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EXECUTIVE SUMMARY OF REPORT

This Final Report covers the results of tR&-funded research projed-ATIMA (Financial
Assistance for Transport Integration in Megtolitan Areas) which had the following objectives:
(i) to identify the benefits to the private sacbf optimal urban trasport strategies, and the
potential for obtaining jwate sector funding teeflect those benefits;
(i) to determine the differences between strategies optimised using public funds and those
optimised within the constraints pused by private funding initiatives;
(iif) to propose mechanisms by which privatetse funding can be provided so as to achieve
appropriately optimal transport strategidsile maintaining quality of operation; and
(iv) to use the results to @ride more general guidance on tioée of privatesector funding
for urban transport in the EU.

The project adopted an approaghich involved the application dhe same study method to nine
cities, chosen to reflect a range of urban fpanspolicy contexts in Hope: Edinburgh, Eisenstadt,
Helsinki, Merseyside, Oslo, Salerno, Torino, Tromsg and VieAma. method invlwed specifying
appropriate policy objective functie against which transport dgies could be assessed, and
finding the specific strategy that optimised eaxfhthese functions. The objective functions
covered a range of differing regimes with mspto constraints ompublic finance and the
involvement of the private sector.

It was found that, in a majority of the casedstwities, optimal socio-enomic policies could be
funded by road pricing or increaspdrking charges, considered p@e30 year time horizon. Such
measures would typically be used to make itildago increase publicansport frequency levels
or decrease public transport fares. In genenaig found to be important that the city transport
planning authority had completontrol over all transport mea®s, affecting both private and
public transport.

However, such strategies are likely to requsimgnificant levels of investment and, given current
attitudes towards constraints on public spendingpight be politically awkward for the public
sector to raise such finance. There is thus a paligruseful role for private finance to be used to
help overcome such (short term) financing proide However, it must be appreciated that the
private sector will expect to make a profit on such investment. In cities where optimal policies are
funded by travellers, the privatecser can be reimbursed by travedle In cities where it is
unfeasible for travellers to fundl éhe costs of optimal policies, will be necessary for the private
sector to be reimbursed from pubfinds (raised from taxes). Amportant issue here is that the

use of private finance should not be allowedeigace optimal policies witbub-optimal policies.

Whether or not the private sectsiinvolved in financing a strategghere may be interest in private
sector operation of the public tsport service. However, evidenoa the scale of benefits or
losses from such operation is unclear. If, thougbityaauthority ecides that private operation is
beneficial, it should use, where legally possilaldranchising model in wbh it specifies optimal
public transport service levels afates. On the othdrand, if a deregulatiomodel is required (in
order to comply with national law), private optars should not be gimecomplete freedom to
determine the operating conditions which meetrthpeofitability target, even if the level of
profitability is itself @nstrained as a result. die are typically a number of combinations (e.g. of
fares and frequency) which achieve a given leseprofitability, and not all will be equally
effective in terms of public policy objectives.



FATIMA: FINANCIAL ASSISTANCE FOR TRANSPORT INTEGRATION IN METROPOLITAN AREAS:
FINAL REPORT PART 1

INTRODUCTION TO PART I

The Final Report of project FATIMA is presented in two parts. Part 1 contains a summary of the
method adopted in the project, and sets oatkby recommendations in terms of policies and
optimisation methodology from both projects. Pais thus directed pacdularly towards policy
makers.

Part 2 contains the details tife method for project FATIMA, tluding the formulation of the
objective functions, the optimisation process, the agtisirategies with respect to these objective
functions, and a summary of the feasibility and acceptability of these strategies based on
consultations which the city authorities. This part is thus mainly aimed at the professional in
transport planning and modelling.
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FATIMA - DELIVERABLE 4

FINAL REPORT PART 1: POLICY SUMMARY

1 INTRODUCTION

1.1 Project outline

This report covers the resuti§ the EU-funded research projgeATIMA: Financial Assistance for
Transport Integratiom Metropolitan Areas.

Project FATIMA was conducted between April 1997 and September 1998, and had the following
objectives:

(i) to identify the benefits to the private sector of optimal urban transport strategies, and the
potential for obtaining fwate sector funding teeflect those benefits;

(i) to determine the differences between tsigées optimised using public funds and those
optimised within the constraints pused by private funding initiatives;

(i) to propose mechanisms by which privaect®r funding can be praléd so as to achieve
appropriately optimal transport strategigsile maintaining quality of operation; and

(iv) to use the results to provide more gengrablance on the role of private sector funding for
urban transport in the EU.

The methodological approach in FATIMA was ded from the approactaken in the previous
EU-funded project OPTIMA (OPTIMA, 1997), dd& of which are giva in Annex 1. The
approach involved the aligation of the same study method to naies, chosen to reflect a range
of urban transport policy contexts infépe (Table 1). The method involved:

o specifying appropriate policy objgee functions against whichansport strategies would be
assessed (Section 1.2);

 identifying a set of transport poy measures which would be tedtin the nine cities, and the
range of values for each (Section 1.3);

e using an existing transport model of each citye the application of these measures, and their
performance against the objeetfunctions (Section 1.4);

e using a standard optimisation procedure to detezrthe set of measures which is optimal, for a
given objective function, in eadity (Section 1.5 and Section 2);

o discussing the resulting policy recommendatiavigh the city autorities (Section 1.6 and
Section 2); and

o drawing policy conclusionéSection 1.6 and Section 3).
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Edinburgh  Merseyside  Vienna Eisenstadt Tromsg Oslo Helsinki Torino Salerijo
MA MA MA MA MA
Population (k) 420 1440 1540 10 57 919 910 1450 149
Density 29.9 22.2 37.9 2.4 0.3 1.7 12..2 23.7 26.2
(persons/ha)
Car ownership 0.32 0.27 0.32 0.66 0.38 0.44 0.33 0.65 0.53
(cars per person)
Trips by car (%) 51* 78* 37 56 54 62 47 67* 40

* motorised trips only

Table1: The FATIMA and OPTIMA cities

1.2 Objective functions

The objective functions used in FATIMA were a&ad at through a review of current practice and
future opportunities in private financing of trangp starting from the aclowledgement that public
finance for transport is curréy scarce. Informi@on for the review was obtained through a
literature search and from interviews with publfiaials, politicians and neresentatives of private
companies. Over all the cities, nearly 40 casalies of existing and planned schemes were
reviewed, covering private involvement in road and rail (especially light rail) infrastructure,
terminals, traffic control and information systgnparking and public transport operation. The
involvement of the private sector took the foofnpure private financopand (more commonly) a
variety of forms of public-private partnershipBased on this review, tHeATIMA project defined

a range of objective functions to be usethie modelling procesas described below.

Two objective functions were defined to enadpte public policy objectives with respect to
economic efficiency and sustainability:

e The Economic Efficiency Function taking@naccount environmental costs (EEFP);
e The Sustainability Objective Function (SOF).

