UNIVERSITY OF LEEDS

This is a repository copy of The sensitivity of optimal transport strategies to specification of
objectives.

White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/2509/

Article:

Timms, P.M., May, A.D. and Shepherd, S.P. (2002) The sensitivity of optimal transport
strategies to specification of objectives. Transportation Research A, 36 (5). pp. 383-401.
ISSN 0965-8564

https://doi.org/10.1016/S0965-8564(01)00009-X

Reuse
See Attached

Takedown
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/



mailto:eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

White Rose

university consortium
A ‘ Universities of Leeds, Sheffield & York

White Rose Research Online
http://eprints.whiterose.ac.uk/

IS

Institute of Transport Studies
University of Leeds

This is the publisher produced version of a paper which previously appeared in
Transportation Research Part A. It has been peer reviewed but does not contain
final publisher’s formatting or pagination.

White Rose Repository URL for this paper:
http://eprints.whiterose.ac.uk/2509/

Published paper

Timms, P.M.; May, A.D.; Shepherd, S.P. (2002) The sensitivity of optimal
transport strategies to specification of objectives. Transportation Research Part
A: Policy & Practice 36(5) pp383-401

White Rose Consortium ePrints Repository
eprints@whiterose.ac.uk


http://www.its.leeds.ac.uk/
http://eprints.whiterose.ac.uk/
http://www.its.leeds.ac.uk/

THE SENSITIVITY OF OPTIMA L TRANSPORT STRATEGIES TO

SPECIFICATION OF OBJECTIVES

Paul M Timms
Anthony D May

Simon P Shepherd

Institute for Transport Studies
University of Leeds
Leeds

LS2 9JT

ptimms@its.leeds.ac.uk

Submitted February 2000

Revised December 2000


mailto:Ptimms@its.leeds.ac.uk

ABSTRACT

This paper describes a method ftevising transport strategiélsat makes iterative use of
transport models to find the optimal levels pe-defined transport @asures. It gives the
results from using this method in nine Europeties. At the heart of the procedure lies the
definition of objective functions which encapsulate policy-makers’ objectives with respect to
economic efficiency and sustainability. Thesbjective functions include a number of
significant parameters and the paper examines the sensitivity of the results to changes in the
values of these parameters. The parametaiserned are: the levef shadow price used
with regard to public sector financial surplus and deficit; the trade-off between the
perspectives of the present generation andtadugeneration (of importance to issues of
sustainability); the trade-off between interra@nefits/costs and exteal (environmental)
benefits/costs; and the level of user bendfitst can be “value captured” in the sense of
raising additional finance for transport policieszull sets of results are given for these

sensitivity tests, and a number of pragtizansport policy conclusions are made.

1 INTRODUCTION

A recent paper by May et al (2000) has described a procedure for finding optimal urban
transport strategies and its application in rfirepresentative” Europeacities, as listed in
Table 1. The research was carried out witha project FATIMA ("Financial Assistance for
Transport Integration in Metropolitan Areas") iaimn was part of the European Union's Fourth

Framework Research Programme. The underlgingof FATIMA was to devise and apply a

The Sensitivity of Optimal Transport Stegies to Specification of Objectives 2



method for estimating optimal transport stragésgivithin a context of limitations on public

finance.

The method for estimating optimal transport styege consists of an optimisation procedure
that makes iterative use of transport modelnis the optimal levels of pre-defined transport
measures. At the heart of this proceduss lihe definition of oleictive functions which
encapsulate policy-makers’ objectives with resgececonomic efficiency and sustainability
(but not their objectives with respect to acdafisy or intragenerational equity). With
respect to any one specific objective function,dpimal transport strategy is defined as the
set of transport measures that maximisesvtiae of the function.A number of objective
functions were defined in FATIMA, the nma difference betweeralternative objective
functions being the differing ways of treaimpublic finance constraints. These objective
functions include a number of significant paeters, and assumptions were made about the
“best” values to attach to them in the optiatisn process. Inevitapl questions arise as to

how sensitive the final policy conclusions are to these parameter values.

This paper examines the sensitivity of the results to a number of key parameters in the
FATIMA objective functions, with two specific mis. Firstly, an assessment is made of the
robustness of the overall pagficconclusions to changes in objective function parameter
values. Secondly, an examination is madeth&f appropriateness of the specific values
chosen in FATIMA. The parartexs concerned ar€l) the level of shdow price used with
regard to public sector financial surplus antiaie (2) the trade-off between the perspectives

of the present generation and of future generaijohsnportance to issues of sustainability);

(3) the trade-off between internal benefits/castsgl external (environmental) benefits/costs;
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(4) the level of user benefitsahcan be “value captured” (frotine private sector) in the sense

of raising additional finance for transport policies.

Section 2 gives an overview of the case studig<iand transport measures considered in
FATIMA, and the transport models used in theBection 3 gives definitions of the objective
functions, whilst Section 4 summarises ttesults and recommendations from FATIMA,
using default values of the above-mentioned ipatar values. Section 5 gives the results of

the sensitivity tests, ance&tion 6 provides a number wéansport policy conclusions.

2 OVERVIEW OF CASE STUDY CITIES, TRANSPORT
MEASURES AND TRANSPORT MODELS USED IN FATIMA

2.1 Selection of case study cities

As stated above, the nine case study cities wéeeted on the basis that they were "broadly
representative” of Eur@an cities, although they are not necelseepresentative in a formal

statistical sense. Table 1 liske cities and their populations.

Table 1 here

2.2 Transport measures considered

Table 2 shows the measures and their ranges used in the optimisation process. Measures were

defined relative to a do-minimum strategy whiwas already being planned by the city.
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Thus, for example, the public transport infrastructure measures considered in the optimisation
process were extra to the infrastructure measures already committed by the cities (but not yet
built). It should be noted that all theties were planning local measures to: enhance
pedestrian and cyclist mobility; reduce accidents; and increase traffic calming in residential
areas. These measures were assumed, in the optimisation process, to be fixed for all transport

strategies considered.

