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ABSTRACT

European urban areas are marred by the probbérosngestion and emdgnmental degradation
due to the prevailing levels of car use. Strorguarents have thus been put forward in support of
a policy based omarginal cost pricing (European Commission 1996). Such policy measures —
which would force private consumers to pay &public service that was previously provided
«for free» — are, however, notoriously unpopular whith general public and hence also with their

elected representatives — the politicians.

There is thus an obvious tension between econdimgiory, which suggests that marginal cost
pricing is the welfare maximising solution to unbansport problems, and practical experience,
which suggests that such pricing measures are unwanted by the affected population and hence

hard to implement through democratic processes.

The AFFORD Project for the European Commission has aimed to investigate this paradox and its
possible solutions, through a combination of ecaoamalysis, predictive modelling, attitudinal
surveys, and an assessment of fiscal and financial measures within a number of case study cities
in Europe. In this paper the methodology aesults obtained for the Edinburgh case study are
reported in detail. The study analyses alteévearoad pricing instruments and compares their
performance against the theoretical first begtafon. It discusses the effect of coverage,
location, charging mechanism and interaction vather instruments. The paper shows that
limited coverage in one mode may lead to aiaten from the user pays principle in other
modes, that location is as important as chdeyels and that assumptions about the use of
revenues are critical in determining the effent equity and acceptability. Finally the results
show that a relatively simple smart card system can come close to providing the economic first

best solution, but that this result shouldviEaved in the context of the model assumptions.



1 INTRODUCTION

There have been growing concerns over sudtdityaand how to achieve sustainable mobility as
advocated by the EU’s Common Transport BolilCOM(98)716). Producing integrated land
use-transport strategies has been viewed akitiosoto the problem, however in its 2001 review
for the Council of Ministers (ECMT, 2001), the joint ECMT/OECD study group concluded that

“implementing multi-sectoral, integrated polipgckages has proved easier said than done”.

Road pricing is seen as a key instrument in fogrdn integrated strategy and has been proposed

as a practical means of reducing the externalitiessng from road use in urban areas for almost

four decades (Ministry of Transport, 1964). a&ical designs, existing designs and on-desk
studies around the world have demonstrated the requirement of the judgmental design to produce
a closed cordon system (Holland and Watsk®8v8; Dawson and Brown, 1986; Larsen, 1988;
Richards et al, 1996; and recently GOL, 2002). More theoretical studies have considered second-
best tolling systems whereby a limited subsetirdés can be charged and compared with the
results of first-best systems where all links may be tolled (Verhoef 2000); the approach was
adopted by Shepherd et al (2001) and used &stigate the optimal location of toll points. None

of these studies have considered the integratiooad pricing with other instruments.

A recent paper by May et al (2060has described a procedure for finding optimal urban
transport strategies and its application in rifugopean cities. The underlying aim of FATIMA
was to devise and apply a method for estimatingrab transport strategies within a context of
limitations on public finance, and it included consat&n of the use of private finance. Central
to all nine optimal transport strategies was an elgnof pricing applied to the private car. This

was in the form of either parking charges (staord long stay) and/or a road pricing cordon with



prices optimised for peak and off-peak. There Hasen relatively few similar research projects.

The most relevant are TRENEN Il STRAN (199@hich sacrificed network detail in order to
optimise using a simple single link model of a number of cities to identify optimal combinations

of policies, and earlier work by TRL with their Strategic Policy Model, which indicated the
relative merits of policies based on public t@er$ and demand management in five UK cities,

but made no attempt at optimisation (Dasgupta et al, 1994). A separate strand of research has
been the use of system dynamics models tesefhe longer term response to a range of policy
measures (Bell, (1998); Schaded Schade, 2001), but again theve included no attempt at
optimisation, and doubts have been cast on the ability of such modelling approaches to reflect

fully the complexity of demand and supply-side responses (Simmonds et al, 2001).

This paper builds on the work of May et al (2000) for the City of Edinburgh. The previous study
found optimal levels for a number of policy instrents but it only considered one road pricing
system (an inner cordon). Recent research hagstagghthat distance-based charging is likely to
out-perform conventionally-developed cordon schemes (May and Milne, 2000), yet virtually all
current proposals envisage the use of simple cordons (GLA, 2001; Edinburgh City Council,
2000). The current UK legislation has permitted local authorities to develop proposals for road
pricing as a means of reducing congestion andremviental impact, and to retain the revenues

for use in enhancements to the transportesyst However, the regulations only permit low
technology cordon and area-based schemes. In contrast to this the Dutch are proposing a zone

based system with variable charges per kiloendepending on the zone location (Bovy, 2000).

