the condition
that the public PVF must always be positive.

. Torino and Salerno:

In HOF it is supposed that the government will pay for the infrastructure (M and
H) mainly if there is the construoti of an underground. Furthermore a positive
PVF* can be used freely as subsidy i.e. there is no restriction on subsidising
operating costs as under COF and ROF.

2.12 Non-modelled benefits and disbenefits

Having described the regimes for regulated deregulated systems it is necessary to
note areas which are not modelled inTHWA and which in reality may bring
benefits or disbenefits to each regime. Those elements purposely not modelled are :-

e changes in efficiency (e.g. operating costs)
e attitudes towards risk in finance terms

¢ non-uniform changes to PT services

e payment of interest on loans

e quality of service

e incentives

e possible changes in vehicle size.

Each of the above was either difficult toglement within the models used or there
was not sufficient evidence in the literatateout the effects of private operation and
deregulation to form assumptions for mitidg the effects. For a fuller discussion
see Minken (1998).

3. POLICY MEASURES

3.1 Summary of measures

There is a categorisation of measuret:innfrastructure measures, management
measures and pricing measdresAn initial list of all possible measures was
generated from an international review the previous project OPTIMA, which
included also practice in EU countries matluded in the project. The FATIMA list

of policy measures is a refinement of the OPTIMA list, taking into account the
response from city authorities in OPTIMArom this list of measures, a condensed

! Information measures were considered briefly. However, since it is not feasible to model them on the
level required by the FATIMA project, they are not considered further.
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common set of measures was identified foringae optimisation process. This set is
presented in Section 3.2, along with the cost assumptions made for the measures.

3.2 Measures tested in the optimisation process

Table 2 shows the measures used i@ d¢iptimisation process and the maximum
ranges considered (some cities used narrower ranges where it was felt that the
maximum range was simply infeasible). eTtriteria 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 plaed in a large number of cities throughout
Europe

- were (or arguably could be) controlled by the city authorities.

In most of the cities a subdivision intonig-term and short-term parking charges and
peak and off-peak values was made. The ranges for all these measures were as given
in Table 2.

Tables 3 and 4 show the assumed cosisd in the calculation of the objective
functions. These costs are based upon currently used costs in the cities for the
purposes of cost benefit analysis and are improvements on the OPTIMA estimates.

Table 3 shows the assumed capital costs (in eate nine cities) for road capacity
changes, public transport infrastructure, aratrpricing. It can be seen that there was
wide variation across cities for both public transport infrastructure and road capacity
changes. In the case of public transport infrastructure, this is not surprising since the
infrastructure measures being considerededawidely between cities. In the case of
road capacity changes, there might hdeen expected to be some correlation
between cost and city size. In the setisg the “small cities” (Eisenstadt, Tromsg
and Salerno) all had negligible costs foadocapacity changes, this expectation is
borne out. However, there is clearly wide variation amongst the larger cities.

Table 4 shows the annual operating costs (in each of the nine cities) for public
transport frequency changes and road pgci It can be seen by comparing Table 3
and Table 4 that (with the exception of tgeyside) road capacity increases were
generally costed at a much lower leviidlan public transport infrastructure.
Furthermore, it can be seen that in some cities (notably Oslo and Helsinki) the cost of
increasing public transport frequency (whitlust be paid out year after year) was
high compared with the cost of a one-wifrease road capacity. The operating costs

of road pricing are based on city assumpsi with the exception of Oslo where the
figures are actual.
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Abbreviation Name Minimum Maximum
Value Value
IH High public transport infrastructure investmeat 1
(rail or light rail based)
IM Medium  public transport infrastructufr® 1
investment (bus based)
CAP Increasing/decreasirgf road capacity (wholp-20% +10%
city/town)
FREQ Increasing/decreasing public transport -50% +100%
frequency -30% for Torino +30% for Torino
RP Road pricing 0 5ecus
PCH Increasing/decreasing parking charges -100% +300%
+100% for Torino
FARE Increasing/decreasing public transport fareg -100% +100%

-50% for Helsinki

# The value of the measure Road Pricing refers to the cost per trip incurred to the car driver (typically
into a city centre)

Table 2: Measures tested
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Edinburgh | M'side| Vienng Eisen- | Tromsg | Oslo| Helsinki| Toring Salerng
Road capacity changes stadt
-20% 34 55 80 7 12 93 20 24 0.04
-10% 15 28 20 2 6 46 10 12 0.02
-5% 2 14 6 0.5 3 23 5 0.01
+5% 2 28 54 0.1 6 46 15 24 5
+10% 15 55 218 0.4 12 93 30 48 10
P.T.infrastructure

564 360 4254 |* * * 550 3459 |45
High p.t. infrastructure

35 40 2127 |* * 185 |* 671 0.5
Medium p.t.
infrastructure
Roadpricing 2 4 33 3 0 0 7 3 1
P.T. Frequency with n
infrastructure
-50 0 -3.75 | -387 | -0.07 -5.6 0 -248 0
-30
+30
+50 3.99 3.75 44 275 5
+100 7.97 7.5 3015 | 1.77 13.2 550
P.T. Frequency with
Medium infrastructure
-50 16.25 -300
-30 614
+30 791
+50 325
+100 87.5 650
P.T. Frequency with High
infrastructure
-50
-30 3052
+30 3532

* indicates “not costed”

Table 3: Capital costs of new measures (in million ecus)
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Edinburgh | M’'side | Vienna| Eisen- |Tromsg | Oslo | Helsinki Torino| Salern
Change in p.t. frequency stadt

-50% -19 -1 -170 -69° -3.6

+50% +163 +1 +168 +54" +3.6
+100% +326 +2 +340 *

p.t. frequency (peak)
with IM ©

-50% -14 -20

+50% +43

+100% +29 +85

p.t. frequency (off-peak)
with IM °

-50% -55 -45

+100% +110 +190

p.t. frequency (peak)
without IM °

-50% -8 -14 -1.31 27

+100% +15 +29 2.62 +60

p.t. frequency (off-peak)
without IM ©

-50% -q -55 -2.48 -70

+100% +17 +110 4.96 +135

Road pricing +1 +1.25 [+1 +0.1 +0.89 |+9 +0.73 +0.3 +0.1

Road capacity

-20% 0.02

-10% 0.01

+5% 1.25

+10% 2.4

Parking 0.625

* indicates “not costed”

# The cost of a pt frequency decrease/ineeeaf 30%, where this was the minimum/maximum
considered.

6 Infrastructure Medium

7 the operating costs are based upon vehicle-km in the do-minimum peak and off-peak periods

Table 4: Operating costs of new measures (in million ecus per annum).

4. OVERVIEW OF TRANSPORT MODELS USED

The FATIMA project has used several differéransportation models. Some of them
are implemented with commercial softwavhilst some are implemented in software
packages developed by the FATIMA parsi@éhemselves (and already used in
OPTIMA). A full description of the modelssed is given in ppendix A of FATIMA
(1998).

The approach taken by FATIMA has beeruge city-specific transportation models
which had already been set up, calibrated ased by the city authorities before the
start of FATIMA. This has allowed thegect to make the working assumption that
the models used are properly calibrated,eon an appropriate level of aggregation,
transferable.

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

Strategic modelsare used for running simulationsaavery high level of aggregation.
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The physical transport network is not dilgaepresented and the number of spatial
zones is low (typically less than 40). Trawelsts are either calculated in terms of
“area speed-flow” curves or (at the highkestel of aggregation) are fixed inputs for

each origin-destination zone pair.

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

Even though strategic models are well dlifer optimisation work (such as in
OPTIMA), their use is restricted becaus&v cities have a strategic model ready for
use.

In FATIMA, Edinburgh, Merseyside, Vienpaand Eisenstadt all used strategic
models.

Tactical models are more detailed than strategic models. Typically they represent
each (significant) road and public transparklin the network. The output of tactical
models is more complex than the outpuswhtegic models. For FATIMA purposes,
there is a need for much aggregationttoé output, which can be extremely time-
consuming if done manually.

Tactical models are widely available ifamge number of European cities to help to
design and assess various specific transport schemes.

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

5.  RESULTS FOR THE NINE CITIES

5.1 Overview of the Optimisation Method

5.1.1 Edinburgh

The optimisation process for BOF was aadriout successfully making use of the
regression method as in OPTIMA. d&re were no major problems in finding
regression models for BOF although the esgion models did not give information
on parking charges and these were adjusted via sensitivity tests.

For Edinburgh the optimal BOF solutionsha positive public PVF and therefore the
constrained public regimes COF and ROF ase aptimal for this set of measures as
the budget constraints are not broken. llofes that there was need to calculate
separate COF and ROF optimal policies.

In the subsidised private regime (functid®F) the subsidy was calculated so that the
public transport sector received a maximafril5% return if and only if the public
purse could afford this from other measures the subsidy is paid until PVF*=0 or
until the PT sector return is 15%. Agdhe optimal BOF measures provided enough
public funds under the private regime to sdise the private PT sector so that the
optimal HOF value is for the same combination of measures.
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In the case of DOF it was impossible to form an initial regression model after 27 runs
as all except one DOF value were negative and most runs incurred the maximum
penalty for deviation from the required 15%#iernal rate of return. The rates of
return were either too high or negative indicating loss making services. Rescaling of
the penalty function was attempted but D@F surface was such that it was either
too flat, dominated by high penalties, or with lower penalties the loss making
combinations dominated as they have higher BOF values but were infeasible in IRR
terms. To overcome these problems another form of penalty was used and introduced
in DOF2, based upon the present value ofrfieaof the PT sector calculated at a
discount rate of 15%. This penalty is luadly a way of searching for more DOF runs
with more reasonable rates of return. eTPVF(PT) penalty used was a quadratic so
that when the PVF(PT) equals zero the figna zero which coincides with the zero
point of the original IRR penalty funcim used in DOF. In this way DOF2 was
maximised not to find the optimal DOF2 but rather to find more positive DOF values.
As can be seen from the results the RQEns have provided a means of locating
positive DOF values and eventually enough galwere produced so that a regression
model for DOF was possible.

5.1.2 Merseyside

The formal optimisation process workedcsessfully for BOF, while the “formal”
optimisation process for COF and ROF was unsuccessful: i.e. it was impossible to
find adequate linear regression models. likisly that this is because the maximum
values of COF and ROF are to be founcewli*VF =0 (in the case of COF) and PVF

= -VC (in the case of ROFWhen PVF goes below zero, a penalty of -1000 MECU is
added to COF; the same penalty is adttedROF when it goes below -VC. It is
impossible to find regression functions that can cope with this discontinuity.

The method in fact used to optimise Cé@id ROF was subjective judgement on the
basis of the experience of optimising B&#ce both the former objective functions
are based on BOF. The optimisation of B€howed which transport measures drove
the objective functions up or down the hatde€oupling this information with an
awareness of the extra constraintsG@F and ROF (on PVF) it was reasonably
straightforward to carry out a successful subjective optimisation.

The problems of discontinuities discudseith COF and ROF above are further
accentuated in the case of DOF and H@¥though a formal optimisation approach
was initially used, it was abandoned aftembeunsuccessful. Instead a subjective
optimisation approach was used.

5.1.3 Vienna and Eisenstadt

The optimisation of the regulated objectiumctions did not cause any problems in
the optimisation method. The regression models were not difficult to build up and the
convergence progress was rather quick. Untike regulated objective functions the
deregulated objective functions caused some trouble in the optimisation process.
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One main problem in optimising DORnd HOF is that the penalising and
constraining of the discussed objective functions results in a very jagged
multidimensional surface. This makes itrdhaand with an increasing amount of
penalties and constraints even impossible to find an optimum with the regression
method alone. Because of the jagged surtheeegression model often predicts the
optimum in a region which is in reality palised and therefore highly negative. Thus

it is possible that the convergence criteria never could be fulfilled.

A second problem is that the objective function, which should be optimised, and the
objective functions of the previous rufiee BOF related ones for DOF and the BOF
and DOF related ones for HOF) have thamptima in different areas. Therefore the
initial runs for DOF and HOF contain many pts in useless regions and often it is
hard to convince the regression modehttithe optimum it searches for has a
completely different set of policy measures than the previous one.

These problems are arose in both citiesvds in both cities impossible to optimise

the objective function DOF with the usuaéthod. Also it was impossible for HOF in
Eisenstadt. For the city of Vienna it svatill possible to use the regression based
method for HOF. Concerning the problems ti@red in the previous paragraph only

the 26 initial runs and the runs with positive or nearly positive values for HOF found
so far were used as initial runs for the HOF optimisation. For the other cases other
methods to find the optimum were used (e.g. with Excel-solver and grid scans).

5.1.4 Oslo

The optimisation process worked successftdlyBOF, making use of the regression
method as in OPTIMA. The optimum pagfievas found after use of two regression
models, and the convergence criteria were met rather quickly.

Because of the positive PVF in the BOptimum, the COF and ROF optima are the
same as the BOF optimum and so theneoisieed for separate optimisation of COF
and ROF.

The formal optimisation process for DOF syaartially successful. The prediction for
the mix of policy measures for the DOF optimm after the initial runs was the same as
the forecast for the BOF optimum. An internatle of return of —6 was used for those
runs where the calculation of IRR was impbksi After careful study of the previous
results, a set of runs were devoted taliing the DOF optimum. A few feasible DOF-
optima were found all having internal ratesrefurn close to 15%, but they all have
different characteristics regarding public spart fares, frequency and investment.

The runs devoted to the HOF regime were more like sensitivity tests than part of an
optimisation process. There is subsidy fares, frequency and the investment. A
number of measure combinations that gower IRR(DOF) than 15% and that were
expected to improve on the policy were tried. The subsidy was set to give 15%
IRR(HOF).

515 Tromsg
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The overall optimisation process worked well for the BOF solution. However as the
optimum BOF solution resulted in negative Bthere were few solutions which did
not incur the penalty for COF and ROF. idlmeant that extra runs were used to
locate valid COF and ROF solutions, thesas being designed from analysis of
previous runs.

A similar problem occurred for DOF and HOFtivat there were few runs which were
not penalised and so extra runs were again constructed to give positive values.

5.1.6 Helsinki

The results of the optimisation process akthof the five objective functions of the
project, namely BOF, COF and ROF for HelgiMA are given in this document. It
was not possible to optimise either DORH®DF for Helsinki MA because no positive
values for the present value of fim@nof publicly-controlled money (PVF*) was
obtained under the constraint of fusdnsumption not exceeding the do-minimum
level. This is mainly due to the presemd do-minimum situation with the high level
of subsidised public transport servicestloa other hand and, on the other hand, to the
model structure of the Helsinki tacticahodel which allows users to change
destination in consequence of general cbsinges between the destination zones and
thus avoid parking fees or road pricing.

The optimisation of BOF was carried oby using the regression method quite
successfully. However, some exceptionsnirthe correct use were made on the
significance of either of théerms of a variable, either first or second power term,
when the other term was strong, to get a hint of some possible intermediate values of
the variable concerned. The main direntiof the optimisation was not affected by
using this method.

Because the optimal BOF solution is higlilased on reduced public transport fares
and big monetary savings for the usend ¢hus has a big negative PVF the ROF and
COF optima had to be found separately.itiithe inial set of runs the regression

showed only to a total zero solution i.e. gresent situation. The situation did not get
better with any BOF runs made. By coincide, trying some of our previous runs

from a round of optimisation with faultymodel behaviour we got positive values for

ROF and COF. Using both sensitivity testsl aptimisation process confirmed us of

the optimal solution.

5.1.7 Salerno

The optimisation process of the city ofl&ao follows the “basic method” described
in the main part of the report. There isyoahe change about the criteria of penalising
high values of the required government subsidy to public transport.

Italian law requires that the subsidy fitve public transport company should not be
greater than the 65% of the operational cbshe company (this law is not yet totally
applied but will be strictly applied in thetfure), so a further penalty has been used
when such a requirement is not obeyed.
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Moreover over-crowding of public transpois taken into account as additional
waiting time. If the increase in the publicansport demand is not coupled by a
sufficient increase of the frequency, some public vehicles can become overcrowded
and the users of the lines corresponding #goafercrowded vehicles have to wait for
other vehicles spending additional waiting time.

The optimisation process for all the olijee functions was carried out using the
regression method used in OPTIMA.

At the beginning of the process some peol arose as the objective function values
deriving from the regression functions weexy high considering the results obtained
modelling the first set of runs by means of the transportation model MT.MODEL.
Probably these high estimations were due to the fact that the majority of the 18 initial
runs had a negative value for all the objextiunctions and that these values were
also strongly negative.

After modelling more runs to find additionacenarios with positive values for the
objective function BOF, the optimisationgmess was re-started and was applied
successfully for BOF. The other functions being found by sensitivity tests and partial
use of the regression method.

5.1.8 Torino

The optimisation process worked successfidhyBOF, COF and ROF, making use of
the regression method used in OPTIMA, witle same particular penalty for COF
and ROF used for Salerno.

As the PVF is highly positive and the further Italian penalty is equal to zero, the BOF
optimum is also the optimum for COF and ROF.

At the beginning of the process some peol$ arose as the objective function values
deriving from the regression functions neeall negative; probably this happened
because the presence of the road pricing fatoesar users to change their route, in
such a way greatly to increase their tratumle, so the car user benefits are negative
and this forces the BOF to a negative eal@nother reason for these negative values

in some scenarios is the increase of fuel consumption compared to the do-minimum
scenario: in these cases the penalty in the SOF function is invoked.

After modelling more runs to find additionacenarios with positive values for the
objective function BOF, the optimisationgmess was re-started and was applied
successfully.

For DOF and HOF, on the other hand, théropm value was found by a partial use
of the regression model and by some sensitivity tests, so as to obtain an internal rate
of return close to 15%.

5.2 Results

This section presents tables showingdpémal policies under the BOF, COF, ROF,
DOF and HOF regimes. Furthermore, was output indicators are given which show
the trade-offs involved with optimal policies. These indicators are:

27



FATIMA: FINANCIAL ASSISTANCE FOR TRANSPORT INTEGRATION IN METROPOLITAN AREAS:
DELIVERABLE D4: FINAL REPORT: PART 2

e Mode split of trips by car, public transport and other modes (where available)
e Percentage change in car-km (which serves as a proxy indicator for pollution, fuel

consumption, congestion and accidents)
e Values of the objective functions

e PVF for the government sector (giving infeation about the finance implications

of the policy)

e PVF for the private sector under deregetategimes (showing the benefit to the
private sector of deregulation)
e Value capture (which is defined as 10% of user benefits if these are positive)

In general, these indicators are defined as being relative to the do-minimum set of
policies in each city. The exception here concerns mode splits, which are absolute
figures. It follows that, in order to asse&tmnge, the figures for mode splits need also
to be presented for the do-minimum strategies.
included in Table 5 are figures for modplit by distance and the absolute level of

car-kms in the do-minimum.

This is done in Table 5. Also

Edinburgh | M'side | Vienna| Eisenstadf Tromsg | Oslo| Helsinkil Torirfo| Salernd
Modal splits
MS (trips)-car 63% 62% | 39% 45% 73% 68% 46% 57%| 59%
MS(trips)-public transport | 3794 15% 34% 3% 11% 22% 32% 43% 14%
MS (trips)-others n/a 23% | 27% 52% 16% 10%)| 22% n/a 27%
MS-(distance) car 72% 67% | 48% 57% 80% 69% 49% 63% 71%
MS-(distance)public 28% 15% | 43% 4% 12% 250% 43% 37% 19%
transport
MS-(distance) others n/a 18% |9% 39% 8% 6% |8% n/a 10%
Car-kms
Car-km p.a. (millions) 2902 3016 | 14.3 228 52372118 4283 | 272

1: Italian city results are based upon the peak period only.

