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Executive Summary

The GRACE project aims to support policy makers to develop sustainable transport systems
by facilitating the implementation of pricing and taxation schemes that reflect the costs of
infrastructure use. This deliverable falls within GRACE Woudizaye 4; research on the
appropriate degree of complexity in transport charges. Its purposeliawoconclusions on

the optimal degree of complexity in transport infrastructure chargbes deliverable
concentrates on the passenger market in the rosmt.sec

This Ddiverable draws on the results o$urveys which used a specially designed
guestionnaire t@xplore user response to complexity in road user charges (Task 4.3nand
modelling work to identify optimal levels of complexity in road user chargesi 4.4). It
builds onour initial consideration of the sensitivity of estimates of optimal charges to
variation in city structure, demand characteristics and model specification (Task 1.8m) and
our review of current and projected use of complex clsarrgéhe road, rail, airport and port
sectors (Tasks 4.1 and 4.2).

Section lof this Deliverable offers definitions of optimal complexity asdmmariseghe
tradeoff between the theoretical advantages of highly differentiated charges and the practical
problems that such differentiation might brirections 2 and 3 describe, and report findings
from, survey work conducted in the UK, Germany and Greece. Sections 4 and 5 describe, and
reports results of, modelling work. Finally, Section 6 draws conclusiartee optimal level

of complexity from a variety of perspectives and makes appropriate pmtidyresearch

recommendations.

Work reported in Deliverable 2 concluded that the questionnaire should be designed to
provide information on the particular aspectgrice differentiation which users perceive as
contributing to complexitypn the behavioural responses to perceived complexity,cand
whether behavioural response to a given degree of complexity of charges can be represented
by appropriate adjustmenf the (true) chargesDeliverable 2similarly concluded thathte

modellingwork should allow for a wide range of behavioural respoasesshould explore



the performance of a transport system characterised by charges with different degrees of

complexity.

The design and content of the questionnaire emerged after consideration of the overall
objectives and was influenced by that of a questionnaire with similar objectives being
developed by ITS for the UK Department for Transpoftie basic concept was thtite
guestionnaire would ask respondents to indicate their understanding of, and likely response
to, a complex charging scheme which they had had time to study. It was therefore designed to
be conducted in two stages. The first stage questionnaire wastausstteen suitable
respondents, to gain an insight into the type and characteristics of a regular journey they were
making, to obtain data on some personal characteristics and attitudes, and to see whether they
would take part in a further telephone iniewv. The stage two questionnaire was conducted

by telephone after the respondents had had an opportunity to study a charge scenario and
consider their possible responses to it. The second set of questions sought more detail about
t he r espon ¢oermey @&d, moseigportaatly, asked them to estimate the charge
that they would incur and to indicate their likely response to it. Additional questions probed
the reasons for any reluctance to consider alternative travel arrangements and covered a wide
range of related issues including: the confidence they had in their ability to estimate both
existing costs and the proposed charges, the reasons for any difficulty they had had in

estimating the charge and their attitude to uncertainty.

Surveys using thiguestionnaire were implemented in Newcastle, Cologne and Thessaloniki
in the second half of 200&nalysis of the data collected with this questionnairevided
some very interesting insights and allowegaantification of several aspects of response to
complex charges that had not previously been studied in such detail. Among other findings
the following are perhaps particularly relevant to the current investigation:
- respondents were not able to produce accurate estimates of their current motoring
costsor trip distances and were themselves aware that this was the case;
- substantial proportions of the sample cl
deal when dealing with everyday household bills and that they did not normally think

about the costsfalternative travel routes;



- although most respondents claimed that they found the charge scenarios easy to
understand, many were unable to estimate the charge that they would incur on their
regular journeys and most of them recognised that this wasske c

- charges that were a function of distance travelled seemed to be particularly difficult
for people to predict;

- respondentsvho said that they had found the charges difficult to predict were likely
to be less certain about their likely behavioural respo

- many respondents said thaven if charges were introducethey would not bother
to think seriously about alternatives to their current transport arrangements because
they felt they had no choige

- many respondents said that they would not thinkossly about alternative travel
arrangements unless the charge represented a significant daily sum and that, at lower
levels, the effort required to think about it was not worth it;

- most of the respondents who said they wexgy likely to continue withtheir existing
travel arrangementsad said the charge was too low to warrant serious consideration
of alternativesand.

- most of our respondents showed an aversion to uncertain chiatig@sgh a minority

seemed activelto berisk-seeking

The questionaire datavas used to specify and calibrate models of response to cHarges

use in the next stage of the workithough there was some support for a model which
explicitly recognised the process of disengagement (whereby people elect not to make a
seriaus effort to consider the implication$ a new charge) as a precursor either to a heuristic
response or a more considered evaluation, that model did not perform well enough to justify
such a radical departure from conventional practice in the next stabe work A fairly
conventional logit modelvastherefore used to capture the likelihood of each of a series of
behavioural responses to complex charges. These models suggested that the responses were
influenced by the size of the charge (although tcessdr extent than is implied in a
conventional elasticity model), by the age, gender and income of the trip maker, and by the

purpose of the trijp with mandatory trips being less affected than discretionary trips.

Vi



The next stage of the work involved tbenstruction of a network modelling pack&getest

the performance of charge regimes with different degrees of complexity. The package was
built around the SATURN assignment model, a charge estimation module, and a demand
response module which, betweeerthpredicted an equilibrium level of network conditions,
charges and demand. The demand response module differed depending on the complexity of
the chargeseing studied; responses to complex charges were predicted using the logit
models calibrated on thquestionnaire results while responses to simple charges were
predicted using a conventional elasticity modéie most complexhargeregime had link
specific charges based on the environmental externalities associated with traffic using that
link plus a targe based on the increment to congestion caused by an additional vehicle using
that link at the current demand level. A range of simpler charging regimes were derived from
this fully complex specification.

A number of different charging regimes weretéelsusing this network modelling package

and several very interesting results emerged, of which the following are particularly relevant

to the question of optimal levels of complexity:

- The complex charging regime produced larger revenues and greateriomesiuct
externalities than any of the simpler regimes but produced lower benefits even before
allowing for the less precise response to the pricing signal and the higher costs of scheme
operation.

- The underperformance of the complex regime wasn greatewhen allowance was
made for the less precise response to the pricing signal and the higher costs of scheme
operation.

- The basic underperformance of the complex regime seems to be related to the fact that it
was based on linkpecific charges which, whileducing congestion, encouraged the use
of longer routes and so led to an increase in vehicle operating costs.

- We note in this context that, because users do not perceive their current operating costs

correctly, their response to supposedly optimal cleavgh not be efficient.

The Deliverable includes detailed discussion of a number of issues related to our

methodology most notablythe limitations & our network modelling package and the

vii



difficulty of predicting longer term responses using our quesdosa method. The

implications of our findings for other modes and sectors are also discussed.

Ourwork hasimplications for policy and we draw the following conclusions:
- A close match between costs and behaviour cannot be expected in the short term and
thus theras thus little reason tointroduce highly differentiated charges unless they
are likely to remain stable for a considerable period of time.
- The #Aopti mumod degr ee caiallycoo thp policy bbjegtived e p e n d
used to define optimum If the objectivevasto maximise net benefitshe complexity

~

associated withsome link-specific A mar g i n adthargesois tlikely to be
counterproductive and a much simpler charging regime is likely to perform much better
If the objectivewasto maximise nerevenuethe optimal degree of complexity may be

beyond that which is justified, even in theory, by marginal social cost pritfinige

objectivewasto minimise externalitiest would bei mpor t ant t o maxi mi se

to understand the pricinggsal and so the optimal degree of complexity is likely to fall
some way short of the full extent of complexity implied by social marginal cost pricing.

- The optimal degree of complexity will depend on the type of simplification
envisagedand a charging regne that requires people to deal with more than one
dimension of complexitys particularly likely to result in an imprecise adjustment of
behaviour to the pricing signal.

- The use of a complex pricing regime with high average charges could vyield
significant revenues This is because ¢hsensitivity to the actual charge is reduced
when the charge structureasmplex

- If people can be assistedo estimate distances, distancébased charges appear to
offer the prospect of high benefits at relatively low costsThe implication of this
result is that, to the extent that fuel consumption is a proxy for distance travelled and
environmental externalitie®verall benefits might be increased more simply and- cost
effectively byincreasing fuel taxethanby introdudng a wholly new form of road user
charging.

- The optimal degree of complexity may depend on the level of fuel taxes assumed to

co-exist with the new charges.

viii



Our findings also have implications for future research and we draw the following

conclusions:

More research is required to explotige factors thatmake one price signal more
Acompl ex o0 t(soreenwork alreadyh underway in the DIFFERENT project
should adressthis) but further investigation of behavioural responses to uncertainty is
also requed.

It would be useful taise the questionnaire tmllect more data on responses to simple
charges.

It would clearly be desirable, when the
responses.

Further efforts should be devoted to developind &estinga two-stage representation of

the response processggested by our questionnaieefirst stage during which people
decide whether to think carefully about the options available and a second stage which,
depending on the result of the first,dased either on a heuristic or on an evaluative
consideration of the alternatives.

Further dforts should be made to develop a network based representation of the
performance of time varying tolls but note that this is a-tmwal problem because of

the possibility that such a regime would cause queues to migrate forward in time and
that there might be no convergent solution.

There is also a case for further modelling work to explore the extent to which the
optimal level of complexity varies depending the characteristics of the network and

of the population of travellers.

An important conclusion from our network modelling work was tb#is designed to
optimise levels of congestiozan not perform wellunless they recognise the fact that
users do nobase their decisions on an accurate assessmeshiule operating costs
There is clearly a need for some further theoretical work to define a toll which
recognisesthis kind and to operationalise the calculation of such a toll within the

context of a network model such as SATURN.

It would be very useful to test our speculation as to the relative performance of complex
and simple charges in the context of fuel taxes which were reduced to preserve revenue

neutrality or were abolished altogeth



- Our work concentrated on the performance of urban networks dominated by peak hour
passenger traffic. Further work is obviously required in other transport sectors where the
behaviour of actors, the nature of externalities and the costs of scheme emigieom
are quite different. Some interesting insights for the transport sector may be found in the
utilities sector where the market solution appears to be provision of a range of levels of

complexity to suit the needs of a range of customers
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1. Introduction

1.1 Background

The GRACE project aims to support policy makers to develop sustainable transport systems
by facilitating the implementation of pricing and taxation schemes that reflect the costs of
infrastructure use. Fivareas of research are covered within the GRACE project:

1. Case study research to address gaps in the existing level of knowledge of marginal
social costs for road, rail air and waterborne transport,

2. Development and refinement of methods to enable the usarsport accounts as
monitoring instrument for the implementation of transport pricing reform in an
enlarged Europe,

Innovative research on the appropriate degree of complexity in transport charges,

4. Guidance on the marginal social cost of the diffemaodes of transport in specific

circumstances and on simple and transparent methods for determining charges,

5. Modelling the broad socieconomic impacts of pricing reform.

This deliverable falls within the third area of GRACE work; research on the aimpri
degree of complexity in transport chargéask 4.4 is primarily concerned with identifying
optimal complexity within road user charges, but is also due to make some statement about
optimal complexity in the rail, airports and ports sectors. The streiaf the deliverable
reflects the fact that the project is expected to do more analysis in the road user sector than in

these other sectors.

This deliverablebuilds on Deliverable 2 whicprovided a position statement, at a relatively
early stage in #h project, to inform our subsequent woiReliverable 2 suggested that
although there was a theoretical case for considerable diff#ientof pricesmost existing

road charging schemes are not very complex and that, where there is differentiatiolf much
it can be ignored by the drivér at least in the short term (e.glthoughthere is some
differentiation by vehicle typepurchasing a new vehicle it is unlikely to be a short term
decision). For most drivers, the only decisions likely to influene& #xposure to charges in

the short term relate to their route (to avoid charge points), their time of travel (to avoid peak

charges) and their mode of payment (to benefit from discounts).
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It is suggested that, as our ability to assess the marginall soss imposed by each
individual usey and to levy an appropriate charge on thaer becomes practical and
affordable, it will become increasingly important to understand Bgstemusers might
respond to such differentiated charges. Will they be &bbmticipate the charges and adjust
their behaviour accordinglly or will they base their behavioural choices on some-tless

perfect understanding of what the charges are likely to be? If their responses do not fully
reflect the differentiated chargesither because thegannotaccurately anticipate them or
because thegisengage from the process of attempting to do so, then adffad@y exist
between the theoretical advantages of highly differentiated charges and the simplicity required
to allow irdividual users to respond effectivelyhese issues are particularly important in the
context of road user charges because, unlike most other transport infrastructutesgrthe
likely to be faced with infrastructure charges is an individual travelleerdahan a corporate
organisation with, presumably, the ability and motivation to assess the moiffeoste

response to complex charges.

Major componerstof Task 44w r e t he coll ection of data on
road user charges andethise of models calibrated on this datanmdelthe performance of

road user charges of differing degrees of complexitlge intention was to use this model to
explore the tradeoff between highly differentiated charges (which reflect marginal social
costs) and simpler charges (which are likely to be more economical to implement and easier

for users to understand).

1.2 Structure of the Report 1 and Division of Responsibilities

In Section 1 theDeliverable offers definitions of optimal complexity asdmmarises the
tradeoff between the theoretical advantages of highly differentiated charges and the practical
problems that such differentiation might bring. Sections 2 and 3 it describes, and reports
findings from, survey work conducted in the UK, @any and Greece. In Sections 4 and 5 it
describes, and reports results of, modelling work. Finally, in Section 6 it draws conclusions
the optimal level of complexity from &ariety of perspectives and makes appropriate policy

recommendations.
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This Deliverable has been compiled at the Institute for Transport Studies at Leeds University
under the principal authorship of the work package leader (Peter Bodsaémy Shires
organised implementation of the survey in Newcastle, conducted the analysis of the
guestionnaire data, and ran the logit modélsna Beckerand Heike Link organised the
surveys in ColognePanagiotis Xanthopouloend PanosPapaioannou organized the surveys

in Thessaloniki, and Dong Ngoduy implemented the network modeling packRager
Bonsall was responsible for the specification of the UK survey and of the network modelling
work, and for the interpretation of results.

1.3 Definitions

|t is perhaps useful at this point Inttlhe def i n
current coh e X t Aoptimal 6 is taken to mean fAmost
efficiency of a given pricing regime ought to referalbthe costs and benefits that flow from
that regime. This would include:
- the net reduction in externalities resultimgrh changed behaviour caused by imposition
of the charges;
- the net change in user benefits resulting from changed behaviour caused by imposition of
the charges;
- the costs of implementing and operating the pricing regime; and

- the compliance costs imposed thoseusers whare subject to the regime.

Most authorities argue that optimal charges should be based on marginal social costs. In
practice marginal social cost pricing may leave infrastructure operators in deficit and in such
circumstances optimal depares from marginal social cost pricing, such as Ramsey Pricing

and multipart tariffs, may be justified.

To the extent that marginal social cost pricing exists outside the mode under examination,
partial analysis of a single mode of transport is justifietherwise, the net change in external

costs and benefits should be measured across all affected modes and sectors, rather than be
restricted to that within which the charges operate, and should take account of long term as
well as medium term costs abdnefits. This would imply consideration of the consequential
implications for all sectors of economic and social endeavour and speculation on the long

term costs and benefits associated with, for example, consequential changes in the patterns of

3
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landtuse and industrial activities. Such an approach would, in the context of road user
charges, need to consider issues such as: the cost of providing adequate capacity on
alternative modes; the implications for industry and the public services of any change in
peopl edbs preferred journey timings; the 1|ikel
and housing; the costs of providing and operating the infrastructure required by the new land
use patterns; and the implications of any such relocation forefuravel patterns. The

required analysis would be difficult, speculative at best, and well beyond the current state of

the art.

Most analyses of optimal transport prices are more modest in scope! They tend to concentrate
on shortrun marginal social costnd limit themselves to one modenaking the assumption
that any alternative modes will already be optimally priced. For sound practical reasons we

propose to follow this convention.

Ignoring problems posed by administrative costs, complexity and oties gistortions,
system efficiency is likely to be maximised if the charges that are imposed on activities are
equal to the net external costs attributable to those activities. In theory, given the fact that the
cost drivers are many and various, the idderge structure might be highly differentiated.

For example,as discussed in Deliverable &, might be appropriate to charge road users
different amounts depending on factors such as type of vehicle, current level of congestion,

current meteorologicadonditions, riparian land use and road capacity.

Although theoretically desirable, complexity can bring problems. For example:

- if the costs of maintaining a complex charge structure outweigh any additional benefit to
be gained through more finely adjustezhaviour;

- if the charge becomes so complex that users have to devote significant resources to
predicting them; and

- if the complexity makes it impossible for users to predict what the charge for a given
activity would be and leaves them unable to optiniedr behaviour in the light of the

charges.