The aim of this paper is to see if the usealdérnative road pricing instruments including an

alternative cordon location, the use of fuelesand the use of a hypothetical smart card system

! carried out within a related project FATIMA ("Financial Assistance for Transport Integration in



in the context of an integrated strategy @aprove upon the inner cordon results of May et al
(2000). The research was conducted withinghgect AFFORD (“Acceptability of Fiscal and
Financial measures and Organisational Requingsnier Demand management”) which aimed to
investigate the gap between the economic themrymarginal cost pricing and real world
applications which are restricted by current technology and acceptability of pricing systems. To
measure the gap between economic theory andigabapplications each system is compared
against the theoretical first best benchmark whers assumed that all marginal external costs

can be charged to the user.

The analysis presented here concentrates ompritiate car mode, other instruments are taken
directly from the previous FATIMA optimisatn process. However the public transport fares
and frequencies are also considered via sensiti@gis and “optimised” under the first best and

smart card cases.

Section 2 deals with the methodology, section 3 introduces the concept of policy settings and
describes the basis for the study and the ali@maricing instruments considered. Section 4
presents the results, comparing the welfare gaitisetéirst best case and then analysing the other
impacts on travel, mode split, and revenuse. Section 5 provides conclusions and

recommendations for further work.

Metropolitan Areas") as part of the European Union's Fourth Framework Research Programme.



2. METHODOLOGY

2.1 Model Used

The study of integrated strategies requires a multi-modal transport model. The START strategic
model for Edinburgh was developed by the MVA Qdtency (Bates et al 1991). It contains two
sub-models : aexternal forecast model, used to predict changes of demand due to factors such as
land-use, household structure and income, amndnaport model to represent travel choices. The
latter in turn contains two sub-models demand model, which calculates changes in travel
patterns based on changes in generalised cost, supplg model which deals with both system

and operator effects.

The supply model produces cost information flle demand model and the two iterate until
equilibrium is achieved. The demand model asddl on a set of incremental hierarchical logit
models covering travel choice for destinationpde and sub-mode, time of day and route.
Origins and trip frequencies are assumed to xedfi The supply model covers car and public
transport but excludes non-motorised trips. Rwadel costs are calculated using an aggregate
cost-flow based network and the route choice abksléor each origin to destination movement is
limited to a small number of pre-determined risdives. Car parking is subject to capacity
constraints, affecting travel cost throughaobes in time spent both searching for a space and
accessing the final destination. In-vehicle cdstsroad-based public transport are affected by
changes in cost on the aggregate road netwalkpublic transport costs are affected by service

frequencies, fares, number of stoppingp®iand effects related to patronage.

The Edinburgh model consists of a network udohg 25 zones. Five modes of travel are
considered: private car, heavy rail, bus, light raild guided bus, of which the last two are new
modes. The market is segmented betweantrsivel purposes (commute, education, visit,

business, non-home based, and leisure) and three time periods (two peaks and the rest of the day).



A single scenario analysis is used whereby la&lpatterns and car ownership rates are fixed for

the forecast year of 2010.

2.2. Cost-benefit analysis

The general methodological framework adopted in the modelling exercise is an adaptation of
cost-benefit analysis. Cost-benefit accounts drawn up relative to a base case scenario, and
subdivided between various institutional sectoffie general optimisation principle applied in

the AFFORD project is that of maximisirag economic efficiency function extended to include

environmental benefits termed EEFP.

Economic Efficiency Function (EEFP)

The formula for EEFP is given by:

EEFP = B - | . PVF -EC (1)

where: B, |, PVF and EC are defined below;

1+\ is the shadow price of public funds.

The rationale for assigning an extra value to aaghof public revenue raised is the assumption
that the alternative forms of taxation invariably are distortionary — they distort the price signals of
the economy by allowing the cost perceived by private decision makers to differ from the
marginal social cost. In such case the resource allocation beesnmefficient, i.e. the total
output of goods and services becomes smallerittwanuld have been, had all individual decision
makers been facing the true marginal social.cdéihken (1998) indicates that 0.25 has been a
standard value fok in a number of practical planning exercises, citing a review by Snow and

Warren (1996) concerning the theory and estimates of shadow price for the use of public funds.



In the following all results have a shadowceriof 1.25 applied, though the implications of

reducing this to unity is discussed in section 4.

The net present value of benefits (B)

The present value of net benefits, B, consists of net benefits tdldray@perators and the
government, over a 30 year time horizon but ignoring year O investment costs. The transport
model is run for one forecast year (or targedr 2010) and a neutral assumption is made about
the profile of benefits over time such that the iéméor this target year are assumed to represent

the average benefit over the evaluation period.