Table 5: Modal splits in the do-minimum case
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Measures Edinburgh* M'side Vienna* | Eisenstadt* Tomsg Oslo* Helsinki| Torino* Salerno
Infrastructure Investment high (IH) 0 0 0 - - 0 0
Infrastructure Investment medium (IM) 1 1 0 - 1 - 0 0
Increasing/decreasing of road capacity (CAP) 10% 10% -10p6 -15% 10% 10% 0 10%

PT frequency (PTC) - - 0% -50% - - 30% 80%
PT frequency peak (PTCP) 85% 50% - - 46% -15% 25% - -

PT frequency off-peak (PTCOP) 70% -40% - - 0% 0% 13% - -
Road pricing (RP) - - 0 0 - - 0 0
Road pricing peak (RPP) 1.6 0 - - 2 5 0 -
Road pricing off-peak (RPOP) 1.6 0 - - 1.6 5 0 - -
Parking charges (PCH) - - - - -100% 0% - 100% 300%
Parking charges long term (PCHL) ~ -100% 0% -509 - 0 - -
Parking charges short term (PCHS) 300% 1009 245% 115% - 0 - E
PT fares (PTF) - - 77% -50% - - 100% 25%
PT fares peak (PTFP) -90% -100% - - -100% -5% -50% - -

PT fares off-peak (PTFOP) -35% -100% - - -50.5% -15% -50% - -
Modal Split

MS (trips) private car 52% 58% 36% 41% 66% 60% 36% 56% 57%
MS (trips) public transport 48% 22% 32% 2% 18% 28% 46% 44% 14%
MS (trips) others - 19% 32% 57% 17% 12% 18% - 29%
Percentage change in car-km -16% -5% -8% -10% -14% -159 -24M% -1% -19
Cost model output

BOF [mio. ECU] 492 687 142.4 3.92| 218 696 183 128 24
COF [mio. ECU] 492 -313 142.4 3.92| -78 696 -817 128 -976
ROF [mio. ECU] 492 -313 142.4 3.92| -78 696 -817 128 -976
DOF [mio. ECU] -457 -1056 -1977 -16.41| # 657 -1765 -690 -973
HOF [mio. ECU] 490 -1056 -1977 -16.41) N/A 657 -1765 -690 24
PVF Government sector [mio. ECU] 233 -2120 390B 946 -84 5976 -1779 710 8
PVF Private sector [mio. ECU] N/A N/A N/A N/A N/A N/A N/A 0 0
Value Capture [mio. ECU] 166 574 0 0.30 [ 28 0 233 0 1.2

- not included, ~ indicates irrelemaaround the optimum; * BOF=COF=ROF

# no feasible solution with IRR close to 15%

Table 6: Summary table - best BOF
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Measures Edinburgh M'side Vienna Eisenstadt ©msg Oslo Helsinki| Torino* Salerno
Infrastructure Investment high (IH) 0 0 0 - - 0 0
Infrastructure Investment medium (IM) 1 1 0 - 1 - 0 0
Increasing/decreasing of road capacity (CAP) 10% 10% -10p6 -15% 5% 109 0 109

PT frequency (PTC) - - 0% -50% - - 30% 50%
PT frequency peak (PTCP) 85% 20% - - 25% -15% 0 - -
PT frequency off-peak (PTCOP) 70% -50% - - 15% 0% -10% - -
Road pricing (RP) - - 0 0 - - 0 0
Road pricing peak (RPP) 1.6 1 - - 2 5 0 - -
Road pricing off-peak (RPOP) 1.6 1 - - 3 5 0 - -
Parking charges (PCH) - - - - -100% 0% - 100% 300%
Parking charges long term (PCHL) ~ 0% 0% -50% - 20% - -
Parking charges short term (PCHS) 300% 2009 245% 115% - 0 -

PT fares (PTF) - - 77% -50% - - 100% 50%
PT fares peak (PTFP) -90% -65% - - -50% -5% -10% - -
PT fares off-peak (PTFOP) -35% -40% - - +40% -15% 1% - -
Modal Split

MS (trips) private car 52% 59% 36% 41% 68% 60% 45% 56% 57%
MS (trips) public transport 48% 19% 32% 2% 13% 28% 33% 44% 13%
MS (trips) others - 22% 32% 57% 19% 12% 22% - 30%
Percentage change in car-km -16% -4 -8% -10% -11% -15% -7% -1% 0
Cost model output

BOF [mio. ECU] 492 404 142.4 3.92| 17 696 46 128 24
COF [mio. ECU] 492 404 142.4 3.92| 17 696 46 128 24
ROF [mio. ECU] 492 404 142.4 392| 17 696 46 128 24
DOF [mio. ECU] -457 -566 -1977 -16.41| # 657 -1959 -690 -975
HOF [mio. ECU] 490 394 -1977 -16.41| # 657 -1959 -690 24
PVF Government sector [mio. ECU] 233 32 3908 946 9 5976 52 710 124
PVF Private sector [mio. ECU] N/A N/A N/A N/A N/A N/A N/A |0 0
Value Capture [mio. ECU] 166 147 0 030 | 4 0 1 O 0
Percentage subsidy for PT balance 34% 659

- not included, ~ indicates irrelevant around the optim# no feasible solutiomith IRR close to 15%

Table 7: Summary table - best COF
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Measures Edinburgh M'side Vienna* | Eisenstadt* Tomsg Oslo Helsinki| Torino* Salerno
Infrastructure Investment high (IH) 0 0 0 - - 0 0
Infrastructure Investment medium (IM) 1 1 0 - 1 - 0 0
Increasing/decreasing of road capacity (CAP) 10% 10% -10p6 -15% 5% 109 0 10% 0
PT frequency (PTC) - - 0% -50% - - 30% 50%
PT frequency peak (PTCP) 85% 20% - - 25% -15% 0 - -

PT frequency off-peak (PTCOP) 70% -50% - - 15% 0% -10% - -
Road pricing (RP) - - 0 0 - - 0 0
Road pricing peak (RPP) 1.6 1 - - 2 5 0 - -
Road pricing off-peak (RPOP) 1.6 1 - - 3 5 0 - -
Parking charges (PCH) - - - - -100% 0% - 100% 300%
Parking charges long term (PCHL) ~ 0 0% -509 - 20% - -
Parking charges short term (PCHS) 300% 1009 245% 115% - 0 -

PT fares (PTF) - - 77% -50% - - 100% 50%
PT fares peak (PTFP) -90% -75% - - -50% -5% -10% - -

PT fares off-peak (PTFOP) -35% -40% - - +40% -15% 1% - -
Modal Split

MS (trips) private car 52% 59% 36% 41% 68% 60% 45% 56% 57%
MS (trips) public transport 48% 19% 32% 2% 13% 28% 33% 44% 13%
MS (trips) others - 22% 32% 57% 19% 12% 22% - 30%
Percentage change in car-km -16% -4 -8% -10% -11% -15% -7% -1% Oopo
Cost model output

BOF [mio. ECU] 492 425 142.4 3.92 17 696 46 128 24
COF [mio. ECU] 492 -575 142.4 3.92] 17 696 46 128 24
ROF [mio. ECU] 492 425 142.4 3.92( 17 696 46 128 24
DOF [mio. ECU] -457 -526 -1977 -16.41) # 657 -1959 -690 -975
HOF [mio. ECU] 490 -526 -1977 -16.41) # 657 -1959 -690 24
PVF Government sector [mio. ECU] 233 -152 3908 946 9 5976 52 710 124
PVF Private sector [mio. ECU] N/A N/A N/A N/A N/A N/A N/A |0 0
Value Capture [mio. ECU] 166 180 0 0.30| 4 0 1 0 0
Percentage subsidy for PT balance 34% 65%06

- not included, ~ indicates irrelevant around the optim# no feasible solutiomith IRR close to 15%

Table 8: Summary table - best ROF
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Measures Edinburgh M'side Vienna Eisenstadt# ®msg Oslo Helsinki Torino| Salerno
Infrastructure Investment high (IH) 0 0 0 0 0 0
Infrastructure Investment medium (IM) 1 1 0 1 0 0
Increasing/decreasing of road capa¢@AP) 10% 10% -9% 5% 10% 10% 0%
PT frequency (PTC) - - 3% - 30% 50%
PT frequency peak (PTCP) 50% 10% - -21% -15% - -

PT frequency off-peak (PTCOP) 0% -50% - 0% -30% - -
Road pricing (RP) - - 0 - 0 1
Road pricing peak (RPP) 3.3 1 - 3 5 - -
Road pricing off-peak (RPOP) 3.2 1 - 3 5 - -
Parking charges (PCH) - - - -100% 0% 100% 300%
Parking charges long term (PCHL) ~ 0 0% - - -
Parking charges short term (PCHS) 300% 1009 250% - - -
PT fares (PTF) - - 4% - 70% 100%
PT fares peak (PTFP) -35% -50% - +1% 20% - -

PT fares off-peak (PTFOP) 0% -25% - +40% 20% - -
Modal Split

MS (trips) private car 53% 60% 35% 69% 62% 56% 56%
MS (trips) public transport 47% 17% 35% 11% 26% 44% 12%
MS (trips) others - 22% 30% 20% 13% - 32%
Percentage change in car-km -13% -3% -9% -9% -11% -19 -2
Cost model output

BOF [mio. ECU] 442 346 111.9 12 683 107 16
COF [mio. ECU] 442 346 111.9 12 683 107 16
ROF [mio. ECU] 442 346 111.9 12 683 107 16
DOF [mio. ECU] 440 337 107.6 12 653 99 14
HOF [mio. ECU] 440 337 107.2 N/A 653 99 14
PVF Government sector [mio. ECU] 1864 309 1198 58 6757 313 144
PVF Private sector [mio. ECU] 29 35 55 19 1176 83 4
Value Capture [mio. ECU] 0 87 0 - 0 3 0

- not included, ~ indicates irrelevant around the optimum

Table 9: Summary table - best DOF
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Measures Edinburgh M’side Vienna Eisenstadt amsg Oslo Helsinki| Torino Salerno
Infrastructure Investment high (IH) 0 0 0 - - 0
Infrastructure Investment medium (IM) 1 1 0 - 1 0
Increasing/decreasing of road capacitARg 10% 10% -9% -12% 10% 10% 0%
PT frequency (PTC) - - 3% -20% - 30% 80%
PT frequency peak (PTCP) 85% 20% - - -15% - -
PT frequency off-peak (PTCOP) 70% -50% - - -15% - -
Road pricing (RP) - - 0 0 - 0 0
Road pricing peak (RPP) 1.6 1 - - 5 - -
Road pricing off-peak (RPOP) 1.6 1 - - 5 - -
Parking charges (PCH) - - - - 0% 100% 300%
Parking charges long term (PCHL) ~ 0% 0% -56% - - -
Parking charges short term (PCHS) 300% 2009 250% 1076 - -

PT fares (PTF) - - 4% -90% - 70% 25%
PT fares peak (PTFP) -90% -65% - - 20% - -
PT fares off-peak (PTFOP) -35% -40% - - 20% - -
Modal Split

MS (trips) private car 52% 59% 35% 41% 61% 56% 57%
MS (trips) public transport 48% 19% 35% 3% 26% 44% 14%
MS (trips) others - 22% 30% 56% 13% - 29%
Percentage change in car-km -16% -49%4 -9% -9% -12% -1% -19
Cost model output

BOF [mio. ECU] 492 404 111.9 3.19 691 107 24
COF [mio. ECU] 492 404 111.9 3.19 691 107 -976
ROF [mio. ECU] 492 404 111.9 3.19 691 107 -976
DOF [mio. ECU] -457 -566 107.6 -16.74 665 99 -973
HOF [mio. ECU] 490 394 107.2 3.19 658 99 24
PVF Government sector [mio. ECU] 203 0 118% 0.65 6603 313 82
PVF Private sector [mio. ECU] 30 32 63] 0 1161 83 6
Value Capture [mio. ECU] 166 147 0 1.12 0 3 1.2

- not included, ~ indicates irrelevant around the optimum

Table 10: Summary table - best HOF
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5.3 Comments on results

5.3.1 Regulated regimes

In general, due to the way that the olijex functions are constructed, the following
relationships must always apply to optinvalues of each function (optima denoted
by an asterisk):

(5.1) BOF* > ROF* > COF*

It is useful to distinguish classes afycaccording to whether equalities or inequalities
apply in (5.1). These city classes corresptmthose set out in Section 2.2 of Part 1
of this report:

Class 1:Cities where BOF optimal strategiase supportive of both car and public
transport users, so that the city mustviale finance, and where there is significant
possibility for value capture in COF optimal strategies. These give:

(5.2) BOF* > ROF* > COF*= PVF(BOF*)<0, and VC(COF*) >0
Class 1 includes only Merseyside.

Class 2:Cities where BOF optimal strategiase supportive of both car and public
transport users, so that the city must pdeviinance, but where there is no significant
possibility for value capture in COF optimal strategies. These give:

(5.3) BOF* > ROF* = COF*= PVF(BOF*)<0 and VC(COF*)=0

As in Class 1, the PVF for the BOF optimB®F* is negative, but the value capture
at COF* is zero, implying no or negatiuser benefits. Any positive value capture
element would make it possible for ROto improve upon the COF* solution,

moving towards the optimum BOF* soloti with a negative PVF but not breaking
the ROF constraint of PVF+VC>0. Hei&i and Tromsg are included in Class 2
since their value capture elements undef~€@ere very small (i.e. approximately

Zero).

Class 3:Cities where BOF optimal strategiesapé financial restrictions on cars but
are supportive of public transport users, sat the former are subsidising the latter.
In this case the city is unlikely to make either a large surplus or deficit. For these:

(5.4) BOF* =ROF*= COF* and PVF(BOF*)>0 (but small surplus only)

Class 3 includes Edinburgh, Eisenstadt &ndno and applies if PVF is positive for
the BOF-optimum BOF*,

According to the standard FATIMA definitioof COF, Salerno is also a Class 3 city
as the PVF for BOF* is positive. Howevelye to the Italian rules on subsidy (the
subsidy cannot exceed 65% of the public $pant operating costs) there is a special
COFRt defined, and COF* < BOF*,
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Class 4: Cities wherre BOF optimal strategi@éace restrictions on both cars and
motorised public transport, and the cityses revenues from both user types through
road user charges and increased public transport fares. For these:

(5.5) BOF* =ROF*= COF* and PVF(BOF*)>0 (large surplus)

Class 4 includes Vienna and Oslo.

5.3.2 Deregulated regimes

For deregulated regimes (see Section 2) the following must apply given optimal
solutions which have a return of 15% filve public transport sector for DOF* and
HOF*:-

(5.6) DOF* < HOF* < BOF*

this condition applies to all cities in the FATIMA project (except Eisenstadt and
Helsinki which have no solutions for DOF*).

A further condition which also holds under the FATIMA assumptions for optimal
solutions is that :-

(5.7) DOF* < HOF* < COF* < ROF* < BOF*

which implies that under the FATIMA modelling assumptions there are no social
benefits of deregulation in any case study'citfhe only benefits modelled in this
project come from finance made availafriem value capture in the case of Class 1
cities where ROF* > COF* and, more gerbrafrom the reduction in public sector
financial costs.

There are also other benefits which may arise, as described by Minken (1998), but
which have not been modelled. These include:

changes in efficiency (i.e. through reduced operating costs, see sensitivity tests)
attitudes towards risk in raising finance

payment of interest on loans

non-uniform changes to PT services across routes

quality of service (which could rise or fall).

5.4 Comparison of policies by city and objective function

Table 11 summarises the policy measureséxh city by objective function in terms

of strength and direction/sign of chanfpe each measure. (N.B. where a measure
was modelled as all-day, it was recorded \ilin peak measures.) This table allows a
comparison in general terms of measures across cities for each function and across

! with the possible exceptions of Torino and Satevhere extra money is available for the HOF
regime to finance lamginfrastructure projects.
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functions for each city. The following dens take each city in turn and make
observations about the changes in measures due to each function.

5.4.1 Edinburgh

The BOF policy is to increase capacity, e&se frequencies all day, reduce fares in
the peak with a lower reduction in th#-peak, implement road pricing at 1.6 ECU
all day, increase parking charges (shortBbB9% and to implement the medium level
of infrastructure (guided bus).

Edinburgh is a Class 3 city as definadove and so BOF*=ROF*=COF* and for
Edinburgh the HOF* solution has the same set of measures for its optimum. The only
changes are for DOF* which has no increases in frequencies in the off-peak and less
of an increase in the peak, lower fare rdituns in the peak and no reductions in fare

in the off-peak. Also for the DOF* solot the road pricing charge is doubled to
around 3.2 ECU, this is required to produthe mode switch from car to public
transport to ensure a return of 15%.

The DOF* solution is 11% worse in termssafcial objectives (as measured by BOF)
than BOF*.

5.4.2 Merseyside

The BOF* solution is to increase capacitgrease peak frequency, decrease off-peak
frequency, provide free fares all day, mmad pricing, reduce long stay parking
charges whilst increasing short stay charges and to implement the medium level of
infrastructure (SMART Bus).

The ROF* policy lies between the BOF* a@®DF* policies, although it is closer to
the latter. The two differences betweenR@nd COF* are: ROF* has a larger
decrease in peak fares and a smaller increase in short-stay parking charges.

DOF* is similar to COF* but has lower increases in peak frequencies, smaller fare
reductions and with smaller increases in parking charges.

In terms of the social objective function@B), ROF* is 40% lower than BOF* (the
PVF of ROF* is -152 MECU, which is clearly much more acceptable than the -2120
MECU of BOF*). The BOF-value of CE¥ (which has, by definition, a positive
PVF) is 5% lower than that for ROF*. ri8ie the COF* set of easures led also to
HOF*, the latter is also 5% lower than ROF* (in terms of BOF), whilst DOF* is 19%
lower than ROF*.
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5.4.3 Vienna

The BOF* solution for Vienna is to dece capacity, increase short stay parking
charges, no change in long stay parking charges, with no changes to public transport
frequencies, but with an increase in fares of 77%.

This increase in fares gives a high public PVF and is generated by the shadow price
effect on revenue generation. The 77%danerease has obviously reduced the need
for subsidy to public transport and gesied a high PVF. Sensitivity tests were
conducted for the value of shadow price/ienna and decreases in fares were found

for a shadow price of zero.

Vienna is a Class 3 city and so BOF*=ROF*=COF*.

The DOF* solution is similar to BOF* buhcludes small increases in frequencies
with much smaller increases in fares as the private sector is limited to a 15% return.

The HOF* solution is identical to DOF* fovienna in terms of measures and the
subsidy is used to increase the privegetor return from 14% under DOF* to 15%
under HOF*. No improvements in services are implemented with subsidy as the
value of revenue generation outweighs theefies to users of improved services.
This effect is due to the shadow price of 0.25 as discussed for BOF*.

The DOF* solution is 24% worse in terms of social objectives than BOF*.

5.4.4 Eisenstadt

The BOF* solution for Eisenstadt is teeduce capacity as in Vienna, reduce
frequencies and fares, reduce long stakipg charges whilst increasing short stay
charges.

For Eisenstadt BOF*=COF*=ROF*. HOF* wimilar but has a lower reduction in
capacity, smaller reductions in frequencies, greater fare reductions and greater
reductions in parking charges for longyst&isenstadt is a special case and has no
feasible DOF* solution.

The HOF* solution is 19% worse in terms of social objectives than BOF*.

545 Tromsg

The BOF* solution for Tromsg is to incr&asoad capacity, increase peak frequencies
(with no change to off-peak), introduce frizees in the peak and halve the fares in

the off-peak with road pricing of 2 edn the peak and 1.6 ecu in the off-peak

substituting for the free parking. This BOF* solution yielded a negative PVF.

For Tromsg COF*=ROF* as there was omalysmall element of value capture under
COF* and no improvements were possible by further expenditure. This seems to be
contrary to the BOF* solution and given time other runs may have been able to
improve upon ROF*. The COF* solution hamaller decreases in peak fares and
increases in off-peak fares coupled with smaller increases in peak frequencies and
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increases in the off-peak frequency. Thad@ricing charges for peak and off-peak
have also increased and the capacity increase is lower than for BOF*.

The DOF* solution is based upon COF* thas no fare reductions and frequency
decreases in the peak rather than increa$ég road pricing charges have increased
in the peak to give a charge ofe8u all day under DOF*. There is no HOF* for

Tromsg.

The DOF* solution is 45% worse in terms of social objectives than BOF* which was
financially infeasible but only 29% worse than COF*.

5.4.6 Oslo

The BOF* solution is to increase capacity and reduce peak frequencies and fares
slightly, with a greater fare reduction in tb#-peak than in the peak. It features
road pricing at the maximum level of BCU all day (as explained below, using
variable demand in the optimisation presdater showed that 3 ECU would have
been a better value,). There is noamype to parking charges and medium
infrastructure is implemented. Overall theare no user benefits in Oslo under BOF*
due to the high road pricing charges which ased primarily to give benefits from
reduced veh-km and hence increased SOHesarather than from the removal of
congestion which could have been achiewatth lower charges. The high charges
also yield a highly positive PVF.

Oslo is a Class 3 city and so BOF*=ROF*=COF*.

The DOF* solution has further decreasesofftpeak frequencies, increases rather
than decreases in the peak and off-peaksfaand has medium infrastructure as in
BOF*.

HOF* is similar to DOF* but has lower redians in off-peak frequency due to the
subsidy option.

The DOF* solution is only 6% worse than BOF* in terms of social objectives.

5.4.7 Helsinki

The BOF* solution for Helsinki increasgaiblic transport frequencies in both peak
and off-peak and reduces fares by 50% @ lkak and off-peak (which is the lower
limit for Helsinki due to modelling constrats). Parking charges are not changed.
No capacity changes, road pricing or infrasture measures are implemented. This
set of measures yields a highly negative PVF.

The COF* solution is to reduce frequerkim the off-peak and to reduce fares
slightly in the peak and off-peak. Thdsea modest increase in long stay parking
charges but no changes to all other measures.

For Helsinki COF*=ROF* as under COF*dte is only a very small value capture
element. The COF* solution is 75% worseterms of social objectives than the
financially infeasible BOF* solution.
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DOF* and HOF* were not calculated for Higlsi because no correct and sensible
capital cost was available.

However, it is very unlikely that the publicansport could make a much better profit
under the DOF* or HOF* regimes, because:

e the present subsidised fares are too lowedweer the cost of any viable solution
(this rules out investing in increased frequency)

e the model is quite sensitive to cost changes: because there is so little congestion in
Helsinki, considerably increased faresuld cause mode change from PT to car.
(This would lead to a penalty from increased fuel consumption)

e using road pricing or parking chargesirtorease car costs to encourage a switch
to public transport system would be uosessful because, according to the model,
users would either change mode (if febsilor change destination to zones where
car costs are less or zero. (Parking chaagesmplemented only in the inner city,
where the public transport is always very good, and in a few suburban centres).

e if, due to mode change from car to RKktra capacity is needed, the problem of
operating costs versus fare revenue again arises.