The mathematical specifications of these fuorddi are provided in Seoh 2 of Part 2. Briefly,
EEFP involved:

e calculating the net social beitsf(to travellers, operators @mgovernment) generated by a given
strategy in a future "horizon" year (typicalB015) when compared with a specified "do-
minimum" strategy;

e calculating the net present value of these fhispeless any initial capital costs, using
conventional discounting procedureslaa nation-specific discount rate;

o calculating the net present value of the financigtlay (costs less revees) for the strategy in
the same way to give a present value of finance (PVF);

e applying a shadow price of public funds of 1.25o0eper euro to both net revenue generation and
net financial outlay (as given by PVF), reflectiihg opportunity cost of using public funds from
transport, thus making it feasible to compare financial generation and outlay in the transport
sector with that in other sectors; and

e a shadow price for local environmental and safetyacts, related to vehicle-km of travel, and
based on current literature on the \aion of externalities (Tinch, 1995).
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Thus EEFP represents a conventiargt-benefit analysis, with thelditions of a shadow price for
financial costs and benefits to the public seand a shadow price on local environmental and
safety impacts. As with conventional cost Heéranalysis, it did not iolude equity impacts.

The Sustainability Objective Function (SOF)xdsed solely on conditions in the horizon year,
based on the net social benefits that year less the costs ehergy consumption. Energy
consumption was used as a proxy for the depleaifagtarce resources geally and wa assessed
using:

e a shadow price (of 5 euro per eufor all energy consumption; and
e a high penalty for energy consumption which exceeded that in the do-minimum.

The Benchmark Objective Function (BOF) involvée incorporation oboth EEFP and SOF into
one function, with the weighting between theotdesigned to given them approximately equal
weight. Hence, BOF is a single objective functighich is intended to reflect an overall policy
orientation which balances econoreiticiency and sustainability.

The other objective functions PATIMA are all extensions of thnBenchmark Objective Function,
with further constraints which reflect the reeumrents of a range of public and private sector
financing regimes. Once again, the mathematicatifipations are provideth Section 2 (Part 2).

The first financial objective function was theiistrained Objective Function, COF, in which all
financial outlay greater than tdo minimum" strategy was heavipenalised. This was designed
to reflect the reality for most city authoritiewho find it difficult to obtain additional financial
support.

The second financial objectifanction was the Regulated Objee Function, ROF, designed to
test the potential for city authorities to use eatapture to help overcome financing difficulties in
situations where there are hard constraintspablic finance (as represented by COF). The
underlying logic to ROF is that transport strategibsch create large levels of user benefits make
cities “more accessible” and in general more attradtioth to inhabitants and visitors. The private
sector (including employers, shogpers and other service sectors) might be expected to help fund
such strategies and thus help public finance consértd be overcome. The contributions levied in
this way are a charge on benedites, rather than a tax on usemsd should therefore not influence
demand. The term “regulated” (in the title of ROndicates that the use of such private finance
has no effect on the level at which policies are iTigleted; decisions on such levels are entirely at
the discretion of the public authority. It was assd, in ROF, that a maximum of 10% of the user
benefits from the strategy caulbe raised through some forof tax on the private sector
beneficiaries; once this amount had beeredhithe COF penalty (as above) was applied.

The third financial objective function, the Dgrgated Objective Function, DOF, was designed to
reflect the involvement of the ipate sector in direct finangyand control of public transport
services. Under DOF, the private sector dictateetrads of fares and frequencies. The distinction
between “regulated” and “deregulated” regulativayneworks correspondsgith the distinction
between “authority initisave” and “market initiatve” given in ISOTOPE (ISOTOPE, 1998). Based
on research on deregulated prowmsin partially contestable markets, it was assumed that the
private sector would require a 15% return onntestment, and would implement service and fare
levels which reflect such a return. The remairgfegnents of the strategy were assumed to remain
in the public sector with constraints as in theFCOt should be noted that, in the main set of
optimisations, no assumptions were made about ckangmerating costs, for given service levels,
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as a result of private operation. However, sensitivity tests were cartigmlexamine this issue
further.

A final objective function, the Half Regulated @ttive Function, HOF, wadesigned to reflect the
ability of city authorities to suldise a deregulated public transport service. The application of the
subsidy varied between cities, but typically included reductions in fares and/or increase in service
levels beyond those dictateg the private sector.

Several assumptions were made in defining thessetbg functions, and mosf these were tested
through sensitivity tests, as described in Section 8 (Part 2). The FATIMA objective functions are
summarised in Table 2.

Objective function Acronym Description
Economic Efficiency Function that | EEFP A measure of net present béseb travellers, operators and
considers environmental costs government. A shadow price on the net outlay and generat{on

of public funds (compared to the do-minimum strategy) is
included, as is a shadow geion the local environment and
safety.

Sustainability Objective Function SOF A measure of net present béisab travellers, operators and
government in a future target year. It imposes a very high
shadow price on fuel and has the constraint that fuel
consumption is less than for the do-minimum strategy

Benchmark Objective Function BOF An idealisedremnic function which balances the interests pf
the current generation with those of future generations. BOK is a
weighted sum of EEFP and SOF.

Constrained Objective Function COF An extension of BOF, but which assumes that public finance is
constrained to the do-minimum level

Regulated Objective Function ROF An extension of COF, whiakcognises that extra (private)
finance can be input to the transport system through value
capture

Deregulated Objective Function DOF An extension of COF which assas that full control of public
transport is handed to the private sector, with no public subsidy

Half-regulated Objective Function | HOF An extension of DOF but which permits subsidy to privately

run public transport to be made, but only if the present value of
finance is positive

Table 2: Summary of the FATIMA objective functions

1.3 Policy measures

The policy measures studied were the same in ad nities, and were selected as those of most
interest to the nine city authorities, and which doo¢ analysed by all nine city models. The full
set of policy variables is listed in Table 3. Oneasure, public transportfrastructure provision,
was defined by the city authorities, who were dskeProject OPTIMA to define a high level of
provision, usually rail based, and a medium lefgbrovision, usually bus-based, which they were
considering. Inevitably the scale of theskeded considerably from one city to another.

The other measures were publ@ansport fare and service levdlsy cost increases (through traffic
management) and reductions (through traffic calmingbad capacity; parking charges in the city
centre and road pricing charges dater the city cendét All were "conthuous” and the city
authorities specified the maximum and minimum levels for each in Project OPTIMA. Furthermore,
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the city authorities provided estimates of theitzd and operating cosfsr each of the measures
(Section 3, Part 2). In the cantation on Project OPTIMA, somehanges were suggested in the
ranges of values for the continuowggiables, and the new ranges sinewn in Table 3. It was also
suggested that some measures might be implemantifierent levels in th peak and off peak (as
shown in Table 3) and that the capital and opegatosts should be revised. All of these changes
were reflected in Project FATIMA.

Policy measure Range
Name Aggregation Min Max
Value Value
High public transport n/a 0 1
infrastructure investment (dummy)
Medium public transport | n/a 0 1
infrastructure investment (dummy)
Increase/decrease of road| whole city -20% +10%
capacity
Increase/decrease in publiovhole city; all-daypeak, off-peak | -50% +100%
transport frequency (-30% for Torino) (+30% for Torino)
Road pricind’ city centre; all-day, @ak, off-peak | 0 5.0 euros
Increase/decrease in city centre; long & short term, long-100% +300%
parking charges term, short term (+100% for Torino)
Increase/decrease in publiovhole city; all-daypeak, off-peak | -100% +100%
transport fares (-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 3: Measurestested in FATIMA, their aggregation and ranges

1.4 Transport policy models

The approach taken in FATIMAas been to use city-specifi@ansportation models which had
already been set up, calibrated arsgd by the city authorities be#othe start of FATIMA. This
has allowed the project to make the workiagsumption that the models used are properly
calibrated and, on an appropriate level of aggregatransferable. Braly speaking, the models
fall into two main categories: strategic and tactical models.