In most of the cities, where models permitted, a distinction was made between long stay and
short stay parking charges, and between pedko#f-peak values for frequencies, fares and

road pricing charges.

Table 2 here

2.3 Transport models used

The policy measures were testgging city-specific transpotian models which had already
been set up, calibrated and used by the cithaaities before the start of the project.
Differences in the models inevitably imposelingitation on the study. lkehlly it would have
been desirable to cargut a transferability analysis wincapplied more then one model in
each city, thus identifying whether there was nidmles in the results. However, such an
analysis would have comprised garate project in its own rightThe issue of model-bias is
thus treated in this paper by a simple insipecof the model chargeristics, along with
speculation (at the time of reportisgnsitivity test results in Sian 5) as to which, if any, of

these characteristics might have led féedences in the transport policy results.
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Table 3 summarises the characteristics of the models. They fall into two main categories:
strategic and tactical models. The former aegusr running simulations at a very high level

of aggregation in terms of network repres@atg whilst tactical mods are more detailed.
Other important differences between the modgtarfafrom the strategic/tactical distinction)

lie in the treatment of behaniral responses. Neither Italianodel includes redistribution,

generation or suppression, and the Austrian saaso exclude generation and suppression.

Table 3 here

3 DEFINITION OF OBJECTIVE FUNCTIONS

3.1 Overview of objective functions

All objective functions used in FATIMA werdefined relative to a do-minimum strategy,
representing a city’s committed transport plans over the next 30 years. It follows that, by
definition, the value of each objective functifor the do-minimum strategy is zero. Three
primary objective functions were usadthe optimisation process. TBenchmark Objective
Function (BOF) represents economic efficiencyhda sustainability objectives, under an
assumption of no fixed limit on public finance. T@enstrained Objective Function (COF)
represents the same objectives as in BOF,ubder the assumption thtite availdility of

public finance (over a 30 year time horizon) is limited to that specified by the do-minimum
strategy. Thirdly, thdRegulated Objective Function (ROF) represents the same objectives
and assumptions as COF, except that thereeipdissibility of genetang additional private

finance through value capture.
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All three objective functions are discussedMinken (1999). The strategies that find the
maximum values of BOF, COF and ROF are referred to belooptasal BOF strategies,

optimal COF strategies, andoptimal ROF strategies respectively.

In order to compute the above objective timts, five secondary objective functions are
required: theEconomic Efficiency Objective Function (EEFP); theSustainability Objective
Function (SOF); thePresent Value of Finance (PVF); the(present value of net) Benefits (B);

andthe External Costs (EC). All these objective functions are summarised in Table 4. It can
be seen that many of thebjective functions are defideover a 30 year time horizon.
However, only one future target year (yglly 2015) was modelled in the FATIMA project,

and it follows that the equations given below are more simplistic than if each future year (over

a 30 year time horizon) were modelled separately.

Table4 here

3.2 Present Value of Finance (PVF)

The Present Value of Finance (P a set of measurés defined as theet financial benefit
to government and other providers of transpacilities, both publicand private, over a 30

year time horizon, relative to the do-minimum.

In the FATIMA study, where only one futureget year was modelled, PVF was defined as:
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where: | is the present value of the cospublic transport infrastructure investment,
compared to the do-minimum scenario (it is assumed that all investment takes
place immediately in year 0);
fis the net financial benefit to transpsuppliers in the modelled target year,
compared to the do-minimum scenateking into account both revenue and
operating costs;

r is the annual (countrspecific) discount rate.

The value of r used in the FATIMA projectaried between 0.06 and 0.09, in line with the
actual discount rates uséd the countries whascities were featureth the case studies.
Whilst it was not feasible in FATIMA, it would baseful in further research to identify

whether the differing discount rates had #aat on the selection of optimal strategy.

3.3 The present value of net benefits (B)

The present value of net benefits, B, consistaaifbenefits to travellers, operators and the

government, over a 30 year time horizon but ignoring year O investment costs.

The net benefits to travellers are evaluassdthe generalised consumer surplus from the
change in generalised costs alhtravel movements, assumitigat the demand functions are
linear in the relevant region of generalised costs. This is a standard evaluation procedure in

cost benefit analyses of transport (see MVA et al, 1994).
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The present value of netrwfits, B, is given by:

_ 30
a le @A+r)

(f +u) 2

where: u is the net benefit to transport agarthe target year, compared with the do-
minimum scenario;

and f, r are as defined above for Equation (1).

3.4 External costs EC

The external cost indicator for each mode is the change in veh-kms (compared to the do-
minimum) in the modelled year, factored by shen of the accident, noise and pollution costs

per veh-km, and summed over a 30 year period.

Let yam ynm @ndy,m be the costs per vehicle kilometre foode m due to accidents, noise and
pollution respectively. Letkbe the change in the vehicle kiletres by mode m in the target

year (compared to the do-minimum strategy)e €kternal cost indicator EC is defined as:

EC = 52 7 Ko
m S

where y =7+ 7 m T 7 om

30 1
and oJ= ‘
= (1+71)'

@

Default y values were based upon costs givan Tinch (1995) as shown in Table 5.

However, where alternative local values werailable, they were used instead. These local

The Sensitivity of Optimal Transport Stegies to Specification of Objectives 9



values were broadly similar to the values give Table 5, especially when aggregated over
pollution, noise and accident impacts. HoweWethe sensitivity results given in Section 5
were to show that policy results are extremely sensitive to variationghe issue of "local

values" versus "Tinch values" woulded to be explored in more detail.

Table 5 here

3.5 Economic Efficiency Function (EEFP)

The formula for EEFP is given by:

EEFP = B - | +» PVF -EC (5)

where: B, |, PVF and E@re as defined above;
1+ is the shadow price of publiurds (the “standard” value given ioin

FATIMA was 0.25).