5.4.8 Torino

The BOF* solution for Torino featuresstrong increase of both road capacity and
public transport frequency, no change in lpubransport infrastructure, no presence
of road pricing and the highest possibterease of both public transport fares and
parking charges (100% in both the cases). These changes yield a highly positive PVF.

Because of the positive PVF and the absefi¢be subsidy penalty BOF* = COF* =
ROF* for Torino.

The HOF* solution is identical toDOF* as the IRR=15% for DOF* and
improvements in service are outweighed by revenue losses when multiplied by the
shadow price. The solution is quite similar to the BOF* solution. It consists of an
improvement of both the public and private supply (increase of the private capacity of
10% and increase of the public transpoegfrency of about 30%) coupled with an
increase of public transport fare by 70% and of the parking charge by 100%. The
fares increase is limited to reduce the rateetdirn of the public transport sector to
15%.

The DOF*=HOF* solution is 16.5% worse in terms of social objectives than BOF*
(=COF*=ROF¥).

5.4.9 Salerno

The BOF* solution for Salerno is also tHEOF* solution. It consists of no changes in
road capacity, large increases in freqye80%) with 25% increases in fares, no
road pricing but a 300% increase in pagkcharges and no infrastructure. The
increased revenue yields a positive PVF.

For Salerno although the BOF* solution resulted in a highly positive PVF the COF*
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penalty on the subsidy allowed to the pultiensport sector (subsidy should be less
than 65% of operating costs) was invdkand thus the BOF* public transport
measures were not optimal for COF*.

Thus the COF* solution has slightly lowieicreases in frequency with 50% increases
in fares and all other measures as for BOF*. AS BOF has a positive PVF, Salerno
belongs to the special case of Class 3 cities in which COF*=ROF*.

The HOF* solution has the same set oéasures as the BOF* solution as the
constraint on subsidy to the public transadtor is not binding and the measures are
self-financing.

The DOF* includes increases in frequen@&s0% with fares increased by 100%. It
also introduces all day road pricing oECU and increase parking charges of 300%.
It should be noted that the DOF* given here has an internal rate of return of 16%.

The DOF* solution is 42% worse than BOFh(aHOF*) in terms of social benefit.
The COF* solution is 2% worse than BOF* in terms of social objectives.
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City Funct | Cap Freq Freq Fares Fares RP RP PCH PCH INF
ion (Peak/ | (off- (Peak/ | (off- (Peak/ | (off- Long/ [ Short
all day) | peak) | all day) | peak) all day) | peak) all day
Ed BOF | ++++ [ ++++ +++ — - + + +++++ |+ M
+
ROF | ++++ | ++++ +++ - -- + + +++++| M
+
COF | ++++ | ++++ +++ -—-- -- + + +H+++ | A+t M
+
DOF ++++ | ++ 0 -- 0 ++ ++ +++++| HHH++ M
+
HOF | ++++ | ++++ +++ — - + + +++++ |+ M
+
Mer BOF ++++ | +++ — | ] e 0 o | - ++ M
+
ROF | ++++ | ++ | — - - + + 0 + M
+
COF ++++ [ ++ | - - -- + + 0 +++ M
+
DOF | ++++ |+ | - - - + + 0 t+ M
+
HOF ++++ | ++ | - - -- + + 0 +++ M
+
Vien [ BOF | --- 0
ROF | --- 0
COF | --- 0
DOF | --- +
HOF | --- +
Eise | BOF | ---- | -----
ROF | - | -----
COF | ---- | -----
DOF | NS NS
HOF | --- --
Trom | BOF | ++++ | ++
+
ROF | ++ +
COF | ++ +
DOF | ++ --
HOF | NS NS
Oslo | BOF | ++++ | -
+
ROF | ++++ | -
+
COF ++++ | -
+
DOF | ++++ | -
+
HOF ++++ | -
+
Hels | BOF | O ++
ROF | 0 0
COF |0 0
DOF | NS NS NS NS NS NS NS NS NS $
HOF | NS NS NS NS NS NS NS NS NS N$
Torin | BOF | ++++ [ ++
+
ROF ++++ [ ++
+
COF | ++++ | ++
+
DOF ++++ ++
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+

HOF | ++++ [ ++
+

Saler | BOF | 0 +++
ROF | O ++
COF [ O ++
DOF | O ++
HOF 0 +++

Table 11 : Summary of policies by city and objective function
+ indicates increase, - decrease, 0 no change, M medium, shaded= not modelled, NS=no solution
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5.5 Comparison across cities by function

This section compares the policy measures across cities by each objective function in
turn, aided by Table 12.

5.5.1 BOF* solutions

Class 1 cities include only Merseysidadahave a negative PVF for the optimum
BOF* solution. The characteristics ofetloptimal policies are to provide large
decreases in fares (-100% for Merseyside) with improvements in frequency in the
peak (though not in the off-peak fdvlerseyside) and improvements via the
introduction of some form of infrastructs In other words the public transport
system gives large user benefits. Thegiewar measures are generally favourable to
the car user with increases in capaciggréases in long stay parking charges and no
road pricing. However the short stay parking charge is increased in Merseyside.

Overall Class 1 cities are dominated by ubenefits at the expense of revenue
generation. The user benefits outweighrinenue losses even when factored by the
shadow price..

Class 2 cities include Tromsg and Helsinki. Here the BOF* solution has a negative
PVF and the user benefits once againweigh any revenue losses even when
factored by the shadow price. The freggies are increased and fares reduced for
public transport with neutral measures ttoe private car user. Tromsg can introduce
road pricing whilst increasing the BOF* value.

Class 3 cities include Edinburgh, Eisedstand Torino and Salerno, and produce a
small positive PVF for the optimum BOF* solution. Revenue generation is balanced
against user benefits with the exceptionTofino, where user benefits are negative
and revenue generating measures dominate the solution; thus Torino generates
revenue through increased fares at the espef the users, the solution probably
being dictated by the shadow price Those cities which provide user benefits do so
through overall improvements in the publiarisport system and balance these with
revenue generating measures for private ceh si$ road pricing or parking charges.
Those cities which reduce user benefitsralleand instead generate revenue do so
through a high road pricing charge or antmination of high fares and high parking
charges.

Eisenstadt is a special case as only 2%ripk are made by public transport. In
general the public transport systems makess compared to the do-minimum, with

the exception of Eisenstadt, which implies that revenue loss from changes to the
system are out-weighed by user benefits for loss making systems.

For the private car however the measures are designed to increase revenue where
possible (with the exception of increasegoad capacity). Edinburgh can introduce

road pricing whilst increasing the BOF* valudll cities increase short stay parking
charges where this option is modelled.eTbng stay/all day parking charges have no
pattern, but it is interesting to note tlsaime cities reduce long stay parking charges
whilst increasing short stay parking charges which merits further investigation.
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The capacity measure favours the car for nodgts but is decreased in Eisenstadt.
This difference is due to the benefits aflueed delay to pedestrians in the Eisenstadt
model as road capacity is reduced.

Class 4 cities include Vienna and Oslo and produce a large positive PVF for the
BOF* solution. User benefits are néiga and revenue generation dominates the
strategy. These cities thus raise reverfue® both public transport (higher fares,
with no frequency increases) and privdtansport (road pricing and/or parking
charges) user charges. Oslo provides rey benefits and sets road pricing to the
maximum of 5 ECU. Like the Class 2 cityomsg, Oslo can introduce road pricing
whilst still increasing the BOF* value. ¥nna generates revenue through increased
fares at the expense of the users, with (like Torino) the solution probably being
dictated by the shadow prige

5.5.2 ROF* and COF* solutions

For Class 1 cities such as Merseyside BROF* solution is similar to the BOF*
solution with revenue losses reduced by smaélductions in fares, smaller increases
in frequency, no decreases in parkiogarges and the introduction of revenue
generation by road pricing. For ROF* aldrece is required between user benefits
which determines the value capture whichum determines the amount of revenue
which can be lost in providing the user benefits.

The COF* solution is an extension ofetlROF* solution requiring a positive PVF.
Hence revenue loss making measures areiatest further while revenue generation
is increased slightly in the form of short stay parking charges.

For Class 2 cities the COF*=ROF* and is atrieted version of BOF* which trades
user benefits for revenue generation to saohextent that user benefits are now
negative or near zero compared to positive user benefits under BOF*.

For Class 3 and 4 cities the ROF* and CQBtutions are equal to the BOF* solution

as the PVF is positive. Salerno isspecial case of Class 3 cities where the
COF*=ROF* solution is a restricted veosi of BOF* not because of the PVF but

because of the special penalty on subsigigdemented for Italian cities. Thus the

frequency is reduced and fares increased compared to BOF*.

5.5.3 HOF* solutions

The HOF* optimum measures for all citiles between the COF* and DOF* optimum
set of measures (with theeaption of Salerno where HOF*=BOF* set of measures as
the subsidy penalty is invoked for theseasures under COF*). The use of the
subsidy falls into two categories as follows :-

(a) Loss making public transport systems under COF* optimum

Edinburgh, Merseyside, Oslo and Salerngehbbss making public transport systems
under the COF* optimum and so the subsidyged primarily to increase the rate of
return to 15%. For Edinburgh and Mersegsithe PVF available is sufficient to
subsidise the same set of measures for H&Rwere used for COF*. For Salerno the
subsidy is used freely to subsidise thensaset of measures as BOF* which for
Salerno is greater than COF*. In Oslo the solution moves from the COF* set of
measures towards the DOF* set with incesag fares and reductions in frequency
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applied in the off-peak. The subsidy used to prevent even further frequency
reductions as under DOF* and is therefore subsidising an otherwise loss making
system.

(b) Profit making public transport systems under COF* optimum

Vienna and Eisenstadt have profit makipublic transport systems under the COF*
optimum and so the subsidy could be usedmprove the system compared to the
COF* measures with lower fares and e&sed frequencies whilst maintaining the
15% return to operators as in Eisenstadt.

Vienna and Torino are special cases wlhbe measures for HOF*=DOF* and no use

of subsidy to improve the system gives overall benefits as the user benefits do not
outweigh the loss in revenue when factored by the shadow qri€be subsidy is

used to raise the IRR under DOF* from 148615% for Vienna whilst no subsidy is
used in Torino as the IRR is already 16% under DOF*.

There were no HOF* solutions for Tromsg and Helsinki.

5.5.4 DOF* solutions

There is no DOF* solution for Eisenstadt there is only a small public transport
system with only 2% of the trips. Thetically there may be a solution but the
resolution of the modelling does not allowetbolution to be found i.e. the IRR is
ultra-sensitive to changes in measures.

There is no DOF* solution available for Helsinki as explained in Section 5.4.7.

For other cities the optimum DOF* stibns are based upon the HOF* or COF*
optima with restrictions in changes teduencies and fare reductions. In Edinburgh
and Merseyside the fare reductions and frequency increases remain but at lower
levels, also in Edinburgh the road pricing charge is doubled to create the demand
necessary for the return of 15%.

In Oslo further frequency reductions aredman the off-peak period compared to
HOF*.

In Vienna however the frequencies are inceeasompared to COF* and this is paid
for by the modest fare increases. Theseifameases are lower than in COF* as they
are limited to give a 15% return, wheraasder COF* this is not the case and the
shadow price on revenue generation induces high fare increases.

In Salerno the frequencies are the same as for COF* but high fares are used to pay for
these increase. Salerno introduces roacing as a key element in DOF* to induce
the mode switch given the 100% increase in fares.

In Torino the frequencies are the samefasCOF* but the public transport fare
increase is limited to +70% which yields user benefits overall.
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City Funct | Cap Freq Freq Fares Fares RP RP PCH PCH INF
ion (Peak/ | (off- (Peak/ | (off- (Peak/ | (off- Long/ [ Short
all day) | peak) | all day) | peak) all day) | peak) all day
Ed BOF ++++ | -+ +++ -— -- + + +++++ | M
+
Eise | BOF | — | — 1 - o — [~
Hels | BOF | O ++ + 0 0 0 0 0
Mer BOF | ++++ | +++ - | | 0 o | - ++ M
+
Oslo | BOF ++++ | - 0 - -- +H+++ | 0 M
+
Saler BOF 0 +++ + 0 +++++ 0
Torin | BOF ++++ | ++ +++++ 0 ++ 0
+
Trom | BOF | ++++ | ++
+
Vien | BOF | --- 0 0
Ed ROF ++++ | +++ ———- -- + + +H+++ | A M
+
Eise | ROF | - [ - e
Hels | ROF | 0 0 0
Mer | ROF [ ++++ | ++ M
+
Oslo | ROF | ++++ | -
+
Saler| ROF | 0 ++
Torin | ROF | ++++ [ ++
+
Trom | ROF ++ +
Vien | ROF | --- 0
Ed COF ++++ | ++++
+
Eise | COF [ ---- [ ----
Hels | COF |0 0
Mer | COF | ++++ | ++
+
Oslo | COF | ++++ | -
+
Saler| COF | 0 ++
Torin | COF | ++++ | ++
+
Trom | COF | ++ +
Vien | COF | --- 0
Ed HOF | ++++ | ++++
+
Eise | HOF | --- --
Hels | HOF | NS NS
Mer HOF ++++ [ ++ | - - -- + + 0 +++ M
+
Oslo | HOF | ++++ | -
+

Saler | HOF | 0 ++ 0+

Torin | HOF | ++++ [ ++ \
+

Trom | HOF | NS | NS _-

Vien | HOF [ --- +

Ed DOF | ++++ | ++

Eise | DOF | NS NS

Hels | DOF NS NS
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Mer | DOF | ++++ | +

Oslo | DOF | ++++ | -

Saler | DOF [ 0 ++

Torin | DOF | ++++ [ ++

DOF ++ --
Trom

Vien | DOF | --- +

Table 12 : Summary of policies by city and objective function
+ indicates increase, - decrease, 0 no change, M medium, shaded= not modelled, NS=no solution
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5.5.5 Other feasible DOF solutions

Some of the cities had the opportunity to identify other feasible DOF solutions i.e.
where the IRR = 15% for the private seabperation of public transport. Following
Webster et al (1980), it would be expectédt there would be a large number of
combinations of fare and frequency thatuld be feasible: these combinations would
vary depending upon other measures (suclroasl pricing) being implemented.
Some general solutions arising from the FATIMA case studies were as follows :-

e there is usually a feasible solution whiths small increases in fares from the do-
minimum (with small increases in frequency) (Vienna)

e large fare increases with large increases in frequency (with or without new
infrastructure) (Edinburgh, Merseyside)

o fare decreases with a decrease in frequency (Vienna)

o for fare decreases and frequency é@ases (with or without new medium
infrastructure) other measures such asdrpricing or parking charges must be
used to increase car costs and so create the demand necessary for the public
transport system to give a return of 15% (Edinburgh, Merseyside)

o for frequency increases and new high intimasture fares must be increased along
with other measures such as road pgcor parking charges which must be used
to increase car costs and so createdémand necessary for the public transport
system to give a return of 15% (Edinburgh)

In theory there are a vast number of solutions for different combinations of measures
which will satisfy the IRR=15% condition.In all cities (except Eisenstadt and
Helsinki) the regression method with sensitivity tests was able to find the optimum
DOF solution. The optimum DOF* solutionsed other measures to create the
demand for an otherwise loss making public transport system. In other words the
optimum system was to invest in publiarisport and in some cases to reduce fares
slightly but to have other “stick” measures to ensure a 15% return.

However in some cases it was thoughattkhe optimum DOF solution was not
necessarily the most likely DOF solution toibwlemented. One such case is that of
Oslo where the optimum DOF solution was to provide the rail based infrastructure as
this provided the best system in termso€ial benefits. However it was shown that

to provide this infrastructure the faresdhto be increased and a sensitivity test
showed that the provision of infrastructwas unprofitable for the private operator.
Another feasible solution existed where ntyastructure was implemented with fare
decreases which was thought to be more feasible.
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5.6 Financial Implications of Value Capture and PVF

5.6.1 General

Firstly there is no value capture under any regime for Vienna and Oslo. For Vienna
this is due to the shadow price on pulblinds effectively out-weighing user benefits
whilst for Oslo the high road pricing charges are used to reduce fuel consumption and
hence reduce external costs in EEFP and increase the fuel benefit in SOF at the
expense of user benefits. For other cities it can be seen from tables 6-10 that the
value capture is highest for the BOF* dadn with the exception of Eisenstadt where

it is highest for HOF*. The value captureaisvays lowest for the DOF* solution and

only Merseyside has a positive value capture element under DOF* which implies
negative user benefits for all other cities.

Coupled with this is the fact that, rfall cities except Vienna, the PVF for the
Government sector is always lowest fioe BOF* solution and greatest for the DOF*
solution (where one exists). Hence froravernment sector financial point of view
the DOF* solution becomes the most attractive and in all cases provides substantial
revenue which could be spent elsewhere firat sight this seems like a tax on travel
without consideration of the user, howevkbe DOF* solutions imply reductions in

the COF* values of only 11% (Edinburgh}7% (Merseyside), 6% (Oslo), 29%
(Tromsg) and 42% (Salerno). This coupled with benefits from revenue spent
elsewhere could form a basis for accepting DOF* solution in these cities. The
shadow pricé. models the value of revenuetaxation terms but it does not include
benefits of spending that revenue elsewhere.

Vienna is a notable exception to thiderand the PVF under BOF* is higher than
under DOF*. This is due to the shadgsice effect under BOF* encouraging
revenue generation from increased farescivlunder DOF* is limited to a return of
15% which in any case is not factored by the shadow price.

5.6.2 Avalilability of finance in year zero

In the FATIMA models the budget restrictiohave been for the 30 year period with
no limits on initial expenditure. One of tlkey reasons stated for involving private
finance is due to the lack of capital iear zero. The following table shows the initial
year zero investment for the Governmeatter and the Private sector investment
under COF*, DOF* and HOF* solutions for eacity. BOF* is implicitly included
for Class 3 cities where BOF*=COF*, hewer COF* was thought to be more
representative of a realistic strategy for Class 1 and Class 2 cities.

Note that under DOF* and HOF* the Government sector only pays for capacity and
road pricing in year 0. Table 13 showstthf year zero capital restrictions were
applied to COF at certain city specifevels e.g. 20 million in Edinburgh, 60 million

in Merseyside, 100 million in Oslo, 17 million in Vienna, 3 million in Eisenstadt, 2
million in Salerno, and 50 million in Taro then a good case for using either HOF*

or DOF* solutions may exist. Add this the earlier point that Government sector
PVF under DOF* is higher than under EODoptima for all cities where DOF*
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solution is calculated and a strong case for DOF* may exist.

COF* year O capital | DOF* year O capital HOF* year O capital

(Million Ecu) (Million Ecu) (Million Ecu)
City Governmeh | Private | Governmen | Private Governmén | Private
Edinbugh 59.6 0 17.5 39.3 17.5 42.1
Merseyside | 124.5 0 58.75 56.25 58.75 65.75
Vienna 20 0 16 90 16 90
Oslo 265 0 92.6 172 92.6 172
Eisenstad 4.08 0 N/A N/A 2.66 -0.03
Tromsg N/A N/A N/A N/A N/A N/A
Helsinki 0 0 N/A N/A N/A N/A
Salerno 5 0 1 5 5.5 2.5
Torino 145 0 48 97 48 97

Table 13 : Year Zero Capital for each city by function

5.7 Changes in car-km by function

Table 14 shows the percentage changesrikroafor each function (taken from tables
6-10). This indicator shows how the functions perform with respect to reducing fuel
consumption by car and therefore also hiney perform with respect to reducing
external costs (assuming that a majority of external cost reductions are brought about
by reductions in car-km).

Function | Edinburgh| Merseyt Vienna | Eisenstadf Tromsg [0s Helsinki | Torino | Salerno
side

BOF* -16 -5.3 -8.3 -9.6 -14.4 -15 -24 -1 -1

ROF* -16 -4.4 -8.3 -9.6 -10.5 -15 -7 -1 +0

COF* -16 -4.2 -8.3 -9.6 -10.5 -15 -7 -1 +0

HOF* -16 -4.2 -9.2 -8.6 # -12 # -1 -1

DOF* -13 -2.9 -9.2 # -8.8 -11 # -1 -2

# no feasible solution with IRR close to 15%
Table 14: Percentage changes in car-km by function

The greatest reductions in car-km are unBOF* with the exception of Vienna
(where DOF* includes increases in frequgmelative to BOF* and a slightly lower
reduction in road capacity) and Salerno where DOF* introduces a road pricing charge.

Of note are the relatively small changescar-km in Torino and Salerno, in Salerno
there are no significant changes in car-km under ROF* and COF*.

For Helsinki there is a much larger charige BOF* than for COF*=ROF*. This is
due to a combination of reduced fares amteased frequency both in the peak and
off-peak which proves financially infeasidier BOF*. The restricted measures under
COF* provide a much smaller reduction in car-km.
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6. OPTIMA: EEF AND SOF OPTIMA

6.1 Changes between OPTIMA and FATIMA

All cities performed a re-run of the OPTIM@oject optimum strategies for EEF and
SOF regardless of the input ranges for vargbla this way a direct link between the
OPTIMA strategies and the FATIMA strates is provided and the BOF value is
evaluated for the OPTIMA measures.

A number of significant changes were matiging the course of FATIMA partly in
response to the city authorities’ commeoitsthe OPTIMA results and partly due to
the objectives of FATIMA.