Strategic models are used for running simulatiores\ary high level of ggregation. The physical
transport network is not directly represented t@number of spatial zones is low (typically less
than 40). Travel costs are either calculated imseof "area speed-flow" curves or (at the highest
level of aggregation) are fixed inputs for eacigiordestination zone pairThe main advantage of
using these models is that thage very fast to run, which can la@ important factor if a large
number of runs are required. Furthermore, pheparation time for créiag the input files is
typically short. Even though stegic models are well suitedrfoptimisation work, their use is
restricted because few cities have a strategic hreddy for use. Edinlvgh, Merseyside, Vienna,
Helsinki and Eisaestadt all used strategic models.

Tactical models are more detailed than strategidats. Typically they represent each (significant)
road and public transport link the network. The output of tactical models is more complex than
the output of strategic models. rRbis project much aggregatiar this output was required. The
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cities of Tromsg, Oslo, H&nki, Salerno and Torindlaused tactical models.

The models used in FATIMA were very similir those used in OPTIMA; the main differences
concerned the models of Higlki, Vienna and Eisendstadt:

¢ In FATIMA, Helsinki streamlined the assignmemiocedures (as compared to OPTIMA), thus
making the FATIMA model for Helsinki faster.

¢ In the FATIMA Vienna and Eisenstadt models, pdan delays were represented directly as a
function of road capacity (wbh was not done in OPTIMA)Thus, in FATIMA, road capacity
reductions led directly to improvemis in pedestrian travel time.

1.5 The optimisation process

The optimisation procedure used was developethirarlier study, designed to find a rapid means

of determining the set of policy measures whienforms best againstgven objective function
(Fowkeset al, 1998). The method assumes that theraésponse surface, whiaefines the value

of the objective function for each combination paflicy measures in the policy space, and that
maximum values can be identified, either as peakbdamresponse surface, @ high points at the
specified boundaries. To find these, a regression model is generated, with the objective function as
the dependent variable, and the ealwf the policy measures (e.g. fare level, change in capacity) as
independent variables. This is thdifferentiated to determine the optimum.

The process is shown in Figure 1. Step 1 detine®bjective function (as in Section 1.2), and Step
2 the policy measures (Section 1.3). Step 3 tlsegransport model €8tion 1.4) to conduct an
initial set of policy combinations, which wereepefined for all nine cities using an orthogonal
design. Step 4 generates a regression model frorfirgtiset of tests; Step differentiates this to
estimate an optimal strategy; Step 6 involves furthas of the policy model to test the predicted
optimum strategy and variants d@f Two convergence testseathen conductedo see if the
"optimum” tested is in practice the best performstigategy of those testead date, ad to check
whether the "optimum" value ofehobjective function is sufficiently close to that predicted by the
regression equation. Steps 4 to 6 are then repeatiéthe convergence tesise satisfied. In early
tests of the method using the Edinburgh modeb@imal strategy was identified after 24 runs of
the transport model, and its EE&lue was around 20% higher thae tiest strategy identified in a
previous consultancy study.

1.6  Consultation with city authorities

The optimal strategies derived by the above proaesslescribed fully in Section 5 (Part 2) and are
summarised in Section 2. Section 6 (Part 2) coagptrese with the optimal strategies previously
produced in Project OPTIMA. Sian 7 (Part 2) presents the résuof the sensitivity tests on
coefficients in the objective functions. All thesesuks were discussed with the city authorities,
and the consultation is summarised in Section 8t (Par In general, the city authorities were
supportive of the methodology, althoutitey had a number of suggestions for improvement. The
city authorities were also brdy supportive of the results dnconsidered them to be an
improvement on the results gained by OPTIMA. The cities' views are incorporated in the overall
conclusions reached by FATIMA, as reported in Section 3.

10
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2. OPTIMAL STRATEGIES

2.1 Results with public sector control

Table 4 provides a summary comparison a tptimal Benchmark Objective Function (BOF)
policies with the optimal policies from the OPTIM#bjective functions (EERnd SOF). Detailed
results are given in Part 2, Section 6. TableaWwshthat the benchmark optimum is most likely to
involve:

limited public transport infrastructure investment;

low cost improvements in road capacity;

improvements in public transport by incregsfrequency and/aieducing fares; and

restrictions on car use invohg either road pricing ancreased parking charges.

Generally the policies lie between those for the economic effici@ndysustainability optima from
OPTIMA, which is consistent with the weighgj of these two objectds in the Benchmark
Objective Function.

Public transport investment iscluded at the medium level onlgnd in only three cities. Road
capacity improvements are includedfive cities, but it is notabléhat the Austrian cities have a
reduction in road capacity, which can be explained by the impact of this on pedestrian time savings
in their models. Public transport frequenciesiacgeased in the peak in all but three cities; off
peak increases are typically lower. Fares adeiged in six cities; the only exceptions are the
Italian cities where fares and frequuges are both raised to satisfgaé restrictionn subsidy, and
Vienna where the costs of public transport useraneased to generate revenue. Road pricing or
parking charges increases are introduced in all cities except Helsinki, but in three cities parking
charge increases are limited to the off peak.

EEF SOF BOF
Public transport infrastructure - o *
Low cost road capacity Fxk ** *
improvements
Increase in public transport * o **(Peak)
frequency *(off-peak)
Reduction in public transport * *hk *(Peak)
fares **(off-peak)
Road pricing and/or increased o kk **(Peak)
parking charges **(off-peak)
* indicates that there is (overall) a small net benefit to using the measure
*x indicates that there is (overall) a medium net benefit to using the measure
rxk indicates that there is (overall)strong net benefit to using the measure

Table 4: Summary of BOF-optimal measuresin comparison to OPTIMA results

12
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Table 5 shows, for the BOF optimal policies:

e the BOF value of the BOF optimal policy;

e the percentage change in car-kms (compared to the do-minimum); and

e the value of PVF (the Present Value of Fioex the measurement of net operator and
government financial outlay, which isfadeed in full in Part 2 Section 2.2)

As described in Section 1, the BOF value of atrategy is a measure of the combined economic
efficiency and sustainabilityf the strategy. The units dOF do not have any absolute
significance and the BOF figures Trable 5 do not have any interésttheir own right. However,
BOF values, as the name suggests, provide a usefichmark for comparison of optimal strategies
under different finance regimes, and so theseegawill be useful in the discussion below.

On the other hand, the percentage change inroarand PVF (both compared to the do-minimum)
for the BOF optimal strategies are of interesttheir own right. Due tahe fuel consumption
constraint in BOF (whereby fuel consunguti cannot exceed the level specified in the do-
minimum), it is almost certain that there will be a reduction in car-kms in any BOF-optimal policy;
Table 5 shows that this is indeed the case imia# cities. The level afeduction varies widely,
from 25% in the Helsinki case to 1% for Torino and Salerno.