EEFP corresponds to a standard approach gb lmenefit analysisMinken (1998) indicates
that 0.25 has been a standard valué.for a number of practical planning exercises, citing a
review by Snow and Warren (1996) concerningttiemry and estimates of shadow price for
the use of public funds. A cause for concern might be that,wkre to be set too high,
“optimal” transport strategies would simplye those that generdtdarge public sector

revenues. This issue will be examined further in Section 5.
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3.6 Sustainability Objective Function (SOF)

The sustainability objective function (SOF) is given by:

SOF = (A&)f + u - y + hard penalty (if fuel consumption exceeds
do-minimum)

A+ f +u -y (otherwise)  (6)

where: y is a “soft penalty” on fuel camsption in the target year, calculated by
multiplying the fuel consumption cost (relative to the do-minimum strategy) by
a shadow price of 5;

u, f andi are as defined above.

The main intention of the sadind hard penalties on fuel congutian is to generate “optimal”
transport policies that preserve natural resesir The use of a tth penalty effectively
ensures that such policies must use lesd than those envisaged by the do-minimum

transport strategy.

A full report of the construction of SOF is given by Minken (1999), who describes how the
approach is an adaptation of the work of @hrasky (1996) and Heal (1999) for the specific
requirements of FATIMA. Essenliy, the SOF approach is toeate a perspective that could

be termed "dictatorship of the future", whereby the welfare of future generations totally
outweighs the welfare of the current generatioThis perspective should be seen as in
opposition to the "dictatorship of the presepé€fspective which, it is claimed, underlies the

EEFP approach.
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Ideally, SOF should reflect atbhutes of the transport sysh of relevance to future
generations such as resource dgph, loss of life, degradatiasf the local environment, land
consumption, ecological impacts and global wiagn Furthermore it would also assess these
for a series of horizon years. However, suclagproach was not feasible in FATIMA due to
limitations of the modelling tools. Instead, axsoiously simplified approach was adopted in
which the major aspect of sustainability was assumed to be the renewability of fossil fuels as
measured by the level of fuel consumptiand only one horizon year was modelled. The
level of fuel consumption was assumed to asta proxy for all theother attributes of
sustainability listed above. Since fuegnsumption is directly related to @@®missions, and
closely correlated with atmospheric pollutaatsd accidents, such an assumption seemed to
be reasonable for the purposes of FATIMA, although future research should allow for

improvements to be made to the definition of SOF.

3.7 Benchmark Objective Function (BOF)

BOF (Benchmark Objective Function) is a conation of EEFP and SOF which balances the

perspectives of current and future generations.

It is defined as:

BOF =aEEFP + (1 «) SOF )

For the main tests in FATIMAq was set at 0.1. Since SOFasly concerned with a single

target year whilst EEFP is conoed with a (discounted) period 80 years, it follows that
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the size of EEFP will be approximately ten times the size of SOF. Thus a value of®.1 for
was chosen to ensure that the perspectiefofure generation woulthve approximately the
same weight as the perspectiok the presengeneration. Sincer was a new parameter

created by the FATIMA project, marevious literature can be cited as to its “best” value.

It would be interesting to examine how optimednsport strategies generated using BOF
varied if the value otx were to be altered. Since istment, such as on public transport
infrastructure, is assumed to take place “immedyg, it is likely that the building of such
infrastructure will appear beneficial to audte generation. Thus the lower the sizerpthe

more likely it is that investment wille included in a BOF optimal strategy.

The value of BOF is clearly affected by then-inclusion of externatosts in SOF, as
discussed above. Howevea, doubling of the size of values would approximately
compensate for this omission. This observateads directly to one dhe sensitivity tests

considered in Section 5.

3.8 Constrained Objective Function (COF)

COF (Constrained Objective Function) is arteesion of BOF that takes into account that
there is a fixed constraint on public money.r Bee sake of simplicity, it is assumed that

public finance is constrained to the level implied in the do-minimum scenatrio.

COF = BOF if PVF>0 (8)

= BOF + hard penalty if PVF <0
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3.9 Regulated Objective Function (ROF)

ROF (Regulated Objective Function) is antemsion of COF, andecognises that extra
(private) finance can be input to the transport system through value capture (VC). VC is
defined as a proportiofs of user benefits, which are seen as a measure of overall
accessibility. The logic here is that companiethancity should (collectively) be prepared to
pay for overall city-wide accessibility improvemethie to the benefits that they gain from
this in terms of efficiency of commuter trips amasiness trips, inward investment (due to city

attractiveness) and general city regeneration.

ROF =BOF if PVF +VC >0 (9)
= BOF + hard penalty if PVF+VC<O0
where:
VC =B3du ifu>0 (20)
=0 otherwise

and where& is as defined above.

For the main tests in FATIMA} was set at 0.1. However, since no evidence was found in
the literature on the percentagfebenefits that can be captdret was considered important to

carry out sensitivity tests dh
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4 RESULTS AND POLICY RECOMMENDATIONS USING
STANDARD PARAMETER VALUES

4.1 Optimal transport packages usimg standard parameter values

Table 6 summarises the optimal strategiestie Benchmark Objec&vFunction (BOF), the
Constrained Objective Function (COF) and Regulated Objective Function (ROF) for the
nine cities. Furthermore it gisethe PVF and PVF per capita thiese strategies. It can be
seen that in six of the cities (EdinburgheWna, Eisenstadt, Osldprino and Salerno) the

BOF optimal strategy had a positive PVF sattthe revenues generated by the strategies
were more than sufficient to cover costs. Efiare, there is no nedd calculate a separate
(constrained public finance) COF optimal strategy for these cities. Furthermore, since value
capture is only considered when optimal stratelfiad to public finane deficits, there is no

need to calculate separate RG@ptimal strategies for them.