The generalised cost of travel is defined as tbaetary costs (fuel, fares, tolls, parking charges),

plus in-vehicle time cost (in-vehicle time multiplied by the value of time), plus other elements of
travel time costs, such as waiting time cost (related to service levels and patronage), access and
egress time costs, and search time for parking. thateall the latter time costs are factored to

reflect how travellers perceive them, typicatlys factor has been set equal to two.

The net benefits to travellers are evaluatethasgeneralised consumer surplus from the change
in generalised costs on all travel movements,rasgythat the demand functions are linear in the
relevant region of generalised costs. This is a standard evaluation procedure in cost benefit

analyses of transport usually termed the “rule of a half’ (see MVA et al, 1994).

The present value of net benefits, B, is given by:

30 1
T A@en (f+1) @

where;:



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

f is the net financial benefit to transport sligys in the modelled target year, compared to
the do-minimum scenario, taking into acat both revenue and operating costs;

r is the annual (country specific) discounteraFor Edinburgh the discount rate was taken

as 8%.

Present Value of Finance (PVF)

The Present Value of Finance (PVF) of a set sfriments is defined as the net financial benefit

to government and other providesstransport facilities, both public and private, over a 30 year

time horizon, relative to the do-minimum.

Again, where only one future target year was modelled, PVF was defined as:

PVF = -1 + ;(le)i ©)

where:

I is the present value of the cost of publangport infrastructure investment, compared to
the do-minimum scenario (it is assumed that all investment takes place immediately in
year 0);

f and r are as defined above for Equation (2).

External costs EC
The external cost indicator for each modethe change in veh-kms (compared to the do-
minimum) in the modelled year, factored by the sum of the accident, noise and pollution costs per

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



Let yam Ynm @andy,m be the costs per vehicle kilometre for mode m due to accidents, noise and
pollution respectively. Let kbe the change in the vehicle kilometres by mode m in the target

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

EC =6) 7 nkn
m @
where 7 =7+ 7m 7 pm
30
and o= 1 :
= (1+71) ©)

Defaulty values were based upon costs given by Tinch (1995) as shown in Table 2.1.

Pollution Noise Accidents Total cost

Car 0.028 0.037 0.022 0.087
Bus 0.218 0.075 0.045 0.338
Tramway 0.0 0.062 0.045 0.108
Total 0.245 0.174 0.113 0.532

Table 2.1: Pollution, noise and accident costs in euros per veh-kues) given by Tinch
(1995)

To find the optimal (kest practice») combination of second-best policy instruments, the
transport models are used to calculate ékements of the cost-benefit accounts, and an
optimisation procedure is used to tune the pahsyruments available to the levels that maximise
the overall economic efficiency function. Pglicnstruments considered include cordon toll

charges, parking charges, fuel tax, and publicspart level-of-service and fares. In addition the



Edinburgh case study included a new guided bus system and low cost increases in road capacity

which formed part of the optimal strategy in the FATIMA project.

Best practice second-best solutions are compettd the theoretical first-best «benchmark»,
which — although impossible to implement in preetwith today’s technology and legislation — is
perfectly computable in a network assignment model (see Fridstrom et al, (2000) or
Sheffi(1985)). In the first-best solution, roaskts are made to pay a charge exactly equal to the
marginal external cost in equilibrium. Thisacthe varies continuously in space and time, so as to

reflect instantaneous fluctuations in congestion costs.

3. POLICY PACKAGES

The AFFORD project divided the modelling studies into thematic scenarios or settings as follows.

Policy scenario
Base case — Do-minimu
First-best maginal costpricing
Narrowly first-bed
Broady first-bed
Secondbest maginal costpricing
Secondbest under current institutions
Secondbest after institutional refan
«Acceptable»pricing
Table 3.1: Policy scenarios

For this case study all scenarios include the sham@& on public funds unless stated otherwise.

3.1. The base case scenario

In order to assess any type of policy or situatibe,analyst or planner has to define a reference

scenario or «base case», to which the vanpmlisy scenarios can be compared.
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In the Edinburgh case study foreseen or committed strategies are defined for the year 2010 and
are termed the Do-minimum. This base case scenaticipates large ineases in private car use

in response to income and population growtfihe Edinburgh model simulations therefore
presuppose congestion levels far in excess of tesept situation. Hence, one might expect a

relatively large benefit to be attaidalirom marginal cost pricing.

3.2. Thefirst-best policy

The AFFORD study distinguishes between «irest» and «second-best» road pricing policy
packages. By definition, the first-best pnigipolicy is the unconstrained welfare optimum, in

which one imagines that each traveller is chargedttile marginal social cost of road use, as
given by the level of congestion, environmentad accident costs — and of any other external or
internal cost, such as vehicle operating costs anel ¢wsts — generated by the marginal road user

exactlythere andthen.

Depending on the perspective, timterpretations are possible.

Narrowly first-best marginal cost pricing, and

Broadly first-best marginal cost pricing.