Our interest in the optimal degree of complexity involves seeking the bestoffdustween
the theoretica(efficiency and equity relateddvantages of highly differentiated charges and
the practical problem that such differentiation might bringn common with previous

researcherée.g. Newberry, 2002we would expectheoretical effectiveneds increag with

4
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complexity (probably at a decreasing rate) wltitee costs of operation are likely to increase
with scheme complexitgprobably at an increasing rat&he extra factor which we consider
is that compliancewith the pricing signals likely to decrease with increasing complexity
(probably at an increasing ratend will tend to further reduce the optial level of

complexity Figure 1 seeks to summarise this tradieby showinghow, when the achievable

benefit curve allows for imprecise compliance with complex charges, the optimum degree of

complexity (benefitt cost ofoperation)occurs at a lower levef complexity.

Figure 1: The Trade-off betweencomplexity and effectiveness

Costs of System operatign Achievable Benefits

(a) assuming precisempiiance

(b) allowing for imprecisecompliance

costs, benefits

¥ ¥ » complexity
optimum allowing  theoretical
for imprecise optimum
compliance

There exists a spectrum of complexity ranging from extreme simplicity (a constant, universal

and well publicised charge which applies to all usersall circumstances) to extreme

complexity (a multitude of charges applying to different users in different circumstances

which require users to access a considerable amount of information in order to determine

what charge would be payable in a givemaiion). Factors tending to increase complexity
include:

- the number of dimensions on which the charges vary (e.g. time, location, type of vehicle,

date of payment, met hod of payment éé) ;
- the number of charge levels in each dimension;
- the extent of any caltations required to estimate tlkibarge €.g. is the relevant charge
fixed, or, if it is a function of one or more variables, is that function linear, geometrical,

piecewise, arbitrary or composite?);
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- the number of discounts and exemptions; and
- the total mmber of charge levels to which a given user might be subject (i.e. excluding

dimensions or discounts which are obviously not relevant for that user).

A distinction may be drawn between the objective complexity (as outlined above) and the

Aef f ect lexityewhichciowhat people perceive and what influences their behaviour.

Effective complexity reflects the degree of difficulty which would confront users seeking to

estimate charges in a given situation. It will be higher in situations such as tharfgllow

- when the underlying charge structure is no
|l evel s of congestion experienced at a give
based on the degree of environmental sensitivity, and a given structurbewitiore
Aobviouso i f it is wel/l publicised and has

- when the clues which indicate that a given charge band applies at a given location or at a
given time are obscure (in t-hheeso®nmieght oifn
class droad, presence of physical barriers or presence of deliberate signing);

- when it is difficult to access information on the factors which affect the charge level in a
given situation (e.g. on the usual level of congestion at a given location); or

- when dession-making aids (such as tariff tables or specialist softwaretxbased or
residing in a personal computer or-board unit, designed to calculate charges) are

unavailable or difficult to access.

We note that theptimal degree of complexitgepends omelative slopes of the curves

Figure land that tk difference between the two achievable benefits cusvédsely to depend

on the dimension of complexity being considered. For exaniplene is considering
complexity in the spatial dimension, thiefge of theoreticaéffectiveness curve will depend
ontheextent to which externalities vary in space and the slope of the achiecahdiance

curve wil/| depend on the usersdé6 ability to
On the other had, if one is considering complexity in the temporal dimension, the slope of
theoreticaleffectiveness curve will depend on the extent to which externalities vary through

time and the slope of the achievableo mp |l i ance curve wil ltytodepend

predict and respond to charges that vary temporally.
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2. The Survey

2.1 Design and Content of Questionnaire
2.1.1 Overall objectives

Work reported in Deliverable 2 concluded that the questionnaire should be designed to
provide information orthe particular aspects of price differentiation which users perceive as
contributing to complexity, the behavioural responses to perceived complexity, and whether
behavioural response to a given degree of complexity of charges can be represented by

approprate adjustment of the (true) charges.

In Deliverable 2 it was concluded that the questionnaires implemented within Task 4.3
should, if possible, be designed to provide information on the following:
¢ the behavioural responses to complexity
¢ the particularaspects of price differentiation which users perceive as contributing to
complexity;
¢ the existence, or otherwise of any recognisable thresholds in a spectrum of complexity

and whether, in terms of its influence on behaviour at the population, level

ficompe xit yo can be regarded as a binary var

complexX)i i n which <case what degree of compl e

whether complexity must be regarded a®atinuous variablé in which case what is
the metic?

e the extent to which responses to complexity in charges differ significantly according
to the characteristics of the individual decision maker;

¢ the extent to which behavioural responses to a given degree of complexity vary with
increased experience f@edback;

e whether,in a model the behavioural response to a given degree of complexity of
charges can beapturedoy adjustment of the (true) charges. For example:
-by addition of a fApenaltyo to the true
- by multiplying the true price by a penalty
- by addition of a random element to the true price term

- by multiplying the true price by a random element.

It was recognised that some of the above may prove difficult or impossible to achieve.
7
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This implies that, in order to predict the impact of chargeplexity on behavioural

response to road user charging, information will be required on:

- the particular aspects of price differentiation which users perceive as contributing to
complexity;

- the existence of different degrees of complexity:

- whether, interm® f its influence on behaviour at
can be regarded as a binary variable (i.e. a tariff is either simple or it is comprtex)
which case what degree of complexity qual.@

- whether complexity must be ragled as a continuous (linear or piecewise) variale
which case what is the metric?

- whether, at the population level, the behavioural response to a given degree of
complexity of charges can be represented by appropriate adjustment of the (true)
charges or whether it would be necessary to attempt a more direct simulation of the
heuristics being used by individuals. For example, can the aggregate effect be
adequately represented by: addition of a i
price bya penalty, addition of a random element to the true price term, or multiplying

the true price by a random element?

Ideally, information would be gathered on the extent to which the behavioural response to a
given degree of complexity varies with incredig@xperience or feedback. However, given the
difficulty of replicating learning processes within a questionnaire context, this may not be

feasible.

2.1.20verall Structure

The design and content of the questionnaire emerged after consideration of thik over
objectives and of the practicalities involved in meeting such an ambitious agenda. It was
influenced by that of a questionnaire with similar objectives being developed by ITS for the

UK Department for Transpo(Bonsall et al, 2008).

The basic conceépwas that the questionnaire would ask respondents to indicate their
understanding of, and likely response to, a complex charging scheme which they had had time

to study.
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The questionnairevas designed to be conducted in two stages. The first stag@ognase

was used to screen suitable respondents, to gain an insight into the type and characteristics of
a regular journey they were making, to obtain data on some personal characteristics and
attitudes (age, sex, attitude to complex prices), and toveether they would take part in a

further telephone interview.

At the end of stage one, the information gathered was used to determine which of several
alternative charging regimes should be allocated to each respondent who had indicated a
willingness b take part irstagetwo. The different schemes (3 in the UK, 5 in Germany and 3

in Greece) varied in terms of the area covered and the structure of the charges (e.g. time
periods, whether per kilometre or at a cordon, etc) but all were deliberately go(®piee
examples are attached in Appendix The allocation of schemes to respondents nanded

to ensure that respondents received a scheme that was relevant to their regular journey and
presented them with a degree of complexity. Subject to thatrmweg aim, an effort was

made to avoid any particular correlation with any of their personal characteristics or attitudes.

The stage two questionnaire was conducted by telephone a few days later, after giving the
respondents time to study the chargsiepeme and consider their possible responses to it. The
second gquestionnaire sought more detail abo
importantly, tested their understanding of the charging scheme and asked them to indicate

their likely responséo it.

2.1.3 Content of Questionnaires

StageOne Questionnaire:

As described above the purpose of thisgewas to establishthe key featuresof the
respondents j our neys to enable the allocation of
ensure arepresentative sample. It was a relatively short questionnaire and fairly straight
forward to complete. In the UK it was conducted via a face to face interview, whilst in
Germany it was completed over the phone. In Greece it was initially conducteaséisback

survey but when initial response rates were poor this was switched to a combination of
telephone and face to face interview$she UK version of the questionnaire, presented in

Appendix I, contained the following elements:
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1. Screening questions(identifying whether the interviewee was a car user, making
regular journey through the charging zone and paying for that jodrney)

2. A description of the journey (origin, destination, frequency, purpose, approximate
length etc)

3. Details of the arrangemernitsey would make for their regular journey if their car was
not available:

4. Personal characteristics and attitudes (gender, age{estimate}, effort expended in

getting value for money in netmansportcontexts, value of time)

StageTwo Questionnaire:
This was considerably longer than teageone questionnaire and was less straight forward to
complete. The questionnaires were conducted using CATI (Computer Assisted Telephone
Interview) software in both the UK and in Germany, whereas in Greece a combuofaace
to face and CATI interviews were used. The UK version of the questionnaire, included as
Appendix I1,contained the following elements:
1. Background socikeconomic informationi age factual}, household characteristics
including income and car ownerphi
2. Perceived characteristics of current travel arrangements (estimates of current cost,
distance, and duration. estimates of fixed costs of car use. Confidence in those
estimates).
3. Perception of congestion charge (estimate of congestion charge they haveldo
pay to make the journey identified in the previous questionnaire (a) assuming no
change in travel arrangements and (b) assuming various specified changes in travel
arrangements {e.g. travelling at a different time, by a different route etc}. @ocfd
in those estimates).
4. Likelihood of each of a series of behavioural responses (no change, change route,

change time, change mode, reduced frequency, share car, etc).

! Theinitial screening sought respondents who:

(a) drove their own car to a specific destination from their home address a distance of at
least 3 miles, between 7.30 am and 9.30 am in the UK & Greece, and between 7:00 am
and 17:30 pm in Germany, on a regular béatideast once a week);

(b) paid the costs for any of these journeys out of their own pocket (with no
reimbursement from employers or the taxman); and

(c) entered or passed through the congestion charging area when making the journeys
outlined in (a).

10
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5. Exploration of effect of complexity (assessment of complexity of the charges, dffect o
less complex charges, willingness to pay to avoid complexity).

2.2 Implementation of the Questionnaire

Although the key questions remained largely the same in all versions of the questionnaire,
some differences were introduced into the German andk@egsions to reflect background
factors such as differences in currencies, road networks and cultural aspects. In some cases
this led to a reordering of questions or to the exclusion of certain questions. These differences
should not unduly restrict theverall analysis of the resulting datasets but will affect the
detailed interpretation of the answers to some questions.

2.2.1 Implementation in the UK

The UK survey took place in and around Newcastle upon Tyne, a major regional city in the
North East ofEngland with a population of around 250,000 within the city boundaries and
which forms part of the wider Tyne and Wear region which has a population of over 1
million. (for more detail see

http://www.statistics.gov.uk/census2001/pyramids/pages/00cj.asp

or http://www.statistics.gov.uk/census2001/pyramids/pages/2d.asp

Other cities had been conered, but it was felt that Newcastle was the best choice given the
co-occurrence of the following factors: the existence of congestion (making congestion
charging a credible idea),; the populationso
aware ofthe toll levied on vehicles using the strategic Tyne Tunnel); the ease with which
charging zones could be defined; and the possibility of conducting the survey work without it

being confused with any other charging proposals.

A pilot survey was carriedut during August 2006 to test the questionnaire methodology and
the suitability of the questions. Good feedback was received and the main survey was
conducted between September and December 2006. The majority of respondents were
recruited orstreet at keylocationsi with the first stage interviews conducted in nearby

buildings (attempts to recruit via destep interviews were abandoned due to low response

11
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rates). Strict quotas, reflecting the age and gepd#file of theTyne & Wear region, were
imposedon the sample. A £10 shopping voucher was offered as an incentive for the
completion of both questionnaires) A total of 318 people completed stage one of the
guestionnaire and agreed to take part in Stage 2.

All 318 people were mailed a cover letteresvfdays before the CATI interview along with a
description of the charge and a set of showcards to help them answer questions during the
CATI. The type of charging scheme they were allocated was dependent upon the journey
they currently made and whetharmot it passed through the city centre. Effort was made to
ensurethat the allocation of respondents to eacthe three charging regimesould be

balancedn respect of soci@conomic characteristics

Although 318 people agreed to participate in Stagev@n after several rounds of call backs
only 60% of these people (189 in all) had completed Stage two to a satisfactory level.

The UK data is reported more fully in Shif@907).

2.2.2 Implementation in Germany

In order to enable a comparison witte British survey, a city with approximately 300,000
inhabitants and some congestion problems was sought. Only a few large German cities have
serious congestion problems and all of these have populations greater than 500,000

inhabitants. In the end Cagjae was selected, with a population of around 1 million people.

The implementation of the German survey differed slightly from the UK in Al -
telephonesampling was used to recruit tistéageone sample As in the UK, the survey
company was instruetl toensurethat the allocation of respondents to each the three charging
regimes would be balanced in respect of seconomic characteristi¢i this caseageand

gender)

2The ADM (Association of German Market Research Institutes)dedined the Gabler/Hader
method as the standard procedure for telephone surveys in Germany. This method enables a
phonecode sampléo be drawrnwithout bias, independent of th&igtence of an entrin the
telephone directorgnd ofthe density and frequency of entries.

12
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Initial pilot studies were held in late August, Z)Qo test for comprehengness and
plausibility, with thestageone interviews starting in earnest in October of that year. A total

of 410 people were recruited in this initial CAJtageand also indicated they would complete

the stagetwo CATI. As with the UK, information matial was sent out beforehand to
potential respondents and comprised of a cover letter, a description of the charge and a series
of showcards. An allocation protocol was used to make sure that the components of the
charging schemes matched with the chamstics of the most frequent journeys. A total of

210 completed CATI interviews were obtained.

The German data collectionrsported more fully irBecker and Link (2007).

2.2.3 Implementation in Greece

Thessalonikiwas chosen as the area to implemidet survey in Greece. Thessalonikithe

second largest city of Greece, with population just below 1 million and was deemed suitable
because of its size and the severe congestion problems it faces. In addition the city can be
bypassed by a ring road aridMas felt this allowed the creation of a credible pricing scheme.
Greekdrivers arealreadyfamiliar with road user charging ime form of road tollsbut they

respond with hostility to the idea that congestion charges might be introduced.

The questionaires used instage one and two were translated directly from the UK
guestionnaires. Pilot studies were undertaken beforestagéto check that the concepts and
guestions worked in a Greek environment. $tageone survey was conducted in June and
July of 2006 and the secomstiageduring October, November and December 2006. Feedback
from the stageone survey was that it was easy to understand and was generally well
completed. Stagetwo, however was not well receivedndseveral issues came to liglihich

may have introduced bias. The main obemg hat the charging optiorsfferedwere seen as
pointless and unrealistiandthat a strong anttongestion charging feeling influenced people
either to refuse to respond or to dois@ way that refleted their opposition to the concept

rather than as a response to the actual questions

The final database includes 121 completed questionnaires (with stages 1spfitl &inost
equally for each of the 3 charging scenarios designed for the stagestbiopaire.The

Thessaloniki data collection is reported mbuity in PapaioannoandXanthopoulosZ007)
13
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2.2.4Characteristics of Achieved Samples

The sociedemographic characteristics of all three samples are outlined in Zable

Table 2.1: Sociedemographic characteristics (distribution in %)

UK |Germany| Greece
Sex %
Male 53 46 75.8
Female 48 54 24.2
Age %
18-25 16.4 6 9.2
26-35 18.5 12 45.8
36-50 35.5 49 39.2
51-60 18.5 15 4.2
>60 11.1 18 1.7
no response 0 0 1.7
household size %
Sinde 12.2 17 25.0
2 persons 36 35 34.2
3 persons 27.5 20 23.3
4 persons 14.3 17 15.8
5 persons 7.4 9 1.7
>5 2.7 2 0
Employment situation %
selfemployed 11.1 13 37.5
Employed 69.8 60 48.4
Retired 8.5 14 0
Looking for family/home 0 5 0.8
Student 5.8 4 13.3
Unemployed 4.8 3 0
Other 0 1 0
Income U* %
Low (Germany 2000, UK 01654, Greece-2499) 18 23 40.0
Medium (Germany 2068000, UK 16553675, Greece 2568999) 35.4 31 40.8
High(Germany>3000, UK >3675, Greece >3999) 39.1 31 4.2
no response 7.5 15 150
* Germany: Net incomeer month, UK and Greece: Grogscome per month

The gender split in Germany and the UK is roughly equal but in the case of Greece is heavily
skewed towards males. The German sample tends to be older than that in the UK and Greece,
particular the latter which hasaund 95% of the sample under 50. The most frequent
household size for all three samples is 2 persons but there are also a substantial number with 3
and 4 persons. The majority of respondentseanployed;however it is noticeable that the
German sampleds a high percentage of retired people (14%). Greece also stands out has
having considerably higher numbers of satiiployed (37.5%) and students (13.3%) than the

UK and German samples. A comparison of incongedifficult because of the different

14



GRACE (Optimal Complexity) October 2007

incomecategories used by each country and the fact that the ones recorded in Germany are
for net as opposed to gross income. It is therefore difficult to draw any comparisons except to

note that the Greek sample tends to have lower incomes than the other two.

The journey characteristics for the three samples are outlined in Z&l&he majority of
trips have a single purpose and the largest single category of journeys are those related to
work. However, in the German sample, work trips constitute only just lealf of the total
and, perhaps reflecting its older population, leisure trips accounbut a quarteof the
journeys. We note that the Greek sample includes far fewer journeys that are made only once

per week and has a higher proportion of sirggleupancy trips.