For the three remaining cities (Merseysidepmsg and Helsinki) distinct COF optimal

strategies needed to be calculated. @fsdh only the strategy for Merseyside generated
sufficient positive user benefit to make thes ud value capture a viable option (given the
definition of VC in Equation (10) as being aportion of user benefits). Hence Merseyside

was the only city for which there wa separate ROF optimal strategy.

In terms of the optimal strajees produced, Table 6 showatlthe BOF optimal policy is
most likely to involve: (1) at most limited publicansport infrastructurgvestment on top of

what is already planned; (2) low cost in@ea in road capacity; (3) improvements in public
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transport by increasing frequency and/or adg fares; and (4) restrictions on car use

involving either road pricing ancreased parking charges.

Table 6 here

Inspection of the results ifable 6 leads to the defirot of four classes of city:

Class 1 Cities which fulfil two criteria. Fityy, the BOF optimal strategies have large
negative PVFs resulting from being suppatof both car and public transport users
(so that the city must provide finance)ec8ndly, there is a sigigant possibility for
value capture to suppooptimal policies under a reginoé hard constraints on public
finance. Merseyside is the only Class 1 @ty of the nine case study cities. Its BOF

optimal strategy has a PVF of -1472 euros per capita.

Class 2 Cities where BOF optimal strategieg aupportive of both car and public transport
users (and hence have large riegaPVFs as in Class 1 @8), but where there is no
significant possibility for value capture support optimal policies under a regime of
hard constraints on public finance. Helgiand Tromsg are both Class 2 cities and
their BOF optimal strategies have P¥ per capita of -1955 and -1474 euros

respectively.

Class 3 Cities where BOF optimatrategies place financial restrictions on cars but are

supportive of public transport userso that the former amibsidising the latter. In

this case, the city makes a surplus, but this surplus would not be expected to be large.

The Sensitivity of Optimal Transport Stegies to Specification of Objectives 16



Edinburgh, Eisenstadf,orino and Salerno are Classcisies and their BOF optimal

strategies have PVFs per camfeé55, 900, 490 and 591 euros respectively.

Class 4 Cities where BOF optimal strategies plaestrictions on both cars and motorised
public transport, anthe city raises revaies from both user-typehrough road user
charges (parking and/or road pricing) andreased public transport fares (with no
significant increase in frequency). In tluase, the city makes a surplus which is
large. Vienna and Oslo are Class 4 ciaesl have PVFs per capita of 2534 and 6503

euros respectively.

There is no immediately obvious correlation betwt#enclass of a citgnd its characterstics
in terms of population, geographidacation or other featuresHowever, further research
could explore more formally whether such correlation exists, considering also
characteristics such as: city density; level of income and employment; and the state of the

transport system in the do-minimum, imding mode shares and transport costs.

A significant question arisehaugh as to whether the allocatiof cities to classes is
dependent upon the parameters used in the tolgeftinctions. It ismportant therefore to
carry out sensitivity tests as to whether or n@ ththe case, and this will be done in Section

5. Since size of PVF is subsumed within the definition of class, the sensitivity analysis will
not consider PVF further in a comprehgasmanner (except for the analysispyf although

it will be mentioned sporadically where appropriate.
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5 SENSITIVITY TESTS

5.1 Overview of sensitivity tests

FATIMA project resources did not allow for allrsstivity tests to be carried out in all case
study cities. However, as Table 7 shows, actiele of sensitivity tests were carried out in

eight of the case study cities.

Table 7 here

5.2 The shadow price 1+

The “standard” shadow price on public moneyX)lwas set at 1.25 for the results given in
Section 4. As was seen, Edinbur@slo, Vienna and Salerno weak either Chss 3 or Class

4 cities whose BOF optimal steggies produced finance surplagas represented by positive
PVFs). It could be argued that the use of adskv price led directly to such strategies, and
that they would not have been produced hadetbeen no shadow price. The sensitivity test
used in these four cities was to lowbke shadow price to 1.0 (i.e. Set 0) and investigate
whether non-revenue generatingagtgies become optimum. On the other hand, Merseyside
was a Class 1 city and producadighly negative PVF for iteptimum BOF strategy. The
sensitivity test in this case was to increadsy steps up to 1.5 to und&sd at what point, if
any, a BOF optimal strategy would be produtieat was not expensive for the city. The

BOF optimal strategies resulting from aleie sensitivity tests are shown in Table 8.
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Table 8 here

It can be seen from TabB that the reduction @ffrom 0.25 to 0 had littler no effect on the
BOF optimal strategies in Edinburgh and Osldowever, such a redtion led to significant
changes in Vienna and Salerno. In Vienna,ramease in fares of 77% was altered to a
decrease of 15%, whilst in Salerno an incraasares of 25% was altered to a decrease of
50%. The reduction ik changes Vienna from being a Class 4 City to a Class 3 City so that
although the revised BOF optimal policy genesaéenet revenue, this revenue is severely
decreased. The reductioninchanges Salerno from a Classity to a Class 2 city, so that

BOF-optimal strategy needs to be financed by the city.

For values ofh under 1.0, there was little change tine BOF optimal strategies for
Merseyside. However, increasiagto 1.0 and 1.5 led to: a reduction in increases in peak
frequency; smaller fare reductions (70% eatthan 100%); and the imposition of a road
pricing charge of 1 euro. The reed BOF optimal strategy for higherchanges Merseyside

from a Class 1 City to a Class 3 City.

Comments on model effects

Section 2.2 described how the Vienna and Selease studies used models which do not take
into account generation andppression effects (as shownTiable 3), whilst the Edinburgh

and Oslo models do represent such responses. Since the deciefeeni®.25 to 0 leads to

a substantial decrease in traveller finance costs in the optimal strategies for Vienna and
Salerno, but not in Edinburgh or Oslo, it couldsugygested that the differences between the
two city pairs are aaainted for by the models.