The narrowly first-best policy assumes that all pricing instruments reflect the principle of
marginal cost pricing, and that charging itself is costless. brmadly first-best package
represents optimisation of social welfare while taking account of the costs of implementation and
regulation. If the equipment necessary for charging fully flexible and differentiated prices is too

expensive, it could mean that it is broafitst-best to apply second-best taxes.

11



By equating the marginal private cost to the marginal social cost, the first-best pricing policy
induces all individual decision makers to makegbeially most profitable choice, whenever they
maximise their own utility or profit. As shown by (Milne et al 2000), first-best marginal cost
pricing is able to provide the correct intigas for long-term as well as short-term decision-
making, not only in regard to route and modw®ice, but also in relation to road capacity

provision, technology choice, 9 behaviour, and sustainability.

This first-best pricing solution, however,egupposes a very sophisticated, real-time revenue
collection and information system, in which raasker charges vary instantaneously in space and
time, i.e. between all road links and for gveingle minute, depending on the current level of
congestion etc. This ideal road pricing schemjeunfortunately, only a theoretical construct,

infeasible in practice (at least with the present state of technology and legislation).

It can, however, be mimicked to some extent in a network simulation model, so that one may
derive the theoretically optimal level of road user charges and their hypothetical effect on
traveller behaviour. This is done bynning a network assignment task in whicdther than the
generalised (private) unit cost of road use, we use the marginal social cost function as the
volume-delay relationship. The latter function can be derivasimply by differentiation of the
aggregate social cost function. The equilibriunuton thus generated will be interpretable as the
system optimum under marginal cost road pricing with elastic demand, i.e. as the solution after

the imposition of an optimal road charge (see Fridstet al (2000) or Sheffi (1985) for details).

This theoretical first-best solution is usedaas interesting benchmark case, against which the

varioussecond-best solutions — based on real-world policy instruments — can be judged. How far

12



in the direction of the ideal, first-best solutiane we able to move, when constrained by the

pricing instruments actually avdike to planners and politicians?

For the Edinburgh model an approximation to narrow first best was applied to the private car
mode and sensitivity tests were used to opgemthe level of public transport fares and
frequencies (see section 4.1 for results). The first best solution was said to be an approximation
as the START model does not represent all the mnas of behaviour and driver or vehicle
attributes which could be differentiated in theory. For example the version of the model used did
not differentiate users by income group or vehitlgss/ehicle type and so could not be used to
study the effects of differing values of time ordifferentiate the emissions by vehicle type; both

of which could be used in theory to differentiate optimal prices.

3.3.  Second-best policies

As second best scenarios are considered thg afreelevant policy packages becomes rather

more complex.

In general, a second-best policy package is said to baptimal («best practice») combination
of policy instruments under the constraints represented by technology, geography, legislation,

and institutional barriers.

Second-best scenarios are considered under curréritiare institutions. As public transport is
currently de-regulated in Edinburgh the main assionpegarding current institutions is that the
local authority has no control over fares andyfiencies and so there is no change from the
foreseen strategy. So under current institutibiessetting can be viewed as a private car setting

or intra-modal setting.

13



For the second best after institutional reform, theall@uthority is considered to have control
over fares and frequencies and thus the scenatitdl be viewed as a multi-modal (inter-modal)

setting.

34  AcceptablePricing

The purpose of this setting is to demonstrateeffect of limiting charges on road users to some
“acceptable” level. Following the FATIMA conlsation process it was suggested that parking
charges be limited to a 300% increase in real temasthat the maximum road pricing charge for
any trip be limited to 5 Euro. As will be selater the interpretation of these limits depends upon

the type of charging system considered.

3.5 Bagsfor thestudy and interaction with other instruments

The strategic model START was used building on previous work carried out by May et al (2000)

which found optimum levels for a given package of instruments (again maximising EEFP) as

shown in table 3.2.

peak Off- peak off- capacity peak off- parkin  parkin guided
fare peak  freq. peak cordon peak g g bus
fare freq. charge cordon charge charge
charge long short
stay stay

-90% -35% +85% +70% +10% 2euro 2euro +300% +300% Yes

Table 3.2 : Optimal levels of instruments from May et al (2000).

This package of instruments resulted in an EEFF2844- million Euro calculated with respect to

the Do-minimum over a 30 year period.

14



Note here that the cordon is a City centre condith a 2-way charge. All other instruments are

defined in terms of changes from the do-minimum.

The aim of this study is to look at the effect of using alternative pricing instruments in place of
the city centre cordon charge. The changespacity, parking charges and guided bus are taken
as given in table 3.2 in all that follows. Tferes and frequencies are varied according to the
institutional setting, so under the currenttitogional framework, no changes in fares or
frequencies are assumed whereas under the funstigutional setting fares and frequencies are
assumed to be controlled by the local authornitgt the values in table 3.2 are taken unless stated

otherwise.