Table 2.2 Characteristics of the most frequent regular trip over 5 kms

UK | Germany | Greece
journey purpose (%)
Work 64.0 53.8 77.5
Education 6.9 2.4 8.3
Shopping 18.5 252 1.7
Leisure 7.4 26.2 7.5
Children 1.1 8.6 0.8
Other 2.1 10.5 3.2
Missing 0.0 0.5 0.8
Essential trip (= work, education or escortf 72.0 61.3 86.6
children)
journey frequency (trip per week) (%)
1 18.5 22.9 7.5
2 13.2 17.6 10.0
3 11.6 12.4 11.7
4 6.3 7.6 10.0
5 38.6 33.3 40.0
>5 116 6.2 20.8
Trip chains (%)
one purpose - 78 95
more than 1 purpose - 22 5
Number of passengers (%)
Alone 50.8 69 78.3
1 passenger 36 20.5 20.8
2 passengers 12.5 9 0.9
> 2 passengers 1 1.5 0

15
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3. SURVEY RESULTS

At this point it must be acknowledd that any attempt to compare the results from the
different samples is hazardous because of differences, sometimes quite subtle, in the wording
or presentation of the questions and, for those questions which relate to the hypothesised

charging scenario®ecause of differences in the scenarios.

Note that we do not here attempt to present the results for all the questions asked. Fuller
presentations of the results of each questionnaire can be found in the individual survey reports
(Shires, 2007; Beckernd Link, 2007; andPapaioannou anXanthopoulos 2007). This

section includes simple tabulations of the raw questionnaire results. Behavioural response

models constructed on these results are presented and discusppdndix 1.

3.1 Attitude to Costsin General

Respondentsé attitude&lto costs is outlined i

Table 3.1 Attitude to Costs

% giving each answer
New. Colo. |Thess

Effort taken to achieve best deal *

a lot of effort 23.3 24.8 | 28.3
usually some effort 22.2 29.5 | 39.2
soméimes an effort 24.9 26.2 | 16.7
Rarely much effort 29.6 18.6 | 15.8
Thought given to costs of alternative route’s

| alwaystake it into account when choosing a route 20.1 26.7
| take it into accounbnly if the costs are likely 13.2 28.3
to be significantly dferent on different routes

| rarelyeven think about the cost of different routes 31.7 11.7
| nevereven think about the cost of different routes 34.9 33.3

Thought that would be given to reduce transport costs i
charges were introduced

a lot of thought 28.1
Some thought 41.0
not much thought 22.9
would not think about it 8.1
* |In the UK survey the question related to contracts with utility suppliers. In the German
survey it related to 0coansteascot.s |Iwi tthh es u@rpd 4

related to finding the best price for fuel.
16
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* ok Il n the Greek survey the question was ph
c o s tWitRthe péssible answers being always, sometimes, rarely and.never)

Although detded comparison is hampered by the different wordings used in the different

guestionnairea number of conclusions can be drawn.

In the UK sample, fewer people say that they always consider costs when choosing routes
than say they put a lot of effort intbe choice of utility suppliers. However, in the German
sample, more people said that, if charges were introduced, they would put a lot of thought into
reducing transport costs than said they took a lot of effort to get a good deal for general
purchasesin the Greek sample, nearly twice as many people said they never think about
transport costs than said they rarely took much effort to find the best fuel price. From these
results we may conclude that the amount of effort given to consideration of ttacegisris
generally lower than that given to major domestic bills but that more effort is given to
considering specific element of transport cost (e.g. fuel or tolls) than is given to more general

transport costs.

3.2 Ability to Estimate Costs and Charges

3.2.1 Own assessment

Table 32o0ut |l ines the respondentsdé own assessmen

journey costs and the congestion charge which would apply to this journey.

Table 3.2: Ability to Estimate Current Journey Costs and Future Congestion Charge

Estimate of Curren Estimate of
Journey Costs Congestion Charge
Degree of Certainty* New | Colog | Thes| New | Colog | Thes
% To the nearest 12.2| 59.0 [ 46.7 | 60.8| 90.5 |66.9
% To the near edtd | 349 243 |36.7 | 228| 7.6 |27.3
% To the nearest 444 | 133 |14.2 | 148| 05 |3.3
% To the nearest 6.9 19 |25 0.5 1.0 |0.8

% Less certain than that 1.6 1.4 |0.0 1.1 0.5 0.8
Total Sample Size 189 | 210 |120 | 189 210 |120

* Different certainty bands were applied in the three counirid®ey are indicated in the
sequence UK, Germany, Greece.
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In all three samples, but particularly in Cologne, the respondents are quite confident of their
ability to estimate the ally charge (of course differences between the cities may simply
reflect differences in the charge scenarios offered). More interestingly, all three samples claim
greater confidence in their ability to estimate an as yet unknown congestion charge which
they have not experienced than they did in their ability to estimate the costs of the current
journey which they make on a regular basis. This finding is consistent with the well accepted
view that motorists do not have an accurate perception of motoring ica@std the more
recent finding (Bonsall et al 2006) that they have a particular problem thinking about the costs
of individual tripsi rather than a weekly or monthly budget. Although the respondents are
confident in their own ability to estimate the oparfor their regular journey, it is not clear

whether this confidence would hold for unfamiliar journeys.

I n order to understand the reasons behind
their estimates of the charges, a list of possibleoreasvas offered to those who had had
difficulty estimating the charges very accurately. Tabl@ shows the percentage of each

sample quoting each of the reasons as most important.

Table 3.3 Main Reason given for Imprecision in their Estimate of the Clarge (%)

Reasons Newc | Colog | Thess
Calculation was complicated 16.7 33.3 30.0
The complexity of the rules 2.4 13.6 15.0
Unsure which route to take 11.9 7.6 7.5
Unsure about the precise length of my route 31.0 12.1 7.5
Unsure about where the chas apply 14.3 12.1 7.5
Unsure about the speed limit on particular roads 4.8 1.5

Unsure about the time at which | would be us 14.3 19.7 325
certain roads

Other 4.8 - -
% Total 100 100 100
Sample Size 42 66 40

Unsurprisingly, becawsthe charging regimes used in the three samples were quite different,
the results vary from country to country. The main cause of uncertainty within the Newcastle
sample is thelength of route,in the Cologne sample it was themplication of the
calculaion, and in the Thessaloniki sample it was the uncertainty abouintleethey would

be using certain roads.
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3.2.2 Actual accuracy

Table3.4 indicates the accuracy with which respondents were able to estimate the congestion
charge they would have tayp on their regular journey and, for Germany and Greetg

the | ength of that journey (note that the e
using the origin and destination postcodes a
applicable on that route. It is possible that the respondent was thinking of a different route and
that our estimate of the fAactual o may theref

Each survey sample was offered a different set of charge scenarios and so there is no reason t
expect the results from the three samples to be similar. It is therefore interesting to note that

all three samples ovastimated the charge, only a small proportion of any sample estimated

the charge correctly, and only one in ten of respondents isanple were able to estimate it

to within +~ 10% of the actual value. The final two columns of Tahkeshow the accuracy

of the German and Greek respondentsd esti maf
was not asked in the UK). It appearattktheir estimation of distance is better than that of the

charges they were offered.

Table 3.4 Comparing Actual and Estimated Congestion Charges

Estimated Charge / Actual Charge Estimated Journey
Distance /
Actual journey distance

Newc Colog Thess Colog Thess
Mean Ratio 1.28 1.68 1.66 1.07 1.29
(Range of ratios)| (0.1 to 100| (0.02 to 24.9(0.04 to 23.5( (0.38 to 4.40 (0.21 to 9.98
% 53.8 50.5 49 48.3 40.0
Underestimating 0.61 0.53 0.46 0.71 0.74
Mean ratio (0.1 to 0.99 (0.02 to 0.95 (0.04 to 098)| (0.38 to 0.96 (0.21 to 0.99
(Range of ratios)
% 45.1 43.6 51 43.8 60.0
Overestimating 2.1 3.05 2.81 1.47 1.66
Mean Ratio (2.02to 10( (1.08 to 24.9(1.01 to 14.54(1.04 to 4.40Q (1.01 to 9.99
(Range of ratios)
% Correct 1.1 4.8 1.67 7.4 0.0
% Within 10% of 11.5 10.7 11.1 21.2 17.0
actud cost
Sample Size 182 188 99 204 120
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3.3 Assessment of the Complexity of the Congestion Charges

Once the respondents had completed the questions relating to the estimation of the congestion
charge hey were asked to report how easy the charges had been to understand. The results
are tabulated in Tablg.5. It appears that a large majority of respondents (UK 80%, Germany
84% and Greece 97%) claim to have found it easy to understand the congestes thay

had been presented with. This is an interesting finding given that the researchers had
anticipated that the congestion charges for offered to all three samples would be regarded as
complex. It may be that the respondents are claiming to havel fthe charges easy to
understand even if they actually found them difficult. Some support for this interpretation is to
be found in Tabl&.6 (see later).

Table 3.5 How EasyWere the Congestion Charges to Understand?

Newcastle Cologne Thessaloniki
% Very Easy 15.3 49 35.0
% Fairly Easy 65.1 34.8 61.7
% Neither Easy nor Difficult 12.4
% Fairly Difficult 16.4 1.4 3.3
% Very Difficult 3.2 2.4
Sample Size 189 210 120

3.4 Evidence of Disengagement

We will now look at evidence onresponderd@ di sengagement from the

of making changes in their travel arrangements.

3.4.1 Effect of complexity on effort to consider options?

Respondents were asked whether, if the charges had been easier to predict, they would have
given moe thought to alternative travel arrangements. The resshiswn in Table3.6,

indicate thatup to 44% of respondents indicated that, if the charges had been simpler, they
would have been more likely to consider the alternatives and that a substant@tipnop
(30.6%) of the German sample said that they would lgissthought to the alternatives if the
charges had been easier to predict. We suspect that this rather -Gotuitige result (which

was not found in the UK or Greek data) reflects the faat, tin the German version of the
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guestionnaire, this question was brought forward to the beginning of the questidnnaire

before people had been asked to think about all the alternatives.

Table 3.6: If Charges had been Easier to Predict, WouldYou Have Thought More

About the Pros and Cons of Alternatives?

Newcastle Cologne Thessaloniki
% More likely 44.4 36.4 27.4
% Less likely 4.8 30.6 7.9
% No difference 50.8 33.0 64.7
Sample Size 189 209 102

3.4.2 Ease of prediction if charges were simplegd

Respondents who were originally unable to estimate the charge very precisely were offered a
series of simplifications and asked how precisely they would be able to predict the congestion
charges if the simplifications were in place. The results arenistin Table3.7a for Newcastle

and in Table3.7b for Thessaloniki (the question was not asked in Cologne).

Table 3.7: Ease of Prediction if Charges Simplified

Percent of claiming specified precision (row) for each ty
of simplification(column)

a) Newcastle

Level of certainty No Variation No Variation Clear Charging

T to within By Time of Day | By Type of Roads| Zone Boundaries

10 pence +/ 31.7 35.7 36.6

50 pence +/ 34.1 42.9 39.0

£1 +- 26.8 19.0 22.0

£5 +- 4.9 2.4 2.4

Less certain thathat 2.4 0.0 0.0

Sample Size 41 42 41

b) Thessaloniki Percent of claiming specified precision (row) for each ty
of simplification (column)

Level of certainty No Variation No Variation Clear Charging

I to within By Time of Day | By trip length Zone Boundaries

50 cents +/ 74.4 81.4 62.8

1 Euro + 23.2 16.3 30.2

3 Euros + 2.3 2.3 7.0

Less certain than that 0.0 0.0 0.0

Sample Size 43 43 43
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Table 3.7a shows results for those Newcastle respondents who, initially, could not estimate

the chage closer than +/10 pence. It appears that all of the simplifications made a
considerable difference; over 30% of the less certain respondents think they would be able to
estimate the congestion charge within 10 pence.(+Df the three possible sinifdations,

those related to type of road and clear charging boundaries appear to have the largest affect on

a personb6s ability to predict charges. Thi's

had to travel within the morning peak and hatielichoice over when they could depart.

Table3.7b shows results for those Thessaloniki respondents who, initially, could not estimate
the charge closer than-430 cents. Again we see that the various simplifications now made it
possible for a majorityat est i mate the <charge to within
simplification for the Greek sample was that charges would not vary according to trip length.

3.4.3 Thresholds of serious consideration
Respondents were asked how much they would have toybeypeach month (in congestion
charges) before they began to seriously think about changing their travel arrangements. This

can be thought of as their personal threshold level. The results are shown iB.8able

Table 3.8 Threshold Levels

Level of Charges % of each sample having the specified threshold valug
£ (0 )per month Newcastle Cologne Thessaloniki
07 25 (0-37) 55.6 77.8 30.8
267 50 (38 74) 19.0 13.0 31.7
517 75 (75110) 3.2 6.3 25.0
>75 (>110) 22.2 2.9 12.5
Sample Size 189 207 120

It appears that 70% of the Thessaloniki sample, 45% of the Newcastle sample and 23% of the
Cologne sample would not think seriously about their options unless charges exceeded £25
per month and22% of the UK say they would still not consider alsives even if the
monthly charge exceeded £75. The high Newcastle threshmdgsreflect the fact that a

higher percentage of the Newcastle trips are mandatory. The reason for the high thresholds in
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Thessaloniki are more difficult to explain but may refléghe suspicion, reported by survey

staff, that many of the Greek respondents were responding strategically (wanting to imply that

charges would not achieve their goal of reducing traffic).

Table 3.9 indicates the reasons that respondents gave foramsidering alternative travel

arrangements when the expected charge was below their threshold. The main reason, in all

samples, is that they thought they had no choice about making the journey as they do now.

This belief probably reflects the perceived )awvailability of alternatives (differences

bet ween the importance

given t

o nAno <ch

oiceo

their different proportions of journeys to worfk otherwise this might have been an

explanation).

Table 3.9 Most Import ant Reasons for Not Considering Alternative Travel Options

Percent of sample giving this responsg

Newcastle| Cologne Thessaloniki
(n=110) (n=207) (n=120)
No choice about making Journey 57 81* 38
Effort of working out the saving >saving itself 10 2 32
Cannot work things out precisely 4 4
Not bothered to think about trivial sums 4 11 24
Other 26 2 2

* In the German questionnaire, everyone making work related trips was automatically
deemed to have no choice about their journey (tpgaés the high % in this column)

Table 3.9 shows that the effort required to calculate the congestion charge has some bearing

on the decision to disengage; 32% of the Greek sample and 10% of the UK sample say that

the effort to work out the congestioharge outweighs any saving from knowing it, while

24% of the Greek sample and 11% of the German sample say that they cannot be bothered to

think about trivial sums (the high figure for Thessaloniki is perhaps surprising given that they

expressed such oppoan to the introduction of charges).

A more detailed examinatiorsmmarised in Table 3.1Ghowed that thresholds varied

according to the

more likely than other journeys to besaciated with high thresholdthough a significant

respondent 6s

journey
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proportion of the Cologne sample do have low thresholds for their journey to work and a
number of people in the Newcastle and Cologne samples show surprisingly high thresholds

for their shopping trips).

Table 3.10 Thresholds and Trip Purposes

Percent from each row quoting a threshold in theral n
0-£25 £26-£50 £51-£75 >E£75
0-370 38740 751100 >1100

To/From Newc 50 17 5 28 121
Work Colog 75 12 10 5 109
Thess 25 33 27 16 89

To/From Newc 54 3 23 13

School Colog 80 20 5
Thess 20 60 10 10 10

Escorting | Newc 100 2
Children Colog 78 11 11 18

Thess 0

Shopping | Newc 66 26 8 35
Trip Colog 86 11 2 2 51

Thess 50 50 2

Leisure Newc 65 35 14
Trip Colog 87 11 2 55

Thess 89 11 9

Other Newc 100 4
Colog 64 32 5 22

Thess 75 25 4

3.4.4 Responses by people whose expected charge is above or below their threshold

Further insight can be gained by looking separately at people whose estimated monthly charge
was above or below their own threshdor serious consideration. TabB11 shows what
proportion of each sample had estimated charges above and below the level at which they say
they would consider alternatives (data are presented for each of a series of ratio values; a ratio
of more thanl.0 indicates that the estimated monthly charge is higher than their stated
threshold).It can be seen that around 61% of the overall sample has estimated monthly
charges that are higher than their thresholds (and so should be seriously considering their
aternatives) while about 39% have estimated monthly charges that are below their thresholds.
Note that, although the charge regimes, and charges offered in the two countries were very

different, the distributions in the UK and German samples are remgikiatilar.
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Table 3.11 Ratios of Estimated Congestion Charge /Threshold

Percent of each sample (column) falling into each ratio

Ratio Categories category (row)
Newcastle | Cologne | Overall*

Charge above threshold:
% above 2.0 47.8 45.0 46.3
% 1.0t0 2.0 11.2 | 59.0 | 180 | 63.0 14.8 61.1
Charge below Threshold:
% 0.5 to 0.99 23.0 17.0 18.8
% below 0.5 19.0 | 41.0 | 20.0 | 37.0 19.0 38.9
Total Percentage 100 100 100
Sample Size 178 200 386

* This analysis is restricted to data from Newcastle @atbgne because it relies on some
data which is not available for Thessaloniki

Table3.12e x ami nes t he rel ati ons hi ghatge/threshaddratia r e s |
(i.e. whether or not their estimate of the charge is above their personabttiveskerious
consideration) and their indication as to whether a given behavioural respongeryviisely

a few months after the introduction of the new congestion charges.