Edinburgh | M’side Vienna | Eisenstadt ofnsg | Oslo Helsinki| Torino Salernog
BOF values for BOF optimg 492 687 142 3.9 22 696 183 128 P4
Percentage change in car-km -16% -5% -8% -10% -14% -1%5% -24% -19 1%
PVFE [mio. EURQ] 233 -2120 | 3903 9.5 -84 5974 -1779 710 g8

Table 5: BOF values, % change in car-kms and PVF for BOF-optimal strategies

Table 5 shows that in all citiecept Merseyside, Tromsg andl$iieki, the BOF optima were less
expensive to the public authority than the doimum policies (as expressed by a positive PVF).
This implies that the additional revenue from charge travellers is more than sufficient to finance
the extra costs of the strategy. As a resodt, separate optimal policies were generated in
Edinburgh, Vienna, Eisenstadt, Oslo, Torino antki®a when public finance was constrained; no
separate Constrained Objective Function (CQ@tima were generated for these cities.

A key issue for the potential use of value capttwacerns whether there are net user benefits
resulting from optimal strategies under a consgdipublic finance regime. Since the potential
finance available for value capture is (by definitia@Y6 of net user benefits, it follows that there is
no potential for value capture if there are no soehefits. Table 6 gives the level of potential for
value capture for the three cities which had sepaatienal strategies unda constrained regime
(i.e. had separate COF-optima to BOF-optima): legs&le, Tromsg and Helsinki. These levels are
given both in absolute terms (millions of euros) and relative to the PVF deficit for the BOF optimal
policies; the latter figures indicate whether the levé value capture, if applied, are likely to lead
to a significant improvement on the COF optimaliggo Table 6 shows #t there is only a
significant level of value capture available for Mesdg and Tromsg and sastonly in these two
cities that there is the poteritfar the optimal ROF strategy to la#ferent from the optimal COF
strategy (where ROF represents the constrainetigpfinance regime which allows the possibility
of value capture). In fact, fumer tests showed that only Mersale has a distinct optimal ROF
strategy.
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Merseyside Tromsg Helsinki
Level of value capture for the optimal COF policy [mial47 4 1
EURO]
Level of value capture as a % of PVF deficit for BOF optima 6.9% 4.8% 0.0006%

Table 6: Level of value capture available in the COF-optimal policies

Table 7 gives a summary of optimal policies utn@®F and ROF (the commained public finance
regimes with and without value capture), and carap these with the optimal policies under BOF.
Even when different, optimal policies under COF B@F have the same bastructure as optimal
policies under BOF, but are not implemented so robustly.

Time of day | BOF COF ROF
Public transport infrastructure - * * *
Low cost road capacity improvements - *x *x *x
Increase in public transport frequency Peak o * *
Off-peak * - -
Reduction in public transport fares Peak * * *
Off-peak ** * *
Road pricing and/or increased parking| Peak *x Fxk Frk
charges Off-peak o s rxk
- indicates that the measure should not be applied
* indicates that there is (overall) a small net benefit to using the measure
*x indicates that there is (overall) a medium net benefit to using the measure
*xk indicates that there is (overall)strong net benefit to using the measure

Table 7: Summary of optimal measures for the FATIMA COFand ROF functions

Summary indicators for the optim@OF and ROF strategies arevgn in Table 8, and compared
with the equivalent indicators for optimal BOF shgies. It can be seen that the COF-optimal
strategies lead, in Merseyside and Helsinki, to &gant reductions in social benefits (as measured
by BOF) compared to the BOF-optimal strategiér Merseyside and Tromsg, the reduction in
car-kms for the COF-optima is slightly lessathunder the BOF-optima, whilst in Helsinki the
reduction in car-kms for the COF-optima is vemych less than under the BOF-optima. As would
be expected, the PVFs for all three cites positive but small for the COF-optima.

Merseyside optima Tromsg optima Helsinki optima
BOF ROF COF BOF COF BOF COF
BOF-value| 687 425 404 22 17 183 46
Percentage change in car-km -5% -4% -4% -14% -119% -249 -79
PVF [mio. EURO]| -2120 -152 32 -84 9 -1779 52

Table 8: Summary resultsfor optimal strategies under BOF, ROF and COF for citieswhere
these are not the same
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The results from optimising ¢hBenchmark Objective Functiai8OF) and the two objectives
functions under public finance financial constraint (COF and R@éfe used to identify four
classes of city, based upon the policy recommemahedthe constraints imposed upon it. Each of
the nine case study cities fits irdae of these classes. Although thegies are "re@sentative” in
the sense that they cover a wide range oferkfit city types throughouEurope, they are not
representative in a stdaisal sense. Thus formal conclusiatsould not be drawn which are based
upon the relative number of cities in eacissl The city classes are defined as:

Class 1. Cities where BOF optimal strategiessapgportive of both car and public transport users,
so that the city must provide finance, amntlere there is significant possibility for value
capture in (public finance) constnad optimal strategies (Merseyside).

Class 2. Cities where BOF optimal strategiessapgportive of both car and public transport users,
so that the city must provide finance, butemhthere is no significant possibility for value
capture in (public finance) constrainedioml strategies (Helsinki and Tromsg).

Class 3. Cities where BOF optimal strategiegelfinancial restrictions on cars but are supportive
of public transport users, so that the former are subsidising the latter. In this case, the city is
not likely to make either a largerplus or deficit (Edinburgh, Eisenstadgrino, Salerno).

Class 4. Cities where BOF optimal strategiegelrestrictions on both cars and motorised public
transport, and the city raisesvenues from both user-typ#isrough road user charges
(parking and/or road pricing) and increasadblic transport fares (with no significant
increase in frequency). (Vienna, Oslo).

Class 4 can be further subdivideztarding to whether the main aioh charging users is to reduce
fuel consumption or to provide sdup finance for the city. In the latter case the optimal strategy is
clearly dependent upon the assumptihat shadow pricing shoulgly to revenue generated. It
should be noted that the restigcts referred to are only imped on motorised transport. The
revenues raised from motorised transport users carsdsk to provide a more attractive pedestrian
environment, and improved pedestrian and cyclist facilities.

Several sensitivity tests were conthetto assess how robust the dosions were to variations in
the assumptions made in the Benchmark Objeétivetion and in the treatemt of value capture.
These are presented in full in ParB2ction 7. The main conclusions were:

¢ the BOF optimum was unaffected by the weightaegween efficiency and sustainability except
in situations where the sustainability elemargts very highly weighted; in some cities this
resulted in greater infrastructurezestment being recommended;

e the BOF optimum was fairly insensitive to thalue assigned to environmental and safety
externalities; higher valudgpically resulted in higher charges for car use;

o the BOF optimum in Merseyside was insensitivéhi® shadow price of finance, even though it
required a very high level of financial support;

e the BOF optima in Vienna and Salerno were semstb the application of a shadow price for
revenue generation; when this was removed l@mnative strategy, with lower costs to users,
was recommended;

¢ the ROF optimum in Merseyside was sensitive eoglrcentage of user benefits which could be
taxed through value capture; a hegihrate of value capture prazkd results closer to the BOF
optimum.
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2.2 Results with private sector control

Optimal policies under a dereguldteublic transport regime (i.@ptimal DOF policies) proved
difficult to generate; only very litted policy combinations achievelde required 15% internal rate
of return, and a revision to the optimisatiprocess was needed. Feasible DOF optima were
generated in all cities exceptsénstadt and Helsinki, and atesn in summary in Table 9, where
they are compared with optimal BOF policiestfwno public finance constraint) and optimal COF
policies (with a public finance constraint)lSummary indicators for DOF optima (BOF-values,
changes in car-kms and PVF) are given in Talfle Further details abopblicies and indicators
are given in Part 2 Section 5. Table 9 shows t&terally, DOF-optimal strategies were similar to
BOF-optimal strategies with respect to measuresrdhan public transpomeasures. With respect
to the latter, DOF-optimal strategies led tduetions in frequencies and increases in fare.