The pricing instruments considered were as follows :-

1. An approximation to first best marginal cost pricing

2. City Centre Cordon around the CBD of Edinburgh : 2-way charges in Euro (as used in

May et al 2000).

3. Outer Ring-Road Cordon : 2-way charges in Euro.
4. Fuel Tax in Euro/km for private car
5. A Smart Card system which charges by distance but allows minimum and maximum

charges to be applied. (Described later in section 4.4)

Note that estimates of implementation and operational costs of each system were not available

and so these costs were assumed to be equal &ysédims and equal to those used by May et al

2 A distance based charge for the whole study area is used as a proxy for fuel tax assuming a fixed fuel
consumption per km. Itis also assumed to be under National control.

15



for the city centre cordon. Obviously this asgdion is unrealistic and the benefits of more

complex systems will have to be considered in light of this assumption.

4. Results

Sections 4.1 to 4.4 describe the basic redojtssystem for each ématic package whereas
sections 4.5-4.6 give an overview and interpretation of key indicators. Note that in the following
all settings include a range of other instrursewhich remain fixed, these are the guided bus,

parking charges and low cost capaditgreases and are set as in table 3.2.

4.1 Approximation to first best marginal cost pricing

Here the first best optimal prices have bepproximated for car users across the whole study
area of the Edinburgh model. The prices wernerdgined by shifting the original speed-flow
curves to represent marginal costs of cotigesand by adding an optimal toll/lkm which
represented the environmental externalities (whidihe START model evaluation of EEFP were
calculated on the basis of changes in vehicledynmode). The resulting optimal prices were
converted from minutes per link by time period toceper route by time period and applied with

the original speed flow curves in place.

The first best “pattern” of charges was appkdohg with the guided bus infrastructure, capacity
increases and parking charge increases to aid csopdo May et al (2000). The “pattern” was
tested for “car-only” first best charges (with clwanges in public transport fares and frequencies)
and with various increases in fares and frequerasemarginal cost pricing theory suggests to
find the first best multi-modal set of charges and service levels. The results are shown in table

4.1 for the car only and multi-modal first best solutions.

16



Pattern of Charges Public transport changes EEFP (million euro)

First Best (Car only) No change in fares/frequencies 4361
First Best (Multi-modal)  Fas +50%, Frequencies +75% 4626

Table 4.1 : Approximation to first best pricing : EEFP results.

The first best solutions approximately doubled the EEFP value of 2344 million Euro found by
May et al (2000) using the instruments in table 3.2. The marginal cost pricing (MCP) theory
suggests that modes should be independent oaoother (each mode should pay for itself) and
this is borne out by the fact that the firgisb multi-modal solution is to increase fares for public
transport resulting in an increased EEFP value. This first best multi-modal solution is how taken

as the true first best benchmark solution for the Edinburgh strategic model.

4.2  Second-best under current institutions (Intra-modal)

The possible measures in the near future were considered as follows :-

e As public transport is currently de-regulatdte assumption is no control over fares and
frequencies and so no change from the Do-minimum is allowed.

e Simple road pricing systems become available (cordon toll systems 2 and 3).

The results for no road pricing system andl ftax increases are included in the discussion of
results to provide comparisons to no charges arfdlt@overage of users via fuel tax. With no

road pricing system available the optimum package is (as before with an inner cordon) to set the
parking charges to their upper limit of +30G#6ng with the capacity increases and guided bus
infrastructure. This run is reported in tabl2 dlong with the optimal charges for the two cordon

systems given no change in fares and frequencies.

17



Road Pricing System Charge (EurdeEFP (Million Euro)  Percentage of first-

or euro/km) best solution
0. No road pricing system 0 1089 24
2. City Centre cordon Toall 2.5 2002 43
3. Outer Ring Road Cordon Toll 4.0 2421 52
4. Fuel tax increase 0.15 3876 84

Table 4.2 : Optimal charges and benefitspared to the first best solution.

Introducing any of the road pricing systerosnsidered increases the benefits significantly
displaying the key role to be played by pricing aae in the formation of an integrated strategy.
Implementing the city centre cordon toll (with a higbbarge than that used in table 3.2) almost
doubles the EEFP value obtained with no roadimmici.e. guided bus, parking charges and
capacity changes only), but this value remaingelothan the optimal combination with fare
reductions and frequency increases which gavEBERP value of 2344 reported in section 3.5.
However the Outer Ring-Road cordon produces an improvement over the city centre cordon due
to the greater coverage of trips. Finally the application of fuel tax increases (in this case assumed
to be applied at the national level and therefore applies to the whole study area) gives a
substantial increase in the EEFP achieving 84% of thelfest solution. It should be noted that

this increase is equivalent to almost a 170&tdase in fuel price which may not be acceptable as

discussed in section 4.4.