The Sensitivity of Optimal Transport Stegies to Specification of Objectives 19



It is reasonable to assume that in reality rbgtuction in traveller finace costs, in whatever
mode, will lead to an increase the total level of transport demand. Thus a model which
assumes a fixed level of transport demantaisle to underestimate the revenue produced
when traveller finance costs are decreased t@myerestimate revenue when such costs are
increased. It follows that the "revenue generating emphasis"” of the optimal policies 18hen
set at 0.25 in Vienna and Salerno might be altre$the lack of representation of suppression
and generation in their modeldowever, such a conclusionnst proven and requires further

research.

5.3 ain BOF

Sensitivity tests for six city case studies were performed on the weigétween EEFP and
SOF in BOF, as defined in Equation 7. #tated in Section 3.7, the standard value=®.1
was based upon the concept of equal weightbetween the perspge® of the current
generation and the peesgive of a future generation. dreater emphasis is put upon the
perspective of a ture generation itx is decreased, and upon the current generatianisf
increased. The range of tests was from0.0 (corresponding to no emphasis on the
perspective on the cwmt generation) tax=1.0 (corresponding t@ll emphasis on the
perspective of the current gengoa, as in a traditional cost benefit analysis). The optimal

strategies resulting from teststiwivariations in the value of are given in Table 9.

Table 9 here
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In general, the optimal BOF strategies were relatively insensitive to changednfact,
increases i from 0.1 to 0.25 led to virtually no ahges in optimal strategy in any city. The
increase to 1.0 led to a change in optirsiategy only in Oslo, where the already high
revenue-generating optimal strategy became evene extreme. Probably the most important
result for increases i was that the medium public transport infrastructure options in
Edinburgh, Merseyside and Oslo weobust to such increases. lenthey were still part of
optimal strategies even when the full costscofstruction were taken into account in the

objective function (as is the case wheequals 1.0).

In Edinburgh and Vienna, decreasesuiito 0.015 and O respectively) led to a high level of
public transport infrastructurbeing introduced. On the other hand, in the Salerno and
Merseyside case studies, no extrimastructure was introduced whenwas set at 0. Since
the Eisenstadt and Oslo case studies did pawmit high levels of infrastructure being
introduced, they do not throw light on thssue. Other results from loweringwere that
road pricing increased in Edinburgh, public sport frequency increased in Vienna, fares

were reduced in Oslo and free long gbayking was abolished in Merseyside.

The general lack of evidence of sensitivity to highesuggests that strafies which reflect

the present generation's perdpecalso generally reflect a perspective with equal emphasis
on the present and future generations. In other words, optimal strategies under a pure
economic efficiency objective are liable te the same as under a balanced economic

efficiency / sustainability objective.

The setting ofx to O is likely to leado a higher level of extra frastructure being introduced

(on top of the do-minimum level), but this cannotgomranteed in all cases. This result is not
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surprising since the construction costs of eXpeesent day) infrastructure are not met by
future generations. However, this conclusstwould be qualified by a&cognition that setting
a to zero, and thus ignoring current infrastructure costs, is almost certainly unrealistic in

practical policy-making.

5.4 The external cost parametery

They parameters feature in the definition of external costs (EC), as given in Equation 3, and
are concerned with the effects of strategietherlocal environment and safety. As described
above, EC is used in the dafion of EEFP (Equation 5) butot in the definition of SOF
(Equation 6). The case studies of Edinbuagll Merseyside tested increasesirwhilst the
Merseyside, Vienna, and Eisenstadse studies tested decreasBse optimal BOF strategies

resulting from changing the valueoére given in Table 10.

Table 10 here

It can be seen froriable 10 that ify values take the order ofagnitude given in Table 5,
they have little effect on the overall optimal B&iFategies, in the sense that there is virtually
no difference in the specification of optimatagegies if externatosts are ignored (with
being set at 0). A doubly of the value of had no effect in Merseyde but led to a doubling
of road pricing charges in Edinburgh. A ten-fold increasg in Merseyside led to an

imposition of an all-day road pricing charge35 euros and changed ttigy from Class 1 to

Class 3.
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These results can be interpreted in two altereavays. Firstly, it ca be argued that the
values used foy are based upon the best estimates of adsgternalities that are available.

It is clear that these costs would have to be increased several-fold to change the optimal
strategies. It follows immediately that theas¢gies which are optimal without considering
externalities under a balanced economic efficiehsystainability objective are the same as
those that are optimal é@xternalities are comered. However, on éother hand, if one is
suspicious of the process of valuing externalities and thinkgy trelties should be higher, it

can be noted that in some catemy need to be higher by moraiha factor ofwo in order to

affect the nature of éhoptimal strategies.

5.5 B for value capture

The raising of finance through value captuvas considered, in FATIMA, to be mainly

concerned within scenarios in which optimal B@&nsport strategies led to a public sector
financial deficit. If it were assumed thatrtlaconstraints on public spending were imposed,
then such strategies would be unaffordable eutlsome extra financial input from the private
sector. Value capture is potentially a mechanisr providing such finance. ldeally, the use
of value capture would make it (financially) féde to implement optimal transport strategies

whilst still remaining within strict public sector spending limits.

As the classification of cities (in Section s shown, there was a puldiector deficit with
regard to BOF optimal strategies in only #ref the nine city case studies: Merseyside,
Tromsg and Helsinki. In these cities, theimpl COF strategies ¢gauming hard constraints

on public spending with no value capture) wsignificantly different from the optimal BOF
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strategies, as shown in Table 6. In suclesjtROF optimal strategies were found in which

extra finance was available from value capture.

B was defined as being the proportion of usanefies that could be “captured” (from the
private sector) to help create optimal trasr$strategies: the stdard value given t@ was
0.1. At this level, it was founthat only Merseyside would hefit significantly from value
capture, in the sense that the optimal ROftefly was significantly different from the
optimal COF strategy. Hence Merseyside waBned as a Class 1 city whilst Tromsg and

Helsinki were defined as Clagsities (as reportein Section 4).