Time of day BOF COF DOF HOF
Public transport infrastructure All day * * * *
Low cost road capacity All day * * * *
improvements
Increase in public transport Peak i * - *
frequency Off-peak * - - -
Reduction in public transport Peak * * -
fares Off-peak ** * - *
Road pricing and/or increased Peak *x *rk Frk *rk
parking charges Off-peak ** roxk rrk rxk
- indicates that the measure should not be applied
* indicates that there is (overall) a small net benefit to using the measure
* indicates that there is (overall) a medium net benefit to using the measure

*%%

indicates that there is (overall)strong net benefit to using the measure

Table 9: Summary of optimal measures for the BOF, COF, DOF and HOF objective functions

Edinburgh | M’side Vienna | Eisenstadt ofnsg | Oslo Helsinki| Torino Salernog
COF optimal policy
BOF| 492 404 | 142 3.9 17 696 46 128 24
% change in car-km from do- -16% -4% | -8% -10% -11% -15% |[-7% -1% -1%
minimum policy
PVF [mio. EURQ] 233 32 | 3903 9.5 9 5976 52 710 8
DOF optimal policy
BOF 442 346 112 # 12 683 # 107 16
% change in car-km from do- -13% -3% [ -9% # -9% -11%| # -1% -2%
minimum policy
PVF [mio. EURO]| 1893 344 | 1248 # 77 7933 # 396 148
HOF optimal policy
BOF| 492 404 | 112 3.2 # 691| # 107 24
% change in car-km from dp- -16% -4% [ -9% -9% # -12% | # -1% -1%
mimum policy
PVF [mio. EURQ] 233 32 | 1248 0.65 # 1161 # 396 88

# indicates test was not carried out in city

Table 10: Summary of indicatorsfor optimal policies under COF, DOF and HOF
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In terms of BOF-values, Table Xhows that DOF-optimal strategiagere generally inferior to
COF-optimal strategies when cdastered over a 30 year time horizorhis is reflected in smaller
reductions in car-kms travelled &l but two of the cities for whh DOF optima were generated.
However, the DOF-optima obtained still providéatge amounts of net social welfare when
compared with the do-minimum. The main problemh a deregulated regime, however, is that
there is a large number of feasible states thatrémesport sector might settle into, and there is no
guarantee that the best of these will be obtained in practice.

Some of the cities had the oppanity to identify othe feasible DOF solubins. These included:

¢ small increases in fares and small increases in frequency;
¢ large increases in fares alagige increases in frequency;
¢ reductions in fares anéductions in frequency.

Each had different impacts on patronage, andther policy measures, suels road pricing and
infrastructure provision, were adjusted to im@n a level of patronage. Many of these
combinations had much smaller social benghtan the DOF optimum. @ndisadvantage of the
deregulated regimes is that the city authority hidie ability to ensure that the private sector
implements the optimal combination of fares amdjfrency. One benefit of the deregulated regime,
however, is that the initial capital investment fog thity authority is typicly under half that for the
benchmark objective, with the private secopplying the remaining investment costs.

As can be seen from Table 9, tHOF optimal strategies (the dgréated regime in which subsidy
was permitted) were typically between the COF B@F strategies. From Table 10, it can be seen
that for most cities the BOF value of the HOptimum was close to that for the Constrained
Objective Function (COF). Where this was theec#@iscould be argued that the HOF optimum was
superior to the COF optimum in that it passes fir@nisks to the private sector. However, a basic
problem with HOF is that it is the least welffided of all the FATIMA obgctive functions, in that

it corresponds to any situatioratHies between full-scale relgtion and full-scale deregulation.

Other possible consequences of deregulatedhesgiwhich have not been modelled, include :

changes in efficiency (such asdhgh changes in operating costs)
attitudes towards risk in raising finance

payment of interest on loans

non-uniform changes to public tigport serviceacross routes
quality of service (which could rise or fall).

Some sensitivity tests were conducted on the apgrabsts (Part 2, Section 7). In Vienna, for
example, operating costs would hawedall by over 30% to hava significant impact on the value
of the Benchmark Objective Function.
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3. POLICY CONCLUSIONS AND RECOMMENDATIONS

3.1 General policy conclusions from FATIMA

In Project FATIMA the Benchmark Objective Fuion (BOF) largely refle@d the two objective
functions in Project OPTIMA, wilte incorporating a cost for local environmental and safety
externalities, and a benefit for generation of foen The results largely reflected those for Project
OPTIMA, and the policy recommendations immex 1.4 were therefore endorsed, with the
following exceptions:

e low cost reductions in road capacity may be justifiable where full allowance is given to the
resulting time savings for pedestriattss result requires further study;

e the higher cost strategies recommended f@ $istainability objective (SOF) in Project
OPTIMA are in most cases no longer justifiedenreconomic efficiency, local environment and
future sustainability are all considered together;

e the inclusion of local environmental costsesgthens the case for improvements to public
transport and increases in the costs of car use;

o the assignment of a shadow benefit to revennergéion may on occasion, as in Vienna, lead to
a recommendation for strategies which incregecosts of both public and private transport
users. The implications of this require carefahsideration, since they suggest that transport
policy can be used to subsidisther areas of public policy.

3.2 The effects of constints on public finance

A particularly important result from FATIMA is #t in six of the nineities (Edinburgh, Vienna,
Eisenstadt, Oslo, Torino and Salerno) an optisti@tegy could be idenigd which required no net
additional financial support (in addition toetldo-minimum support) over the 30 year evaluation
period. In all of these caseslé€ses 3 and 4 in Semt 2.1) the revenue from users more than
covers the cost of any changes in infrastrucaurd operation. Even soity authorities may be
constrained, since typically thdyave to raise finance for ins&nent initially, and only obtain
repayment from users later. Thiepresents one ofeéhsituations in which private finance may be
used. In these situations the private sector lmamreimbursed either réictly by the users or
indirectly from the city authoritysing revenues from users. In foemer case, it is important that
the charges on the user are caesiswith the overall optimal sttegy. With the exception of
private sector operation of publicansport (see 3.4 below) it haedm assumed implicitly in the
model tests that the private sectauld require the samate of return as thpublic sector. Where
this is not the case, the optimal strategy may wetldrestrained, resulting in lower social benefits.