Table 3.12 Behavioural Response at Different Levels of Charge/threshold Riat (for
Combined Newcastle and Cologne Sample)

Ratio Percentage of those saying t
falling into each ratio band (row)

Est. As New | New | Journey | Alternative | Journey| Jourrey

Charge/Threshold Now | Route | Time Share Mode Less Stop

Charge above Threshold:

% above 2.0 24 45 35 41 67 60 64

% 1.0to0 2.0 12 19 23 21 17 26 12

Charge below Threshold:

% 0.5t0 0.99 32 21 21 17 10 8 19

% below 0.5 32 15 21 21 6 6 5

Sample Size 136 58 47 29 123 78 42

Percent ofatal 363 | 241 | 162| 7.7 326 | 207 | 146

sample

The main result apparent from Tallel 2 is that, whereas most of those who said they were

very likely to continue travellinghs Nowhad estimated a congestion charge that lvedgw

their threshold, the majity of those who indicated that they were very likely to adopt a

di fferent response (particul ar blternativéh modano s t A
journey lessor journey stop had estimated a congestion charge that walasve their

threshold. Tis suggests that those who disengage from the process of carefully considering
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alternatives (i.e. those who consider the charge is below their threshold) are more likely to
continue to travel as before, whereas those who think the charge is high enouaata w
serious consideration are more likely to change their behaviour in some way. Of course, we

do not know whether this is cause or effect.

Interestingly, and as one would expect, those who thought they were very likely to adopt an
alternative patterof behaviour were particularly likely to have estimated a charge that was
well above (ratio greater than 2.0) their threshold.

3.5 The Value of Certainty

The Newcastle and Thessaloniki questionnaires included questions which sought to estimate

the valie attached to certainty by offering the respondent the choice of two routes one of
which (AA0) had a variable fixed charge and
Newcastle, the charge on Route A could vary between £1 and £2 depending upon the
undelying traffic at the time of travel, while Route B had a fixed of £1.50. In Thessaloniki
theprice of route A coul fll.3GvandE272) ke theefieed priced a n d

on rout ef2®4)was 30 (

In Newcastle, bthe 189 respondents, 34 (18%) choose to take route A and 155 (82%) chose
to take route B. IThessaloniki32% of the respondents chose route A while 68% chose route

B. An equivalent question in the Cologne questionnairggested that 69% of those who

gave a preference chose a fixed cost over a variable cost. Thus in all three samplea we see
marked preference focertanty. The minority who showed the opposite preference may
include some who had misunderstood the question but may include some risk seekers with a
genuine preference for t he Thepxstencd ofithis kingoft o A b
risk-seeking kehaviour is well known in the context of losses (Kahneman and Tversky, 1984)
and so might be expected in the context of road user chage86nsall and Cho, 1998t

our surveys showed it as a minority taste (note that it is not inconsistent todiral tiajority

of people are risk averse but only a minority appear to follow this through by avoiding
exposure to charges which they cannot predict, because the disengagement which prompts
people to ignore the uncertain charges is, almost by definitiamgasnpatible with a careful

assessment of risks).
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After making this initial choice, respondents who had indicated a preference for Route B (the
fixed price route) were asked to make the choice again but this time the price of Route B was
increased by 1@ence (in Newcastle)r 2 cents(in Thessaloniki). This process continued
with the cost of Route B being incremented by 10pence (or 2 cents) each time, until the
respondent eventually choose Route A. T&i& shows what proportion of the sample who
hadinitially chosen Route B switched to Route A at each specified level.

Table 3.13: The Value of Certainty

Charge on Route B % of Sample switching to Cumulative percent
Route B at this level

Newc. Thess. Newc. Thess. Newc. Thess.
£1.50 ua3.-0210 0 22.5 0 22.5
£1.60 ua3.-012 3. 3.9 31.3 3.9 53.8
£1.70 u3.-Bn2 3. 72.9 13.8 76.8 67.6
£1.80 u3.-82 3. 19.4 12.5 96.2 80.1
£1.90 ua3.-42 3. 3.9 13.8 100 93.9
u3.-62 3. 1.3 95.1
u3.-62 3. 1.3 96.4
u3d.-n2 3. 1.3 97.5
u3d.-&2 3. 2.5 100
Sample Size: 155 80 155 80

In Newcastle, although some people switch at £1.60, and some do not switch until £1.80 or
£1.90, the majority switch at £1.70. Given that the variable charge (on Route A) wasl define
as being no more than £2.00, we can interpret this as indicating that, of those who had a
preference for certainty, all except 3.9% were willing to pay at least 10p to avoid the risk of
paying up to 40p more than they needed to, over three quarte8%ojAGere willing to spend

up to 20p to avoid the risk of paying up to 30p more than they needed to, and a few (3.9%)

were willing to spend at least 30p to avoid the risk of paying up to 20p moradbassary

In Thessaloniki, given that the variableache (on Route A) was defined as being no more
than 0u3. 00, we can interpret this as indic
certainty, about three quarters (77.5%) were willing to pay at least 10 cents to avoid the risk

of paying up to 90 centsiore thamecessarythat about a half (53.8%) were willing to pay

were willing to pay up to 20 cents to avoid the risk of paying up to 80p morenduassary

to, and a few (4.9%) were willing to spend at least 50 cents to avoid the risk of paying up to

50 cents more thamecessary
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3.6 Respondentsodéo own Expectations of
3.6.1 If the complex charges were introduced
Table314 outlines the respondentsd own predict
behaviours a few mohs after introduction of charges at the level they themselves expected.
These behaviours, which relate to their regular journey, are to continue driving as now, to use
a different route, to travel at a different (cheaper) time, to drive less often, ethbarcar
with another traveller, to use an alternative mode or to stop travelling altogether.
Table 3.14: Likelihood of Changing Behaviour
(New = Newcastle, Col = Cologne and The = Thessaloniki)
Percentage of respondents to this question specifig this| Sample size:
response as €.
évery li|éfairly éefairly évery un
New| Col | The | New| Col | The | New| Col | The | New| Col | The | New | Col | The
As Now| 33.3] 38.6 20.6| 15.9 17.5] 17.4 28.6] 28.0 189 | 207
New | 17.6]43.3|32.3[15.4] 164 | 18.2] 9.6 | 13.4| 22.2| 57.4[ 26.9| 27.3| 189 |67 |99
Route
New |15.9]19.1|7.5 |[13.8[21.7|8.3 |[11.1]13.9| 4.6 |59.3[45.2|79.6| 189 | 115 | 108
Time
Journey| 8.5 | 32.5(6.8 | 9.5 |15.3]6.8 | 10.1| 12.0( 4.2 | 72.0| 40.2| 82.2| 189 | 209 | 118
Less
Car 6.4 | 9.6 [20.8][9.1 [12.4|15.0]8.0 | 105|100 76.5| 67.5|53.3| 188 | 209 | 120
Share
Alt. 32.3] 32,5/ 19.3] 10.1| 15.3| 10.1| 7.4 | 12.0| 16.8| 50.3| 40.2| 53.8| 189 | 209 | 119
Mode
Journey 5.3 [ 31.9[ 1.7 [16 [9.7 [0.0 |42 |16.8[ 1.7 |88.9|41.6/96.6|189 | 113|118
Stop
Note that, in the Cologne questionnaire there was a midpoinb espe ( inei t her
unli kelyo) and so the percentages do not su

column headings do not translate precisely from the Gsaeiple.

In Newcastle and in Cologne, the response most commonly seen a&efgrisito continue

driving as now (this option was not offered in the Thessaloniki survEy. next most

common are to take a new route or to use a different mode. Travelling at a new time or

stopping travelling altogether are generally thought unjikelNewcastle and Thessaloniki,

but is thought very likely in Cologrie presumably because journeys to work predominate in

Newcastle and Thessaloniki but not in Cologne. In Newcastle and in Cologne, sharing the car

with another person is thought to besldikely than any response other than stopping

travelling altogether but, in Thessaloniki, it is second only to route choice in terms of

likelihood. These differences indicate the importance that local factors play in the relative

likelihood of different esponses.
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3.6.2 Responses by people who thought the charges easy/difficult to understand

In Table3.15 the samples have been split based on their answer to the qussbtking back
at the description of the charge how easy would you say it wasdrstand?Those who
indicated that it had been AVery Easyo or

while the rest are | abelled Acharges were

Table 3.15: Catainty of Behavioural Response x Ease of Understanding

Sample Type As New | New | Al t e|Journey | Journey | Journey
Now | Route | Time | Mode Share Less Stop

Newcastle

Acharges wex el 155| 152 | 152 152 150 152 152
% saying Avel 349 17.1 | 16.4| 32.2 6.7 6.6 5.3
% saying fAver|27.6| 59.2 | 59.1| 50.0 78.7 74.3 90.8
Total % at extremes 62.5| 76.5 | 75.5| 82.2 85.4 80.9 96.1
Achar gesewsnEo| 37 36 37 37 37 37 37

% saying Avel270| 194 | 135| 324 5.4 16.2 5.4

% saying fAver|324| 500 [56.8| 514 67.6 62.2 81.1

Total % at extremes 59.4| 69.4 | 70.3 83.8 73.0 78.4 86.5

Cologne

Acharges wenr=e|l 174 59 95 176 175 162 93

% saying Anve 397 441 |21.1| 335 8.6 16.2 32.3

% saying fAver|282| 271 | 442| 38.6 65.7 62.2 40.9

Total % at extremes 67.7| 71.2 | 65.3 72.1 74.3 78.4 73.2

Acharges wem=e|l 33 8 20 33 34 33 20

% saying ivel 333| 375 | 10.0| 27.3 14.7 27.3 30.0

% saying fAver|273| 250 | 50.0| 485 76.5 48.5 45.0

Total % at extremes 60.6| 625 | 60.0| 75.8 91.2 75.8 75.0
Thessaloniki

Acharges we=r e 84 84 84 84 84 84
% saying Ave 32.0 | 6.7 28.7 20.9 7.0 1.8
% saying funl 26.8 | 80.8| 53.0 53.9 83.3 96.5
Total % at extremes 58.8 | 87.5| 81.7 74.8 90.3 98.2
Achar genotwearaes 2 4 4 4 4 4
% saying Ave 50.0 | 25.0 0.0 25.0 0.0 0.0
% saying funl 50.0 | 50.0| 75.0 50.0 50.0 100.0
Total % at extremes 100 | 75.0| 75.0 75.0 50.0 100.0

Where the sample sizes are sufficient to draw any conclusions {Qoted in the table), it

appears that, compared to those who found the charges difficult to understand, those who said
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they found them easy to understand are much more likely to express certainty about their

response (whether it was to say they were vikghl to continue with their current pattern or

to change it). This tendency is most mar ked

but a contrary result is apparent for the
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4 Modelling System Performance

4.1 Ideal Speification

Note that thisfirst section enumeratethe ideal specificatiordescribed by Bonsall (2007)
Sections 4.2 and 4.3ldress what is practically possible!

4.1.1 Dimensions of Response

Following the consideration of issuessedin Deliverable 2 it was concludedhat modelling
of complex road infrastructure charges should ideally allow for the following responses by
drivers:
1. change driving style (e.g. speed or aggressiveness)
change of route
marginal adjustment tdeparture time
significant chage in departure time (e.g. transfer to completely different time of day)
change of mode
change of vehicle occupancy
change of trip frequency

change of destination (including trip chaining)r

© © N o o bk~ DN

change of vehicle type, and

10.change of origin (e.g. residentiglocation).

4.12 Decision processes

Following the consideration of issuessedin Deliverable 2, iwasconcludedhat modelling

of complex road infrastructure charges should ideally allow for the a range of potential driver
decision processes. Tlewere seen to range from a fully rational consideration of all costs
and benefits (though allowing for intpersonal differences in perception, taste, values of

time etc) to simplistic response to a subset of the most prominent perceived costs atgl benefi

A number of different decision processes can be imagined and enumerated and it is clearly

likely that different individuals will be using different processes in different circumstances. It
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is clearly beyond the scope of the existing project to seekuonerate, still less to test, all

these different possible decision processes. It was, however, thought appropriate to allow for
the possibility that individual sd0 responses
charge levels, a habituationfedt (a tendency to continue with established behaviour
patterns) or a degree of disengagement from the process of careful consideration of likely
costs and benefits (noting that disengagement nhighhterpreted as applying a cost to the
process of condering complex charges and migkbmetimesbe manifest in an apparent

failure to take any notice of the charges, and sometimes in a tendency to avoid behaviours

which expose the individual to uncertain charges).

4.1.3Representation of Time and Space

Following the consideration of issues raised in Deliverableastconcludedhat modelling

of complex road infrastructure charges should ideally allow for responses over a range of time
periods, from long term decisions to move house, through mediumdecisions to change

car type or destinatiomnd medium/short term decisions to change mode, trip frequency, or
departure time, to shoterm (even secontdy-second) decisions to change route or driving

style.

It is desirable thathe model should irrporate a representation of time which allows for the

fact that, at a given point in time, each driver will be at a precise location on one link and not
simply fApresento in the network (the model S
charges n force at the time that theyncur the charge even if these charges were
higher/lower when they departed their originfleally, the representation of the time
dimension shouldalso allow for the dynamics of behavioural adjustmelRbr example it

would ke useful to be able to represenhe way i n which one driver
adjust his/her departure time would affect the travel conditions experienced by @rihers

follow him/her.

Ideally, one wouldalso wish to be able to model the evatut of behaviour over time in
response to changing conditions and experience gained. This might require detailed modelling
of system evolution, learning effects and dynamic behavioural adjustimahtof which

present significant challenges.
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Even if it is not possible to represent the evolution of behaviour or the performance of a
charging regime over time, some useful insights might be gained into the potential benefit of
having charges optimised for different conditions on different days by using la-dag
equilibrium modelto make separate predictions flifferent sorts of day. For examplgays

when the demand sbnormallyhigh or lowmight be represented warying the trip matrix

days whenthe network is compromised by incidentsght be mode#id by varying link
capacities; days when poor weather affects driving speeds and emissions might be represented
by varyingspeedflow relationshipsand emissions profiles respectively.

Turning to the question of the representation of spa@egs conclded that the representation

of spaceshould ideally allowsufficient detail to permit representation of decisions on driving
style, detailed routing and destination choice while covering sufficient area to allow
representation of the more strategic decisi@nd to allowthe effects on a city, or even

regional scale.

4.1.4 Representation of Consumers

The externalities generated by road traffic vary with vehicle typg. emissions vary with
engine size and efficiency, pavement damage varies with agghty and impact on
congestion varies with p.c.u. values. They also vary with trip characteiistics emissions

per unit distance are highest for short trips when the engine is cold but overall emissions
increase with distance. Driver characteristitso affect externalities via driving style. Drivers

with different characteristics (incomes, trip purposes, values of time, attitudes to complexity)

may also respond differently to charges.

Ideally, therefore jt would be useful to be able to model trexfprmance of chaigg schemes

in the context o& mixed population of vehiclenddriversmaking a full spectrum of trips.
4.15 Specification of Charging Regimes

Following the consideration of issues raised in DeliverablevZastconcludedhat modelling

of complex road infrastructure charges should ideallyw for the representation of charging

regimesbased on short run mar gi nal soci al costs
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to them, are in some sense optimal. The charges shouldbéhdssigned to reflect the
following factors
1. delay to otheroad userga function of the capacityf individual links of current and
near future flow on individual linkxf current and near futurgeather conditionsand
of the characteristics of otheurrent and near futuread usergs
2. environmental externalities noise, local emissions, greenhouse emissamgdyisual
intrusion (a function of vehicle characteristics, driving style, link characteristics and
weather conditions);
3. pavement damag@a function of vehicle and pavement characteristics)
4. safety externalitiega function of vehicle and pavement characteristics, of riparian
activity andof driving style) and
5. costs of collecting and processing charges (a function of payment mechamism a
timing, of the costs incurred in estimating the appropriate charge for a given \rhicle
given circumstances {itself a function ahe nature of the charges and of any

discounts and incentivkand of the costs involved ienforcement

A political case might be made for charging different amounts for ttgggending on how
easily they might be substitued by public transport Such differentiation could be
theoretically justified if different modes displayed different marginal social edsth were

not already reflected in the prices charged

Although ayield-managementase might also be made for charging people different amounts
depending on their willingness to pay to continue with their existing travel patterns (which
might reflect differences n peopl eds values of time or diff
of different types of journey)such an approach would not be consistent with marginal social

cost pricing

Some consideration should be given to the question of whether, when clrarggplied, the
level of tax on fuel would be reduced and if so to what ext€hé possibilities include:
abolition of fuel tax (except perhaps for the VAT element); an attempt to achieve revenue

neutrality; and maintenance of existing fuel tax (as mfof general taxation).