4.3  Second-Best after Institutional reform (multi-modal)

Essentially the institutional reform is to allow regtidn of public transport fares and frequencies.

A second best multi-modal package is found byagghe levels of fares and frequencies in the
peak and off-peak as shown in table 3.2. Eaeld mricing instrument is then modelled in turn

and the charge levels optimised. Table 4.3 shows the results for the cordons and fuel tax. Note
that the optimal charges for the cordon systeradawer than those where no fare reductions or

frequency changes were allowed. This showsatrtain optimal “gap” between car and public

18



transport costs may exist and that the “carraid &stick” may be used to better effect than a

simple “stick” approach.

Road Pricing System Charge (EuroEEFP (Million Euro)  Percentage of first-
or Euro/km) best solution

2. City Centre cordon Toall 2.0 2344 51

3. Outer Ring Road Cordon 3.25 2585 56

Toll

4. Fuel Tax increase 0.15 3647 79

Table 4.3 : Optimum charges witdre reductions and frequency increases

Note that the effect of the fare reductions asrthe whole study area is beneficial to the cordon
toll systems 2 and 3 in terms of increasing EEFP values and reducing charges for car users,
though for the fuel tax system applied to thkole study area the reduced fares results in a

decrease in EEFP value (only 79% of first best compared with 84% in table 4.2).

This result shows the importance of the spatiaverage of the charging instruments in
determining not only the effects on the chargeade but also upon the alternative modes and
their optimal instruments. In other words once thargeable area for caseus is restricted in
some way, then the measure is by definitioorsecond best measure (spatially) and this then

implies the measures for alternative modes may @ compensate for this sub-optimality.

Hence fare reductions accompany cordon tolls haittract car-users to public transport in the
non-charged areas which serves to increase the E&lE® by reducing the environmental costs
associated with car-kilometres. As shown indabll the first best multi-modal option for public
transport was to increase fares and frequenciedl aar users faced ineases in charges in line

with Marginal Cost Pricing theory. In this wéye modes were independent and users’ paid their
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own costs. The fuel tax results confirm tfare reductions are not necessary when all car-users

can be charged.

4.4  AcceptablePricing

Following the FATIMA consultation process witbcal authorities it was suggested that the
maximum road pricing charge for any trip beited to 5 Euro. Thus a strategy is deemed
acceptable when the increasesharges are limited or constrained to be less than 5 Euro. This
was simple to apply for the cordon systems ani@ah the optimal second best charges are lower
than 5 Euro and hence acceptable. The applicafisnch a limit to a fuel tax increase had to be
converted into a maximum rate per km based enldhgest trip in the study area. The longest

trip within the study area was 80 km which implied a maximum rate per km of 0.06 Euro/km.
This is obviously an approximation to an acceptable solution as trips out of the study area may be
longer than 80km. The concept of maximum ckargave rise to an alternative approach based

on a theoretical smart card which imposes a minimum and maximum charge for a trip with a
distance based charge between the minimum and maximum. Figure 1 shows the Smart card
system charges by trip length given a rate of 0.15 Euro/km and minimum and maximum charges

of 1 and 4 Euro respectively.
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System 5: Smart Card charges per km
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Figure 1 : Smart card charges by trip length.

The design of the charging system reflects fterraatives available in the Edinburgh study area
(and could be easily modified to other cities).eThinimum charge of 1 Euro is applied to trips
less than 7 km where reasonable alternatives alléngacycling and public transport. From 7
km to 27 km the charge increases to the maximwel l&f 4 Euro. Within this range there should
be a reasonable public transport alternativéeant in the Edinburgh area (within the outer ring-
road). Trips which are longer than this aregyally to or from the surrounding areas which have
fewer reasonable public transport alternatived aontribute less to congestion per kilometre

travelled.

This slightly more complex system reflect® teneral problems of providing alternatives for

longer trips and would be more acceptable to rural residents. It charges more per km for
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inefficient short trips by car aiming t@duce emissions caused by “cold stdrtsin the mid-
range it charges by use and so retains the majucijple of marginal cost pricing. The capping

of the charge (to 4 Euros) for longer trips is intended to improve acceptability.

Table 4.4 shows the Acceptable package resoittshe cordons, limited fuel tax and the smart
card with service changes as in table 3.2 vidle reductions (system 5) and fare increases

(system 5a).