These changes include :

e the introduction of external costs into EEFP

e the application of the shadow price to positive and negative PVF

e weighted sum of EEFP and SOF used for BOF

e changes made to costs of measures

e reducing the range of valid input measures

¢ the introduction of time of day measures by peak and off-peak in some cities
e changes to values of time

e changes in some transport models

The re-runs of the OPTIMA strategies prodd BOF values which were in all cases
lower than the new FATIMA optimum B®combination or which were no longer

valid input measures. The differences intive sets of measures could be attributed
to one or more of the above list of changes made in the modelling approach.

Table 15a shows the optimal EEF and SOF measures from OPTIMA, whilst Table
15b shows the values of BOF for these optima. The tables also give information
about BOF* for comparison. The text following these tables gives general details
about the changes from OPTIMA to FATIMA, on a city-by-city basis.

A summary description of OPTIMA is provided at Annex 3.
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City Function | Infra Road | PT PT Road | Park
structure | Cap | Freq | Fare | Price | Charge
% % % ecu %

Edinburgh EEF M +20 +85 -60 1.6 -
Edinburgh SOF H +20 +100 -100 2.8 -
Edinburgh BOF M +10 +85 -90 1.6 +300L

+70* -35*% 1.6* +300S
Eisenstadt EEF - +10 +100 -100 0 +149
Eisenstadt SOF - +10 +100 -100 0 +149
Eisenstadt BOF - -15 -50 -50 0 -50L

+115S

Helsinki EEF - +10 -30 +25 0 0
Helsinki SOF - 0 0 -100 0 +92
Helsinki BOF - 0 25 -50 0 oL

13* -50* 0* 0S
Merseyside EEF M +5 +60 -100 0 -100
Merseyside SOF M +20 +59 -100 0 -100
Merseyside BOF M +10 +50 -100 0 -100L

-40* -100* 0* +100S
Oslo EEF - +20 -26 -70 1.2 -100
Oslo SOF H +20 -20 -100 7.0 -100
Oslo BOF M +10 -15 -5 5 0

0* -15* 5*
Salerno EEF - +10 +50 -50 1.0 -50
Salerno SOF H +10 +50 -100 2.0 -100
Salerno BOF - 0 +80 25 0 +300
Torino EEF - +10 0 -25 0 +500
Torino SOF H +10 -30 -50 0 +500
Torino BOF - +10 +30 +100 0 +100
Tromsg EEF - +20 -35 -50 0 0
Tromsg SOF - +20 -28 -100 2.5 -100
Tromsg BOF - +10 +46 -100 2 -100

0* -50* 1.6*
Vienna EEF - +10 +100 +31 0 +226
Vienna SOF H +1 +100 +1 0 +250
Vienna BOF - -10 0 +77 0 oL

+245S
*= off-peak L=Long Stay S=Short Stay
Table 15a: Optimal EEF and SOF measures from OPTIMA
Function | Edinburgh] Merseyt Vienna | Eisenstadf Tromsg I0s Helsinki | Torino Salerng
side

BOF* 492 687 142 3.9 22 696 183 128 24
OPTIMA | 458 651 -875 -7.0 19 271 -969 91 15
EEF
optimum
OPTIMA | 412 736 -1195 | -7.0 13 541 -62 -271 12
SOF
optimum

Table 15b BOF-values of OPTIMA EEF and SOF optima
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6.2 Edinburgh

Changes (a)-(f) above were made for Edighuwith cost changes for decreases in
capacity and operating costs split by time of day. Also the introduction of short stay
parking charges was new in FATIMA.

The EEF optimum set of measures fr@RTIMA included fare reductions of 60%
(compared to FATIMA optima of -90% an85% in peak and off-peak), frequency
increases of 85% (compared to 85% af@Po in peak and off-peak), capacity
increases of 20% (compared to new 10%6t), road pricing of 1.625 ECU (compared

to 1.6 in the peak and off-peak), pai charges short stay were not modelled
(compared to a 300% increase), long stay charges were irrelevant and guided bus was
implemented as in FATIMA. This seff measures produced a BOF value of 458
compared to 492 for the optimum BOF*.

Filtering the effect of each change was featsible given the time constraints of the
project. However the distinction betwegmeak and off-peak measures and the
introduction of short stay parking chargesdeneficial in terms of BOF even with a
limited capacity increase of 10%.

The best SOF combination from OPTIMAIisted of free fares, 85% increases in
frequency, capacity increase of 20%, road pricing charge of 3.3 ECU, no change in
short stay parking charges (not modellat)d implementation of the LRT system.
This set of measures produced a BOF value of 412.

The FATIMA optimum is a combination dhe EEF and SOF optima with slight
adjustments for peak and off-peak measuadicularly for fare changes and the
implementation of guided bus as investmeatries a weight of 0.1 in BOF. The
introduction of peak and off-peak road [mg compared to all day pricing is of no
benefit as the prices are equal in peak affigppeak. This is due to the high weight
given to SOF measures which results in trip suppression through fuel reduction
benefits in both peak and off-peak rattigan benefits due to congestion relief which
might suggest higher charges in the peak relative to the off-peak.

6.3 Merseyside

Changes (a) to (f) were made for Meyside. OPTIMA had already made a
distinction between peak and off-pedér public transport frequency, and had

distinguished between long stay and sh&tdy parking charges. An important

difference in costs between OPTIMA aRdTIMA has been that road capacity

increases are costed much less in FATIMAn the other hand, to make quite clear
that these increases arise from low @atemes, the maximum capacity increase in
FATIMA is 10% (compared to 20% in OPTIMA).

The EEF optimum from OPTIMA had only586 increase in road capacity, due to the
high costs of capacity increase. It is #fere not surprising that that the BOF value
of the (OPTIMA) EEF optimum (at 651) is below the BOF value of BOF* (687).

On the other hand, the two SOF optim&@IRTIMA both had a road capacity increase
of 20% (since capital costs are not featuire@OF), which is outside the FATIMA
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limits. The BOF values for these runs (#8&l 734) are higher than the BOF value of
BOF* (687). This is an important reswdince it shows that, if it were possible to
achieve road capacity increases of 20% through telematics and traffic management,
such increases would be highly desirable.

6.4 Vienna
Changes (a)-(h) were all made for Vienna.

The EEF optimum set of measures fr@RPTIMA included fare increases of 31%
(compared to 77% in FATIMA BOF*), fauency increases of 100% (compared to no
change in FATIMA), capacity increases 1% (compared to -10% in FATIMA), no
road pricing (as in FATIMA), parking charges are increased by 226% (compared to
245% short stay and no change long siayFATIMA) and no infrastructure
investment was implemented (as in FATIMA). This set of measures re-run in
FATIMA produced a BOF value of -875 compared to 142 for the best run.

The best SOF combination from OPTIMArsisted of a 1% increase in pt fares,
100% increases in pt frequency, capaditgrease of 1%, no road pricing, 226%
increases in parking charges and implemeontaof infrastructure high. This set of
measures produced a BOF value of -1,195.

The main reason for this difference canfbend in changes of the transport model
used. The biggest effect is produced bg tthanges in the valuation of time for
commuting trips (access/egress and traiak from 17 ECU/h to 5.6 ECU/h and
waiting time from 21.8 ECU/h to 11.1 ECU/h).salthe cost function for investments

for road capacity have been changed. The newly introduced distinction between long
and short term parking also had significant effects on the optimum results.

6.5 Eisenstadt
Changes (a)-(h) were all made for Eisenstadt.

The EEF and SOF optimum set of measima® OPTIMA included fare reduction of
100% (compared to -50% in FATIMA), fgeency increases of 100% (compared to -
50% in FATIMA), capacity increases 40% (compared to -15% in FATIMA), no
road pricing (as in FATIMA), parking enges are increases by 149% (compared to -
50% long stay and +115% short stay inTHWMA). This set of measures re-run in
FATIMA produced a BOF value of -7.0 compared to 3.9 for the current best run.

The main reason for this difference canfbend in changes of the transport model
used. The biggest effect is produced bg tthanges in the valuation of time for
commuting trips (access/egress and traimke from 17 ECU/h to 5.6 ECU/h and
waiting time from 21.8 ECU/h to 11.1 ECU/h).s&lthe cost function for investments

for road capacity have been changed. The newly introduced distinction between long
and short term parking also had significant effects on the optimum results.
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6.6 Tromsg

For Tromsg changes (a)-(f) above were maita public transport sector operating
and capital cost split by time of day. Trondid not make a distinction between long
and short term parking.

Common features of the best BOF policydahe best OPTIMA EEF policy are that
fares should be reduced, road capadigreased to the maximum and land use
development should take the dense direction. Peak period frequency is increased in
FATIMA while in OPTIMA it is reduced. The new cost function opportunity to
differentiate changes with respect time periods and the new objective function
might explain this. The optimisation oin OPTIMA and FATIMA for Tromsg
indicated that RP and PCH are alternativeasures. The RP in the optimum BOF* of
FATIMA implies roughly 2 times the effedn traffic compared to do-min PCH and
lies between the RP from the EEF and ®OF optimum of OPTIMA. Bearing in
mind that BOF is a weighted average afgé two objectives this is reasonable. The
BOF value of the best EEF run from OPTIM#relatively close to the BOF* run of
FATIMA.

6.7 Oslo

For Oslo changes (a)-(f) above were made with public transport sector operating and
capital cost split by time of day. Oslo did not make a distinction between long and
short term parking.

The best EEF set of measures fré#®TIMA included fare reduction of 70%
(compared to -5% peak and -15% off-pealEATIMA), frequency reduction of 26%
(compared to -15% peak and no chanffepeak in FATIMA), capacity increase of
20% (compared to +10 % in FATIMA), roguticing of 1.2 ECU (compared to 5 ECU

in FATIMA in both peak and off-peak® 100% parking charge reduction (compared
to no change in FATIMA) and no infrastructure investment (compared to the medium
level in FATIMA). This policy mix wa re-run in FATIMA and produced a BOF
value of 271 compared to 696 for the best BOF run in FATIMA.

The SOF optimum from OPTIMA had 100%dtestion in public transport fares, 20%
reduction in pt frequency, road pricing 6fECU, capacity increase of 20%, parking
charge decrease of 100% and the infratinecinvestment was included. Re-run in
FATIMA this measure combination produced a BOF value of 541.

Filtering the effect of each change was feasible given the time constraint of the
project. However the new operating and cdptsst for the public transport sector,
the shadow price of public money for go®e PVF and the split between peak and
off-peak all contributed significant to timew optimal measure mix and new values of
the objective functions. For example, thadbtw price of public money pushed the pt
fares and parking charge up in FATIMAmpared to OPTIMA. And it is of course
important that we are now maximisingnew objective function in FATIMA, i.e.
some mix of EEF (EEFP) and SOF.

6.8 Helsinki

Changes (a)-(h) above were all made fotski&i MA of which the most important
were the improvement in the accuracy of chting the rule of the half values using
the unaggregated matrix of 117 zones, model update to basic year 1995 and using
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EVA time values with weighted waiting timesiead of lower national values used in
OPTIMA. Also the introduction of long andhart stay parking charges, frequency and
operating costs split by time of day as wadl fares and road pricing was new in
FATIMA. The public transport overcrowdingas handled in the same way as in
OPTIMA: introducing larger vehicles dke first measure and giving a waiting time
penalty for the people still left out as the second measure.

The SOF optima from OPTIMA had free fartor the whole day compared to a 50%
reduction (limited for the new model) in bopeak and off-peak in the FATIMA BOF
optima. Frequency was unchanged in OPTIBIAF compared to an increase of 25%
and 13% in peak and off-peak in FATIMRarking fares were increased by 92% in
OPTIMA SOF compared to no change fond) stay and for short stay in FATIMA
BOF. All other measures stay unchasdmth in OPTIMA SOF and FATIMA BOF
solution. The OPTIMA SOF set of measugss/e a BOF value of -62 compared to
183 for the optimum BOF*.

The EEF optima from OPTIMA had a moopposite set of measures than the SOF
optima compared to BOF optima. The puliti@nsport fares were increased by 25%
and frequency decreased by -30%. Parkiraggés had zero change and road capacity
was increased by 10%. This set of measleédo an increase in car kilometres and
thus to a penalty in FATIMA objectivieinctions. The BOF=COF=ROF value is -969,
but the EEF optima is ranked much higher regarding COF and ROF than BOF in
FATIMA.

The optimal BOF solution is not faaway from the OPTIMA SOF solution.
Separating peak and off-peak measures thus also public transport overcrowding
calculations make the results more dethile FATIMA and show exactly where the
changes are feasible and beneficial. Thislias to both public transport measures and
parking. The effect of giving more valte the public transport waiting time can be
seen in the change from the reduction of frequency in OPTIMA EEF and no change
in OPTIMA SOF to an increase in FATIMA BOF solution.

6.9 Torino

In FATIMA changes (a) to (h) were madecegt for (f). Concermig (d), the costs of
capacity variations were changed: congglto OPTIMA there was a costs reduction
for implementing the decrease of capadilye to the used technology for obtaining it
(asphalt instead of paving).

Concerning (e) the upper limit for parking chamwas changed; it was decreased from
+500% to +100%, considered more realistic by the Torino Municipality.

Concerning (h) there were changes the mobility data: availability of 1996
motorised (public and private) new matrices instead of 1995 ones, so the re-
calibration of modal split was necessary.

The EEF optimum set of measures fr@RPTIMA included fare reduction of 25%

(compared to FATIMA optima +100% in B®), no frequency changes (compared to
+30%), capacity increase of 10% (same a$BfOF*), parking charges increase to the
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maximum value +500% (compared to +100% which is the limit for FATIMA), while
the values for road pricing and the publiansport infrastructure are the same as in
OPTIMA (no change compared to the do-minimum scenario). This set of measures re-
run in FATIMA produced a BOF value &1 MECU compared to 128 for the best
BOF run.

The SOF optimum set of measures frQRTIMA included fare reduction of 50%,
frequency decrease of 30%, capacity incredsk%, parking charges increase to the
maximum value, 0 for road pricingnd the presence of High public transport
infrastructure. This set produces a positB@F value, but negative value for all the
FATIMA objective functions (-271 MECUor BOF, -2271 MECU for COF and
ROF).

6.10 Salerno

Changes (a) to (h) (excluding the change (f)) above were made for Salerno.

The EEF optimum set of measures fr@®TIMA included fare reduction of 50%
(compared to FATIMA optima of +25), fgeiency increase of 50% (compared to 80%
in FATIMA), capacity increase of 10% (c@ared to no variation in FATIMA), road
pricing of 1 ECU (compared to no road mig policy), parking charges decreases of
50% (compared to a 300% increase), andouablic infrastructures as in FATIMA.
This set of measures produced a BOkigaof 15 M ECU compared to 24 for the
optimum BOF* in FATIMA.

The best SOF combination from OPTIMAsisted of free fares, 50% increase in
frequency, capacity increase of 10%, roatipg charge of 2 ECU, elimination of

parking charge and implementation of thigh public infrastructure. This set of

measures produced a BOF value of 12.4 M ECU.

Therefore the re-run of the OPTIMA strategies produced BOF positive values, but
obviously these values were lower than the FATIMA optimum BOF combination,
because of the list of changes showed above. The biggest effect could be produced by
the change in the valuation time costs (travel time and waiting time), by the change in
some capital and operating costs and by the penalty in time due to the public vehicle
overcrowding. In fact in FATIMA the loading of public transport vehicles was taken

into account as additional waiting time to be added to the standard waiting time for

the public vehicles.
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6.11 Summary and conclusions

A number of interesting issues follow from the results given above:

e It would generally be expected that the EEF- and SOF-optima from OPTIMA
would have smaller BOF values thame tRATIMA BOF-optimum BOF*. This is
in fact shown to be the case in allies except Merseyside, where the OPTIMA
SOF-optimum had a higher BOF value than BOF*. The explanation for this
apparently odd result is that the rargwed for road capacity increases was
lower in FATIMA than in OPTIMA: te OPTIMA SOF-optimum had an increase
of 20% in road capacity, which was ndlbaved in FATIMA. The conclusion from
this result is that great care shouldthken to find out exactly how much road
capacity increase can be gained through traffic management and telematics
measures.

e The “benchmark” aspect of BOF is important. It represents the latest “scientific”
view of how to assess a set of measugiagen a continuing interaction between
scientist and politician over how to make such assessments. It is thus useful to
assess the optimum results from OPTINhAthe light of the improved assessment
methods devised in FATIMA:

e For Edinburgh and Merseyside, both (OPTIMA) EEF- and SOF-optima
scored highly in terms of BOF (i.they achieved BOF values within 20%
of BOF?).

¢ In Vienna and Eisenstadt the OPTIMdptima scored very badly in terms
of BOF, gaining high negative result3he main explanation for this is a
large reduction in the value of timfer commuting trips. This result
illustrates the importance of having standard values of time, or at least a
standard approach to valuation, agreed across Europe.

¢ In Oslo, the EEF-optimum had a BQB&tue 60% lower than BOF* whilst
the SOF-optimum was 20% lower. One reason for the low score of the
EEF-optimum was that a shadow price was not put on positive PVF in
OPTIMA and the EEF-optimum has a relatively low level of finance
generation. The importance of the shadow price parameter will be
examined further in Section 7.

e In Tromsg, Torino and Salerno, the reverse situation occurs to that
described immediately above for Osléhe EEF-optimum scores, in terms
of BOF, approximately 10% less than BOF* in Tromsg, 30% less in Torino
and 38% less in Salerno, whilst the SOF-optimum scores 40% less than
BOF* in Tromsg, 48% less in Saher and negative in Torino due to the
presence of high infrastructure in the SOF optima.

¢ In Helsinki although the SOF optimum had similar measures to the BOF
optimum it scored a negative BOF value. The EEF optimum had
completely different measures to the BOF optimum and thus had a highly
negative BOF value. These results anainly due to the introduction of
external costs, the changes in valoésvaiting time and the more accurate
modelling in FATIMA.
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1. SENSITIVITY TESTS

This section reports on a set of sensitivégts performed by each city to investigate
the effects of various key parameters assbaptions and also to provide a direct link
to the OPTIMA project optimal runs for EEF and SOF.

Table 16 shows the sensitivity tests performed by each city.

Sensitivity o in BOF B for VC A shadow y External Operating Value
Tests / City price costs cost tests Capture

Tests
Edinburgh done - done done - done
Merseyside - done done done done done
Vienna done - done done done Not possible
Eisenstadt done - - done - done
Oslo done - done - - done
Tromsg - - - - - N/A
Salerno done - done - - Not possible
Torino - - - - - Not possiblg
Helsinki - - - - - Not possible

N/A =not available, Not possible indicates no value capture under COF*.
Values not needed are indicated by -

Table 16 : sensitivity tests conducted by each city

7.1 The shadow pricé,

The shadow price on public money is aet0.25 for FATIMA and applied to both
positive and negative PVFs as opposed to negative values only in OPTIMA. For
Edinburgh, Oslo, Vienna and Salerno tbptimum strategies for BOF produced
relatively large PVFs indicating a possible biasstrategies which generate revenue.
The sensitivity test used in these dtwas to lower the shadow pricets0.0 and
investigate whether non-revenue genegtistrategies become optimum. In
Edinburgh and Oslo reducing (alone) does not generate a new optimum strategy
which indicates that the revenue generat®part of the optimum strategy for other
reasons such as increasing the mode switch from car to public transport and reducing
fuel consumption and vehicle-km which increases SOF and reduces external costs.

However in Vienna and Salerno a different optimum appears which reduces revenue
to operators and provides benefits to asé@rhis means that for some cities, the
revenue generation is only part of the best strategies for BOF if the shadow grice
high enough. In the case for Salerno the sensitivity test suggests that the optimum
BOF strategy may in fact have a negative PVF.

Merseyside produces a highly negativeRP\ér the optimum BOF strategy and the
sensitivity test here is to increase the shadow priée-@®05 to penalise large negative
PVFs and hence produce a more viable strategy. The results were insensitive to this
increase in shadow price and it was shown #t.2 would be required to avoid

large negative PVFs and result in strategies similar to the COF optimum.

These tests oh show that the choice of shadgsice may be critical in specifying

the optimum strategies, and reopens discussion on whether a shadow price is
necessary or desirable. Even if it isesgt that a shadow price should be used, there
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is the subsequent question as to what level it should be set.

The obvious concern behind settihgtoo high is that extreme revenue-generating
strategies will appear optimal, and thisukt at first sight appears undesirable.
However, two qualifications should be made here:

(1) All strategies being tested in FATIMA are relative to a do-minimum scenario.
If the do-minimum scenario is inelvy deficit, high revenue generating
strategies are clearly much more adtive than if the do-minimum scenario
was in surplus.

(i) An important concern with high rexmee strategies is that the surplus is
somehow “lost” since it is not specifiekactly where it has gone. Thus the
argument runs that if City A kaa BOF-optimum which generates 1000
MECU, this revenue is lost to the traost sector. However, if City B has a
BOF-optimum with a 1000 MECU deficithere is clearly some advantage to
at least considering the transfer of gaplus from City A to City B, thus
keeping finance within the transpaector and achieving an overall optimum
set of city policies. This argument fact applies whether or not a shadow
price is used. However, an important interpretatioi & that it determines
how much surplus finance is availalbte redistribution: the higher the value
of A, the greater the availability. Clearly, redistribution between cities is
potentially politically controversialHowever, given the impending access to
the EU of lower income states frotine CEEC, such issues should be given
careful consideration.