34



GRACE (Optimal Complexity) October 2007

4.16 Indicators Required

Following the consideration of issues raised in Deliverablei2ca@ncludedhatmodelling of
complex road infrastructure charges should idgaibvide the following indicators

1. total trip making(disaggregated by mode, time period, vehicle occupancy, vehicle
characteristics, purpose and driver characteristics);

2. total and averagerip distance travelled on the road network (disaggregated by link
type, vehicle occupancy, vehicle type, trip purpase driver characteristics);

3. total and averagalistance travelled by other modes (disaggregated by mode, time
period, purpose and driver characteristics);

4. totaland averagéime spent on the road network (disaggregated by link type, vehicle
occupancy, vehle type, trip purpose and driver characteristics);

5. totaland averagéime spent travelling by other modes (disaggregated by mode, time
period, purpose and driver characteristics);

6. total externalities- environmental externalities, pavement damage adgty
externalities (diaggregated by areardink type);

7. total and average charges pdiisaggregated by time period, vehicle type, trip
purpose and driver characteristics);

8. total revenudnet of costs of collection, administration and scheme enforcément

9. change in onsumer surplué (Tij®% x (Cij®® - Cij™™ ) + ( (Tii®® - Tij™™ x (Cij® -
Cij"™"2) ),

10.fuel tax paid and

11.Some measure of overall benefit (taking into account all the relevant costs and benefits

while avoiding double counting).

4.2. Practical Considerations AffectingModel Specificationfor this Work

The ideal requirements set out above are, of course, well beyond the capability of current
models, let alone the resources available to this stage of the GRACE project. foliotet

we address thpractical issues which led to our specification for this stage of our work.
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4.2.1Capability of Available Models

As noted in Deliverable 2, several aspects of the modelling task are beyond the scope of the
models which are currdgtin widespread useAlthough some have been addressed by
specialist models we are not aware of any model package which claims to address all these
issues. It was therefore necessary to prioritise the desiderata oiurtlfaection 4.labove and

then seeka package which could, with minimal adjustmeaddress all the most important

issues.

Given the number of different runs likely to be needed (with different charge struahges
different assumptions about response to chargesjajor constraint on ounodelling is that
eachtestcan be completed within a reasonable elapsed fiitms immediately rules out some
of the potentially desirable features identified in Section 4.1.

For all practical purposes two of our key desiderata were in direct coimpatiith one
another because we could not get access to a modelling tool which could effectively with the
detailed dynamics of queueamnd with networkwide behaviour of multiple classes of
traveller.Our decision to prioritiséhe second of theseas base on

- the unavailability of detailed data on desired trip departure times (a detailed model of
departure time choice would require assumptions to be made about desired, and not just
observed, departure times);

- the fact that we were not persuaded #@rat model is able to deal satisfactorily with the
likely instabilities in the migration of queues through time (as might occur if a charge
regime were to reflect the fact thdelays created by vehicles who arrive in a queue early
on is greater than that credtby vehicles who arrive towards the end of the life of the
queus;

-the fact that our access to a detail’ed mod
and that this would make it more difficult to effect the modifications to the choice models
that might beidentified as desirable following analysis of our new survey deatd;

- thedesirability ofbeing able to make comparisons with the modelling work conducted in

work Package 1.3b (which used a SATURN model of a test city network).

3 We understand that thetropolismodel might have met many of our requirements but it was not available to
us for inhouse use on affordable terms.

36



GRACE (Optimal Complexity) October 2007

Although desirabe, it i s not thought realistayan t o se
day variabilityin charges, otravel time on any given journeyWe have instead concluded

thatit is best to concentrate our efforts on modelling the performance of cleyigees in a

stable (equilibrated) cityGiven moretime and resources, weowld seek to represent a series

of days with different levels of demand, network capacity and weather conditions.

As is well known, several of the behavioural responses identifi&&ction 4.1.1 are difficult

to represent in a network model. Long term decisions on choice of origin or destination, or of
vehicle type, have been modelled with some su¢c@sshavesome of the minutiae of driver
behaviour,but the extension of a netmk model to includeall theseaspectswould add
considerably to the complexity of the model, its run time, and the potential error in its

forecasts.

4.2.2 Ability to Model Complex Decision Making Processes

As was noted irbection2.1.], thesurveys werelesigned to be able to pick up quite complex
decisionmaking processes as well as errors in the perception of prices. Although we intended
that our model package would be able to represent any processes and tendencies which were
evident and capable of nmematical representation, there was always the possibility that the
surveys would reveal evidence of decision making behaviour which was too complex or

imprecisely defined to be represented within a network model.

A significant constraint on our abilitio represent behavioural responses is that our survey
data relates only to private motorists. We have no information about the way in which
companies and other corporate bodies might react to complex charges (although one might
speculate that their respges would be more considered than those of private motorists). One
option would be to guess or assume the behaviour of corporates, the other would be to
concentrate our modelling effort on private motorists and ignore the corporates. withity

no corporge traffic is of course not very realistic but, for the purposes of focussing on

responses to complex chargesnight be appropriate to assume this to be the case.
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4.2 3 Feasibility of Potential Charging Regimes

Although it might be desirable to degisharging regimes to reflect the different costs
imposed by drivers with different characteristics and journey purposes, driving different types
of vehicles with different degrees of aggression on different links, in different traffic and
weather conditins, impacting different populations of other road users, paying their charges
in different ways and with different propensities to avoid paying, a system of such complexity
is scarcely credible.

Differentiation of charges by type of vehicle, type of limking driven on and the amount of
delay being caused, is wholly feasible and does not raise any particularly sensitive political
issues(though there would be considerable debate about the appropriate charge levels and
differentials) Differentiation of darges according to weather conditions is technically
feasible andagain,does not raise any particularly sensitive political isdngis cannot be
modelled in the context of an equilibrated model

Differentiation between drivers on the basis of theilomg journey purpose, or access to
alternative modes could be modelled without much difficuliyt , if we assumehat the

alternative modes are already efficiently priced, such differentiamuld notbe consistent

with marginal social cost pricinfthough, as a form of yield management, it might produce

higher revenugs In fact, asi t happens, t he nApnaducgdibydhe cost
SATURN model are expressed in time units (seconds) and so do, effectively, differentiate by
people according to thevalues of time. A differentiation on this dimension might therefore

be quite easy to model and could be used to show the effect of anaelmjement approach

to pricing

The different possible treatments of fuel taxild be explored as a sensitivitypte

4.2 4 Feasibility of Calculating the Required Indicators

The calculation omost ofthe indicators listed in Section 4.1.5 is entirely feasiHewever,

the precisecalculation of externalitiesefivironmental, pavemeilamage related and safety

related) would be impossible without a detailed model of driving style. Some doubts also exist
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about the reliability of a value for visual intrusiofhe externalitycalculationscantherefore

only be regarded aspproximate.

The calculation of consumer slup raises some interesting issues. Firstigw to define
discontinued trips (i.e. Tf - Tij""), and more specifically hether to treat trips that have
diverted to other modes and times of daydasontinued or continuingaQd thusstill in
Tij"®". In the eventsinceit would have been difficult to estimate the impact of their transfer
to other modes or times on the costs they impose on those modes andvenuesided to
treat them as discontinued (this is acceptable if we assume that all thataleemodes and
times of day are priced according to marginal social cost).

Another issue with the consumer surplus measure was how to treat the toll cost within the
Cij"®". Theoretically, consumer surplus should be based on perceived costs rather than
resource costs and in most analyses it is assumed that-poitket costs can be assumed to

be accurately perceived. Il n our case, howe\
respond to the price signal in a fully ceational manner may be due tioeir inability to
predictthetollor t o t he addition of some form of tr:
be anticipatedby our models we will not be able to make the theoretically necessary
adjustment to the toll cost (the problems involveiew mixing real and perceived values in

the consumer surplus calculation have been recognized by previous agdef®rexample

Neuburger, 1971 but never fully resolvell

4.3. Specification ofthe Modelling Work

4.3.1 Specificationof the Model
Following the arguments raised in Section 4h2, following specification waadopted

The model should be able to repredéet followingresponses by drivers

1. change of route

2. significant change in departure time (transfer to completely differentdinday)
3. change of mode
4

. change of vehicle occupancy
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5. change of trip frequency

The model should reflect suakecision processeas are apparent in the survey data and
capable of mathematical representation

The moddis representationf time and spaceshould allow represerdtion of equilibrated
behaviour and conditions across a network of a medium sized city dutygcalmorning
peak period.

The model should be capable of representincgarage of charging regimes The most
complex regime shouldifferentiatebetweendifferent types of vehicle on different links in
different traffic conditions (in order to reflect different amounts of delay aiiger
externalities attributable to different types of vehicles in different circumstances). The model
shoutl be capable of representing simplified versions of this most complex regime. For
example: a uniform charge per trip, a uniform charge per unit distance, a charge to cross a
strategic cordon and, poispecific charges levied at strategic locations inrnégvork. The
different possible treatments of fuel tax should be explored via sensitivity tests rather than as

inherent features of the various charging regimes.

The model shouldsupport all thendicatorsidentified in Section 4.1.5althougha degreef
averaging and approximation must be accepted for the externality calculatidnsome
debate remains over the interpretation of consumer surplus measures which include a mix of
real and perceived co¥tsAlthough the full range of indicators can be poped full
disaggregation of all the indicators may not be requireghd mightanyway result in

information overload!

4.3.2 Specification of the Population and Network

The modelling work has been basedborhe fAbase cityo usedvork or t
package 1.3bThe city has a built up area of approximately 10 kilometres square and has a
population of about 800,000 producing somewhat over 100,000 car movements in the
morning peaki creating significant peak period congestion. The modelled iarabout 30

kms across (thus extending well beyond the main-bpilarea) ands divided in to25 zones.

The modelled road networik about 500 kms in length amdmprisesaboutl75 twoway
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links, the linksareof hr ee t ypes ( fiprsipnecciipéad 00f) s fieod ihaelr @ , |
those considered particularly susceptible to externalities caused bytradfea (e.g. links

close to schools and hospitals,)

The trip matrixrelates only to trips by private motoristsidtbased on # matrixused inthe
work package 1.3b work except that it has been disaggregated into 64 (rather thar 10) sub
matrices to allow us to reflect the differenedsich our analysis of the survey data had shown
among different subpopulations The 64 separate classes afiver are produced by
recognition of the effect of incomé&@% with an average annual household income of 20,000
Euros and 50% with an average annual household income of 40,000, Etnipspurpose
(85% mandatory and 5% discretionary), age50% with an averge age of 32 an80% with
an average age of 53)ender §0% maleand40% femalg, car size $0% above 1600cand
50% below 16006cy and car occupancy(% solo and 20%ccompanied)The distribution
of these characteristics within thmatrix was specifiedsuch that there areelationships
between
- age and gender (male drivers being somewhat older than female)rivers
- income and trip length (high income drivers living somewhat further away than
low income drivers);
- car size and income (high income drivbesng more likely to drive large cars);
- trip purpose and gender(male drivers being somewhat more likely to be making
mandatory trips);
- caroccupancy and income (high income drivers being somewhat more likely to be

driving without passengers).

The behaviouwal values of time andsehicle operationassumed to apply in this city are

summarised in Tablé.1.

Table 4.1: Behavioural values assumed for the city

Behavioural value of time(Euro cents per minute):

1692 for high income,9.40 for low income (double this if multiple car occupancy)

Perceived car operating cos{Euro cents per vehicle km):

8.56 for largecars,5.84 for small cars.

Source: Sansom et al (2001)
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4.4 Description of the Modelling approach Adopted

4.4.1 Overall Structure

Figure4.1 summarises the modelling procedures adopted.

Figure 4.1: Model structure

Values
of
Time etc

Network Road
Characteristics Charges

I

ASSIGNMENT MODULE

time and distance matrices

Demand Adjustment Module (1)

I
revised trip matrix

(Re) calculation of charges Module

charge
matrix

Demand Adjustment Module (2)

New trip matrix

Convergence test

charges
per link

repeat process (until converged)

Analysis Module (when converged)
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The procedurecomprises four main elements; assignment; charge calculation, demand
adjustment (in two steps), and evaluation. The assignment and daajastinentmodules

are repeated until a trip matrix is found that is consistent with the travel costs (time, distance
and any charges) implied by that matrix.

When fully complex charges are to be applied, the charge calculation module estimates link
specific chages based on the externality costs generated by each vehicle using that link
including its marginal contribution to delay (which is determined by the current demand, the
slope of the speed flow relationship at the current level of demand, and by the cassume
elasticity). When simplified charges are applied, these charges are modified according to pre

defined rules (see Section 4.5).

The following text describes each module in more detail.

4.4.2 The AssignmentModule

The assignmentf trips to the netwdr is provided by the SATEN model {ersion10.6)
running in its user optimal modd&his model predicts the equilibrated usgtimal route
choices of each of 8 classes of driyaoste that it is not necessary to separately identify all 64
classes of drivesince age, gender, trip purpose are assumed not to materially affect route

choices’ hence it is only necessary to disaggregate by income, car size and occupancy).

For the base (no charges) scenario, the trip matrices are those originally specifibé and
network conditions are those created by, and consistent with, the assignment of those trips
(the assignmentonvergence parameter is setto 99%h r fAwi t h chargeso sc
matrices are those produced by thest recent run of the demanduiment module (for the

first run, the base trip matrix is ugeavhile thecharges are those provided by thest recent

run of thecharge calculatiomodule (for the first run the charges simply reflectalyorithm.
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4.4.3 The Charge Calculation Module

The darge calculatiormodule is summarised in Figure24Charges are expressed per link
and may vary byehicle type( al s o, in theory, by the vehicl
income)

Figure 4.2: Outline of the Charge calculation modules

a) For fully complex charges

*+ | SATURN (SO)

congestion
charges per link

total charges per link

charges pe©-D
movement

externality
charges per link

b) For simplified charges

total charges pel
link (as above)

+ simplification rules

simplified charges per link +

charges per €D
movement
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When testing the effect of fully complex chargd® moduletakes the linkspecific charges
calculated by SATURN i n its fAsystem optimal 0 wveralsi on)
levels of congestioin the systerhand addshe marginal contribution to otheexternality
cossonthatlink (using the rates per kilometre shown in Tab2)° .

Table 4.2: Value of externalities considered in this work(in euro centg

Value for traffic travelling on specified linlpe (peak period

Large cars (over 1600 c¢ small cars (below 1600 cc

Principal | Other | Special| Principal | Other Special
Infrastructure wear and tear pehwm| 0.071 | 0.141 | 0.141 | 0.047 | 0.094 | 0.094
Accidents fc) per veh km 2.717 | 2.717 | 2.717| 2.223 | 2223 | 2.223
Local Air Pollution CAP) pervehkm | 0,517 | 0.517 | 1.035| 0.423 | 0.423 | 0.847
Noise (N) per veh km 0.032 | 0.032 | 0.065| 0.026 | 0.026 | 0.053
Climate ChangeC) per veh km 0.210 | 0.210 | 0.210| 0.172 | 0.172 | 0.172
Total 3547 | 3.617 | 4.168| 2.891 | 2.938 | 3.389

Source: Recommendations in Samson et(2001) based on values for cars in outer
metropolitan areas in peak periods and adjusted to reflect the different impact of smaller and

|l arger cars and assuming that fslipketohosé 0 | i n
and local pollution (the value of visual intrusion is assumed to be negligible)..

When a simplified charging regime is being modell¢ie charge calculatioomodule

simplifies the charges accordingly (see Section 4.5).

The charge calculmn module calculates charges for each link in the network and, using a
file indicating the sequenc edsstination phii, andhaage( ip at

matrix indicating the charge per origghe st i n alxtoi)o np a(i irQ

*SATURNGSs fi ma r lgarendefined @ sit @i M(whéreV is current demand,
U Qs the marginal increment to generalised cost@nds the marginal change in demand)
and take account not only of the slope of the speed flow curve at current levels of demand
but also, giva that our model allows the trip matrix to adjust in response to changes in
levels of overall generalised cost, of the demand elasticity with respect to generalised cost.

® Santos et al (2000) concluded that any toll designed to reduce traffic congesstimularly
at peak times, would yield the positive-psoduct of environmental benefits but we have
defined the charge so that the environmental costs are explicitly taken into account.
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4.44 The Demand Adjustment Modules

This part of the overall modéd shown in Figure 4.3 andepresents the changes in behaviour
(other than route choice) that ocaaireach cell of the trip matrix (for each of the 64 classes of
driver) as a result of (a) any chargesrgeiapplied and (b) any changes in journey tone
other costsas a consequence of changes in the amount of congestion in the network.

Figure 4.3: Outline of the Demand Adjustment modules

a) The response to the introduction of tolls

|

perceived money
cost oforiginal
trip

adjustment
probabilities from
loait model

charges for eact
ij movement

new trip
matrix

b) The Response to changes in network conditions

|

old time and
distance costs

> + elasticity parameter

A\ 4

new trip
matrix

new time and

distance costs
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Separate treatment of the two sources of demargponse (response to the
introduction of charges and response to the changes in network conditions) reflects
the fact that the questionnaire invited respondents to indicate their response to the

introduction of tollson the assumption that network condisodo not changdt also

allows greater flexibility in the specification of the response models and allows for the

possibility that someoneds response to
with their response to changes in other elements of gesestalost

Figure 4.3a outlines the representation of responses to the introduction of complex

road charges. The responses are expressed as probabilities applied to the 64 trip

matrices as modified by the elasticity model. Probabilities have been profiuced

each of the following responses:

- continuing to travel by car at the same time of day and with the same car
occupancy;

- travelling by car at the same time of day but with increased car occupancy

- travelling by car at a different time of day

- travelling bya different mode, and

- ceasing to travel.