The standard value of 0.1 givenftavas somewhat arbitrary, sinteere is little experience of
using value capture on a strategic level ¢gaposed to using it for one spatially-specific
infrastructure project). Itauld be argued that a value of Was somewhat pessimistic. Thus
it was considered necessary to carry out anyaisabn this value to determine the levePBof

if any, at which optimal BOF strategies wouldfb&ncially feasible, even under strict public

spending limits, using value capture.

Table 11 shows the user benefit#B) and values of PVF fahe BOF optimal strategies of
Merseyside, Tromsg and Helsinki. Furthermore, it shows the leve thast be in order to
raise a sufficient amount of value captdoe funding the optimal BOF strategy under a

constrained public finance regime. This legecalculated simply by dividing PVF by UB.

Table 11 here
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For Helsinki the required value @fis 0.76 so that 76% of user benefits would need to be
recaptured through value capture. Such a figoight be considered unattainable. On the
other hand, the comparable figures fbterseyside and Trosw were 0.37 are 0.30
respectively. Further research is requireégxamine whether this levef value capture is

feasible.

Merseyside is a Class itycwhatever the value . However, with sufficiently high values

of B for Tromsg and Helsinki, they move frdming Class 2 cities to Class 1 cities.
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6 TRANSPORT POLICY CONCLUSIONS

In many cases the optimal strategy is sensttivdecisions on the use of a shadow price for
public funds, and the level at which this shouldsée A shadow price dicates that there are
opportunity costs involved in the use of publimdis for transport. Where an increase in
public expenditure on transport is justified wighshadow price, thisuggests that it is
justifiable either to increase taxation to pay for improved transport, or to reduce expenditure
in competing policy areas. Where an increasewenue is justified with a shadow price, this
suggests that it is appropriateremluce public expenditun transport, by increasing the cost

to the user or reducing the service offeretlhis can result either in reduced taxation or
increased expenditure in competing policy ardas clear from the redis given in Section 5

that it is important to test the sensitivity of sdgies to the use, and lévef a shadow price.

Where strategies are sensitive, the policy implications require careful assessment.

The optimal strategies given in Section 4 weskatively insensitive to the balance between
the perspectives of currentdafuture generationgxcept when this bat@e was strongly in
favour of future generations. Thus the t&gies which reflect # present generation's
perspective are also likely to reflect an dgoa@ance of perspectives between current and
future generations. When the perspective tafreigenerations becomes paramount, strategies
are likely to change in favour of increased gaer costs and reducediic transport fares.
High investment in further public transport irdtaicture (on top of what has already been

committed) appears to be optimal only when such a perspective is paramount.
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The optimal strategies are relatively insensitwéhe costs of externalities. When externality
costs are based upon currently accepted values, oiratdgies are simildo those with no
value assigned to the externalities. This ingptleat those strategies which are most effective
in achieving a balanced economic efficiencydtainability objective also perform best when
this objective is extended to take into amtbthe local environment and safety, using
standard values for the costs of these. Hmweif greater emphasis were to be put on the
local environment and safety by evaluatingithcosts at a much higher level, optimal

strategies would be likely to involvenposing higher charges for car use.

When hard constraints on public funds areliagpand the revenue for optimal strategies
cannot be met by user charges (as was the case in three of the case study cities), a potentially
attractive option lies in raisingxtra finance through value capture. With regard to the three
case studies concerned, it was found that a mmirai30% of net user benefits would need

to be captured. If this level were achiewabValue capture would provide an important

mechanism for injecting extra finance into the transport sector.

7 ACKNOWLEDGEMENTS

We are grateful to the Directorate Genardlof the European Commission for funding this
research under Framework 1V, and to the citiharities for their support. The conclusions
are, however, our own, and do not necessaglect their policies. The research was

conducted collaboratively with colleagues time Technical University of Vienna, VTT

The Sensitivity of Optimal Transport Stegies to Specification of Objectives 27



Finland, the Norwegian Transport Economicstiblmte, and CSST Turin. Their major

contributions to the project and itstoomes are gratefully acknowledged.

The Sensitivity of Optimal Transport Stegies to Specification of Objectives 28



8 REFERENCES

Chichilnisky, G. (1996) An axiomatic approatthsustainable development. Social Choice

and Welfare 13(2)

FATIMA (2000) Final ReportDG7 Urban Transport Researcl, Bramework Programme.

EC, Brussels.

Heal, G. (1999) Valuing the Future: Econonfifteory and Sustainability. Columbia

University Press, New York.

May, A.D., Shepherd, S.P., Timms, P.M. (20@ptimum transport strategies for European

cities. Transportation 27.

Minken, H.(1998) Work Package 20 RepdrATIMA Objective Functions, DG7 Urban

Transport Research4#ramework Programme. EC, Brussels.

Minken, H. (1999) A sustainality objective function for localransport policy evaluation.

Proc & World Conference on Transpdesearch, Antwerp, 1998. Vol 4.

MVA Consultancy, Institute for Transport Stediand Oscar Faber TPA (1994) A common

appraisal framework for the evaluatiohtransport projects. London, HMSO.

Snow, A., and Warren, R.S. (1996) The marginalfare cost of public funds: theory and

estimates. Journal of Public Economics 61, 289-305.