7.2 oinBOF

A number of cities performed sensitivity tests on the weiglitetween EEFP and
SOF in BOF. The range of tests wasde0.0 to 0.25. The current choice to+0.1
was based upon equality of present andréutenerations as explained in Minken
(1998). The aim of the sensitivity test to see how robust the ranking of the
optimum strategies is to this choicecof

In Vienna ano value of zero is required before timérastructure becomes part of the
optimum strategy whereas in Edinburgk0.015 results in the high infrastructure
replacing the medium one as part of théropm strategy. In Eisenstadt and Salerno
the ranking of the runs is insensitive to changes whereas in Oslo increasinghas
the effect of increasing the road pricing to its maximum charge.

In general, there is an interesting relationship betweend A which affects the
discussion on shadow pricing immatdily above. Lower values @f encourage
higher infrastructure investment and hence higher public spending, which is also
encouraged by lower values of. It would be interesting to examine further this
relationship in future research.

7.3 B for Value Capture

This test was carried out for the Merseyside model only.
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ROF2 results from setting (the “value capture” parameter) at 0.2 instead of 0.1 in
ROF, thus introducing a greater relagatof the constraints on PVF than ROF.

The ROF2-optimum has a value of 456. Compared to the ROF-optimum, it has: a
decrease in peak fares of 80% (rather thab); a decrease in off-peak fares of 50%
(rather than 40%); an off-peak frequemeguction of 40% (rather than 50%); and no
off-peak road pricing (rather than 1 ECUAIlI other measures were the same. It can
thus be seen that the ROF2 is closethe BOF-optimum than the ROF-optimum,
which is in turn closer than the COF-optimum.

Interestingly it can be shown that if a “ROF3” were to be calculated gkt at 0.4,
all the expensive policies (such as themB@ptimum) would be acceptable in terms of
spending constraints. This is an importeggult since it shows that optimal transport
policies can be attained if value capture banset at 40% of user benefits, which is
not an impossible scenario.

7.4 The external costs basig

Vienna,Eisenstadt, Merseyside and Edinbugegted increases and/or decreases in the
y values applied to the external costEBFP. In both cities the changes made to
did not significantly change the ranking dhe BOF strategies. This is because in
general the external cost accounts for apipnately 20-30% of EEFP which is then
factored bya=0.1 in forming BOF, coupled with the observation that external costs
did not vary significantly between strategies in Vienna and Eisenstadt.

In Merseyside, three sets of tests were carried out:

(i) withy=0
(if) with y doubled from the values given in Table 1
(iii) with y multiplied tenfold from the values given in Table 1

It was found that tests (i) and (i) made difference to the BOF optimum and the
order of ranking of best sets of measur However, tests (iii) produced some
interesting results. Although, the “old” BOoptimum (BOF*) fared reasonably well
wheny was given much more importance, a new optimum (BOF**) was formed by a
rather different set of measures. BOF¥olves: free fares (as in BOF*); a smaller
increase in peak frequency than BOF*adocapacity increase of 5%; all-day road
pricing charge of 3.5 ecus; no changeand stay parking charges and an increase of
200% in short stay parking charges.

The new BOF value of BOF* (withy multiplied tenfold) is 1045, of which
approximately 40% is due to the “exterr@st” benefit. The new BOF value of
BOF**is 1111, of which approximately 60% is due to the external cost benefit.

In Edinburgh they values were doubled. This had the effect of making the previous
second best BOF solution now optimunihe only difference between this new
optimum and the previous optimum is timereased road pricing charges from 1.6
ECU all day to 3.5 in the peak and 3.2tme off-peak. The higher charges reduce
vehicle-km further which give benefits external cost reductions. This change in
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measures for Edinburgh was partly duethe fact that the BOF solution was

insensitive to changes in road pricing megas as mentioned previously and so any
extra benefits from external cost reductariweigh the slight disbenefits of increased
charges.

7.5 Operating costs

The sensitivity tests on operating costs mfblic transport are assumed to be
applicable to all regimes, the operating aesluctions assumed to be due to improved
organisation if publicly owned and/or ropetition if privately owned and therefore
could feature in any regime, whether regulated or deregulated.

Merseyside carried out sensitivity testspublic transport operating costs, examining
how a 20% reduction in operating costs woalféct the value of BOF. These tests
could be seen in two lights. Firstly, theye simply tests to try to ascertain the
importance of accuracy in input data. Secondly, they could be seen as representing
measures that actually do reduce operating costs.

The 20% reduction in operating costs ledtoew BOF-optimum being created which
had a 100% increase in peak frequen@meared to 50%) and a 30% reduction in
off-peak frequency (compared to 40%), aswlis much more friendly to the public
transport user.

One effect of reducing operating costdngnically, to reduce BOF values (around the
BOF optimum). This is explained because BOF* includes an overall reduction in
frequency from the do-minimum: if operaticgsts are reduced, there is not so much
to gain by reducing frequency. Howevéne BOF value (with reduced operating
costs) of the new optimum is 678 and thasot too different from the “old” BOF-
value of BOF* (687).

These tests show that if genuine operatiogt reductions can be made (which do not
reduce quality/safety levels), large increases in peak frequency can be justified.

Vienna also carried out sensitivity tests operating costs and capital costs of public
transport varying between 50% and 100% of the current standard values.

Figure 2 shows the Vienna values of BQ@or varying levels of additional pt
frequency, under six different assumptiasfschanges in operating costs from the
standard value. The top curve in Fig@raepresents a 50% decrease in operating
costs, whilst the bottom curve represetite standard costs. The other policy
measures are set constant at the valuemedtdor the best BOF run. It can be seen
that if the operating costs are reduced by 50%, the pt frequency is 30% for the optimal
BOF solution, compared with 0% with stéard operating costs. The BOF value of
BOF* increases by about 40% frot#2.4 to 197.8. On the other hand, a 20 %
reduction in operating costs (shown by the third lowest curve in Figure 2) results in no
additional frequency and no increase in BOF.
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Figure 2. Sensitivity test operating costs for increased public transport frequency
BOF

HOF

Figure 3 shows the values of HOF for vayievels of additional pt frequency, under
six different assumptions of changes in ofirgacosts from the standard value (as in
Figure 2). The other policy measures areceeistant at the values attained for the
best HOF run. The main effect of the retilut of pt operating costs is that the range
for “nearly optimal” HOF values is greatly extended. Thus with a 50% cost
reduction, all increases in pt frequency from +10% to +35% deliver nearly optimal
HOF values.
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Figure 3. Sensitivity test operating costs for increased public transport frequency
HOF

DOF

Figure 4 shows the values of DOF for vayievels of additional pt frequency, under
six different assumptions of changes in mp@g costs from thestandard value.
Compared to Figures 2 and 3, the unitsfrefjuency along the horizontal axis are
much more restricted (ranging from a frequemcrease of 2% to an increase of 9%).
The other policy measures are set constathteavalues attained for the best DOF run.
It can be seen that the reduction in oparatosts leads to a slight increase in DOF-
optimal frequency.
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Figure 4: Sensitivity test operating costs for increased public transport frequency
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7.6 An alternative gp roach toValue Capture (AVC)

Further to themain value capture testsafried out by optiising ROF) m ost cities
carried out testgvolving an dternatie apprach to value capture (AVC). The main
difference in AVC isthat “exta” valle captuefinance is directed specifically to the
improvement ofpart icuér public transpat reasures( inhe o rignal concept d v ale
capture (VC, asmp lemdad in RP )yale capture cauld be dire tedat w hatve r
measures would lead to overall social improvethen

The underlying assumption in ROF was thalue capture would beaised (through
either voluntary agreements or tax) fr@inop-keepers and other commercial interests
who would benefit from the city “being more attractive place” (as represented by
increased user benefits). On the othand, in AVC, the underlying scenario is of
employers paying out for improved public transport schemes specifically to bring
their employees to work.

The sensitivity tests for AVC have the following form:

e Take the optimum constrained strateggfined by the optimum COF* set of
measures.

e Use the value capture (0.1*user benefitenfrthis run to invest further in the
public transport sector than is done in the optimum COF* measures.

e Perform a transport model run for this improved strategy.

e Evaluate this run by transferring the vakapture element from the user benefits
to the government sector, which is thesed to pay for the improved public
transport service.

e Compare the new COF value with that obtained by merely transferring the value
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cadure element from user benefits the governmensector without service
improvenents.
e Compare the modal split indicataad percentage change in car-km with COF*

As with VC, there will be no benefit teaving AVC if PVF > 0 in the BOF optimum
(since there is no financial constraint testrict optimal transport policies being
implemented).

However, if the PVF<0 for mtimum BOF*and by definition PVF>0 for COF* i.e.
Class 1, then this implies that some fornexira capital would be able to improve the
COF* optimum towards that of the BORptimum. The AVC test as implemented
here has a limited capital element which i®died specifically at the public transport
sector and so the extent to which theitprings about improvements in COF* is
limited. Only in Merseyside could improved public transport services financed by
AVC bring about benefits greater than those associated with spending the AVC
elsewhere.

Changes in the modal split indicators anewsn below in Table 17 for each city based
on an AVC test which increased public trpog frequency only at a cost equal to the
AVC. The changes shown are for (AVC run)-(COF* run).

Edinburgh | M'side | Vienna | Eisen-| Tromsg | Oslo Helsink| Toring $ano
Modal splits stadt
MS (trips)-car -0.2% 03% | # -0.01%| ## -0.04%| # #i# #
MS(trips)-public transport] +0.295 +05% | # +0.03% ## +0.15%  # #i# #
MS (trips)-others n/a 0.2% |# -0.02% | ## -0.16% |# #i #
MS-(distance) car -0.4% 04% | # -0.020%| ## -0.06%)| # #i #
MS-(distance)public +0.4% +0.6% | # +0.04% ## +1.34% # #i #
transport
MS-(distance) others n/a 0.2% |# -0.02% | ## n/a # it #
Change in Car-km p.a. |.0.4% 04% | # -0.01%| ## -0.06%| # #i #

# no value capture for Vienna, Helsinki and Salerno COF*
## no test carried out in Tromsg and Torino

Table 17: Changes in modal split indicators for value capture tests

As Oslo did not have a positive user béniefthe optimum COF strategy, a slightly
different AVC test was chosen for thisycitinstead of taking 10% of the total user
benefit, 10% of the user benefit from thdrastructure investment was taken. This
was calculated by running the COF optimwithoutthe investment.

Using AVC, the changes for all cities arealhmas expected as these indicators are
reflected through the COF* measure. Itdifficult to say whether the changes in
indicators are significant as in Merseyside thanges are of the same magnitude as
those for Edinburgh, however as statdmbae the changes for Edinburgh were not
enough to merit the expenditure under theFQ@easure. (The indicators cannot be
compared across city as they are percentage changes from different initial conditions).
Indeed for Edinburgh it is possible to ggeater changes in car-km and mode splits

by simply doubling the road pricing chargéathout affecting the COF value too
much.
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8. FEASIBILTY AND ACCEPTABILITY

8.1 The consultation process

After the modelling and optimisation processlearly becomes iportant to analyse
the feasibility of the proposed strategiesl ahe potential for them to be implemented
in reality. At this stage it was therefore portant that those involved in policy
decisions became involge

At the end of the strategy analysis process, the FATIMA team consulted the
authorities involved in transport decision kitey and operation in city, in order to
obtain a practical view on the results abed from the modelling and optimisation
process.

Each city was provided with a standard questionnaire in order to summarise their
comments on the whole project and its final results. The questionnaire consisted of a
series of open questions, for most of ebhit was also possible to give a numerical
score that represented the level of agreement or satisfaction with the item referred to.

The questions related to the technical, financial and legislative feasibility of the
optimum strategies under each objective function regime and their likely acceptability
to the public, politicians and the private sgctThere were also general questions on
the objective functions and the overall thmdology of the project. The completed
questionnaires are included as aneanto FATIMA (1998b).

The completed questionnaires provided the basis for analysing the feasibility and
acceptability of the various optimum strateg)ifor each city and objective function,
and to identify any potential barriers tbeir implementation. Responses were
received from all cities except Oslo and Tromsg, who had no criticisms of the results.

The sections below summarise, for eacly,dihe results obtained for the different
objective functions examined during the project. They present also the main
engineering comments and general evbations which emerged during the
consultation process together with rensafkom the respective modellers who took
part in the project. The city results are then drawn together under eabllifeasnd
acceptability heading.

As in OPTIMA, it was found during the consultations that there was a degree of
overlap between the feasibility, publiacceptability, political acceptability and
barriers to implementation, with particulessues or problems (e.g. ‘too expensive’)
recurring under more than one heading. This is reflected in the structure of this
section, in order to help reduce ampetition.

This section is structure as follows: firsetk follows a series of sub-sections which
summarise the results of the consultatiovith each city in turn, for each of the

optimum strategies. In these subsectitresfocus tends to be on the BOF optimum,
with the other optima, where differentom BOF, being discussed subsequently.
These subsections alsontain a summary ofthe main features of the optimisation
results for each city, to avoid the need to refer back.
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The final subsections then take the consioitaresults for all the cities together and
analyses them systematically under the various feasibility and acceptability headings.
The full city results are reported in FATIMA (1998b).

8.2 Feasibility and acceptability for individual cities

8.2.1 Edinburgh

Edinburgh City Council were interestedtinee methodology of the FATIMA study in
general, the results produced and how tbegpared with the previous results from
OPTIMA. The fact that the model used @PTIMA and FATIMA was the same as
that used in the Edinburgh-area JATES stsioiyne years ago enabled the process and
results to be more readily understood. HAETIMA results for Edinburgh were also
relatively straightforward in that the same optimum strategy emerged for all the
objective function regimes, apart from some comparatively small deviations in the
Deregulated Objective Function regime.

Edinburgh has BOF*=ROF*=COF* and thdOF* solution has the same set of
measures for its optimum. The only chasigee for DOF* which has a higher road
pricing charge, no increases in frequencietha off-peak and less of an increase in
the peak, lower fare reductions in the paaki no reductions in fare in the off-peak.
These optima were considered by the cittharity to be reasonable results, against
the respective objective functions.

All the Edinburgh optima included mediunmfriastructure (guided bus), a 10 per cent
increase in road capacity, major increagegpeak and off-peak public transport
frequency (no off-peak increase in the DOF optimum), major fares reductions,
especially in the peak (no change in pH#ak fares innte DOF optimum), peak and
off-peak road pricing of 1.6 ecu (3€tu for the DOF optimum) and 300 per cent
increases in both long and short term pagkiThis was considered to be a reasonable
optimum policy, provided that the revenue egisrom motorists in road pricing and
parking charges can be seen to be invested in a more frequent and much cheaper
public transport system. In this respect, the DOF optimum was less satisfactory as it
has higher charges on motorists but less improvement to public transport.

The comments made below in this section mainly relate to main points made by the
City of Edinburgh, particularly from theompleted FATMA questionnaire: however,

the optimal strategies for Edinburgh fradPTIMA were in many respects similar to
those from FATIMA, so comments madean earlier, similar questionnaire about the
OPTIMA strategies have been included hesgere it is believed that they are also
pertinent to the FATIMA results.

It was considered that the optima wewé&hout any serious technical barriers to
implementation, other than the difficulty afistalling new infrastructure (such as
guided bus) in the historic urban enviroemh of Edinburgh, and it was felt that this
could be overcome provided the facility exi&is new infrastructure to be ‘tailored’
into the historic setting.

Financially, the optima are broadly neutral in terms of feasibility. Obtaining
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sufficient capital to finance schemes agithoutset could pose difficulties together
with recovery time for the initial investment. The problems could perhaps be
overcome by borrowing against expected future recéipts the system.

It is unlikely that there would be any majegislative barriers, though it is too early

to be sure as, for exaneplit may provethat the proposed charging systems may be
legally challenged. There is also a need législation to enable road pricing to be
implemented, though this is unlikely to beserious barrier: however, there is also a
need for changes to the regulatory regifme public transport to enable fares and
frequency policies to be implemented and this is likely to be a much larger constraint
in the current political and commercial climate.

Politically, any policy involving highway anstruction is unacceptable to Edinburgh
and it was assumed that the highway cadpaocrease of 10 per cent could be
achieved without this. If this proved not be the case then these optima (or this
component of the dpna) would becomeunacceptable. (Note that the highway
capacity increase in FATIMA was limited ® per cent, compared to 20 per cent in
OPTIMA).

The public as a whole are likely to be faidgntent with the optiaas they are likely

to give faster travel times for most tedlers, improve the quality of public transport
and improve the journeys for essential traffAgainst this would need to be weighed
the negative opinions of some road usern@mpally car travellers) because of the
extra costs which would accrue to them, and the ‘subsidy’ which would be required
for public transport services. The single exception to the likely acceptance of the
optima to the public is the DOF optimunratkegy, in which the combination of the
increased parking chges with a road pring charge much higher than in the other
optimum strategies would be unacceptable. Also, the DOF aptigwith the higher

road pricing charge) would be atally unacceptable.

It is difficult to predict the acceptaityl of the optimum strategies to the private
sector, though one benefit to this grouplddee that the strategies would allow the
improvement of travel times for essentialffi@ It is also difficult to predict political
acac eptability, with theimprovements to thpublic transport system being offset by
the financial disberfis to private motorindespecially the higher road pricing charge
in the DOF optimur which would be opposed by the motoring lobby. However,
operators are likely to support the optinbecase of the shorter travel times and the
expectation of fairer competition with private tsport.

Quality is of importance to Edinburgh.vas felt that, though the optim strategies
should enhance quality through shorter travel times and improved infrastructure,
quality issues should have been given explicit emphasis in the project. Edinburgh City
Council suggested that the maintenance ofityua the system could be enhanced by
‘quality partnerships’, public/private fundy for some public transport routes and
better marketing by public transport operators.

In terms of acceptability in general, the imaonstraints on the optimum strategies
are that there could be no road constargtiand road pricing would have to have
been shown to bguccessful elsewhere before implementation in Edinburgh.

Regarding information from the process, Edinburgh would have liked more
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disaggregation of results (city centre and non central policies) and, given their
emphasis on whking, cycling and the ensenment, more data on motorised/non-
motorised modal split and on environmental indicators.

8.2.2 Merseyside

Merseyside were interestan FATIMA and its results and the development of the
process from the earlier OPTIMA project.

The comments made below in this section mainly relate to main points made by
Merseyside in the completed FATIMA quiesnaire: however, the optimal strategies

for Merseyside from OPTIMA were in songases similar to those from FATIMA, so
comments made in an earlier, similgmestionnaire about the OPTIMA optimum
strategies have been included here where it is believed that thals@angertinent to

the FATIMA results.

Generally speaking, the optimum stragsgidentified under each objective function
were regarded as being reasonable, whth possible exception of the inclusion of
road capacity increases in a strategy (BQthich is at least partlyesigned to
provide a sustainable transport system for future generations.

All the Merseysi@ optimum strategies ardifferent from one another, except the
HOF and COF optima which are identicdigtPVF is large enough to provide the
subsidy required to give a return of 15 per cent to public transport operators).

The BOF optimum is:

e toincrease capacity (+10%);

e toincrease peak frequency(+50%);

e to decrease off-peak frequency (-40%);

e all-day free fares;

e no road pricing;

e cheaper long stay parking (-100%);

e more expensive short stay parking (+100%);

e medium infrastructure (SMART bus).

The COF and HOF optima are the same as ettt and similar to BOF, but the pro-
public transport measures are less stromgntin BOF. Road pricing and greater
increase in short stay parking charges mcluded, to pay for the public transport
system and at the same time maintain a positive PVF.

The ROF optimum is between BOF and ZBOF, though closer the latter: ROF has
a larger decrease in peak fares and a smaller increase in short-stay parking charges
than COF/HOF.

The DOF optimum is similar to that for COF/HOF but with lower increases in peak
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frequencies and small fare reductions and with a smaller increase in short-stay
parking charges.

In terms of the social objective function@B), the ROF optimum is 40% lower, but
has a PVF of only - 152 Mecus, making it faore affordable than the BOF optimum
(PVF = -2120 Mecus) — affordability is a jomissue in Merseyside, as discussed
below. The lowest optimum in terms BOF is DOF, which is a further 19 per cent
below the ROF optimum.

Regarding the optima in general, Mersdgsconsidered that any policy involving

very large increases in short term parkahgrge together with free public transport
fares, though in the right direction, woube too extreme: though fares should be
reduced, they should not be free and stenrn parking charge increases should not
exceed, say, 50 per cent (the reasons are discussed below, under public acceptability).
Merseyside suggested that better optimum strategies would include:

e Parking charges in town centres to be increased sufficiently to reduce car
dependency but not enough seriously to affect trade;

e Public transport charges should be reduced and public transport frequency at peak
periods should be increased to qate with the convenience of a car.

In order to achieve the latter, either pulti@nsport needs to be subsidised by Central
Government or an increase in fuel taould be hypothecated to subsidise the public
transport system.

Technically, all the optima will experienggoblems due to the implementation of
road pricing, except the BOF optimum, whits the only optimum strategy with no
road pricing component.