Appendix 11l summarises the derivation of these probabilities via logit analysis of our

survey data.

The actual probabilities applied to trips in a given cell will, of course, depend on the
characteristics othe trip maker, the journey characteristics and the size of charge
being introduced but, for indicative purposes, Table 4.3 shows the probabilities that
have been derived for some typical trips. It shows the likelihood of an existing peak
period trip contiuing as it is after introduction of a toll (without allowing for the
effect of reduced congestion). These likelihoods are derived from maldsisribed

in Appendix Ill, which werecalibrated on the survey data described in Section 3.
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Table 43 Indicative probabilities (responses to a complex tolbf about 7 Euros

for a two-way tripT assuming no change in network conditions

Trip characteristics: Probabilit t hat an exi
..continue g ..continue |..be shifte( ..be ..cease
now (same| as now bu| to a shifted | to
mode, time| with different | to a occur
of day, and| increased | time of | different
occupancy)| occupancy day mode

high incomeolder male,
driving 20 kms to workand
back (10 +10)n alarge car 0.66 0.03 0.03 0.12 0.15
without passengers

low incomeyoungermale,
driving 20 kms towork and
back (10+10jn asmall car 0.50 0.07 0.04 0.19 0.20
without passengers

low incomeyoungerfemale,
driving 6 kms (3+3) for
leisure purpose large car 045 0.06 0.03 0.16 0.31

without passengers

Figure 4.3bshows our representation of responseshanges in generalised cost
caused by changes in network conditidméowing the introduction of charged his
responseis represented via an elasticity model acting on the proportionategehin

generalisedostand isdefined as:

{ Cnew . C-C-)Id
new ol i i
T =T 1-— 0'2|: : Cold : 1)

where T,"®" is the new trip matrixT,” is the old trip matrband C{" is the oldcost

matrix (both taken from the baseno chargescase), C{™" is the new cost matrix
(obtained from SATURNRNdT 0.2 is the elasticity. The value 0f0.2 was initially
applied in error 0.3 would have been more appropfiafer shortmedium tem
changes in overall generalised cost in a peak period nbdelwas retained for

reasons which become clear in Section 5.

® see Table 1 of Appendix 1 of Webtag, Unit 3.10.3
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Responses tgimple tolls can be represented in various ways. @nto retain the
structure shown in Figure 4.3 using probalgfit from logit models basedn
responsesrém respondents who stated that they had found the charges easy to
understand Appendix Il describes these models and assesses their validig.
otherapproachs to treat the charge as if it is perceived aekEment of generalised

cost and tousethe elasticity model describesibove to reflect the response to the

charge as well as to any consequential changes in network conditions.
4.4.5 The Evaluation Module

The evaluation modules used once an equilianm has been achieved between the
behavioural responses predicted by the response module acdatiges required to
deal withthe consequertelay in the network.

The key indicator produced by the modisé&ross BenefitThis is defined aseduced
environmental externalities, plugducedvehicle operating costs (excluding tax) and
time for continuing travelersninustaxrevenue formerly coming from trips which are
now discontinued, minugonsumer surpludoregone by discontinued trip&he

firiangled). More precisely this is expressed in equationai)

EE + Tij "*{(tij ° - tij"*")+(0Cij**-OCij"*") + (Tij**Tij"*")(Rij*"+ 0.5(Cij*-
Ciji™ (2
where: EE =reduced environmental externalities
Tij° andTij"™" = trips from i toj in old and new matrices respectively

t|J old

new

and tij = journey times om i to j in old and newsituations
respectively
OCij™ and OCij™" = operating costs (excluding tax) forpsifrom i to j in
old and newsituationsrespectively
Cij® andCij"" = perceived cost of s from i to j in old and newituatiors
respectively

Rij®? = fuel tax revenue from trips from i to j @id situation.

Note that this definition of benefit does not include toll revenue esngponent of

benefit (although we agree with AECOM (2006) and others that the use of toll
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revenues to improve public transport or invest in road capacity improvements might
in practice be a major benefit from road charging, this revenue is simply a transfe
from road users to the authorities and is not a true benefit).

Other important indicators are:

- Vehicle rips (total, % in solo caysand% in big cars crossing into the city
centre;

- Person tripstptal, % byhigh incomepeople and% for mandatory pyose$;

- Person hourstétal and average per perspn)

- Vehicle kilometres travelled (total, average per vehicle, totalrowipal roads
total on other and total on Special roads)

- Coses (of total delay of other externalitiesgsndof vehicle operation csis
excluding fuel tax)

- Charges paid (fuel tax, total road user chargesl average road charge per
trip); and

- Diverted trips (to other modes, to other times of day, and suppressed altogether).

- Consumer surplugriangle for dscontinuedtrips ( (Tij®® - Tij™" x (Cij -
Cij™"/2))

- Net Benefit Gross benefit defined abowmainus costs of scheme operation).

Delay is valued at the resource value of time (assumed 38 Euro centsper
person minute i based onthe assumption that oyseak perid matrix is 9%
commuter s, 10% workers and 40% ot her and
(in £ per hour) of 4.17, 22.11 and 3.68 for these three purposes respectbb)

externalities are based on the values presented in F&4@ Section 44.3 above).

The coss of vehicle operationin Euros,comprise the cost of fuelxcluding tax(C)
and other cost&O) and a based on the following equations:
C = Px}.1617- €.0029xV 3+ €.0000200kV? x D
©)
whereC is the cosbf fuel consumed,
P is the pump price per litre excluding taxes (assumed to be 0.378
Euroyg,
V is the average link speed in kph and
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D is the total distance travelled in km.

O= 04885+ ©.28128V "xD
(4)
where V is the average link speed in kph and

D is the total distance travelled in km.

Fuel tax paid (F) is based ¢ime following equation:

~

F =Tx}.1617- €©.0029<V ~ €.0000200kV? x D

©)
where Hs the tax revenyen Eurosfrom fuel consumed,
T is the taxation pelitre (assumed to be 0.8&uro9,
V is the averagénk speed in kph and

D is the total distance travelled in km.

The consumer surplus measui® based onperceived costand excludes the toll

payment

The coss of operating a pricing regime with a given degree of complexityarevell

defined but the evaluation module seeks to provide an indication of the costs of
scheme operationThe following estimates are derived for the city described in
Section 4.3.2. It is assumed that a fully complex system (with separate charges on
eah link) would require a satellite based system and might cost between 400 and 600
thousandEurosper day (compared t &urospemdayfor@das 400
similar sized system using simpler technology). It is assumed that a system based on a
fixed charge per trip would require digital tachographs in all vehicles and that this
might cost 20100 thousandEurosper day depending on how frequently the records

are checked and charges made. It is assumed that a system based on a fixed charge per
unit distarre could be operated via digital tachographs in all vehicles or, with some
loss of specificity, via an increment on fuel axhus we estimate the cost ad4.0a0
thousandEurosper day. It is assumed that a system based on fixed charges on a
subset of lilks (e.g. a cordon) could be operated via smart cards or-keegnition

of registration platedg-or this we estimate the cost of 1860 thousandeurosper
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day (allowing for the fact that the number of daily transactions is about 30% of that in
London).

Note that oudefinition of overall benefit treats taxes and charges paid by continuing

travellers as a transfer.

4.5 Specification of the Tests to be Conducted

The testto beconducted are as follows:

1. The base (fino c hhstegremesents thecsatusaquad vath no
charges applied and provides theo s t matri x us-ebarage stohe
reference in the elasticity models applied in all other tests.

2. The fully complex charges scenariallows for different charges on each link
and fora differentiation between the charges levied on large and smallT¢ers
charges are defined by combining the externality charge appropriate to each link
(using values in Table 2) and the mar g i n alarges caiculabted by
SATURN (see section 4.4.3)

3. The fully complex charges scenariowith congestion charges varying by

value-of-time. This test is equivalent to test 2 but allows the element of the

charge which seeks to minimise congestic

time (higher charges for devs with higher values of time). This is a test of a
yield-management approach to congestion pricing.

4. The point-specific charges scenarioThe charge locationshe 10 links which
attracted the highest chargesrun 2and the charge on each of these linki
be that which was defined for that link in run(Research by Shepherd et al
(2006) has shown that, by charging on a subset of links defined in this way,

about 60%0 f the benefit associated wheth SATU

captured. This @& therefore represents a simplified charging regime which
should capture a significant proportion of the benefits expected from the fully
complex regime).

5. The simple cordon charge scenaridt is hereassumedthat a chargeis levied
on vehicles crossign a cordon around the city centre in the peak direction

(inbound in the morning, outbound in the eveninfe chargdevel is defined
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as the average of the charges that would have beerigpaiding the cordoif

the charges defined in run 2 had beerplece (Again, previous research has
suggested that, although simple in concept, strategic cordons can capture a
significant proportion of the benefits expected from the fully complex regime).

6. The simple uniform charge per unit distance scenaria The dargeto be
levied per unit distances heredefined by summinghe total revenue expected
from a fully complex regimedividing this by the total distance travelled and
thenchargng traffic on each link prerata tothe lengthof that link (A charge of
this type is simple to conceive although it would require drivers to have
knowledge of link lengths).

7. The simple uniform charge per trip scenario The charge value is defined by
summing the total revenue expected from a fully complex regime is divided by
the total number of tripdt is assumed to be leviexh the initial link of each trip.
(This testrepresents the simplest possible charging sceaadois not expected
to approach optimality)

8 The base (Ano cwiitl higheeamand Tlsisctestmepresentea
variant city withno charges appliebut 50% more traffic (all cells in the trip
matrix are multiplied by 1.5). Taken together with t@sit provides an extreme
test of the sensitivity of the resultsttee amount of congestion within theyci

9. The fully complex charges scenariavith high demand. This mirrors test 2 but

with 50% more traffic.
Variants on each of the above can be defined accordingetaifferent possible

treatments of fuel taxi.e. the extent to which the fuel tax is redd to reflect the

revenue gathered through the road user charges
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5 Model Predictions fortheit est 0 ci ty

Tables 6.1 and 6.2show results from the model rurReaders may wish to recall the

definition of Gross Benefit and other key indicators giveseation 4.4.5.
5.1 Plausibility of the Results

The results shown in taldé.1 and 6.2aregenerally veryplausible For example:

- the introduction of charges leads to a reduction in trip numbers;

- the introduction of charges generally leads to ane@m®e in vehicle
occupancies;

- the introduction of charges generally leads to a reduction in average trip
durations (reflecting a reduction in congestjon)

- the introduction ofi ma r g i n eédrgesgeretally leads to an increase in
trip lengths (reflectig the use of more circuitous but less congested routes);

- the introduction of charges which reflect externalities generally leads to a
reduction in the production of those externalities and reduced use of roads
which are particularly environmentally sensit,

- the introduction of a pekilometre charge results in a reduced average trip
length;

- the introduction of a petrip charge results in an increase in average trip
length; and

- the benefits gained by introducing charges are more marked in a more

congestd city (compare test9a anda).

Notwithstanding the plausibility of these results, the reslitsvn in Tables 6.1 and
6.2 also demonstrateome features which reflect the modelling assumptions rather
than real life. For example, tests 2a aad #a, which used a simple elasticity model,
show a much higher proportion of trips being made in solo vehicles than do tésts 2
(all of which were based on the logitodel described in Section444). This reflects

the fact that the logit model predicted agmation of trips from solo occupancy to

multi-occupancy while the elasticity model did radibw for this effect.
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We were initially rather surprised not to see a greater increase in the proportion of
mandatory trips in tests 2 and 3 (and in tests 4 because the logit moddiad
suggested that mandatory trips would be mo
tolls. However, since tests 2a andZ=a (which were based on the simple elasticity

model and so did not distinguish between mandatory andetiaeary trips), also

show reductions in the proportion of mandatory trips, we conclude that some feature

of the mandatory trips makes them more susceptible to the tolls and that the modest

increases in the mandatory proportion in tests 2 and 3 shoudskbersthis light.

We were also surprised to see that the tests which used the logit models to predict
response to the introduction of charges (i.e. tegtsshowed that high income drivers
were more likely to stop travelling when charges were introdii¢because the logit
models had suggested that high income drivers would feast stronglyto the
introduction of tolls). We are not clear why this is the ase

We are aware that SATURNGO6s allocation of f
individual classes of travelletC{ark, 2007)and that several alternative equilibria

could exist. This could obviously produce anomalies in the assignment of numerous

classes of driver (with different values of time and different costs per kilometre) in

respose to charges which were calculated for each link in the light of the flow of

different classes of driver on that link. This leads us to be wary of about putting too

much credence into the disaggregate predictions of the behaviour of different user
classesand may be part of the explanation for the anomalies noted above. In general,
however, we do not think that this problem will have affected our aggregate

predictions.

" One possibity was that it was due to the fact that high income travellers tended to
drive larger vehicles and will have been being charged more than drivers of small
cars in tests 2 and 3. However this does not explain result in tésighdre charges

were not diffeentiated by casize.
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Table 6.1 Logit Model Predictions (plus test 2a)

1 2 2a 3 4 5 6 7
Base |Complex Complex| VOT - | Topl0 | cordon | Perkm | Per
specific trip
Response pred]- Logit(F) | Elast Logit(F) | Logit (S) | Logit (S) | Logit(S) | Logit(S)

Trips (000s)

Total person trips in peak | 132.0 | 100.0 | 117.2 | 100.0 | 112.37 | 123.5 91.1 112.3

Total vehtrips in peak 109.7 | 76.4 |97.26 |76.5 |89.27 |100.4 |68.8 |89.2

Vehs crossing Cordon 33.03 | 22.34 |30.18 |22.37 |27.45 |29.65 |20.84 |27.37
person. trips changing timg - 5.40 * 5.27 3.96 1.83 6.34 4.00
person trips stopping - 14.62 * 15.09 | 7.96 3.16 22.33 | 7.90
person trips changing mode - 11.96 * 11.67 | 7.74 3.54 12.24 | 7.80
% of trips in solo cars 79.63 | 69.01 |7951 |69.22 |74.12 |76.93 |67.45 | 74.09
% of trips in big cars 49.63 | 49.65 |49.74 |49.72 | 50.50 |49.60 | 46.50 | 50.63

% by high income people | 44.03 | 39.98 | 4593 |39.28 | 4220 |42.18 |37.87 | 422

% for mandat|8766 |87.75 |87.60 |87.79 | 87.69 87.71 87.84 | 87.69

Average veh trip

Av duration (hr) 0.65 0.49 0.61 0.48 0.59 0.60 0.43 0.58
Av distance (vkms) 15.0 154 155 15.3 15.8 14.95 14.1 15.7
Av. toll paid (Eu) - 4.30 5.80 4.29 0.85 0.56 0.53 0.84

Time and Distance

Tot al per son| 709 36.8 59.3 36.7 52.4 60.7 29.7 52.1

Tot al veh km 1625 1175 1502 1174 1407 1500 971 1403

% on Principal roads 68.0 70.3 69.2 70.3 69.5 68.4 67.1 69.5

% on Special roads 9.6 9.2 9.4 9.2 9.2 9.5 11.0 9.2
Costs (000 Eu per day)
of total delay (at RVoT) 307 117 247 116 202 245 84 201
of other externalities 20 14.3 18.3 143 | 171 18.3 11.8 17.1
Total externaties 326 131 265 130 219 263 96 218
Non-fuel veh operation 64.41 |30.17 |40.27 |30.14 |37.19 |40.24 |24.79 | 37.05
Total fuel tax paid 183.46 | 83.68 | 117.78 | 83.68 | 104.77 | 114.65 | 70.47 | 104.42
Total tolls paid - 327.8 | 563.91 | 327.6 | 75.64 55.73 36.01 | 74.96

Total veh operation cost| 144.91| 66.03 | 89.18 | 66.00 | 82.08 |89.38 |54.99 | 81.80
excl tolls and tax

Fuel used (k litres) 208.00 | 94.88 129.40 | 94.87 | 118.76 | 129.99 | 79.90 | 118.39

Continuing t - 117.66 | 158.78 | 116.64 | 154.12 | 162.51 | 108.04 | 154.04

cost excl tax

Continuers reduced op co 51.63 | 69.6 50.64 | 72.04 |73.13 |53.05 |72.24

excl taxes

Tax revenue lost fron - -74.31 | -22.42 | -75.58 | -28.48 | -17.65 | -86.07 | -28.53

discontinued trips

Reduced env externalities - 5.7 1.7 5.7 2.9 1.7 8.2 2.9

Continuersog - 124.45 | 42.60 123.63 | 75.83 45.21 132.83 | 77.02

(behavioural value)

Consumer surplus fo - -43.29 | -17.50 | -43.33 | -33.17 | -16.06 | -92.96 | -24.52

discontinued trips (k Eu)

Gross benefit (k Eu) - 64 74 61 89 86 15 99

Toll system operating cost - 400 to 60¢ 400 to 60( 400to 60| 150-250 [150-250 | 1-100 | 20-100