Road Pricing System Charge (Eur&EFP (Million Euro)  Percentage of first-
or Euro/km) best solution

2. City Centre cordon Toall 2.0 2344 51

3. Outer Ring Road Cordon Toll 3.25 2585 56

4. Fuel Tax Increase 0.06 3172 69

5. SMART Card (Fare reductions) 0.15 4108 89

5a. SMART Card (Fare increases) 0.15 4463 96

Table 4.4: Simple “acceptable” optimal values

Reducing the fuel tax increase to a more acceptab has reduced the benefits to 69% of the
first best solution with the longest chargeable pgying an extra 5 Euro in fuel tax. The smart
card system applied a minimum charge of 1 Euro per trip and a maximum of only 4 Euro per trip
yet it achieves 96% of the first best solution.e®as to bear in mind the limitations of the model
here — the nature of the strategic model meantth®afirst best systerwas restricted to use a
combination of flat rate charges per km fotezralities and link specific charges for congestion
applied in three time periods. As congestiaasvonly present in the central area of the model,
this “limited” first best system allows a mplex “second best” system such as that based on a
smart card to mirror the charging pattern andckealmost reproduce the first best results. A
more complex model coupled with a more comglest best application e.g. charging different

rates for different vehicle types, including a moanplex model of externalities and taking into

% Note that the effects of coldasts are not modelled and as such any benefits from a reduction in cold
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account the “dynamics” within a peak-period maecurately would imply that the relatively

simple smart card system would fall far shodka true first best than reported here.

45 Impact on travel indicatorsand make up of the benefits

The previous sections have compared the systand packages solely in terms of the total
welfare gain as measured by EEFP and the optitmalge levels. This section takes the best
scenario for each system considered and compaeampact on demand for trips, mode split and

average trip lengths.

Figures 2 and 3 show the change in demandrifss and corresponding changes in average trip
lengths for total trips, car trips and public transport trips for each type of pricing system
considered. All systems reduce car trips amdeiase public transport trips. All systems reduce
the average trip-length by car except the céntre cordon which induced routing around the
centre. The average trip length by public tpows is increased for all systems. The fuel tax
increases have the largest effect on mode split aBeitts all trips in proportion to their trip
length, whereas the first best and smart card syltesa lower charges for the longer trips within

the study area.

Figure 4 shows the composition of the welfare gain EEFP by the main categories and translated
into Euros per capita per annum. This illugisathe benefit for the first best system as around

390 Euro per capita per annum compared to 188 er capita per annum for the inner cordon.

starts would be in addition to those estimated within the EEFP calculations.
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Figure 4 : Benefits by recipient category

The environmental and safety benefits are positive for all scenarios and systems and represent
between 20-30% of the total net welfare gain.e Bnvironmental benefits are closely related to

the reduction in car-kms and hence increase initteased coverage of the charging system.

Travellers’ monetary benefits are negative amtease with coverage of the system, however
these become less significant in aggregate asdwegel out with the transfer to government and
operators. The graph shows the magnitude ®itlbney transfer from travellers to government
under first best conditions. Thus the success of such a system would depend largely on the
assumptions about revenue recycling to ensure ttuéfy of the charges imposed. An analysis
which takes the total monetary benefits alone hides the distributional issues between modes and
between car users themselves, e.g. with the iom@lon fares are reduced and only those drivers

passing the cordon pay an extra charge.

25



All systems give positive and similar time bétethough this does not distinguish between
public transport and car user time benefits.e Plblic transport operators’ profit is positive for

the first best and smart card systems whianegased fares and services whereas the profits are
negative where fares have been reduced and thus require some subsidies from the toll revenues

collected.

The shadow value of public funds surplus fornsgaificant element of the welfare gain for the

first best system and for the smart card system. The value is related to the amount of revenue
generated which in turn is depment upon the coverage of the systems. Sensitivity tests showed
that if the shadow price were reduced to zeemttine total welfare gain is reduced by over 30%

in the first best case, however the time and emvnrental benefits remained almost constant.

4.6 Other impacts

In terms of spatial effects, the first best syswmould by definition be the most equitable system

as each user pays their own marginal costse dffect of tolled cordons is to create boundary
effects with the small city centre cordon hittittgpse who reside within the cordon more than

those who reside outside of the cordon; basically the cordon is small enough to allow routing
around the charged area. The larger cordon affects those outside the cordon as the cordon is large
enough to allow free movement within the area and to limit the opportunities for re-routing
around the cordon. The fuel tax system affelttaraas but the effect increases with average trip
length or for those living in the outermost esn The use of subsidies for public transport
services in general appears to be equitableisf #issumed that the lower income groups are the

majority of the public transport users.
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The effect on “other sectors” is largely dependent upon the assumptions made about the method
of recycling of revenues generated and uponatimeunt of revenue generated by any system.
Table 4.5 shows the present value of fina(fe€F) and the equivalent amounts which would
have to be recycled on average to each hous@eoldnnum if all the surplus was ear-marked for

the study area.