The question of affordability of optimum strategies was a prime concern of
Merseyside in the OPMA project, and tb need to develop objective functions in
FATIMA to take affordability specificallynto account was suggested by Merseyside
towards the end of the OPTIMA project. Affordability continues to be crucial,
causing the FATIMA BOF option to be unaccdy¢aas it stands, because of the large
negative PVF. Regarding specific finanaggdues relating to the optimum strategies,
the following problems exist, particularly for the BOF optimum:

e Parking charges can be controlled only in Local Authesitgned car parks:
e Free peak and off peak fares would be resisted by the Local Authorities;

e Substantially reduced fares would place an unacceptable financial burden on the
Local Authorities;

¢ Increasing short term parking chargesyimiencourage shoppers to visit out-of-
town locations where parking is free: local Chambers of Commerce and their
members would resist this.

These problems are sufficient to make BOF optimum unacceptable financially:
only considerable additional funding fra@entral Government could overcome these
problems. As was found in the OPTIMAroject, the questions of finance and
funding, though important everywhere, are particularly crucial to policy formulation
in Merseyside.
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In terms of legislation, the main difficulties mected for the various optimum
strategies included the need for legigatifor road pricing (all optima except BOF)
and the need to review the regulatory system for public transport.

Politically, the optimum policies would tertd polarise voters: non car owners would
benefit greatly and give support to the poétiparty promoting such a strategy, but
car owners would probably vote against ffagty because of the significant increase
in motoring costs. What would be coleely unacceptable politically would be to
raise local taxes to support free public tors. There was also some concern about
the political (and public) acceptability of intfucingroad pricing, especially in a
relatively uncongested city such as Merseyside.

The public would find all the optima to be barely acceptable — they would be broadly
neutral on the BOF and ROF optima, bduld generally be somewhat less happy
with the COF, DOF and HOF optim&he problems are as follows:

e Free long term parking in town centres would encourage commuter traffic to the
detriment of shoppers (but if located il and bus stations would have the
benefit of encouraging park and ride);

e Increasing short term parking charges would discourage shoppers.

The patrticular element of the strategy thaght be unacceptable to the public is the
supplementing of fre public transport, which could exert unacceptable financial
burden on council tax payers.

For the private sector, the optima woulddseadly neutral as, though the increases in
short term car parking charges would dis@ge shoppers, this would be offset by
free peak and particularly off peak fares. The only benefit to the p.t. operators is that
bus journey tnhes would reduce significantli/fare collection ceased. The optimum
strategies would also be wholly unaccdp¢ato taxi operators, who would suffer
severe loss of revenue.

In respect of ensuring transport servigeality, it is possible that free or much
reduced peak and off peak fares woulchoge the incentive fobus operators to
compete on quality. As a means to help roeene this, Merseyside suggested that
there should be ‘quality partnerships’ betm the Passenger Transport Executive (the
local authority publigransport body) and the bus operators.

Regarding the analytical process as a whdlerseyside considered that the supply of
parking should be incluetl in the policy optins, as well as parking charges, and that
greater attention should be given to the benefits of walking and cycling.

8.2.3 Vienna

For Vienna the BOF* solution is alshe ROF* and COF* solution. It includes
reduced capacity, increased short stay pgrkharges, no change in long stay parking
charges, nol@anges to public transport frgencies, but an increase in fares of 77%.
The increase in fares gives a high public PVF and is generated by the shadow price
effect on revenue generatiorhe high PVF could be used to reduce sbsidy given
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to the public transport system in the do-minimum.

The DOF* solution is similar to BOF*, but includes small increases in frequencies
with much smaller increases in fares as the private sector is limited to a 15% return.

The HOF* solution is identical to DOF* inrims of measures and the subsidy is used
to increase the private sector retfmom 14% under DOF* to 15% under HOF*. No
improvements in services are implementeith subsidy as the value of revenue
generation outweighs the benefits to gsafrimproved services. The DOF* solution
is 24% worse in terms of social objectives than BOF*.

The person interviewed in Vienna wasalinvolved in the OPTIMA consultation
process. He pointed out that the inclusiomaire external transport related costs, like
accidents, air and noise pollution, in thbjective functions and regimes was an
important step in the right direction.

With reference to BOF, COF and ROF regs, the consultant sees no technical
problems in impleranting the proposed combination of measures.

Financially, two of the key measureseapricing measures (fares and parking
charges), which are inexpensive to realilg®e reduction in road capacity is seen not
to be cost intensive.

From the public and political point of viewette might be troubles due to the fact that

the suggested optima generate disbenefits to public transport users and car users. On
the other hand, from the strategic pointvaw the proposed policy combination will

move the modal split share towards the earget out by the local authority in the

early 1990’s.

Generally, Vienna were familiar witthe optimisation method and therefore no
guestions or probims arose about this issudowever, it was pointed out that a wide

range of scientific disciplines, like sociatience, economic impact analysis and so
on, should be involved in the formulation of the objective functions.

8.2.4 Eisenstadt

The Eisenstadt authorities interviewed were interested in the final resoifts f
FATIMA for their city.

The BOF* solution for Eisenstadt is toduece capacity, reduce frequencies and fares,
reduce long stay parking charges whilst increasing short stay charges.

For Eisenstadt BOF*=COF*=ROF*. HOF* wimilar but has a lowereduction in
capacity, smaller reductions in frequencies, greater fare reductions and greater
reductions in parking charges for long st@fis has the effect of transferring users
from the walk and bicycle mode to public transport, so the subsidy removes users
from the slow modes. The HOF* solution1i8% worse in terms of social objeats

than BOF*.

Eisenstadt is a special case in that it has no feasible DOF* solution.
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From the technical point of view there exi® problems at all and from the financial
side any problems are only minor in nature.

From the public and political point of vietliere would be some problems with all the
suggested optima, especially the public transport related measures. The public
transport system is very underdevelopednpared to the other cities. The main
reasons for that are on one hand the high number of cars per capita and on the other
hand the structure of thetgiitself. Dueto the poor public transport system, price
increasing measures for car users automatically increases the number of trips made by
foot or by bicycle. Generally this effect is desired, but to attract trips to the public
transport system a lot of investment webible needed and no private investor would

be capable of investing the large suneeded. However, improved quality in the
public transport is the only way to cause a desirable trip shift to public transport.
Such a shift is also necessary to make public transport system economically
interesting for private investors.

8.2.5 Helsinki

There has been a local follow-up group fiovject FATIMA throughout the project in
Helsinki MA. The group comprised represdivas of the Ministry of Transportation
and Communications, Transport Planning Office in Helsinki Metropolitan Area
Council, the City Planning Office of Hetddi, The City Planning Centre of Espoo and
the Planning Office of the Citgf Vantaa. The consultation process in Helsinki MA,
in general, has been successful and thsponse has been positive, as all the
authorities involved have shown interestie project. Two of the above mentioned
authorities returned the interview form; the head of Transport Planning Office in
Helsinki Metropolitan Area Councileportedthe collaborative opinion of his office
and the other answer came from the repnéstive of Espoo. In addition to these
activities, a half-day seminar of the finasults of the study was arranged for the
follow-up group.

The BOF* solution for Helsinki increasgablic transport frequencies in both peak
(+25%) and off-peak (+13%) periods anduees fares by 50% both in the peak and
off-peak (which is the lower limit for Halski due to modelling constraints). Parking

charges are not changed. No capacity chamgad,pricing or infrastructure measures
are implemented. This set of measures yields a highly negative PVF.

In the COF* solution there are only sorseall changes in the optimum measures.
The public transport frequency is reducedhe off-peak (-10%) thus saving on the
operating costs. However, for to keep the passengers also fares are slightly reduced
both in the peak and off-peak (-10% anébo)7 For cars there is a modest increase in
long stay parking charges (+20%), and no change in any other measure.

For Helsinki ROF* equals COF* including very small value capture element that
does not change the ROF* function. The REGolution is 75% worse in terms of
sustainable objectives than BOF*. (which was financially infeasible — see below).

DOF* and HOF* were not calculated for Helsinki.
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In the discussion at the half-day seminar of the followguqup severe doubts about
implementation of the strategies emerged. Regarding the BOF* strategy the
Transport Planning Office in Helsinki MEouncil pointed out that although it would
attract more people to use public transport, the strategy is financially impossible to
implement because, as a whole, the fakemae decreases and there is a need for
more subsidy. The seed best solution i® nearly similar strategy with a smaller
reduction in fares resulting in a slightly g BOF-value. This strategy is somewhat
better in financiaterms but also here all financial savings are on the users’ side and
more subsidies are needed.

From the legislative point of view theage no problems in the implementation of the
BOF* strategy. It is, however, financiallynviable (as discussed above) except with
increased taxes (as discussed below).o Adsme technal problems may arise from
the implementation of the strategy becausehef need for a new fleet of buses and
trains due to the increase in frequency.

From the political point of view, the Left and the Greens are likely to back the BOF*
strategy because it improves the quality ofljuibansport and enhances the image of

the public transport as a part of the sustainable development of the area. However, the
parties on the right would line up against it.

From the public point of view, The BOFstrategy would be welcomed as it is in
favour of both public transport users and davers who will have more space due to
people’s transfer from car to public trgest. On the other hand, especially because
the level of subsidy is already very highe municipalities in Helsinki MA could not

in the present economic situation affacdigher subsidy, and thus the only way to
finance the strategy would be to increasunicipal taxes. Car users would not
accept a tax increase for this reason.

Though no technical or legislative problenm implementation of the COF*=ROF*
strategy were found, this optimum nevel#iss aroused suspicion as it is against
present policy in two respects: firstly theda are cheaper in the peak than off-peak
period of the day (intuitively HelsinKielt it should be the other way around) and
secondly the off-peak frequency level shibumlot be made worse compared to the
present. The decrease in public transgares is obviously in favour for public
transport users but the off-peak frequency reduction is against them. The increase in
parking fees, although small, will not eadilg accepted by car users or by the private
sector entrepreneurs in the city centre although it would make it easier to find a
parking place. Politically, the Left and the Greens should support the strategy.

The COF*=ROF* solution may also causeme problems especially from the
political point of view. In fact it may be ffiicult to get a political decision to decrease
public transport fares and to find a reastjfication in increasing parking charges.
From the legislative point of view some difficulties could arise from changing parking
charges in general, as neither the state nor the municipalities can determine the
charges for the private parking operatasly for places under their control which
represent the minority of the supply. Tieeluction of the PT frequency could cause
problems of public acceptability, even if it is suggested only for thpeak period

and opposition to the increase of long-term parking charges could arise among
drivers. In general the strategy may imprake performance of the transport system
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but because the changes are very small the effect is minor.

As an alternative for both optimal strategilee Transport Planning Office in Helsinki
Metropolitan Area Council proposed a strategysisting of a congestion charge or
tax, an increase in parking fees and only small improvements in public transport fares
and frequencies, if any.

8.2.6 Torino

With reference to the consultation procdbs, responses were, in general, positive as
all the interviewed people (the techniciafghe City Council and the technicians of
the Transport Company-Transport PlanniregtSr) showed interest and curiosity in
the FATIMA project and in the final results of the study.

The BOF* (= COF* = ROF*) solution foforino foresees a strong increase of both
private and public (increased frequency) supply, no change in public transport
infrastructure, road pricing and the highpstmitted increase of both public transport
fares and parking charges (100% in both gasHse scenario reduces user benefits
overall and the combination of high fareslahigh parking charges leads to a strong
increase in revenue that should at leastrzaaapital and operating costs. Tyislds

a positive and quite high PVF (710 million ECU).

The HOF* solution is identical to DOF* antlis quite similar to BOF* (= COF* =
ROF*) . In particular, it suggests anpnovement in both the public andiyate
supply (increase in the private capacity of 10% and increase in the public transport
frequency of about 30%), an increasepublic transport fare by 70% and in the
parking charge by 100%. The DOF*=HOB®blution is 16.5% worse in terms of
social objectives than BOF* solution.

All the optimum strategies rega an incease of the road capacity by 10%. This, in a
city like Torino, can be achieved first @l increasing the traffic control by the
improvement or the extension of intelligegransport systems and secondly reducing
the on-street parking zones, widening samass-roads. To implement this measure,
costs have been overestimated (abd8t Million ECU) in order to have an
economical magin to build some new parmky where the increase of the road capacity
is obtained by eliminating on-street padk There are no additional operating costs
(with respect to the do minimum) as themcipality budget for road maintenance is a
fixed sum per year. Obviously the increaseadd capacity would lead to a general
benefit for road practicability, but would #te same time give a disbenefit to the
users of the on-street parking and fordgerians (capacity increase partly obtained
by reducing the width of pavements).

In general, the city authorities agreed thadbably the suggested optimum strategies
include some measures (in particulamosy increases in PT fares and parking
charges) that would be too heavy a burdarthe users, both public and private. So
an alternative strategy was suggested, broadiiye same direction as the optima, but
with a more gentle increment of measurés.particular, an approach was suggested
with a smaller increase in fares and inieththe additional income deriving from the
increased parking charge could be used to fund the frequency increase.

From a technical point of view, the varan of charges can be implemented without
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problems, since the implementation andrapien costs are zero. However, the 10%
increase of road capacity could be hteically problematic, if implemented by
reducing the pavement width or elimimggi parking place on streets, but might be
possible by improving or extending intelligetnaffic systems, such as intelligent
traffic lights, so that the traffic movement may be facilitated without changing road
characteristics. Technical problems coaldo arise from the increase in public
transport frequency which might needpimvements in production and maintenance
facilities. But it was pointed out that these problems should be soluable.

From a political point of view difficultiesn acceptability would arise as politicians

who accept a strong increase of PT d$amnd parking charge would become
unpopular. Other political problems could arisecause the public transport fare is
suggested by the Transport Company, the final decision is taken by the

municipality (who also decide parking charges).

The increase in PT fares and parking gearwould not be acceptable to the public.
These increases might be acceptable in other European cities where the gross
domestic product is higher, but not in Italyevh the average salary is not sufficiently

high to support similar costs. Moreovdropkeepers will be probably against the
increase of parking charge because this could reduce the number of customers.

It was also suggested that the additianabme deriving from the optimum strategy
implementation should be used to improthee global quality of transport and
especially of the public transport (in terms of cleanliness, air conditioning, etc).

With regard to the DOF and HOF obje&ifunctions, doubts were expressed about
the privatisation of some public servicds.was asserted that for every kind of

service, a certain quality level must beimained. As in general operating costs are
quite high, an adequate service level bankept only by a public company that can

count on the help of the State.

Finally it was affirmed that for the city @forino a new public infrastructure system is
necessary and its capital costs should not begbdhte cost benefit analysis. In this
way it might be possible to find better opéirthat don’t weigh so heavily on transport
service users.

Regarding the FATIMA method, it was suggedteat it would be useful to try to find
a formulation of the objective functionthat takes into account some “quality
indicators”, such as cleanliness, comfort and so on.

8.2.7 Salerno

With reference to the consultation process, in general the responses were positive as
all the interviewed Salerno authorities, btite technicians of the Transport Company

and the politicians of the city council, sheavinterest and curiosity in the FATIMA
project and in the final results ofehstudy. They already knew the optimisation
method and the measures examined, as they had followed with interest the previous
project OPTIMA. They found the FATIMA dimum strategies sensible in terms of

the defined objective functions.

For the city of Salerno, the BOF* lstion (=HOF* solution) requires no new
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infrastructure, no changes in capacity and no road pricing, but a large increase in
frequency (+80%), a 25% increase in faaesl a 300% increase in parking charges.
The increased revenue yields a positive PVF.

The best runs for COF and ROF, like ie tBBOF case, all require an improvement of
the quality of the public transport (but wighlower increase in frequency than BOF:
50%), an increase in fares of 25%, no chatmgyeapacity and an increase in central
parking charges of 300%.

The best run for DOF includes an increas@ublic transport frequency of 50%, the
maximum increase in fares (100%), norig@don in network capacity, and the
implementation of a low road pricing lpry (1 ECU), coupled with the maximum
increase of the parking charge (300%).

The DOF* solution is 36% worse in termssuicial objectives than BOF* and HOF*,
while the COF* solution is 4.5% worse.

Overall, it can be seen that all optima falerno require improvement in the public
transport supply and an increase in coststifie user of the private network. The
latter can be achieved either by the impletaton of road pricing or by an increase
in the parking charge, or both.

Technically, there would be difficulty imcreasing the public transport frequency by
the required percentages (50%-80%) aswlugld imply the redesign of all the lines

and perhaps also need many modifications to the public network. Moreover, in order
to increase the public transport supply in this way, financial problems could arise, as
it would be necessary to find funds to buy new buses and trams and for new
employees.

In order to pursue measures that requiréf tmcreases, political approval is needed.

But it was agreed that there is a balabetveen, on the one hand, the tariff increases
and the improvement of the public transport service (involving more financial and
management burdens) and on the other, greater income. Politically, it was felt that
road pricing policy for the city centre (sugted in the DOF optimum strategy) is not

yet suitable for Salerno.

The public regard the long waiting times caused by crowded buses and low frequency
as being a problem in Salerno. The improvement of the supply of the public transport
can lead to an increase of fare thaid probably be accepted by the users because
of the high benefits of the new public transport.

Both politically and publicly, the increase in road capacity is not favourable for two
reasons. First of all it requires quiteghicapital costs that would weigh on cost-
benefit analysis and secondly it increasee private modal split increasing fuel
consumption at the same time.

Other comments made during the consutaiwere, that although the BOF function
safeguards important aspects such as environmental sustainability, it was judged not
to reflect reality, as it did not considendget bonds. The COF function, however, as

it takes into account financial restrictions,sa@nsidered to be closer to the present
Italian situation.
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Finally, it was agreed that the involvemaitsome private businessmen or private
companies in financing or managing services that at the moment are under the control
of the government would be a good thinddowever the private sector will be
interested in such investments only if they can obtain a big economic advantage.

8.3 Overall feasibility

8.3.1 Financial feasibility

As in OPTIMA, the financial feasibility of the optimum strategies was the most
frequent concern of the city authoritieslowever, financing the whole package was
considered to be an overwhelming conaanty for Merseyside, and to a lesser extent
for Salerno and Helsinki. Specific fineial concerns expressed included the
difficulty of obtaining enough capital tonfance schemes at the outset (Edinburgh),
the need for an unacceptable increased putaitsport subsidy for the BOF solution
(Helsinki) (which could be slightly eased the alternative, sub-optimal, solutions)
and the need to finance extra buses and staff (Salerno).

8.3.2 Technical feasibility

Overall, the optimum strategies were viewaslbeing broadly feasible by nearly all

the authorities — certainly more feasible th@©OPTIMA. One reason for this is the
reduction in the range of some of the policy measures, making certain components of
the optima, particularly the highway capaditgreases, more technically achievable.
Specific concerns which remainedclimded the difficulty of designing new
infrastructure to fit in with a histar setting (guided bus in Edinburgh), the
introduction of road pricing (Merseyside)he methods of providing extra road
capacity and increasing public transporgfrency (Torino) and the need to redesign
public transport routes (Salerno).

8.3.3 Legislative feasibility

With the exception of Salerno and Vienna,ethwere broadly neutral in this respect,
there were no major legislative barriersthe acceptability of any of the optima.
Edinburgh (and Merseyside) pointed out tleech for legislation for road pricing, but
did not consider this to be a major barrién these two cities, however, there would
be a need for changes to the regulatory &aork for public transport to enable fares
and frequency changes to be implemdnteThe difficulty of controlling parking
charges other than in local authority car parks was also mentioned by Merseyside),

8.4 Overall acceptability

In FATIMA, the consultation process wastended beyond that applied in OPTIMA,

to include private sector acceptabilipnd acceptability to the public transport
operator, rather than just public and poétiacceptability. A question was also asked
concerning the contribution of the optimum strategies towards transport sector service
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quality. The results of all these consuttag are set out in the sub-sections which
follow.

8.4.1 Public acceptability

In gauging public response to the optimal strategies, it is important to stress that the
views in this section are based on the viewsityf officials, rather than on a poll of
the public as a whole.

In only one of the cities (Edinburgh) wasetloptimal solution considered to be
publicly acceptable; in three others (Merseyside, Helsinki and Salerno) public
reaction would be broadly neutral (aated between perceived benefits and
disbenefits); while in three (Vienna, Emstadt and Torino) the optima would on the
whole be unacceptable.

Particular problems of public acceptabilitysulted from the need for (increased)
subsidy to public transport which wouldeed to be funded from local taxes
(Merseyside and Helsinki). In this respddglsinki pointed out that the alternative to
increased subsidy could be the re-altama away from other spending sectors.
Increases in charges to motorists, in then of road pricing and parking charges,
were also of general public concern. HForino, the combination of increased fares
and parking charges becomes unacceptabl# sectors of the public. In the case of
Eisenstadt, reduction of public transpbquency, with consequent longer waiting
times, was the main cause of public unataeiity to the minority who use public
transport.

8.4.2 Political acceptability

In three cities (Edinburgh, Helsinki and Sale) the optima were regarded as being
broadly politically neutral, with benefitoughly balancing disbenefits, while in the
remaining four (Merseyside, Vienna,sEnstadt and Torino), the optima were on
balance not acceptable. The political problevese in the main similar to those cited
for public acceptability, with burdens upon lotakes being of major concern as well
as increases in charges to motorists, inftien of road pricing and parking charges.
In Eisenstadt, the reduction in public tsport services, especially in service
frequency, is seen by politicians as being a key problem.