Net benefit (k Eu) - -336 to-| -326to0 | -339to| -61 to- |64 to - 14 to- | 79 to-
536 -526 -539 | 161 164 85 1

ALogit(F)o was calibrated on a full dat aanmettofindl

the charges easy to understand

*Where an elasticity model has been us euotpretidied.. r
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Table 6.2 Elasticity Model Predictions
1 2a 4a 5a 6a 7a 8 9a
Base | Complex | Topl0 [cordon |Perkm |Pertrip |Bsex 1.fComx1.5
Response predif- Elast Elast Elast Elast Elast - Elast
Trips (000s)
Total person trips in peak 132.0 | 117.2 126 130.2 106.9 |127 198.0 | 150.0
Total veh trips in peak 109.7 | 97.26 104.3 |108.1 |87.9 |[104 164.5 | 114.7
Vehs crossing Cordon 33.03 | 30.18 32.25 | 32.33 27.15 [32.23 50.61 | 33.51
% of trips in solo cars 79.63 | 79.51 79.46 | 79.61 78.38 |79.46 79.63 | 69.22
% of trips in big cars 49.63 | 49.74 49.78 | 49.73 50.33 |49.78 49.63 | 49.72
% by rich people 44.03 | 45.93 44.87 | 44.36 45.35 144.87 44.03 | 39.28
% f or mandt 6y 8766 | 87.60 87.63 | 87.65 87.61 |87.63 87.66 | 87.79
Average veh trip
Av duration (hr) 0.65 | 0.61 0.64 0.65 0.53 |0.64 1.21 | 0.80
Av distance (vkms) 15.0 | 155 15.2 14.9 14.5 15.2 15.2 15.5
Av. toll paid (Eu) - 5.80 1.03 0.65 0.57 1.03 - 9.58
Time and Distance
Tot al per son |709 |593 67.2 67.0 46.2 67.1 199.3 | 91.8
Tot al veh knl1625 | 1502 1583 1616 1278 |1584 2497 | 1781
% on Principal roads 68.0 | 69.2 68.4 68.2 67.8 68.3 65.1 | 68.8
% on Special roads 9.6 9.4 9.5 9.6 10.0 9.6 9.8 9.3
Costs (000 Eu per day)
of total delay (at resourc 307 247 289 303 177 289 1064 | 405
VoT)
of other externalities 20 18.3 19.3 19.7 156 | 19.3 305 | 217
Total externalities 327 | 265 308 323 193 308 1095 | 427
Non-fuel veh operation costg 64.41 | 40.27 4296 | 4399 |33.75 |43 134.55 50.52
Total fuel tax paid 183.5| 117.78 122.80 | 125.98 | 96.14 |122.81 | 301.94 143.03
Total tolls paid 0.0 563.91 107.87 | 70.76 50.02 |107.8 - 1099
Tot veh op. costs excl toll| 144.9 | 89.18 9559 | 97.98 | 74.95 | 89.42 | 263.9] 111.82
and tax
Fuel used (K litres) 208.0 | 129.40 139.23 | 142.83 | 109.00 | 139.24 | 342.24 162.17
Contdéds old op - 158.78 174.04 | 175.33 | 146.70 | 172.50 - 422.12
Conts reduced opcost excl tg 69.6 7845 | 7735 | 71.75 | 85.58 - 310.30
Tax no longer paid by - -22.42 -3.01 | -1.42 -37.07 | -4.96 - -300.72
discont. trips
Reduced env externalities - 1.7 0.7 0.3 4.4 0.7 - 8.8
Continuersbo - 42.60 13.10 | 2.96 94.45 | 13.09 - 288.90
(behav. VoT)
Consumer surplus fqg - -17.50 -7.45 | -2.69 -34.09 | -7.50 - -49
discont. trips
Gross benefit (k Eu) - 74 82 77 99 87 - 258
Toll system operating cost - 400500 | 150t025{150t0250 | 1t0100| 20t0100 -  B50OG-700
Net benefit (k Eu) - -326 to- | -68to | -73to | 98to | 67 to- - -242 to
426 -168 -173 -1 13 -424
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5.2 The sensitivity to assumptions about response

It will be recalled from Sectiot.4.4 that we identified two ways of predicting
responses to simple charges. One wasig® a logit model calibrated on data for
people who said that they had found the charges easy to undetb@onther was to
use a standard elasticity approathus assuming that charges are perceived and

responded to in t he ftimeaohgwithoall othermelemedits of ver 6 s

generalised cost) although with an unintentionally low elasticity value

Tests 2 and 47 use thdogit response models based on our questionnaire results and
predict a larger reduction in demand following introdon of a toll than the
equivalent tests (2a aneé 47a) based on the elasticity models. This simply reflects the
greater response predicted by tbgit demand modsl This greater reduction in
demand brings a greater reduction in delay and other eltesdbut the larger
number of discontinued trips brings a greater loss in fuel tax revenue and in consumer
surplus. These differences obviously affect the gross bendfitdest 22a the
elasticity version has higher benefits whereas in teldts &/5a and 77a the logit
version has higher benefits. The lower toll revenues in the logit tests are due to the
lower overall demand and to the fact that the-lpmad charges are lower (because
SATURNOGs fimargi nal cost o t ol I andsodowére ct

tolls are required when the response is more marked

Comparison of the results of tests 2 and 2a shows the different predictions that arise if
we assume that people respond to complex charges in the way observed in our
guestionnaire exerse rather than assuming that they will respond as predicted by a
simple but probably underesponsiveglasticity model. Weéhave more faithn the
predictions frommodel 2than those from modé&a but include the latter in order to
demonstrate that ddrences in the performance of the complex and simple charges
(i.e. the comparison of test 2 with tests-47a) is not simply attributable to the use of

a logit modelto represent response to complex chargesahuelasticity model to

predict responst simple charges

Tests 47 were based on thé s i malldo éogit modelwhile tests 4&a used the

elasticity model We are inclined tdelievethat simple tolls wouldhot, in real life,
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causea behavioural responses st rong as t hartpl exhil oigtigad mor
but are confident that it woultde stronger than that indicated by our uaesponsive

elasticity modelThe results of tes#éa-7a thus provide a useful lower bound response

and it is for this reason that we did not seek to replaceQtie elasticity value

(originally adopted in error) by a more realistic, higher, Vluaterestingly, the

conclusions we will draw in the Section 5.3 haiespective of whether we use the

logit or elasticity modefs - aresult whichindicates a degeeof robustness

5.3 The Effect of IncreasingComplexity

5.3.1Impact on Benefits

Comparison othe results for test2a (the complex toll regime) with those for tests
4a7a(the simpler toll regimes) shows that the complex toll yields lower net benefi
even if we assume that, irrespective of the complexity of the toll, people are able to

predict the charges accurately and respond to them as if they were fully perceived as

® An unwanted consequence of the use of an overly low elasticity value in that part of
the model which predicts responses to reduced congestion is that the reduction in
traffic following the introduction of tolls will be greatehta n i t Aoughto to
tests (other than the base cases). We do not think that this materially affects our
conclusions on the relative scale of effects seen in different tests but clearly means

that theabsolutevalue of results cannot be assumeddabrrect.

® This generalisation does not hold f&sts 6 and 6a. The results for test 6 indicate a
particularly strong response and at first sight seem at odds with those for with test 6a
(the same scheme but using an elasticity model to predict megpand with the
other tests based on the simple logit model of response. This differenyaeflect
the fact that, to perform well, the scheme requires people to know distances and that
the logit model reflects their difficulties in estimating distabaesed charges more
effectively than the elasticity model. However, we are not confident that this is a
correct interpretation and cannot rule out the possibilty of an error in the

representation of test 6.
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part of the generalised cost. The main reason for this is that the compleegtole

has much higher costs of operation and these are not recouped by better performance.

However, if one examines thgrossbenefiti thus ignoring the costs of scheme

operation, it appears that the simpler regimes still outperform the complex scheme.

Comparison of the results of test 2vith those of test 2 uggeststhat the
underperformance of the complex toll is even more marked when one ,aliavibe
logit model, for the imprecise behavioural responses to complex tolls where w

revealed by ousurveys.

Although close examination of the results shows that the superior performance of the
simpler charges is generally attributable to their achievement of greater reductions in
continuing travellerso6 oper at irtange ofctles t s
different reasons for the higher gross benefits varies from scheme to scheme. In
particular, the strong performance of teatséems to come about for different reasons

than those which explain the performance of test&aand &

In thecase of test@(where charges were levied only on the most strategic links), test
5a (where charges were levied at a cordon) and @éiviiere a constant charge was
levied on all trips irrespective or route or length) the lower time savings for
continung travellers are more than compensated for by the lower loss of tax revenue
from discontinued trips, the greater reduction in continuing travellers operating costs

(excluding taxes) and the lower loss of consumer surplus for discontinued trips.

In the cae of test & (where the charge was a constant amount per kilometre travelled)
the gross benefit is considerably greater than for any other test because although,
compared to test 2, the time savings for continuing travellers and the loss of consumer
surpus for discontinued trips was not much less, the loss of tax revenue from
discontinued trips was much lower and the reduction in continuing travellers

operating costs (excluding taxes) was much higher

191t should be noted that the results of thisttare particularly dependent on the

assumption, which is inherent in the SATURN assignment model, that drivers
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5.32 Impact onother Indicators

The more complexschemes produce higher revenues and achieve greater reductions
in externalities than do the simpler schemasrdsult which persists even after
allowing for the fact that the tests based on an elasg@herated behavioural
response produce lower revesuand achieve less reduction in externalities). This
may seem to contradict our earlier finding that the complex scheme gave lower
benefits than the simpler ones but the two results caexisb because we have
defined benefit to exclude transfer payme(messenues from continuing trips) but to
include loss of consumer surplus and of fuel tax revenue associated with the

discontinued trips.

Given this, a particular reason for the relatively low benefit associated with the
complex charging regime may be thhe average charge paid per paigesoticeably

higher under the complex charging regime than under the simple charging regimes
and this results in greater loss of trips. This brings a loss in the consumer surplus and

fuel tax revenues associated witBatintinued trips.

have perfect knowledge of distance and so can estimate ditased charges. In

fact, although our questionnaire showed that this is not iy e case, it can be

argued that, if charges were distat@esed, people would become more aware of

relative distances and would seek assistance from odometer readings, trip
planning websites and so foitand t her ef ore t hat SATURNGOGS

not be unreasonable.

1 Larsen and @stmoe (2001) also noted a 30% decrease in consumer surplus when
they added timef-day differentiation to Saturday tolls and it would be useful to

compare notes on the presumed cause.
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5.4 Other Tests

5.4.1 Complex charges varying by valuef-time

Comparison of the results of test 3 with those of test 2 suggests that the overall
performance of our complex charging scheme is only slightly reduced if we specify

chares which vary according to tdiemedr i ver s
differentiated scheme achieves a slightly lower average journey time with slightly less

of an increase in average trip length by means of a charge which, on average, is

slightly lower. However the overall gross benefit is slightly lower. This is probably

because the scheme has more effect on higher income travellers, and because these
people tend to travel further, the loss of tax revenue due to discontinued trips is
greater and the imr ove ment in continuing travellers

lower than in the case of the constaminey charge.

5.4.2 Results for a more congested city

Tests8and®ar e i ncluded in order to confirm tha
with the results from the work conducted in Work Package 1.3b. Allowing for
differences in the specification of the population and charges, the new results are

indeed compatible with the earlier ones and again emphasigeeip&irformance of a

given chargingegime isdependent on the characteristics of the city in which they are
implemented. In this case we sémt, in a city with 50% more trips, the complex

charging scheme produces greater benefits than it did in the less congested city and,
although stillnot covering its operating costs, does reduce the net disbenefits. It

would be interesting to conduct a test of one of the simpler charging regimes to see
whether the relative advantage of the simpler regime is increased or reduced in a more

congested cjt
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55 Overall Comments

5.5.1 Ontheperformance ofi mar gi n#&ls cost 0

Although we had not anticipated the result, Test 2a suggests that the lower gross
benefit from the complex scheme is evident, all be it less marked, even if we assume
that peop are able to predict the charges accurately and respond to them as if they
were fully perceived as part of the generalised cost (i.e. as predicted by an elasticity
model). Thus it appears that part of the urgerformance of the complex pricing
scheme isttributable to the price signal itself. It seems that, at least in the city which
we have been modelling, the imposition of lsecific charges based édnmar gi n a |
costso (as def i nextdrnalities doB8sAnbtUyiRIN Yhe highest yross
benefis - let alone the highest net benefits.

The dominant element obur link-specific charges is theharge calculated by
SATURN as necessary to reflect thearginalv e h i cointebati®n tocongestion
(described more fully in section 4.4.3Jhese chargesare, of course, higher on
congested links and th@ause drivers to divert further from their shortest paths and
so increase thwotal distance travelleda finding previously identified bjrichardson
and Bae, 1998) This increase in distance travelledings increases invehicle
operating costgwhich, because they are not fulperceived by driversis notfully
reflected in SATURNOSs c allrcsunmanyiiseemstbat t he o)
SATURNOGSs A ma rchargesa becaus® sheyoare behadby defined,
effectively undervala the full costs of vehicle operatioand that becauseour
definition of benefit takes account of changes in vehicle operating, thstproblem

is revealedThis result has significant implications for the definitmfroptimal tolls.

5.5.2 On the overall level of charges

All the charging regimes tested in this work have left fuel tax levels unaltered. It can
therefore be argued that the total charges (including fuel tax) paid by drivers were
excessive and that thwill have reduced trip numbers and thus resulted in loss of
consumer surplugt could be argued that the fuel tax shoeitherhave been reduced
to maintain revenue neutralityr that itshould have been abolished outrigjhgince
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the new charges weresigned to cover all externalities and any additional tax would

be a dstortionwhich would reduce overall social welfare.

Sincethe complex charging regimieas higher per capita charges than any of the
simpler charging regimesevenue neutrality would deand a larger reduction in fuel

tax in the case of the complex charging regime. Revenue neutral taxation would thus
reduce the loss in trip numbers (and thus loss in consumer surplus) for the complex
regime more than for the simpler regimes and might traeuit showing greater
benefit than the simpler regimes. Further tests would be required to test this
hypothesis.
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6. Conclusions

6.1 The trade-off between complexity and users ability (or

willingness) to  respond effectively

6.1.1 Findings from our sirveys

The results from ousurveys, presented in Section 3, appear to confirm the existence

of a real tradeff between the complexity of road user charges and the individual

road usero6s ability or willingnetlgsourto resp
results relate only to the shartedium term but we believe that some effect is likely

to persist in the longer term

We have found evidence of peopleds inabildi
that significant proportions of our samplimed not to have much idea of the costs

of using their car or to think about the cost implications of using different routes.

Although one might expect people to be better able to estimate current costs (e.g. fuel
expenditure and other costs of car)ug@n future costs (e.g. the charges they would

they would incur making their regular journey under a hypothesised charging
scenario), we found that their claimed precision for the estimates of current costs was
actually lower than that for the future t®sThis result is part of the reason for our
suggestion that peoplebds inability to est]i

short term (se&ection 6.1.4 foa further discussion of this issue).

Some of peopl eds i na khattheywouldirewur éasspeciimdt e t he
complex charge regime were in place was associated with their inability to estimate
distance (many of the charge regintestedin the questionnaire includead distance

related charge), some with their inability to julinderstand the spatial differentiation

(several of the regimes included numerous localised charge points) and some to their
inability to judge the time at which they would be at specified locations (several of the

regimes included charges which variegtime).
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We found, unsurprisingly, that the more difficult peopdeirid it to predict a given
charge, the lessfluence the actual charge level had on thehaviour.

There was evidence to suggest that, the more complex the price structure, the less
effort people were prepared to devote to consideration of how best to respond to it.

There was evidence to suggest that, the more complex the price structure, the less
effort people were prepared to devote to consideration of how best to respoind to it
although most respondents agreed that, as the likely cost of the charges increased,
they would be more likely to begin to think seriously about the options available to

them.

A majority of those who disengaged from serious consideration of their options
indicated that they would simply pay the charges and continue with their existing
travel behaviour. However, we do not know whether they are continuing because they
have disengaged or are disengaging because they perceive they have no choice other
than tocontinue. The latter explanation would be more consistent with the fact that
most of our respondents indicated an aversion to uncertain clfa(geshaps

disengagement is a way akeducing cognitive dissonance avoiding direct

12" We found evidence to suggeasiat, although most people would seek to avoid

uncertain charges, some would actually prefer the uncertain changsumably
because they anticipated that tha-turn would be in their favour. The existence

of this kind of riskseeking behaviour is weknown in the context of losses
(Kahneman and Tversky, 1984) and so might be expected in the context of road
user charges, but our surveys showed it to be a minority taste. The fact that our
surveys indicate that a majority of people are risk averse, tiyt a minority
appear to follow this through by avoiding exposure to charges which they cannot
predict, is not inconsistent if it is accepted that the disengagement which prompts
people to ignore the uncertain charges is, almost by definition, is inctepatin

a careful assessment of risks.
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confrontation with the facthat their failure to change behaviour may not actually be
the correct course of action).