The Sensitivity of Optimal Transport Stegies to Specification of Objectives 29



Tinch (1995) Valuation of Enkonmental Externalities. Prepal for the UK Department of

Transport, HMSO, London

The Sensitivity of Optimal Transport Stegies to Specification of Objectives 30



City Country Population (k)
Eisenstadt Austria 10
Tromsg Norway 57
Salerno Italy 149
Edinburgh (MA) UK 420
Helsinki (MA) Finland 910
Oslo (MA) Norway 919
Merseyside (MA) UK 1440
Torino (MA) Italy 1450
Vienna Austria 1540

MA : metropolitan area

Table1: The FATIMA case study cities
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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 publiavhole city; all-day, peak, |-50% +100%
transport frequency off-peak (-30% for Torino) | (+30% for Torino)
Road pricing to enter city | city centre; all-day, peak, |0 5.0euros
centre off-peak
Increase/decrease in city centre; long & short | -100% +300%
parking charges term, long term, short term (+100% for Torino)
Increase/decrease in publiavhole city; all-day, peak, |-100% +100%
transport fares off-peak (-50% for Helsinki)

Table 2: Measurestested in FATIMA, their aggregation and ranges
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Edinburgh | Merseyside | Viennaand Oslo Tromsg Helsinki Salerno Torino
Eisenstadt
Model START START VW RETRO and EMME/2 based | PKS model and T.Model T.Model and
EMME/2 EMME/2 T.Road,T.Bus | MAESTRO
Strategic/ | Strategic Strategic Strategic Tactical Tactical Tactical Tactical Tactical
tactical
Responses Mode, Mode, Combined Mode, Mode, Combined Mode, Mode,
Route, Route, distribution and | Route, Route, distribution and | Route Route
Time of day,| Time of day, | mode choice, Time of day, Time of day, mode choice,
Distribution, | Distribution, | Route, Distribution, Distribution, Route
Generation/ | Generation/ | Pedestrian delay Generation/ Generation/
Suppression| Suppression Suppression Suppression
Periods AMpeak AM peak All day AM peak AM peak AM peak Peak period Peak period
PM peak PM peak Rest of day PM peak PM peak
Rest of day | Rest of day Rest of day Rest of day

Table 3: Modd characteristics
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Objective Acronym | Description

function

Present Value of | PVF Present value of net financial nedits to operators and government,

Finance calculated over a 30 year time horizon.

(Present value of | B Present value of net benefits to eHers, operators and the governme

net) Benefits calculated over a 30 year time horizon but ignoring initial infrastrug
costs.

External Costs EC Present value of costpaifution, noise and safety calculated over &
year time horizon.

Economic EEFP Present value of net benefitsttavellers, operators and governme

Efficiency combined with external costs, cdlated over a 30 year time horizgn.

Function There is a shadow price on government revenues and costs, determ
the parametex.

Sustainability SOF SOF focuses entirely upon the net benefits of travellers, operators and

Objective Function government in a future target year. It imposes a high shadow price on
fuel and dictates that the fuel consumption of the do-minimum stratg
the maximum allowable.

Benchmark BOF BOF trades off economic efficiend§EFP) and sustainability (SOH

Objective Function The relative weights accorded to EEFP and SOF are determined
parametert.

Constrained COF Extension of BOF which assumes thalblic finance is constrained to tl

Objective Function do-minimum level.

Regulated ROF Extension of COF, which recognises that extra (private) finance ¢

Objective Function

input to the transport system through value capture. The level of

capture is determined by the paraméter

an be

value

Table 4: Summary of the FATIMA objective functions
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Pollution Noise Accidents Total cost
Car 0.0275 0.0373 0.0222 0.087
Bus 0.2176 0.0746 0.0453 0.3375
Tramway 0.0 0.0622 0.0453 0.1075
Total 0.2451 0.1741 0.1128 0.532

Table 5: Pollution, noise and accident costs in euros per veh-km (y values) given by Tinch

(1995)
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Measures Objective PT Increasing/| PT frequency] PT fares 1 Road Parking PVF PVF /
function Infrastructure | Decreasing T Pricing Charge$® (Meuros) Popn
investment - Road t (Euros
Cities High, Medium capacity per
or None capita)
Edinburgh BOF, COF, ROH Medium 10% 85%(70%) -90%(-35%0)..6(1.6) ~(300%) 233 555
Merseyside BOF Medium 10% | 50%(-40%) | -100%(-100%) 0(0) -100%(100% -2120 -14772
Merseyside COF Medium 10% 20%(-50%) -65%(-40%) 1(1) 0%(200%) 32 22
Merseyside ROF Medium 10% | 20%(-50% -75%(-40%) 1(1) 0%(100%) -152 -106
Vienna BOF, COF, ROH None -10% 0% 77% 0 0%(245%) 3903 2534
Eisenstadt BOF, COF, ROF - -15% -50% -50% 0 -50%(115%) 9 900
Tromsg BOF - 10% 46%(0%) | -100%(-50%) | 2(1.6) -100% -84 -1474
Tromsg COFROF - 5% 25%(15% -50%(+40%) 2(3) -100% 9 158
Oslo BOF, COF, ROF Medium 10% -15%(0% -5%(-15%)) 5(8) 0% 59176 6503
Helsinki BOF No 0 25%(13%) | -12%(-50%) 0(0) 0%(0%) -1779 -1955
Helsinki COF,ROF No 0% 0%(-10%) | -5%(-15%) 0(0) 209%(90%) 52 57
Torino BOF, COF, ROF No 10% 30% 100% 0 100% 710 490
Salerno BOF, COF, ROK No 0 80% 25% 0 300% 88 591
- not included

~ indicates irrelevant around the optimum
T off peak values are shown in (') for Edinburgh, Merseyside, Tromso, Oslo, Helsinki
@ long stay; short stay values are shown in () for Edinbuvighseyside, Vienna, Eisenstadt, Tromso, Oslo, Helsinki

Table 6 : Optimal Strategies (with default parameter values): BOF, COF and ROF
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A o Y B

(A+r) is weight on weight on proportion of

shadow current/future | external costs | user benefits

price on generations in | in EEFP captured in VC

PVF in BOF

EEFP
Edinburgh v N, N -
Merseyside N, \ N N
Vienna N \ \ -
Eisenstadt - ~ N -
Oslo \ N - -
Tromsg@ - - - N
Helsinki - - - N
Salerno \ N - _

Table 7 : sensitivity tests conducted in city case studies
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Measures Value ofA Infrastructure Increasing/ | PT frequency] PT fares t Road Parking Class of
Cities investment - High, Decreasing T Pricing t Charges@ city