8.4.3 Private sector acceptability

With the exception of Torino, the optima wer@nsidered to be broadly neutral from

the point of view of private sector acceptabiliin almost all cases this was due to a
perception that increases in parking chargspgecially short term, would cause a loss

of custom to retail businesses, particularly by encouraging shoppers to choose new
destinations away from the city centreA.related point was that higher charges on
travellers leaves them less money for consumer purchases (Helsinki). An interesting
point from Salerno was the suggested pmksi that this disadvantage might be
overcome by reimbursing customers the cost of parking or of shuttle bus access to the
centre. The neutral result for privadector acceptability came about because the
disbenefits listed above are seen amdeoffset by other improvements to the
transport system. This was not the casé&orino, however, where the anticipated

loss of shoppers made the strategy unacceptable to the private sector.
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8.4.4 Operator acceptability

There was wide divergence among cities on the acceptability of the optima to the
operators. In three of the cities (Edinburgh, Salerno and Torino) the optima were
acceptable to the operators. The main reagoen or this were the encouragement

of faster and more reliable travel tim@sdinburgh) and higher incomes from fares
(Salerno and Torino), reducing the need to faftédrnative sources of finance. In the
cases of Merseyside and Eisenstadt, dptima were deemed to be unacceptable
because of loss of revenue to the taxi service (Merseyside) and the low public
transport revenue (Eisenstadt). In Htédg opinions were divided, with the Espoo
Planning Centre considering the optimum to be acceptable to the operator but the
Helsinki Transport Planning Office talg the opposite view. Vienna offered no
opinion on this aspect of acceptability. A point made by Merseyside was that in
optima with free fares, the removal ofdacollection procedures would reduce bus
journey times significantly.

8.4.5 Quality issues

The authorities were asked whether, urelh optimal strategy, it would be possible

to assure the quality of the public amdivate transport service. Two cities
(Edinburgh and Helsinki) believed that itowld, four cities were broadly neutral
(Merseyside, Vienna, Salerno and Torino), while one (Eisenstadt) emphatically said
no. Those who answered positively gave reasons which included better quality as a
result of faster and more reliable journey times and improved infrastructure. Those
who were neutral pointed out that a problesith reduced or free fares is that they
would reduce the incentive of the operator to compete on quality (Merseyside). It was
also pointed out that quality would only improve if traffic flow is made more smooth
by increases in speed (Salerno) or by using the increased revenues to improve the
physical conditions of public transportofofort, cleanliness, air conditioning, etc.)
(Torino).

8.5 Comments on the methodology

Of those interviewees who expressaty opinion on the methodology, most were
generally happy with the approach. €eféa were one or two suggestions for
improvement, however.

Regarding information from the process, Edinburgh would have liked more
disaggregation of results (city centre and non central policies) and, given their
emphasis on walking, cycling and the eomment, more data on motorised/non-
motorised modal split and on environmental indicators.

Regarding the analytical process as a whdlkerseyside considered that the supply of
parking should be included in the policy apis, as well as parking charges, and that
greater attention should be given to the benefits of walking and cycling.

The Torino City Engineer suggested a formulation of the objective functions should

be found that specifically takes into accowsdme “quality indicators”, such as
cleanliness, comfort, air condition and so on.
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There were also some comments whitollowed from the earlier OPTIMA
consultations. For Merseyside, the question of affordability of optimum strategies
had been a prime concern in the OPTIdject, and the development of objective
functions in FATIMA to take affordabilityspecifically into account was therefore
welcomed. The person interviewed ineha was also involved in the OPTIMA
consultation process and he pointed out thatinclusion of more external transport
related costs, like accidents, air andise pollution, in the FATIMA objective
functions and regimes is an important step in the right direction. For Helsinki, all the
major concerns expressed during OPTIM#articularly combining EEF and SOF,
including external costs and considering paa#l off-peak separately, had been taken
care of in FATIMA.

8.6  Applicability to other member states

8.6.1 General

As in OPTIMA, it was part of the FATIMA mject to consult with other cities in the
EU in countries other than those coveredhe modelling process. Stockholm again
agreed to give their opinion on the reswisd opinions were sought from Berlin
(which was preferred to the OPTIMA Geam city, ldstein, which is considerably
smaller than most of the OPTIMA/FATIMA cities).

The purpose was to gain professional alérs’ impartial opinions of the FATIMA
project and the method it employed andtipatarly of the practicability of the
FATIMA optimum policies more generally iBuropean cities. The FATIMA project
with its preliminary results was therefore presented to the two cities concerned.

Key data for the two cities are as follows:

Stockholm Berlin

Population (‘000) 1600 3459
Area (ha) 345500 89167
Density (person/ha) 4.63 38.8
% pedestrian trips 13 -

% cycling trips 8 -

% car trips 31 70

% public transport trips 47 30

8.6.2 Stockholm

The FATIMA method and results were pretsehto researchers at the Division of
Traffic and Transport Planning of the Depaent of Infrastructure and Planning at
the Royal Institute of Technology (KTH$tockholm. The representative of the
researchers and developers of transplamning methods &TH in Stockholm was
very interested in the FATIMA projecits strategic approach and the methods
developed.

Comments on the results: The Stockholm respondent preferred not to comment on
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the results. This was because Oslo was the only study city known to the respondent
and the Oslo results had just changed, giving insufficient time to allow considered
comments to be made. It was not con®desensible to offer opinions on the other
study cities because the respondentrtl know them well enough. A number of
comments were made about the FATIMA method, however.

Comments on the method: The formulation of the obgtive functions to represent

the targets of the whole transportatiorstsyn was seen to be a significant step
forward in the field. However, it was fetthat, in practice, the objective functions

might still need some development amdre detailed definition, depending on the
city and country to which they were applied.

The objective functions and the socialoeomic calculations were considered to
cover most issues of importance, as the cost-benefit analysis included basic external
costs, the requirements of sustainability, revenue generation and privatisation.
However, it was considered that therersvesome further impacts that were not
assessed, such as the effect on income, land use and car ownership, which become
important when the changes are non-margimaladdition to the sensitivity studies it

was felt that some more research oscdssion could usefully take place on the
balance of the two basic objectives, theramically efficient transport system and

the sustainable transport system.

There was also some doubt about the gersgmalicability of the unified measures in
the project to cities which were vastlyffdrent in size, characteristics and present
transport system. The level of congestionifistance affects the set of measures and
policies that are feasible. The FATIMA resuifsthe test cities indicated this, in that
the response to the measures in the smalkailiéered from that of the larger cities.
For the method to be more generally applieah different set of measures could be
chosen, e.qg. traffic calming and the use of speed control as policy measures.

It was noted that the FATIMA consortiumas already aware that the assumptions
and simplifications made in the project hgwactical consequences and that within

the project’s resources it was not possibl@assess these consequences further. The
differences between the strategic and tactical models, and the benefits and disbenefits
of each were discussed; from this a douls @gpressed that some of the models used
produced results which were rather too utaiar It was pointeaut that Stockholm

(like the other Nordic cities) only has tactical models in operation.

In principle they would not have any ebjion to testing the FATIMA method for
Stockholm but would like to make sonohanges to the objective functions and
measures tested. The structure of the Stockholm area differs from the cities tested
which would make differences in the practical applicability of the measures as well as
their effects on land use. There are rBdnicipalities in the Stockholm Region of
which around ten form the actual Stockhdifetropolitan Area. There is no special
council for the metropolitan area, as is the case for Helsinki MA, but the planning
function is carried out by the authorities edch municipality including the City of
Stockholm and the authorities of the StockindRegion. This raised the question of
whether the measures should be applied at the municipality level or at the regional
level. It might thus also be diffittuto convince the individual municipality
authorities of the optimal set of measures and the benefits they would gain.
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8.6.3 Berlin

The FATIMA method and results were presehto the head of the Department for
transport Models and databases of the Berlin City Council.

Comments on the results:

a). TheBOF, COF and ROF regime:

Berlin suggested that the Vienna opiim was not appropriate for Berlin and
suggested an alternatiget of measures for ti2OF, COF and ROF regimes. Rather
than specifying actual values they suggestadale of change from the do-minimum,
which is compared with the Vienna optimum below.
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Measure Berlin Vienna
public transport infrastructure ++ 0
public transport + 0
public transport 0/+ ++
road capacity 0/+ -
road pricing + 0
long term parking charge + 0
short term parking charge ++ ++

The comments which follow relate to this combination of measures.

It was considered that the starting pofior technical feasibility is in political
consensus, with technical feasibility essdlytineing a question of the availability of
funds. However, the costs of such artimpm strategy were considered to be too
high for the city authority, especially @#sappears unlikely that the modal share of
public transport would fall short of the level required by the authority. There
appeared to be no way in which this financial problem could be overcome.

From the legislative point of view, thereasGerman law which requires fares to be
high enough to ensure the public transport enpemains profitable. If this is not

the case under the optimum strategy, theeepsssibility that the difference could be
made up by the state in the form of a subsidy.

For the public, the private sector and thic transport operator, the optimum would

be generally unacceptable. Despite thduction of car traffic causing a reduction in
noise and air pollution, the public would object to the parallel reduction in personal
mobility. It is also likely that road piileg would be unacceptable. (In this respect,
increases in parking fees are likely b@ a more acceptable way of placing an
additional financial burden of car travel). &private sector could be expected to fear
that the significant increase in short term parking charges could persuade shoppers to
change destination to locations outsithe city centre while the public transport
operator may expect a reduction in earnings due to a smaller than expected shift in
modal split towards public transport.

Politically, though there may be political disbenefits (road pricing, no new car-related
infrastructure, higher parking charges), pded the cost of public transport can be
reduced (perhaps by competition) and the level of public transport service at least
maintained, the optimum may be regarded as neutral in political terms.

Berlin considered that the only improvemevttich could be made to this optimum
strategy would be the introduction of additibnseasures to increase the modal share
of environmentally friendly transport moddsyt pointed out that this would need a
consensus on a European scale.

It is difficult to know how to interprethese comments, since the respondent has
proposed an alternative strategy which then considers to be unacceptable on
several grounds.

b). The Vienna DOF and HOF reqgime if applied to Berlin.
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Overall, this optimum would be generally feasible from the technical, financial and
legislative points of view. The only (mindinancial problem foreseen would be the
need for more rolling stock, which could be overcome by the selection of suitable
financial instruments.

The public transport operator would benefdnr higher profits from a shift to public
transport modes (though there would be aneiase in risk), while the private sector
would benefit from new orders for rolling stock.

From the public and political points of viethe optimum would be broadly neutral:
the public would weigh the benefits bktter public transport supply against the
possibility of reduced public transport service quality resulting from lower profits.

Comments on the method: Unlike Stockholm, who chose to concentrate comments
on the methods of FATIMA, Berlin chose tmncentrate on the results. However,
regarding the method, Berlin did make a numbk points, the first of which was
that the objective functions are very thdéma. They also pointed out that the
information available from the FATIMA anades was insufficient to answer fully the
various questions asked in the consultation process.

The attempt to quantify the effects of pglimeasures in combination was welcomed,
but the difficulty, in research terms, of doing this effectively, was acknowledged.

Finally, it was suggested that qualitative methody have a role to play in that they
may more adequately address some of the assessment problems.

8.6.4 Implications of the Stockholm and Berlin consulatations

The main implications came from ttkemments made by Stockholm on the method.
The issues are:

e the objective functions would need to bereleped further to reflect the needs of
other cities;

e a wider range of impacts may need to be modelled when changes are non-
marginal (i.e. when there is a major change in the costs of travel);

e a wider range of policy measures could be tested;

e consideration needs to be given as to Wwheto apply the methods at a local, city
or regional level.

All these issues could be incorporated within the FATIMA method.

8.7 Summary of the consultations

In OPTIMA, the major barrier to implementation in a number of cities was the
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availability of finance, particularly fothe sustainability optimum strategies. The
introduction of a new benchmark objee&ivunction in FATIMA has generated

strategies which overcame this problem fa thajority of cities However, finance is

still seen as a barrier by some city auites and the alternative objective functions
provide means of overcoming this, albeit with lower social benefits.

Legislation will be needed to enable road pricing to be implemented and for parking
charges to be controlled. In Italy and UK there is also a need for legislation to
permt the recommended public trangmirategies to be implemented.

Public and political acceptability will be significant barrier to measures which
increase costs (especially motoring costs) or reduce service levels. The successful
implementation of such measures, demonstrating their overall effectiveness within a
package of policies, could help overcome this, as could effective marketing.

Most of the suggestions made in DMA for improving the methodology were
included in FATIMA, but there were sonfarther concerns that the methodology
should ideally be capable of addressing directly the issue of transport system quality.

9. POLICY CONCLUSIONS AND RECOMMENDATIONS

9.1 The effects of constraints on public finance

A particularly important result from FAMA is that in six of the nine cities
(Edinburgh, Vienna, Eisenstadt, Oslo, Torgrad Salerno) an optimal strategy could
be identified which required no net additional financial support (in addition to the do-
minimum support) over the 30 year evaluatmamiod. In all of these cases (Classes 3
and 4 in Section 5.8) the revenue from useose than covers the cost of any changes
in infrastructure and operation. Even sty authorities may be constrained, since
typically they have to raise finance favestment initially, and only obtain repayment
from users later. This represents one efdituations in which private finance may be
used. In these situations the private @ectin be reimbursed either directly by the
users or indirectly from the city authoritising revenues from users. In the former
case, it is important that the charges onuber are consistent with the overall optimal
strategy. With the exception of privatector operation of public transport (see 9.3
below) it has been assumed implicitly in thedel tests that the private sector would
require the same rate of return as the puddictor. Where this is not the case, the
optimal strategy may well be constrained, resulting in lower social benefits.

In the other three cities (Merseyside,oifisg and Helsinki), the optimal strategy
would require a higher level of financlipport than the do-minimum (Classes 1 and

2 in Section 5.8). That it is not to s#lyat such strategies are unacceptable; the
shadow price assigned to the financial quiladicates that use of public finance is
justifiable when compared with its use ather sectors. However, city authorities
may be constrained by national governmamis to increase their financial outlay
(and hence the tax burden). Where suddtrigions apply solely to the initial
investment, private sector finance can bealubat part of the cost will have to be met

by increased taxation (or reduced expenditurenon-transport sectors) in future
years. The comments in the preceding paragraph then apply. Where restrictions

87



FATIMA: FINANCIAL ASSISTANCE FOR TRANSPORT INTEGRATION IN METROPOLITAN AREAS:
DELIVERABLE D4: FINAL REPORT: PART 2

apply throughout the (30 year) evaluation period, an alternative strategy is required,
represented here by the Constrained Objedtunction (COF). As noted in Section 5,
these strategies impose higher costs oruie®, make reduced investment, and have
smaller benefits to society. An altative which in principle can avoid these
constraints is to raise additional finantem the (secondary) beneficiaries of the
strategy, through value capture.

9.2 The role of value capture

Value capture in Project FATIMA was regented by a percentage (typically 10%) of
the user benefits and was raised where it could relieve the restrictions on availability
of public finance. In practice value captuvas only relevant in Class 1 cities, where
there are substantial user benefits even wadmnstrained public finance regime. In
these circumstances value capture can kalgards financing the socially optimal
strategy (as represented by the Benchmarje@ie Function). In Class 2 cities,
there are no substantial user benefits under a constrained public finance regime and so
there is limited scope for value capturén Class 3 cities there is no significant
financial constraint, and availability of atdnal finance will not lead to an enhanced
strategy. In Class 4 cities there are ¢gfly no significant user benefits to be
captured. Thus value capture appears to have a very limited role in financing optimal
strategies.

9.3 Private sector operation of public transport

Private operation of public transport is pbésiin a regulated regime (as represented
by the Benchmark Objective Function (BJPFor in a deregulated regime (as

represented by the Deregulated, and Hafulated, Objective Functions (DOF and

HOF)).

In the former case it is often argued thia¢ operating costs are reduced if public
transport is operated privately. We hdee=n unable to find any convincing evidence

that this is the case, but we have conducted sensitivity tests to assess the impact.
These suggest that operating cost savings would have relatively small impacts on the
overall social benefit, or the specificati of the optimal strategy. There may be
benefits to be gained or adverse effefcten private sector operation, as listed in
Section 5.3, but they need to be momnwncingly demonstrated. As noted in
Section 5.3, changes in operating costsaa®sult of private operation were not
modelled in the main optimisation work, although they were considered in subsequent
sensitivity tests.

In the case of a deregulated regime, gtevsector operation carries the additional
disbenefit that the city authority has nantrol on the strategy adopted by the private
sector, and the resulting strategy may assalrdée substantially sub-optimal. This
essentially results from the loss of tlkencept of an integrated “package” of
measures; whilst some measures are set iim tydaaximise social benefit, others are
set in order to maximise the separate @ossibly contradictory objective of private
sector profit. It is not then surpmg that the overall optimal combination of
measures in a deregulated regime is ioferin terms of net social benfit, to the
optimal combination of measures in a regime where the public authority has full
control over all measures. In fact it wasifid in the optimisation work that even the
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best performing DOF solutions produced lowecial benefits than the BOF optima.
However, DOF solutions did have the advantage of substantially reducing the initial
capital outlay by the city authority.

The problematic nature of complete deregataled to the consideration of HOF (the
half-regulated regime) which allowed for sitysto be paid to the private operator
whilst still keeping an essentially deregeldtregime. Since there are a large number
of mechanisms for providing subsidy, the half-regulated regime was less clearly
defined than either the fully deregulated nagior the fully regulated regime. In spite

of this imprecision, though, the FATIMA rdsishowed that whilst the HOF-optimal
solutions were always preferable to DOF-optimal solutions (over a 30 year time
horizon), they were never superior to Coamed Objective Function (COF) optima.
Thus, over a 30 year period, all deregethtregimes (both HOF and DOF) were
inferior to the constrained regulated regime.

9.4 Recommendations for the dggn of optimal transport
strategies

The following recommendations can be mdde policy makers on the design of
optimal transport strategies:

1. Strategies should be based on combinatadmseasures, and should draw fully on
the synergy between successful measures.

2. The key elements of a successful stratgyyuld be public transport measures and
car user charges. In most cases, the public transport measures should include
increased service levels and/or reductionfares. However, the degree of such
changes will clearly depend on the servioe #are levels in the base case. Car
user charges can be applied through road pricing or parking charges.

3. There should generally be a distinction between peak and off-peak
implementation of public transport and car user charge measures.

4. Low cost road capacity improvements should generally be included in a
successful strategy. However, it shoblel emphasised that such improvements
should come from measures that genlyinmprove traffic efficiency, given a
fixed level of infrastructure. Such meass would typically include: traffic signal
coordination and optimisation; telematics measures; and other traffic management
measures. Low cost road capacity improeats should not be introduced if they
have a negative effect on plans for city tcerpedestrianisation, traffic calming in
residential neighbourhoods, or enhancements to pedestrian mobility or safety.

5. Large-scale public transport infrastructym®jects would typically not be part of
an optimal strategy. However, medium-scale and small-scale infrastructure
projects, such as guided bus or improvetado the public transport vehicle fleet,
may be beneficial.

6. In some circumstances, optimal policiéa terms of net social benefit) may
include both car user charges and éased fares for public transport users
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(without a corresponding increase in servieeels). The implications of this
require careful consideration, since theggest that transport policy can be used
to subsidise other areas of public policy.”

9.5 Recommendations for the involvement of the private sector

The following recommendations for policy-makers can be extracted from the
discussion above:

1.

In many cities it will be possible, foldng the methodology outlined in Section

9.6, to identify strategies which aretiopal, and whose costs over a 30 year
evaluation period are met in full by paymeifitsm users. Care will needed to
ensure that the pattern of charges on users is politically acceptable and legally
feasible.

. Even in the circumstances in (1), céythorities may not be able to raise the

finance required for initial investment ime strategy. In such situations, the
private sector may be able to finance shategy, and be repaid either directly by
users or by the city authorities using paytsdny users. In either case, the user
charges should be consistent with the strategy: fares or charges imposed at higher
than optimal levels to satisfy theiyate sector can significantly reduce the
performance of the strategy. Furthermore, where the private sector requires a
higher rate of return than the public sead@count rate, this may result in a more
constrained, and less beneficial, strategy. The implications of this for involving
the private sector need to be carefully assessed.

Where the financial costs of the strategy exceed the revenues, it may still be
acceptable for city authorities to financeitin The optimal strategies in FATIMA
have been generated on the basis thatoportunity cost of using finance for
them is fully justified. Where city dlnorities cannot raise the initial finance, it
may be appropriate to involve the privaget®r, as in (2). However, the private
sector will need to be reimbursed in pom future tax revenue, or from future
revenue generated by reducing public expenditure on other sectors.

Where public finance is limited, the optiratgon procedures used in FATIMA can
identify the appropriate modification tthe strategy to achieve the optimal
performance within the financial constri Such strategies will usually have
smaller social benefits than those without such constraints.

In the situation in (4), value capture may offer an opportunity for raising
additional finance to help support the transport system. Such finance, which
would not involve (later) repayments lisansport users or the city authority,
should be distinguished from the prigdinance arrangements in (2), which do
involve such repayments. However, vinththe range of conditions tested, value
capture appears not to offer the paoinfor significantly improving the overall
strategy.

Whether or not the private sector is inkad in financing a strategy, there may be

interest in private sector operation e public transport service. Such
involvement may possibly increase manaeefficiency which would enhance
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the performance of an overall strategy lberaatively it may lead to a reduction in
net social welfare: evidence on the scale of these benefits or losses is unclear.