Part of the reason for disengagement is a belief (possibly wholly rational) that the
effort required to conduct a full assessment of the costs of all the feasptenses is
simply notworthwhile that the effort required would outweigh the likely benefit. This
belief is likely to act as a brake on the adjustment of behaviour to complex charges
and the more complex they are, the more effort that would be reqaiassess their
implications, and so the greater the obstacle presented.

Models constructed on the data from our surveys (see appendix Ill) suggested that,
when charges are difficult to predict, people show an initial tendency (evident in the
ASC) to sek to avoid them but that the avoidaftesponse is less sensitive to the

actual charge level than it is when charges are easy to understand.

6.12 Findings from our Network M odelling Work

The results of the network modelling work presented in Sedimshow that the
simpler charging regimes produced greater benefits (as defined in Section 4.4.5) than
did a complex pricing regime. The superior performance of the simpler schemes was
apparent even before taking account of the greater operating costsvabiat
probably be associated with a more complex regime but when scheme operating costs

were taken into account the difference in performance became overwhelming.

As was hypothesised early in this Deliverable, part of the reason for the superior
performare of the simpler schemes is attributabdethe imprecise responses to
complex charges that had been noted in our surveys and encapsulated in our logit
models. However, rather to our surprise, our modelling work has shown that even
when we assumed thaegple could respond to lirpecific charges in a direct and
measured way (as if they could be accurately predicted and would be perceived as a
part of the overall generalised cost), lisfecific chargedesigned to reflect marginal
costsproduced lower énefits than some much simpler charging regimes. We believe
that this is because@ ma r g i n ehargegae defined in SATURN#are based on

p e o ppedptionsof the costs ofvehicle operatiorrather than the true (higher)
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costs We also believe that éhperformance of the complex charging regimes may
have been undermined by the fae did not assume any commensurate reductions in
the level offuel taxes

An interesting implication of this result is that tolls which accurately reflects the true
costs & externalities will not result in efficient behaviour unless they include an

el ement to correct peopleds. mi sperception

In summary,our network modelling workassuggested thahe identification of an
optimal degree oftomplexity was not the simple traed#f that we hadenvisaged
(whereby the theoretical advantages of complex charges would be mitigated by
peopleds inability or unwillingness to pre
by the costs of perating a complex charging regime). Rather it has suggested that the
complex charges which we envisaged as being theoretically ideal were actually
decidedly suboptimal and that their performance would fail to match that of some
simpler charges even if pple were able and willing to predict them and respond

accordingly, and even if thayerenot considerablynore costly to run

Given that the complex schemes produced greater revenues and achieved greater
reductions in externalities but were judged toduce lower benefits (even before
allowing for differences in scheme operation costs), the correct definition of benefits

is clearly a major issue in defining the traafé between complexity and simplicity.

6.1.3 Implications for other Sectors

Our findings were made in the context of private motorists. They are likely to be
broadly representative of the behaviour of individual travellers in other mode sectors
but are not likely to be representative of the behaviour of corporate decision makers in

the raad sector or any other sector.

Evidence from other sources supports the idea that, compared to private individuals,

corporate decision makers are likely to be more motivated, and better placed, to
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estimate charges and consider their best response t&*thignis does not, however,
mean that they will be any mosbleto respond to the chargésparticularly in the

short term when inflexibilities and contractual obligations are likely to strongly
constrain any response. Nor does it mean that they willomatlede that the costs of
making a change are so great that it would be better to continue with their existing,

suboptimal pattern of use.

Generally, we would expect that, in sectors where differentiated infrastructure charges
impinge almost exclusivelpn corporate decision makers, the stierimoptimal

degree of complexity for infrastructure charges will be determined by the corporate
decision makerso6 ability and motivation

to predict them.

In some sedrs, differentiated prices experienced by the direct user of the
infrastructure will be passed on to end users by an intermediate supplier. For example,
an airline faced with different prices for landing slots at different times of day may
simply build this difference into his ticket prices. If this happens, the intermediate
supplier may then think it unnecessary to alter his use of the infrastructure (and thus
his production of externalities) until and unless the end user responds to the
differentiated piies. Thus it may be that, even where differentiated infrastructure
charges are imposed on corporates, the effectiveness of the charges may depend on
the ability and willingness of individual consumers to understand and respond to the

price differentiation

Even allowing for differences in behavioural response in different sectors, our
conclusions on the relative performance of complex and simple pricing schemes in
transport networks will be transferable to other sectors only to the extent that similar

isstes affect the definition of costs and benefits. In respect of costs, it can be argued

13 Although recent research (Fowkes and Johnson, P80dgests that freight drivers
often have discretion over whether to use toll roads or not, one might suppose that
theyare more skilled at estimating times arabtsand thus better abl® make such

decisions than the average motorist.
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that the costs of operating complex schemes (metering the externalities and collecting
the charges) are likely to be lower in other sectors and that it may therefaaside e
to justify complex pricing regimes outside the road sector.

6.1.4 Short term and long term effects

The issue of changes in understanding and response over time requires some further

attention.

Our survey allowed respondents a few days to study llaegmg regime, estimate

what the charges would be for their regular journey and consider how best to respond

(they were specifically asked to consider the consequences of any change in their

travel patterns). They were then asked to say what they ththeghtvould be doing

fa few monthso after the charges had been
would yield results which could be considered valid for the stmadium term.

Clearly, it is possible to argue that the attention that people gakie tharges and to

the consequences of any change in their behaviour will have been less than they
would give I f charges were really introduc
understanding of the charges would be better if a charge wengirgedduced (given

all the publicity and debate that would accompany the introduction). It is also likely
that, if charges were really introduced, people would give fuller consideration to
potential responses and to the consequences of any change iotehBvis might

be expected to result in a lower propensity to change behaviour (because the real
constraints would only become apparent if they seriously tried to change their
behaviour). Alternatively it might result in a higher propensity to changea(se

they might discover that some expected constraints could actually be overcome). On
balance it is therefore probably best to regard our survey data as representative of the

shortshortmedium term.

In the longer term individuals might become bettefeato understand charges
because of the experience they gain on the charges levied for different journeys.
However, if the charges are complex, this process may take some time and, given the

evidence on peoplebds i nabiadrjourngys,theymay t i mat e

never become able to make accurate estimates. In practice, the time taken to learn
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how to predict complex charges will depend on the nature and extent of the
complexity, the presentation of the charges (e.g. whether the underlyuctussris
clearly explained in terms that people can understand), on the amount of feedback
provided (e.g. itemised charges for each journey explaining how the charge was
arrived at), and, not least, on the availability of software to assist peoplanhatest
charges for a given journey (analogous to the journey planning software that is
already widely available).

As noted above, individual travellers and corporates are likely to find that, in the short
term, their ability to respond to charges is congé@ by existing commitments and

by the fact that some potential responses would take time to negotiate and arrange. In
the longer term it would be possible, given sufficient motivation, to overcome some of

these constraints.

Some constraints will take nger to overcome than others and, since different types
of constraint apply to different responses, the rate of adaptation will depend on the
responses being considered. For example, in the context of individual road travellers,
it is likely that changes foroute could be effected almost immediately but that
changes in departure time, vehicle occupancy, trip frequency, vehicle type and
destination would take progressively longer (the actual order varying depending on
the circumstances of the individual tedier). It follows from this that different types

of price differential can be expected to take different lengths of time to cause a
response (differentiation of charges by class of road might produce a rapid response

while differentiation by time of dayrdype of vehicle might take longer).

We referred, in section 6.1.2 above, to the fact that some intermediate suppliers would
decide to change their use of the primary infrastructure only after they detect a change
i n their cust ome rnsréspopsa totpasgem grice aifferedtialsna n d
This extra loop in the response process will obviously introduce a further delay in

achievement of the full response to differentiated charges.

It is important to note that, even if a decision maker is unablewilling to respond
to a price signal in the short term, the existence of a clearly understood signal may
generate a response in the long term. Our surveys suggest that complex charges may

not generate an appropriate response from individual travetigigeishort term but
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they do not mean that we candmnfidentthat some quite complex signals would not
produce an appropriate response in the | on
inability, or unwillingness, to estimate the existing costs of magp and on their

expressed failure to consider cost details when making route chsigggest that it

would be unwise to assume that the response to differentiated charges would ever be
complete.

6.2 Policy implications

Our findings, taken with therguments presented above, lead us to conclude on the
following policy implications:

1. A close match between costs and behaviour cannot be expected in the short term.
There is thus little point in introducing highly differentiated charges unless
they are likely to remain stable for a considerable period of time.(An
exception to this rule might apply in the context of charges which can be clearly
understood and for which the appropriate response is achievable very gjuickly
example charges applied on eovimentally sensitive links during designated

environmental emergencies).

2.The fHAoptimumo degree of complexity depend

define optimum.

a. If the objective ig0 maximise net benefitgthe only objective consistent with
marginalsocial cost pricing), theomplexity associated witkomelink-specific
A mar gi nehargegio lkdlydo be counterproductive and a much simpler
charging regime is likely to perform much better.

b. If the objectivewasto maximisenet revenue the optinal degree of complexity
may be beyond that which is justified, even in theory, by marginal social cost
pricing (provided, of course, that the costs of implementing such a regime can
be kept low). This conclusion follows from the observation that the demina
tendency, when faced with charges which they cannot predict, is for people to

retain their existing patterns of behavidguthus incurring charges. It allows for
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the fact that a degree of deliberate obfuscation would increase disengagement
from the proess of careful assessment of charges. The ethical issues
surrounding such a policy, and the question of its political sustainability, might
rule it out of serious consideration. More pragmatically, there would clearly be
no point in increasing the compléxiof charges beyond the point at which the
costs of administering the charges fail to cover the additional revenue expected.
c. If the objective was to minimise externalities it would be important to
maximise use® ability to understand the pricing signalt will thus be
appropriate to make a significant investment in publicity and training to clarify
and explain the essence of the charging regime and help people predict the
incidence of charges and how best to respond to.tfdm precise tradeff
between complexity and effectiveness will depend on the effectiveness of this
publicity and training but the optimal degree of complexity is likely to fall some
way short of the full extent of complexity implied by social marginal cost

pricing because of impregion in the behavioural response.

3. The optimal degree of complexity will depend on the type of simplification
envisaged For any given dimensiorof complexity the optimal degree of
complexity will depend on the costs of implementatiand the effectiveress
achievableafter allowing for impreciseompliance Our survey results suggest that
peoplebs abil i tapdthunthgpecissod ofmmpliande,a likeye s
to beparticularly poor if the charge varies in more than one dimermioaquires
them to know route distances (althoughe implementation of distandemsed

charges might stimulate an enhanced perception of distance)

4. The use of a complex pricing regime with high average charges could yield
significant revenues This is because #¢tsensitivity to the actual charge is reduced
when the charge structure is complédur analysis suggested that this effect
becomes apparent for complex charges which are more than 3% times the perceived
pretoll out-of-pocket cost$or the complete journeffor charges below this level a
general tendency to avoid exposure to uncertain charges outweighs the low

sensitivity to the actual charge level).
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5. If people can be assistetb estimate distances, distancébased charges appear
to offer the prospect of hgh benefits at relatively low costsThe implication of
this result is that, to the extent that fuel consumption is a proxy for distance
travelled and environmental externalities produced, ingrgdsel tax might bea
simpler and more cosdffective meas of increasing overall benefithan
introdudng a wholly new form of road user chargifig Note however that
locationspecific congestion problems could not be tackled simply through
increased fuel taxand that fuel tax could not be targeted at particgfaups of

road users

6. The optimal degree of complexity may depend on the level of fuel taxes
assumed to ceexist with the new chargesThis result is implied by our results
but has not yet bedpsted explicity.

6.3 Research Implications

6.3.1 The ned for more data

Our findings have highlighted the fact that, as a general rule, increased complexity
reduces the clarity of the price signal and leads some individuals to disengage from
the task of making a considered attempt to respond to the detaifeent of that

signal. We have not, however, explored exactly what makes one price signal more
Acompl exodo than another. This is clearly
known, it is difficult to prescribe an appropriate policy response ¢gommters to the
important dimensions were identified in Bonsall et al (208207 and some work
already underway in the DIFFERENT project will go some way to address it.
However, more information is required on the broader question of behavioural

respamses to uncertainty.

“ Interestingly, this conclusion has been based on assessment of an urban case study
and would be expected to be even more pronounced if rural andiibtar journeys
had beemmodelled.
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Our logit models of response to simple charging regimese(asgted in Table 6.2 for

tests 4, 5, 6 and Y were based on responses by people who said they had had no

difficulty predicting the charges that would flow from a given rgiag regime.

Whilst this might be an acceptable proxy for responses to simple charges, it is not the
same thing and it would be useful to collect more data on responses to simple charges.

Our work has been based on a survey which asked people to edtimaharges that

would flow from a given (hypothesised) regime and asked them to state how likely

they would be to respond in each of several different ways. This is not the same as

|l ogging peoplebds estimates of gindiregmehar ges
and observing their actual responses. It would clearly be desirable, when the
opportunity arises, to study dAreal 06 esti ma:
ability to estimate the duration, length and cost of existing trips providedbie

data but did not seek to explore the issue of complexity. Previous work on response to
complex prices in the telecommunications sector also provides useful insights (see for
example Bonsall et akR004) but is clearly not directly transferable besz the

potential behavioural responses are different.

6.3.2 The need for more modelling work

Had more time been available, we would have liked to extend our work to explore the
implications of using a higher elasticity coefficient and of assuming seduetion in
fuel tax following the introduction of road user charges. More broadly, we would have

liked to have had more time to conduct a range of sensitivity tests.

We see garticularcase for modelling the performance of a wider range of charging
regimes to see if any pattern can be found in the type(s) of regime whose performance
is more, or less, susceptible to imprecise responses by users (this work would make

use of the data on responses to different schemes called for in section 6.3.2 above).

There is also be a case for further modelling work to explore the extent to which the
optimal level of complexity varies depending on the characteristics of the network and
of the population of travellers. One particularly important test would be to explere
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extent to which the result differs if the model includes a full spectrum of road users
(including freight vehicles which would presumably respond to charges more cost
effectively than individual motorists, and vehicles such as taxis, motorcyctigts a
public transport vehicles which might, for political reasons, be exempt from charges
and so would not need to consider them at all).

Our modelling of behavioural responses used fairly conventional logit models to
predict responses to complex chargmgimes. The data from our questionnaires
suggested that an alternative and more speculative modelling approach might be based
on a twostage representation of the response process; a first stage during which
people decide whether to think carefully abtheg options available and a second
stage which, depending on the result of the first, is based either on a heuristic or on an
evaluative consideration of the alternatives. We suggest that further efforts should be
devoted to developing and testing suanadeli either explicitly or by formulating a

latentvariable representation of the processes involved.

As was noted in Section 4, our network modelling work was necessarily simplified in
several dimensions. The simplifications we were forced to adophawk influenced

the results even if it did not affect our overall conclusions. We think that the most
notable limitation of our work was in the representation of responses toaimeg

tolls and charges (e.g. charges which seek to charge peopleueua gn amount
proportionate to the delay they are causing to people who follow them in that queue).
We think that efforts should be made to develop a network based representation of the
performance of time varying tolls but note that this is a-tnwal problem because of

the possibility that such a regime would cause queues to migrate forward in time and

that there might be no convergent solution.

An important conclusion from our network modelling work was tBaA T URN G s
A mar gi ntall$ do aod pEforrmd well when the objective function includes vehicle
operating costas a lossThere is clearly a need for some further theoretical work to
define a toll whichreflects the fact that road users do not perceive their operating
costs accuratelgnd to ogrationalise the calculation of such a toll within the context

of a network model such as SATURN.
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6.33 The need for research in other sectors

Our work has been conducted in the road sett@nd has concentrated on the
performance of urban networks domiad by peak hour passenger traffic. Further
work is obviously required in other transport sectors where the behaviour of actors,
the nature of externalities and the costs of scheme implementation are quite different.

Beyond the transport sector, somditigs (most notably telecommunications) offer
their customers a range of contracts that differ in terms of their complexity and, if we
can assume that the tariffs are fully covering the metering costs, this offers a model of
a market which should produ@n optimal degree of complexity. Interestingly, the
market solution appears to be a range of levels of complexity to suit the needs of a
range of customers. Further investigation of this market may offer useful insights for

the transport sector.
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Appendix I Scheme Descriptions (Newcastle)

Note that each respondent would receive only one schemeptiesc

Al | three schemes refer to Anotes overl eaf

ANotes on the Congestion Charging Scheme
(1) Although the distance charges are expressed in pence per mile, incomplete miles
would be chargd proportionately.

(2) Drivers of small, low emission, vehicles (under 1.0 litre or using LPG, electric or
hybrid fuel) would be eligible for a 50% discount on these charges. If this applies to
your own regular journey, please tell the interviewer whehghcontacts you.

(3) Motorcyclists and disabled drivers (with Blue Badge) would NOT have to pay the
charges. If this applies to your own regular journey, please tell the interviewer when
she/he contacts you.

(4) The charges that you incur would be actlyarecorded by a tamp@roof in

vehicle unit (attached to all cars at no cost to the owners) and you would receive an
itemised bill for the charges incurred each month.

(5) If the charges wereeally imposed there would be a reduction in congestion,
however,for the purposes of this exercise, we want you to assume that all travel

times, by all forms of transport, would stay as they are now.
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