In the other three cities (Merseyside, Tromad &lelsinki), the optimal strategy would require a
higher level of financial support than the do-minfm{Classes 1 and 2 in Section 2.1). That it is
not to say that such strategies are unacceptable; the definition of the shadow price on public
funds given in Section 1.2, the financial outlay the optimal strategiess justifiable when
compared with its use in other sectors. Howgegy authorities maye constrained by national
governments not to increase their financiatlapu (and hence the tax burden). Where such
restrictions apply solely to the initial investmeniypte sector finance cahe used, but part of the
cost will have to be met by increased taxationréaluced expenditure imon-transport sectors) in
future years. The comments in the precedingagraph then apply. Where restrictions apply
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throughout the (30 year) evaluatiorripe, an alternative strategy is required, represented here by
the Constrained Objective Function (COF). Asedbin Section 2, thesdrategies impose higher
costs on the user, make reduced investment, anddmazker benefits to society. An alternative
which in principle can avoid these constraintsoigaise additional finance from the (secondary)
beneficiaries of the stiregy, through value capture.

3.3 The role of value capture

Value capture in Project FATIMA was represehtey a percentage (typityal10%) of the user
benefits and was raised where iulbrelieve the restrictions on akability of public finance. In
practice value capture was only relevan Class 1 cities, where there are substantial user benefits
even under a constrained public finance regin.these circumstances value capture can help
towards financing the socio-economically optinstategy (as represented by the Benchmark
Objective Function). In Class 2 cities, there ao substantial user bdme under a constrained
public finance regime and so there is limited scopev&tue capture. In Class 3 cities there is no
significant financial constraint, aravailability of additional finance will not lead to an enhanced
strategy. In Class 4 citiekere are typically no gnificant user benefits tioe captured. Thus value
capture appears to have a very limitek in financing optimal strategies.

3.4 Private sector operation of public transport

Private operation of public transport is possiblea regulated regime (as represented by the
Benchmark Objective Function (BOF)) or in a deregulated regime (as represented by the
Deregulated, and Half Regulated,j&diive Functions (DOF and HOF)).

In both cases it is often argued tlla¢ operating costs, for a giveavel of service, are reduced if
public transport is operateprivately. We were unable to firthy convincing evidence that this is
the case although some evideiog subsequently emerge from the ISOTOPE project (ISOTOPE,
1998). However, we conducted sensitivity testagsess the impact. These suggest that operating
cost savings would have relatiyesmall impacts on the overall satbenefit, or the specification

of the optimal strategy unless savings approacl80% were to be achieved. There may be
benefits to be gained or adverse effects fpyimate sector operation, as listed in Section 2.2, but
they need to be more convincingly demonsttatés noted in Section 2.2, changes in operating
costs as a result of private operation weremotlelled in the main optimisation work, although
they were considered in subsequsansitivity tests. Furthermorg should be noted that a change
in operating costs has no effect on the assumptianrefjuired internal rate of return of 15% for
private sector operation mderegulated regime.

In the case of a deregulated regime, private segeration carries the aitidnal disbenefit that the

city authority has no control ondtlstrategy adopted by the privatetse, and the resulting strategy

may as a result be substantially sub-optimal. This essentially results from the loss of the concept of
an integrated “package” of measures; whilst soneasures are set in order to maximise social
benefit, others are set in order to maximise separate and possiblpntradictory objective of
private sector profit. It is not then surprisingitthe overall optimal combination of measures in a
deregulated regime is inferiom terms of net social benefit, to the optimal combination of
measures in a regime where the public authority has full control over all measures. In fact it was
found in the optimisation work that even the hastforming DOF solutions produced lower social
benefits than the BOF optima. However, DORugons did have the aduatage of substantially
reducing the initial capital olaty by the city authority.
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The problematic nature of complete dereguolatied to the consideration of HOF (the half-
regulated regime) which allowed feubsidy to be paid to the prieabperator whilst still keeping
an essentially deregulated regime. Since theeeaalarge number of mechanisms for providing
subsidy, the half-regulated regimas less clearly defined than @ththe fully deregulated regime
or the fully regulated regime. In spite ofshmprecision, though, thé=ATIMA results showed
that whilst the HOF-optimal solutions were alwaysferable to DOF-optial solutions (over a 30
year time horizon), they were never superiorCionstrained Objective Function (COF) optima.
Thus, over a 30 year period, allrdgulated regimes (both HOmd DOF) were inferior to the
constrained regulated regime.

3.5 Recommendations for the design of optimal transport strategies

The following recommendations cée made for policy makers onetlilesign of optimal transport
strategies:

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

2. The key elements of a successful strategy shbalgublic transport measures and car user
charges. In most cases, the public transport mmeasshould include aneased service levels
and/or reductions in faresHowever, the degree of such changes will clearly depend on the
service and fare levels in the base case. Garalmrges can be applied through road pricing or
parking charges.

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

4. Low cost road capacity improvements should galhe be included in a successful strategy.
However, it should be emphasised that sucprovements should come from measures that
genuinely improve traffic efficiezy, given a fixed level of infrasicture. Such measures would
typically include: traffic signal coordination and optimisation; telematics measures; and other
traffic management measures. Low cost roapacity improvementdsuld not be introduced
if they have a negative effect on plans faty centre pedestrianian, traffic calming in
residential neighbourhoods, or enhancements to pedestrian mobility or safety.

5. Large-scale public transport infrastructure prtgewould typically not be part of an optimal
strategy. However, medium-scale and small-scditastructure projects, such as guided bus or
improvements to the public transpuethicle fleet, may be beneficial.

6. In many situations, car user charges will generate sufficient revenue to finance the other
elements of the optimal strategy, assuming that initial capital cost can be raised and
financed from revenue. It is important thie revenues are uséd finance the optimal
strategy, rather than to support other transpciiemes which may detract from the strategy.

7. In some circumstances, optimal policies (in terof net social benefit) may include both car

user charges and increased fares for publicpan users (without a o@sponding increase in
service levels). The implicatiors this require careful consdation, since they suggest that
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transport policy can be used wabsidise other areas of public policy.

3.6 Recommendations for the involvement of the private sector

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

1. In many cities it will be posble, following the methodology outled in Section 3.7, to identify
strategies which are optimal, and whose costs @€ year evaluation period are met in full by
payments from users. Care will needed to ensure that the pattern of charges on users is
politically acceptable and legally feasible.

2. Even in the circumstances in (1), city authestmay not be able to raise the finance required
for initial investment in the sttagy. In such situations, the private sector may be able to
finance the strategy, and be rigpa&ither directly by users doy the city authorities using
payments by users. Examples include investnrenew infrastructure and the introduction of
road pricing schemes. In either case, the abarges should be con®ist with the strategy:
fares or charges imposed at higher than optileaéls to satisfy the private sector can
significantly reduce the performance of the telgg. Furthermore, where the private sector
requires a higher rate of return than the puldictar discount rate, this may result in a more
constrained, and less reficial, strategy. Theémplications of this for involving the private
sector need to be carefully assessed.

3. Where the financial costs of the strategy exceedélienues, it may still be acceptable for city
authorities to finance them. The optimal w&gees in FATIMA have been generated on the
basis that the opportunity cost of using financelfiem is fully justified. Where city authorities
cannot raise the initial finance, it may be appratgrito involve the private sector, as in (2).
However, the private sector will need to be eimsed in part from future tax revenue, or from
future revenue generated by reducing public expenditure on other sectors.

4. Where public finance is limited, the optimisatiprocedures used in FATIMA can identify the
appropriate modification to the strategy to achitheeoptimal performance within the financial
constraint. Such strategies wilsually have smaller social benefits than those without such
constraints.