7. Private sector operation has been enpénted through deregulation, in which
operators are free to determine serviceele and fares, and through franchising,
where the city authority specifies thenif a city authority decides that private
operation is beneficial, it should use, whéegally possible, a franchising model
in which it specifies the objectives and the optimal service levels and fares.

8. If a deregulation model is required (in orde comply with national law), private
operators should not be given complete freedom to determine the operating
conditions which meet their profitability taeg even if the level of profitability is
itself constrained as a result. There gmpically a number of combinations (e.g.
of fares and frequency) which achieveigen level of profitability, and not all
will be equally effective in terms of public policy objectives.

9.6 Methodological recommendations

The key steps for strategy/policy formutatj in the order they should occur, are
given below. Of these steps, the mosthgematic in terms of practical transport
policy-making are steps 1 and 2, and thegutd be given special attention by policy-
makers:

1. identify the policy objective(s) clearly;

2. where a set of policy objectives is identified, indicate what the appropriate trade-
off is between them (assuming, usually cadiyedhat they are to some extent in
conflict);

3. identify the set of policy measures whiale to be considered, and which can be
expected to have a strategic impactgarticular, list those which meet the latter
requirement);

4. specify the range(s) within which the meges in point 3 can be applied, and the
factors which limit that range (financial, political, legislative etc.);

5. specify any other overall constraints (e.gaficial) on the specification of optimal
strategies;

6. employ a transport model which enables the full range of measures in point 3 to
be assessed against all the objectivesn(fpoint 1), taking into account of all the
user responses (mode, time of day, destination, frequency, route) of strategic
relevance, and all the supply interaas (congestion, overcrowding, queuing) of
strategic relevance;

7. follow the optimisation procedure (as set @utSections 1.5 of this report) to
identify the optimum, taking into account constraints where appropriate;

8. check that this optimum is feasible and acceptable and modify if necessary;
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9. decide whether it is appropriate to usevgie finance or private sector operation,

or both. If so, decide how best to emplithem within the context of a socially
optimum strategy.

9.7 Recommendations for further research

The general approach taken in OPTIMA was well accepted, particularly by the city
authorities involved in the consultation procedure. However, the approach could be
further refined in a number of directions, as given below:

1. The objective functions have no measure of equity in them. Issues of equity arise

in two different aspects, amongst others. Firstly, there is the issue of intrazonal
equity, concerning the relative differences in benefits received by different socio-
economic groups living in the same neighbourhood. Secondly, there is the issue
of interzonal equity, which concerns the differences in benefit received by
inhabitants of different neighbourhoods.islirecommended that both issues of
equity be considered in future research into the construction of objective
functions.

. The choice of measures to be used for forming optimal packages did not include
land use measures. As explained in the OPTIMA Final Report, this was due to the
lack of availability of appropriate models for representing combined land-use /
transportation policies. However, as such models are currently being developed,
the possibility should arise for including land use measures in future optimisation
work.

Research should be carried out into making a comprehensive assessment of the
consequences of private sector operation of public transport, both under regulated
and deregulated regimes. Such an assessment should not be limited to financial
costs of operation, but should also take into account potential “external” effects of
private operation such as: redundancies (and hence increasing social costs due to
increased levels of unemployment); changes in employees’ wages; changes in
safety levels and changes in other environmental benefits or costs.

. The policy measures considered by FATIMA were, for each city, relative to a
“do-minimum” strategy specified by the respective city authority. Typically, the
measures involved with such strategies are those to which an authority has made a
full commitment. It follows that the recommendations given make an implicit
critique of a city’s committed policies. However, it could be argued that such an
approach might misrepresent a city’s intentions since it might be planning “likely”
policies to which it has not made a full commitment. Such policies were not
considered explicitly in the FATIMA optimisation work. It is thus recommended
that, in future optimisation work, a method be devised which takes account of
potential city policies to which there has not yet been full commitment.
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ANNEX 1:LIST OF ABBREVIATIONS

BOF Benchmark Objective Function

BOF* Set of measures with highest BOF value (BOF optimum)

COF Constrained Objective Function

COF* Set of measures with highest COF value (COF optimum)

DOF Deregulated objective Function

DOF* Set of measures with highest DOF value (DOF optimum)

EC  ExternalCosts

EEF Economic Efficiency Function without external costs (used in OPTIMA)

EEFP Economic Efficiency Function with external costs

HOF Half-regulated Objective Function

HOF* Set of measures with highest HOF value (HOF optimum)

IH High public transport infrastructure

IM Medium public transport infrastructure

IRR Internal Rate of Return

MA  Metropolitan Authority

MS  Mode Split

NPV Net Present Value

PVF Present Value of Finance

PVF* Present Value of Finance for public authority when public transport is
deregulated

ROF Regulated Objective Function

ROF* Set of measures with highest ROF value (ROF optimum)

SOF Sustainability Objective Function

VC  ValueCapture

parameter used to calculate BOF (default value 0.1)

parameter used to calculate VC (default value 0.1)

parameter used to calculate external costs in EEFP (given in Table 1)

shadow price parameter used to calculate EEFP (default value 0.25)

>= ™ e
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ANNEX 2: DESCRIPTIONS OF THE CITIES

Each test city is presented in a sectiof its own comprised of a short overall
description of the city, its transport system and current policy measures.

A2.1 Edinburgh MA

General description of the city

Edinburgh is the capital city of Scotlant@he study area includes the city and its
immediately surrounding commuter towns, udihg the southern part of Fife Region,
immediately north of the Forth road and rhridges. It is the principal centre for
government, finance and legislation f8cotland, a regional shopping centre, and a
base for high technology industry linked to its three universities. It is also a major
centre for tourism focused on the castle and Old Town, and the Georgian New Town.

The population of Edinburgh MA is 420 0088 % of households own cars and car
ownership is 0.32 cars per inhabitant.

Transportation system

The transport network of the study areacamstrained by the Forth Estuary, to the
north of the city, and ranges of hills to the south. The city’s road network includes a
purpose-built outer ring road, and motorwagnnections to Glasgow and Fife, but
most of the roads within the city are ofriadle 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 %noftorised trip-km are by car with most
of the rest by bus.

Transport policy measures

In Edinburgh a combination of infrastruoty management and pricing measures is
used to reduce car traffic in the city cenffée intention is to forbid long-stay trips
by car but allow short-stay trips. On str@atrking is being reduced. There are also
schemes for new highway construction andreasing capacity, but the attitude is
changing towards encouraging public transpostead of building more roads. In
residential areas traffic calming is being introduced.

The public transport network has recertgen expanded by a new rail line and a new
light rail system is being planned. Betteformation systems 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 centreside pavements, cycle lanes, parking
facilities for bicycles etc. Also totally car-less development areas are planned.
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A2.2 Merseyside

General description of the city

The Merseyside conurbation, centred on titye @f Liverpool, lies on the west coast

of England. Liverpool itself is a regioneéntre for shopping and business, as well as
being the main west coast port and a ursiig centre. It is bordered by the boroughs

of Sefton, including the seaside resort of Southport, and Knowsley, which has several
distinct town centres within an area of suburban development. St Helens lies further
to the east, while the Wirral Districincluding 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 cars per household in 1991 compared to the
national average of 0.88.

Transportation system

The area has several motorways and ugpacity roads including two toll tunnels
linking Birkenhead and Liverpool under the Mersey. It also has an extensive suburban
rail network, centred on Liverpool, with artnel 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 and efficiency of the transport system.
For public transport the rail network andrlpand ride system will be extended, a
light rail system is under considerationdanew technology will be used to promote
public transport.

Also measures improving car traffic abeing implemented. Parking measures are
however used to favour short-stay trifgsthe centre and encourage commuters to
choose public transport. A road pricing cordon around the centre has been planned if
the ongoing measures are not enough togmesongestion. Traffic calming measures

are used in residential areas and residential centres. Improving facilities of non-
motorised traffic elsewhere includes pedestisation and new cycle routes and other
facilities.

A2.3 Vienna

General description of the city

Vienna is the capital city of Austria. It is the principal centre for government, finance
and legislation of Austria, a regional shampicentre, a focus for culture and industry,
and contains a concentration of universitidhe traditional city centre, the many
famous buildings and cultural associations have made Vienna a major centre for
tourism.
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Table A2.1 The population, area and poptilzn density for different zones in
Vienna.

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

Inside Districts 385933 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 Stdidn, 1993, Tab. 1.08., 2.02, 2.03.E.

Around 80 % of households own cars.

Transportation system

The city road network includes three ring roads and a north-south and east-west
motorway. Reorganisation of the road netiwvbas been in planning to restructure the
network based upon its function (PT maimests, Private car main streets, and
PT/Private car main streets). Most public transport is by metro and trams
supplemented by urban rail services andebu¥/ienna public transport modes are:
tram, bus, underground, commuter train, redidr@in and bus. The city centre is
mostly pedestrianised.

Around 37 % of all trips are made by car, 3bfopublic transport and the rest are as
pedestrians and cyclists.

Transport policy measures

Several measures for reducing car trafficthe city centre and promoting public

transport, walking and cycling have beetroduced already since 1970s in Vienna.
Large pedestrian areas, wide and/or raigedpaths were needed and a wide cycle
path network has been introduced. Algoblic transport has been promoted by
continuous upkeep and construction, resgyvseparated lanes, giving priority at

intersections as well as pricing policy and information.

Also necessary car traffic has been takare of by restructuring the road network, by
building parking garages and park and rfdeilities, by reducing on-street parking
and by increasing levels of parking charge.

A2.4 Eisenstadt

General description of the city

Eisenstadt is the capital of the provinokBurgenland, one of the 9 provinces in
Austria. The study area includes the wholetlué city. Eisenstadt is the principal

centre for local government, an educationteerand also a regional shopping centre.
Tourism has increased through publicityths City of Haydn. The city centre is a

traditional shopping area and has the largestestrian zone (2.1 m2 / person) in
Austria. The city of Eisenstadt is a veryaa&ase in that the city makes a profit out of
the traffic system.

Eisenstadt has a relatively small dieyed area and low population density. Car
ownership is 0.66 cars per person and 1.66 cars per household.
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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 3521 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 zorgtyataxi system in operation 24 hours a day
as public transport, supported by regiobhakes and rail. The network of the study
area includes the nearby motorways and the main street.

Transport policy measures

Car traffic in the centre of Eisenstadt le®n restricted by severe parking policy and
land use measures by dedicating a sdépaaaca for commerce and industry use.
Public transport has been promoted blyaducing a single tariff for all modes and
integrating and improving PT operation. A spdity of Eisenstadt is a city taxi
system which is highly subsidised.

A2.5 Helsinki MA

General description of the city

Helsinki, the capital city of Finland, lies Bouthern Finland by the Gulf of Finland in

the Baltic Sea. It is surrounded by thiler cities: Espoo, Kauniainen and Vantaa;
and they together form the Helsinki Mapolitan Area, which is the study area. The
old city centre of Helsinki lies on a penina which has its influence on the traffic

system.

Table A2.3 The population, area, and population density for Helsinki MA.

Population Area (land) Population density
1995 1990 hectares inh./hal995
Helsinki 525 031 492 40( 18450 28.53
Espoo 191 247 172 62p 31190 6.15
Kauniainen 8 298 7889 590 14.07
Vantaa 166 480 154 93B 24080 6.94
Total 891 056 827 851 74310 11.99

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

The road network creates a system of senaglial and two orbital roads. The public
transport trunk network is based on both taiffic and buses. There are three local
railway lines and one metro line radialttee city centre. Only the western corridor
relies on buses only. In the inner city thare seven tram lines as well. The public
transport system operates very well.

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

Transport policy measures

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

A very strict parking policy in the citgentre is the main measure for restraining
unwanted car traffic. Traffic calming usingveeal measures has been implemented in
residential areas both in the inner city and suburbs. Cycling and walking have been
promoted by ongoing construction of sepaitatees for non motorised traffic all over

the area. Also good and safe parking facgitespecially for park and ride are under
development.

A2.6 Torino MA

General description of the city

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

Table A2.4 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 transpant the area are a railway system used
principally by commuters and for long distantrips, and the public 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 motoriseddrip Torino MA is 23 %, but 39 % for trips
made inside Torino city itself.

Transport policy measures

In Torino many measures have already begiemented to improve the efficiency of
the transportation system of the cisgve time and decrease pollution and noise.
There is a city-wide traffic control systemith public transport priorities, streets and

101



FATIMA: FINANCIAL ASSISTANCE FOR TRANSPORT INTEGRATION IN METROPOLITAN AREAS:
DELIVERABLE D4: FINAL REPORT: PART 2

lanes reserved for PT and pricing measw®sd to encourage PT and reduce long-
stay parking in the centre. The mgstwerful measure was introduced in 1990,
namely the Traffic Limited Zone where mwivate car traffic is allowed without a
permit between 7.30 am and 1.00 pm.

Public transport network extensions are planned for especially all rail modes, light
rail, tram and metro. A park and ride system will be introduced.

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

A2.7 Salerno

General description of the city

Salerno lies on the Tyrenian Sea, not far fidaples. It is a typical Italian medium-
sized city: it has a large concentration of activities and movements towards the central
zones, a rather homogeneous daily distribution of mobility with three peaks at 8.00
a.m., at 1.00 p.m. and at 8.00 p.m., andlliina significant quota of movements to

and from with the outlying areas that account for 50% of all movements.

Table A2.5 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 ibhants per hectare and car ownership is
around 0.4 cars per inhabitant.

Transportation system

The modal split for internal trips is 4@ 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 stage of introducing transport policy
measures. It envisages improving publi@nsport by new investments, lane
separation, information, promoting walkj and cycling by good facilities and making
car traffic smoother by increasing road capacity and off-street parking places.
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A2.8 Oslo MA

Oslo is the capital city of Norway. The green belt areas in the north and east of Oslo
combined with the Oslo Fjord result in ¢fer corridors leading to the central parts of
Oslo. Oslo Metropolitan Area, which is teudy area, includes the city itself and the
county of Akershus consisting of severalnicipalities. It is by far the greatest
metropolitan area of Norway with a population of 918 500.

Table A2.6 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 O81A 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 trecckn 8-armed star structure, on which 5
lines are operated. Oslo is also the hub efNlorwegian rail system, with lines to the
west, north, east and south. The length amiwvay lines is 128 km. The structure of
the trunk road system is three orbital rirgsd five radials, concentrated in three
corridors: west, east and south.

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

Transport policy measures

A variety of transport policy measures aneuse in Oslo. These include a highway
construction plan for the period 1988-2007rtlyafinanced by a toll ring. Bus lanes
on the new and old highways are an imporaant of this policy. A new airport is
being built, and a high speed rail connestis to secure a high share of public
transport to the airport. The metrosssm has been constantly improved, and
measures such as signal prioritisation and own rights of way are taken to increase
journey speed of buses and tramways.tkn other hand, traffic calming measures
has been introduced in most residentigaar Parking policy has been restrictive in
the inner city. Public transport fareslipg has been changing, from rather big
increases in the ‘80s to stable fares i@ ®0s. A unitary fare system for the whole
region exists, and is shortly to be improved by electronic ticketing.

There are high taxes both on cars and fudlanway. The major feature of the land
use policy is the ban on building in the green belt area.
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A2.9 Tromsg

General description of the city

Tromsg is a regional centre with a largeitad and several educational centres. The
topology of Tromsg is special, with a largart of the town area on an island with
bridges to both sides, and with steep halh&l distinctive ribbonlike stretches of built
up areas along the coast lines.

Table A2.7 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 intaalis per hectare. Car ownership was
0.382 cars per inhabitant in 1990.

Transportation system
The available motorised means of trans@oe local and regional bus lines, private
car and taxi.

54% of trips are made as car driver, 18%ocar passenger, 14% by bus and 22% by
walking and cycling.

Transport policy measures

Tromsg lies on an island and thus is pbgky separated from mainland. There are
two special provisions; the first one is @ab fuel tax for road construction and the
second a private road tunnel crossing then financed by toll collection. There is

also another road tunnel crossing the Tsarstrait implemented by national and local
authorities and a third tunnel for decing overground car traffic is under

consideration.

Promoting public transport and restrictiogr traffic using parking policies are under
preparation.
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ANNEX 3: SUMMARY OF THE OPTIMA PROJECT

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

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

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

(i)  to assess the acceptability and feasibiifyimplementation of these strategies
both in nine case study cities (Edinghy Merseyside, Vienna, Eisenstadt,
Tromsg, Oslo, Helsinki, Torino and Salerno) and more widely in the EU; and

(iv)  to use the results to provide mageneral guidance on urban transport policy
within the EU.

TECHNICAL DESCRIPTION
Theses objectives were achieved by carrying out the following tasks:
1. specify two objective functions, oneach for economic efficiency and

sustainability, which are acceptable tmdacan 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 thid lis cover measures in use elsewhere
in the EU;

3. conduct a series of tests of comhbimas of policy measures, in each city,

using currently available transport models of these cities;

4. use the optimisation methodology, gsepely for each city, to identify
strategies which are optimal in termsezionomic efficiency and sustainability
in each city.

5. draw policy conclusions for eachtyc on the differences between the
efficiency-optimal and sustainability -optimal strategies, the justification for
those strategies, and the feasibilityimplementation, in discussion with the
city authorities;

6. draw project-wide conclusions by comparthe results for the different cities,
explaining the differences between theand discussing 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 of resources, accessibility
within the city and at least th@ossibility of economic regeneration. Essentially, the
EEF performs a cost benefit analysistbé tested policy, while also imposing a
shadow price on the financial support required.

The Sustainability Objective FunctiofSOF) differs from the EEF in that the

exhaustible resource of fossil fuel is valuedre highly than its market price, and that
a penalty is incurred for those policies that do not meet a certain minimum
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requirement on fossil fuel savings. Theseudezt of the SOF reflect the aim to reduce
CO, emissions. Also, costs and benefite anly considered for the horizon year,
representing the interests of future generations.

Common set of measures

Based upon an inventory of measures cardetiby the project (Task 2), a set of
common measures was selected for use in the optimisation process. Table A.3.1
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 infrastructur® 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  transper0% +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 A.3.1: Measures tested

* Road capacity measures include variogses of traffic management and transport
telematics, butlo not include road building

# The value of the measure Road Pricingreete the cost per trip incurred by the car
driver

Optimisation process

Once measures and their ranges were difittansport model runs were carried out
(Task 3) to test an initial set of combinations of transport measpaekages The
number of packages in this set was thinimum number required to start up the
optimisation process. The optimisation gges (Task 4) was then applied to find the
optimum set of values of these measuogseach city, separately for each objective
function.

Consultation process

Based on the initial review of the resultgnsultations were held with officials in

each of the nine cities (Task 5). They wpresented with the results, and invited to
assess them against a set of criteria which focused on issues of feasibility and
acceptability. Inevitably there was some overlap between the concerns under these
two headings. The officials were alsoited to suggest alternative strategies which
they would wish to have tested. When these alternatives were tested, none of them
performed better than the predicted optima (with respect to the objective functions),
and the opportunity was taken to dissuthese results. The output of these
consultations was discussed with two othéeg to test transferability, and then used
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to develop the conclusions specified below (Task 6).

RESULTS AND CONCLUSIONS

Policy results and recommendations

The results from the optimisation procese summarised in Table 2, which gives an
overview of the relative benefit (over thenaicase study cities) of each measure with
respect to the two objective functions used.

EEF SOF
Public transport infrastructure - **
Low cost road capacity| *** *
improvements
Increase in  public transport | * *
frequency
Reduction in public transport | ** *hx
fares
Road pricing and/or increased| ** Fhk
parking 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 A.3.2 : Summary of beneficial measures

From the results in Table A.3.2 and fronmet aspects of the research, the following
recommendations can be made for policy makers:

e strategies should be based on combinatamaeasures, and should draw fully on
the synergy between success measures;

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

e public transport infrastructure investmeninst 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 leveis #ares will be influenced by the current
level of subsidy; in some cases a reduction in service levels or an increase in fares
may be justified on economic grounds;

e the scale of increase in costs of car wsé depend in part on current levels of
congestion; the study suggests that road pricing and parking charge increases are
broadly interchangeable, but this needs assessing in more detail;

e in most cases economically efficient strategies can be designed which are
financially feasible, provided that reversuean be used to finance other strategy
elements;

e the pursuit of sustainability is likely tqustify investment in public transport
infrastructure, further improvements to pulitansport services and/or fares, and
further increases in the cost of car use;
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e availability of finance will be a majobarrier to implementation of many
sustainability-optimal strategies, and het 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 irapientation of road pricing and to control
parking charges; in the UK and Italy thésealso a case for changing legislation to
permit economically more efficient public transport strategies;

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

e detailed measures to improve the environment and provide better facilities for
cyclists, pedestrians and disabled peoptaukl be designed within the context of a
preferred strategy.

Methodological conclusions and recommendations

e the optimisation procedure has been shown to be successful, and has attracted
widespread interest; however, it is impaittdhat careful thought is given to the
policy implications of each stage of the process;

¢ the frequent use of upper and lower bound esln the optima is a cause of some
concern;

e strategic models are in many ways mopprapriate than tactical models in the
development of optimal strategies;

e such models should include walkingnd cycling, both peak and off peak
conditions, and the effects of public transport loadings on user costs.
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