Medium or None Road

capacity

Edinburgh 0.25 Medium 10% 85%(70%) -90%(-35%) 1.6(1.6) ~(300%) 3
Edinburgh 0 Medium 10% 85%(70%) -90%(-35%) 1.6(1.6) ~(300%) 3
Merseyside 1.5 Medium 10% 20%(-40%) | -70%(-40%) 1(1) 0(200%) 3
Merseyside 1.0 Medium 10% 20%(-40%) | -70%(-40%) 1(1) 0(200%) 3
Merseyside 0.5 Medium 10% 34%(-50%) | -100%(-100%) 0(0) -100%(300%) 1
Merseyside 0.25 Medium 10% 50%(-40%) | -100%(-100%) 0(0) -100%(100%) 1
Vienna 0.25 None -10% 0% 7% 0 0%(245%) 4
Vienna 0.2 None -10% 0% 50% 0 0%(245%) 4
Vienna 0.1 None -9% 3% 4% 0 0%(225%) 4
Vienna 0 None -7% 3% -15% 0 -13%(150%) 3
Oslo 0.25 Medium 10% -15%(0%) -5%(-15%) 5(5) 0% 4
Oslo 0 Medium 10% -10%(0%) -5%(-15%) 5(5) 0% 4
Salerno 0.25 None 0% 80% 25% 0 300% 3
Salerno 0 None 10% 50% -50% 1 -50% 2

~ indicates irrelevant around the optimum
T off peak values are shown in () for Edinburgh, Merseyside, Oslo

@ |ong stay; short stay values are shown in () for Edinburgh, Merseyside, Vienna, Oslo

Table 8 : Optimal BOF Strategies when the value of A isvaried
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@ long stay; short stay values are shown in () for Edinburgh, Vienna, Eisenstadt, Oslo

Table 9: Optimal BOF Strategies when the value of aisvaried
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Measures | Value of Infrastructure Increasing/ PT frequency t PT fares t Road Pricing Parking City Class
Cities o investment - High, Decreasing T Charge&®
Medium or None Road capacity

Edinburgh 0 High 10% 53%(100%) -100%(0%) 3.3(3.2 ~(300% 3
Edinburgh 0.015 High 10% 53%(100%) -100%(0% 3.3(3.2 ~(300%) 3
Edinburgh 0.1 Medium 10% 85%(70%) -90%(-35%) 1.6(1.6) ~(300%) 3
Edinburgh 1.0 Medium 10% 85%(70%) -90%(-35% 1.6(1.6 ~(300%) 3
Merseyside 0 Medium 10% 50%(-40%) -100%(-100%6) 0 0%(200%b) 1/3
Merseyside 0.1 Medium 10% 50%(-40%) -100%(-100%) 0 -100%(100%) 1
Merseyside 1.0 Medium 10% 50%(-40%) -100%(-100%0) 0 -100%(100%) 1
Vienna 0 High -11% 12% 80% 0 0%(200% 3
Vienna 0.1 None -10% 0% 77% 0 0%(245%) 4
Vienna 0.25 None -12% 0% 7% 0 0%(245%, 4
Eisenstadt 0 - -15% -50% -50% 0 -50%(115%) 3
Eisenstadt 0.1 - -15% -50% -50% 0 -50%(115%) 3
Eisenstadt 0.25 - -15% -50% -50% 0 -50%(115%b) 3
Oslo 0 Medium 10% 0%(-10%) -10%(-30%) 5(5) 0% 4
Oslo 0.1 Medium 10% -15%(0%) -5%(-15%) 5(5 0% 4
Oslo 0.25 Medium 10% -15%(0%) -5%(-15%) 5(5) 0% 4
Oslo 1.0 Medium 10% -15%(-15%) 20%(20%) 5(5) 0% 4
Salerno 0 No 0 80% 25% 0 300% 3
Salerno 0.1 No 0 80% 25% 0 300% 3
Salerno 0.25 No 0 80% 25% 0 300% 3

- not included, ~ indicates irrelevant around the optimumgff peak values are shown in () for Edinburgh, Oslo




Measures Multiply Infrastructure Increasing/ PT frequency t PT fares t Road Pricingarking Charges Class of
originaly investment - Decreasing t e city
by: High, Medium | Road capacity
Cities or None
Edinburgh 1 Medium 10% 85%(70%) -90%(-35%0) 1.6(1.6) ~(300%) 3
Edinburgh 2 Medium 10% 85%(70%) -90%(-35%) 3.5(3.2) ~(300%) 3
Merseyside 0 Medium 10% 50%(-40% -100%(-100%) 0(0) -100%(100% 1
Merseyside 1 Medium 10% 50%(-40%) -100%(-100%) 0(0) -100%(100%) 1
Merseyside 2 Medium 10% 50%(-40% -100%(-100%) 0(0) -100%(100% 1
Merseyside 10 Medium 5% 25%(-40%) -100%(-100%) 3.5(3.5) 0%(200%) 3
Vienna 0 None -8% 0% 7% 0 0%(245%) 4
Vienna 1 None -10% 0% 7% 0 0%(245%) 4
Eisenstadt 0 - -15% -50% -50% 0 -50%(115%) 3
Eisenstadt 1 - -15% -50% -50% 0 -50%(115%) 3
- nhot included

~ indicates irrelevant around the optimum
T off peak values are shown in () for Edinburgh, Merseyside
@ |ong stay; short stay values are shown in () for Edinburgh, Merseyside, Vienna, Eisenstadt

Table 10 : Optimal BOF Strategies resulting from changing the value of y
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Merseyside | Tromsg Helsinki
User benefits for optimal BOF strategies740 280 2330
(UB) (million euros)
PVF for optimal BOF strategy (million euros) -2120 -84 -1779
Required value of3 to implement optimal 0.37 0.30 0.76

BOF strategy under a constrained public

finance regime

Table 11: Value capture and PVF for BOF optimal strategies
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