5. In the situation in (4), valueapture may offer an opportunityrfoaising additional finance to
help support the transport systei@uch finance, which would nwotvolve (later)repayments by
transport users or the city authority, sholdé distinguished from the private finance
arrangements in (2), which do involve suddpayments. However, within the range of
conditions tested, value capture appears notfés tife potential for ginificantly improving the
overall strategy.

6. Whether or not the private sector is involvedimancing a strategy, there may be interest in
private sector operation of éhpublic transport service.Such involvement may possibly
increase managerial efficiency which would enhance the performance of an overall strategy or
alternatively it may lead to a reduction in rseicial welfare: evidence on the scale of these
benefits or losses is unclear.

21



FATIMA: FINANCIAL ASSISTANCE FOR TRANSPORT INTEGRATION IN METROPOLITAN AREAS:
FINAL REPORT PART 1

7. Private sector operation has been implemetitemligh deregulation, in vith operators are free
to determine service levels and fares, andubh franchising, where the city authority specifies
them. If a city authority decides that private igh®n is beneficial, it should use, where legally
possible, a franchising model which it specifies the objectives and the optimal service levels
and fares.

8. If a deregulation model is required (in ordercmmply with national law), private operators
should not be given complete freedom to datee the operating conditions which meet their
profitability target, even if the level of profitdity is itself constrained as a result. There are
typically a number of combinatns (e.g. of fares and frequeneyhich achieve a given level of
profitability, and not all will be equally efttive in terms of public policy objectives.

3.7 Methodological recommendations

The key steps for strategy/policy formulation, in trder they should occur, are given below. Of
these steps, the most problematic in terms a€tpral transport policy-making are steps 1 and 2,
and they should be given spalcattention by policy-makers:

1. identify the policy objective(s) clearly;

2. where a set of policy objectives is identifiedjizate what the appropriate trade-off is between
them (assuming, usually correctly, that tlaeg to some extent in conflict);

3. identify the set of policy meases which are to be considereshd which can be expected to
have a strategic impact (in particular, tisvse which meet tHatter requirement);

4. specify the range(s) within which the measuregdimt 3 can be applied, and the factors which
limit that range (financialolitical, legislative etc.);

5. specify any other overall constnés (e.g. financial) on the speciition of optimal strategies;

6. employ a transport model which enables the fullgeaof measures in point 3 to be assessed
against all the objectives (from point 1), taking into account of all the user responses (mode,
time of day, destination, frequgnaoute) of strategic relevance, and all the supply interactions
(congestion, overcrowding, queuingf)strategic relevance;

7. follow the optimisation procedure (as set outSection 1.5 of this port) to identify the
optimum, taking into accounbastraints where appropriate;

8. check that this optimum is feasildad acceptable and modify if necessary;

9. decide whether it is appropriateuse private finance or privatector operation, or both. If so,
decide how best to employ them within thetaxt of a socio-econorrlly optimum strategy.

Clearly the steps listed abovenplicitly assume that allpolicy impacts can be measured
quantitatively and that transport models are abkeldor predicting the levels of such impacts.
Further research, as recommeshdeelow, is required for dealy with situations where such
assumptions are unacceptable.
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3.8 Recommendations for further research

The general approach taken in FATIMA wasliwaccepted, particularly by the city authorities
involved in the consultation procedure. Howevire approach could be further refined in a
number of directions, as given below:

1. The objective functions have no measure of equityhem. Issues of equity arise in two
different aspects, amongsthers. Firstly, there is the issue of intrazonal equity, concerning the
relative differences in benefits received by d#f® socio-economic groups living in the same
neighbourhood. Secondly, there is the issueindérzonal equity, which concerns the
differences in benefit receigeby inhabitants of differemeighbourhoods. s recommended
that both issues of equity be considered iturkl research into the construction of objective
functions. Furthermore, it is cléanecessary that the transporddels used in the optimisation
process can output the values ofiggindicators; research is éky to be needed for the further
development of transport modeis that they can accomplish this.

2. The choice of measures to be used for fogmoptimal packages did not include land use
measures. This was due to tlaek of availability of appopriate models for representing

combined land-use / transportation policies at the start of the project. However, as such models

are currently being developed (including orfes several of our case study cities), the
possibility should arise for including landeusieasures in future optimisation work.

3. Research should be carried out into makingraprehensive assessment of the consequences of
private sector operation of public transpdsgth under regulated and deregulated regimes.
Such an assessment should not be limited tondiah costs of operatiomut should also take
into account potential externadffects of private operation sl as: increased levels of
unemployment as a result of "downsizing"; tges in employees’ wages; changes in safety
levels and changes in other environmental benefits or costs.

4. The policy measures considered by FATIMA wefiax each city, relative to a “do-minimum”
strategy specified bthe respective city authority. Typlba the measures involved with such
strategies are those to which aathority has made a full contiment. It follows that the
recommendations given make an implicit critigqufea city’s committed policies. However, it
could be argued that such an approach mightemissent a city’s intéions since it might be
planning “likely” policies to which it has not rda a full commitment. Such policies were not
considered explicitly in the FATIMA optimisation wo It is thus recommended that, in future
optimisation work, a method be devised whidketaaccount of potentialtg policies to which
there has not yet been full commitment.

5. In general, the FATIMA methodology needs toeb¢ended to take intaccount policy impacts

that cannot be measuredantitatively. This vil require a differentapproach, in which the
optimisation process incorporates bathzy data and qualitative judgements.
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ANNEX 1 INFORMATION ON OPTIMA

Al.1 Objectives of OPTIMA

Project OPTIMA was conducted between Dmber 1995 and May 1997, and had the following
objectives:

() to identify optimal urban transport and land ss®tegies for a range of urban areas within the
EU;

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

(iii) to assess the acceptability afeesibility of implemetation of these strategies both in nine case
study cities (EdinburghMerseyside, Vienna, Eisenstadtomsg, Oslo, Helsinki, Torino and
Salerno) and more widely in the EU; and

(iv) to use the results to prale more general guidance on urban transport policy within the EU.

Al.2 OPTIMA objective functions

Project OPTIMA was designed identify strategies which were optimal in terms of economic
efficiency and sustainability. Brieflyhe efficiency objective function involved:

o calculating the net social beitsf(to travellers, operators @government) generated by a given
strategy in a future "horizon" year (typicalB015) when compared with a specified "do-
minimum" strategy;

e calculating the net present value of these fimneless any initial capital costs, using
conventional discounting procedureslaa nation-specific discount rate;

e calculating the net present value of the financigtlay (costs less revees) for the strategy in
the same way, and assigning a shadow price oféutbper euro of net financial outlay, to give
a present value of finance (PVF).

Thus this objective function, denoted EEF dBomic Efficiency Function) represented a
conventional cost-benefit analysis, with the additof a shadow price for financial costs to the
public sector. However it did not includevironmental impacts or equity impacts.

The Sustainability Objective Function (SOF)xdged solely on conditions in the horizon year,
based on the net social benefitshat year (as in the EEF) les®tbosts of energy consumption.
Energy consumption was used as a proxy for the depletion of scarce resources generally and was
assessed using:

e a shadow price (of 5 euro per eufor all energy consumption; and
e a high penalty for energy consumption which exceeded that in the do-minimum.