Road Pricing System Charge (EurdPVF (Million Euro)  Amount recycled per

or Euro/km) household per
annum (Euros)

2. City Centre cordon Toall 2.0 377 65

3. Outer Ring Road Cordon Toll 3.25 1172 201

4. Fuel Tax Increase 0.06 1026 176

5a. SMART Card (Fare increases) 0.15 6110 1050

1. First Best Variable 6341 1089

Table 4.5 : Comparison of PVF and amounts recycled per annum.

The amounts recycled to each of the 517 thousand households in the study area under each
package or system are directly related to thgnitade of the Present Value of Finance (PVF) so
that under the first best system a household would receive over 1000 euro per annum compared to
65 euro per annum under the inner cordon systens siows that the system used can influence
whether or not the transport sector should beidensd as a means of reducing the distortions in

the tax system.

The revenue generated under the first best solatimhthe smart card system is far greater than
that under the cordon or acceptable fuel taxtsmia and the assumption that all revenues should
be recycled into transport projects (as suggestdde UK) would clearly be impractical. One
suggestion is to limit spending on transport projezthose which are economically justified e.g.
the guided bus infrastructure development as temtlén this case study and to use all other

revenues to either reduce labour taxes or &bime way compensate users via some lump sum.
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In addition the large amounts which would havéd¢orecycled under the first best system have
implications for modelling any behavioural respes (as all households may expect to receive a
significant lump sum or tax reduction). ldedlhe revenue recyclincheuld be modelled within

a consistent framework, however this was matsfble with the current model and so the users

could not use any recycled revenue to pay for their intended trips.

5. Conclusions

The introduction of a road pricing system hseen shown to significantly increase the social
welfare of the residents of Edinburgh and to play a key role in creating an “integrated” strategy.
However forming the optimal “integrated” strategguires alternative systems to be considered.
Whilst optimisation procedures can find the optimedtsigy for a given set of instruments, it has
been shown that the selection of which instemts to include in the process can be more

important than the optimisation process itself.

The first best multi-modal solution gives substdialfare benefits to the system as a whole and

can be used as a benchmark to judge other more practical systems. Simplifying the charging
systems to be cordon based provides opportunities for realistic implementations but not without
pitfalls. Limiting the spatial coverage ofetltharging measures by implementing cordons, by
definition creates second best systems. Diffes@néd cordons have been shown to have
different effects on those living inside and outside cordon. The use of small city centre toll
cordons can create boundary effects and increase average trip lengths due to re-routing effects.
Larger toll cordons can also have boundary effects, though if large enough they have little

adverse effect on those residing within the area.
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Where coverage of private car is limited, e of fare reductions and frequency increases in
conjunction with these second best cordon systems can improve the social welfare further and
allow lower optimal charges to be applied. wéwer use of such subsidies is straying from the
principle of the user pays. The choice of system for one mode may imply another mode should

become second-best to increase arelffor the system as a whole.

Applying a simple rise in fuel tax provided resulikich were 84% as effective as the first best
system. This simple system would be easy to implement but would mean adding approximately
1.5 Euro to the price of one litre of fuellrfast 170% increase) which is unacceptable in the
current political climate. The major criticisof the fuel tax increase would come from rural

residents and long distance goods operators.

Applying simple acceptable limits on the parkicigarges and road pricing charges reduces the
social benefit for all systems compared @0 unconstrained package as expected. The
introduction of more complex systems with minimum and maximum charge levels increases the
benefits to 96% of the first best total lfeee gain whilst maintaining the same acceptable
maximum charges. This suggests that using a minimum and maximum charge level via a smart

card system is perhaps the way forward ratifi@n using some simple cordon structure.

However the nature of the strategic model meantttieafirst best systemvas restricted to use a
combination of flat rate charges per km fotezralities and link specific charges for congestion
applied in three time periods. As congestiasvonly present in the central area of the model,
this “limited” first best system allows a mplex “second best” system such as that based on a

smart card to mirror the charging pattern analceealmost reproduce the first best results.
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In addition the large amounts which would havebto recycled under the first best (or near)
system have implications for modelling any babaral responses (as all households may expect
to receive a significant lump sum or tax redoig}i Ideally the revenue recycling should be
modelled within a consistent framework, howetlas was not feasible with the current model

and so the users could not use any recydednue to pay for their intended trips.

Further research is required in terms of nilotg the behaviour of users post-recycling in
conjunction with research into the actual possibilities for revenue uses under different
assumptions about the levels of revenues collecteédrthermore the generation of alternative
instruments to be considered within an gntded strategy requires further work as key
instruments such as those presented here for r@adgocan give significantly different results in

terms of welfare gain.
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