In the consultation in Project RMA, the city authorities conseted that more emphasis should
have been given to local enviroantal and safety impacts, both currently and in the horizon year.
It was also suggested that thedbw price for finance should bepdied to net savings in finance,

as well as to net financial day. These changes were refleciada new Benchmark Objective
Function in Project FATIMA.
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Al1.3 Policy measures

The policy measures tasted @PTIMA were identical to thasin FATIMA, but without the
distinction between peak andf-peak values and short andng-stay parking charges. The
maximum values for capacity increases, rgading and parking chges were roughly double
those used in FATIMA, and the costs of imptartation and operation estimated by the cities were
in some cases different from those in FATIMBIrect comparisons between the results of the two
projects are thus unreliable.

Al.4 Results from OPTIMA

Table Al provides an overview of the OPTIMAsuds; more detailed output is given in Part 2
(Section 6).

EEF SOF
Public transport infrastructure - *
Low cost road capacity kk o
improvements
Increase in public transport * *
frequency
Reduction in public transport ** *hx
fares
Road pricing and/or increased *x Fxk
parking charges

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

Table Al : Summary of beneficial measuresfor the two objective functionsin OPTIMA

The Economic Efficiency optimum(EEF)
From Table Al and the more detailed resultsettnomic efficiency optimum is likely to involve:

no new public transport infrastructure investment;

low cost improvements in road capacity;

no use of road capacity reductions to discourage car use;

improvements in public transport by incregsfrequency and/aieducing fares; and
e restrictions on car use invohg either road pricing ancreased parking charges.

Public transport infrastructure investment is irdgd in the two UK case studies, where the level of
public transport subsidy is currently lowest. Heoee they are included onlt the medium level,
which implies bus-based improvements. Elsewhére high resource cost of investment makes
such measures economically inefficient.

Road capacity improvements are included in all nine cities, on the assumption that the cost of
implementing them would be small. The implicatierthat it is worth increasing road capacity to
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generate increased efficiency provided that thesamistioing so are low, and the growth of car use
is controlled by other meangConversely there is nogtification on efficiency grounds, for using
road capacity reductions thscourage car use.

Public transport changes generalhclude an increase in frequey and a decrease in fares.
Exceptions to this are Vienna (which has anease in fares), Tromsg and Oslo (which have a
decrease in frequency) and Helsinki (whichs Haoth an increase in fares and a decrease in
frequency). There is some corrida between such changes andhhievels of public transport
subsidy, suggesting that some reduction in tls®urces used for public transport may improve
efficiency.

Restrictions on car use may involwvgroduction of a road pricing elnge, or an increase in parking
charges, but never both. For a mrgumber of trips these measuaes essentially interchangeable,
although road pricing will impact on through traffictime city centre, and parking charges will not,
in practice, apply to private parking. Typicaltpad pricing charges are combined with a reduction
in parking charges, while still achieving a reductiogan use. In three cases (Merseyside, Tromsg
and Helsinki) no extra financial restriction isposed on car use suggesting that current parking
charge levels are optimal. This appears to becagsd with lower levels of congestion in the do-
minimum conditions.

In consultation with the city authorities, these results were broadly accepted, except that both
Merseyside and Salerno considered the recommestdstegies financially infeasible. There were,

in addition, concerns over the feasibility okthigher levels of roadapacity increase and the
introduction of zero fares; the need for new legieh for road pricing and comprehensive parking
control; and the public's attitude to higher chargad to increased road capacity. Where possible
these were addressed in Project FATIMA.

The Sustainability optimum (SOF)

When compared with the economic efficiencytimpm, Table Al and the more detailed results
show that the sustainability optinm is most likely to involve:

investment in new publittansport infrastructure;

similar levels of low cost iprovement in road capacity;

further improvement in public transport by incsemy service levels amal/ reducing fares; and
further restrictions on car use, involving eithead pricing or increased parking charges.

Public transport infrastructure investment bees more acceptable when no emphasis is given to
initial investment costs and the importance afuang fuel consumption, and hence car use, is
increased. Road capacity improvements arecéfyi at the same level as for the economic
efficiency optimum, and the arguments above appgtublic transport chiges may still include
service level reductions (in Tromsg, Oslo and A@yibut the reductions are typically lower than
with the economic efficiency optimum. Fares esduced dramatically in all cases except Vienna,
where there is a small increasBRestrictions on car use still invohesther road pcing charges or
increases in parking charges. However, thargds now apply in all cities and are (except for
Eisenstadt and Torino) higher thiarthe economic efficiency optimum.

The consultation with the city authorities raised similar concerns to those for the EEF results, but in
this case virtually all cities considered tieeommendations to be financially infeasible.
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Comparison of EEF and SOF optima with the BOF optima from FATIMA

Table A2 gives the BOF values (i.e. the valudsutated by the BenchmlaObjective Function) of
the policies that optimised BOF, and comparemsmtihwith the BOF values of the policies that
It can ke that in general, as would be expected, no
EEF- or SOF-optimal policy has a higher BOF vahen that of the BOF-optimal policy. The one
exception to this rule, concerning the MersdgsBEOF-optimal policy, occurs because a higher
level of road capacity increase was allowed in OPTIMA.

optimised EEF and SOF (in OPTIMA).

Edinburgh M'side Vienna Eisenstadt omsg Oslo Helsinki Torino Salerno
BOF optima] 492 687 142 3.9 22 696 183 128 24
EEF optima 458 651 -875 -7.0 19 271 -945 91 15
SOF optimd 412 736 -1195 -7.0 13 541 -54 -271 12

Table A2: Summary table - BOF values of BOF-optima (from FATIMA), and

EEF- and SOF-optima (from OPTIMA)

Al.5 Policy recommendations from OPTIMA

The following recommendations for policy keas were drawn in project OPTIMA:

e strategies should be based on combinations of measures, and should draw fully on the synergy
between success measures;

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

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

e reductions in capacity to disarage car use are not likelylie economically efficient;

¢ the scale of changes in service levels and fares will be influenced by the current level of subsidy;

in some cases a reduction in service levels dnemease in fares may be justified on economic

grounds;
e the scale of increase in costsaair use will depend ipart on current levels of congestion; the

study suggests that rogdicing and parking chge increases are brogdhterchangeable, but

this needs assessing in more detail;

¢ in most cases economically efficient strategiaa be designed which are financially feasible,
provided that revenues can be useéinance other strategy elements;
e the pursuit of sustainalyi is likely to justify investment in public transport infrastructure,

further improvements to public transport services and/or fares, and further increases in the cost

of car use;
¢ availability of finance will be a major barriégn implementation of many sustainability-optimal
strategies, and further work is needed to itigage the extent to which financial costs can be

reduced by strategies whiake slightly sub-optimal;

¢ legislation will be needed to enable implementation of road pricing and to control parking
charges; in the UK and Italy theeis also a case of changilggislation to permit economically
more efficient public transport strategies;
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¢ public acceptability will be a significant barrieittvthose measures which reduce service levels
or increase costs; this implies the need fiieative public relations campaigns, and carefully
designed implementation programmes;

e detailed measures to improve the environmand provide better facilities for cyclists,
pedestrians and disabled peogiewdd be designedithin the context ok preferred strategy.
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