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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 Workpackage 4; research on the 

appropriate degree of complexity in transport charges. Its purpose is to draw conclusions on 

the optimal degree of complexity in transport infrastructure charges. The deliverable 

concentrates on the passenger market in the road sector. 

This Deliverable draws on the results of surveys which used a specially designed 

questionnaire to explore user response to complexity in road user charges (Task 4.3) and on 

modelling work to identify optimal levels of complexity in road user charges (Task 4.4). It 

builds on our initial consideration of the sensitivity of estimates of optimal charges to 

variation in city structure, demand characteristics and model specification (Task 1.3b) and on 

our review of current and projected use of complex charges in the road, rail, airport and port 

sectors (Tasks 4.1 and 4.2).  

Section 1 of this Deliverable offers definitions of optimal complexity and summarises the 

trade-off between the theoretical advantages of highly differentiated charges and the practical 

problems that such differentiation might bring. Sections 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 conclusions on the optimal level 

of complexity from a variety of perspectives and makes appropriate policy and research 

recommendations. 

Work reported in Deliverable 2 concluded that the questionnaire should be designed to 

provide information on the particular aspects of price differentiation which users perceive as 

contributing to complexity, on the behavioural responses to perceived complexity, and on 

whether behavioural response to a given degree of complexity of charges can be represented 

by appropriate adjustment of the (true) charges.  Deliverable 2 similarly concluded that the 

modelling work should allow for a wide range of behavioural responses and should explore 
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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 Transport.  The basic concept was 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. It was therefore designed to 

be conducted in two stages. The first stage questionnaire 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, and to see whether they 

would take part in a further telephone interview.  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 

the respondentôs regular journey and, most importantly, 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 this questionnaire were implemented in Newcastle, Cologne and Thessaloniki 

in the second half of 2006. Analysis of the data collected with this questionnaire provided 

some very interesting insights and allowed quantification 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 

costs or trip distances and were themselves aware that this was the case; 

- substantial proportions of the sample claimed that they didnôt always seek the ñbestò 

deal when dealing with everyday household bills and that they did not normally think 

about the costs of alternative travel routes; 
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- 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 was the case; 

- charges that were a function of distance travelled seemed to be particularly difficult 

for people to predict; 

- respondents who said that they had found the charges difficult to predict were likely 

to be less certain about their likely behavioural response; 

- many respondents said that, even if charges were introduced,  they would not bother 

to think seriously about alternatives to their current transport arrangements because 

they felt they had no choice;  

- many respondents said that they would not think seriously 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 were very likely to continue with their existing 

travel arrangements had said the charge was too low to warrant serious consideration 

of alternatives; and.  

- most of our respondents showed an aversion to uncertain charges ï though a minority 

seemed actively to be risk-seeking.  

 

The questionnaire data was used to specify and calibrate models of response to charges for 

use in the next stage of the work. Although there was some support for a model which 

explicitly recognised the process of disengagement (whereby people elect not to make a 

serious effort to consider the implications of 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 stage of the work. A fairly 

conventional logit model was therefore 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 to a lesser 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 trip ï with mandatory trips being less affected than discretionary trips. 
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The next stage of the work involved the construction of a network modelling package to test 

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, between them predicted an equilibrium level of network conditions, 

charges and demand. The demand response module differed depending on the complexity of 

the charges being studied; responses to complex charges were predicted using the logit 

models calibrated on the questionnaire results while responses to simple charges were 

predicted using a conventional elasticity model. The most complex charge regime had link-

specific charges based on the environmental externalities associated with traffic using that 

link plus a charge 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 were tested using 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 greater reductions in 

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 was even greater when 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 link-specific charges which, while reducing 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 charges will not be efficient. 

 

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

methodology, most notably the limitations of our network modelling package and the 
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difficulty of predicting longer term responses using our questionnaire method. The 

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

 

Our work has implications for policy and we draw the following conclusions: 

- A close match between costs and behaviour cannot be expected in the short term and 

thus there is thus little reason to introduce highly differentiated charges unless they 

are likely to remain stable for a considerable period of time.  

- The ñoptimumò degree of complexity depends crucially on the policy objective 

used to define optimum.  If the objective was to maximise net benefits, the complexity 

associated with some link-specific ñmarginal costò charges is likely to be 

counterproductive and a much simpler charging regime is likely to perform much better. 

If the objective was to maximise net revenue, the optimal degree of complexity may be 

beyond that which is justified, even in theory, by marginal social cost pricing. If the 

objective was to minimise externalities, it would be important to maximise usersô ability 

to understand the pricing signal 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 

envisaged and a charging regime that requires people to deal with more than one 

dimension of complexity is 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 yield 

significant revenues. This is because the sensitivity to the actual charge is reduced 

when the charge structure is complex.  

- If people can be assisted to estimate distances, distance-based charges appear to 

offer the prospect of high benefits at relatively low costs. The implication of this 

result is that, to the extent that fuel consumption is a proxy for distance travelled and 

environmental externalities, overall benefits might be increased more simply and cost- 

effectively by increasing fuel taxes than by introducing 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. 
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Our findings also have implications for future research and we draw the following 

conclusions:  

- More research is required to explore the factors that make one price signal more 

ñcomplexò than another (some work already underway in the DIFFERENT project 

should address this) but further investigation of behavioural responses to uncertainty is 

also required. 

- It would be useful to use the questionnaire to collect more data on responses to simple 

charges.  

- It would clearly be desirable, when the opportunity arises, to study ñrealò estimates and 

responses.   

- Further efforts should be devoted to developing and testing a two-stage representation of 

the response process suggested by our questionnaire: a first 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, is based either on a heuristic or on an evaluative 

consideration of the alternatives. 

- Further efforts should be made to develop a network based representation of the 

performance of time varying tolls but note that this is a non-trivial 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 on the characteristics of the network and 

of the population of travellers.  

- An important conclusion from our network modelling work was that tolls designed to 

optimise levels of congestion can not perform well unless they recognise the fact that 

users do not base their decisions on an accurate assessment of vehicle operating costs. 

There is clearly a need for some further theoretical work to define a toll which 

recognises this 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 altogether. 
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- 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 implementation 

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. Five areas 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 use of transport accounts as 

monitoring instrument for the implementation of transport pricing reform in an 

enlarged Europe, 

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

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

circumstances and on simple and transparent methods for determining charges,  

5. Modelling the broad socio-economic impacts of pricing reform. 

This deliverable falls within the third area of GRACE work; research on the appropriate 

degree of complexity in transport charges. Task 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 structure of 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 deliverable builds on Deliverable 2 which provided a position statement, at a relatively 

early stage in the project, to inform our subsequent work. Deliverable 2 suggested that 

although there was a theoretical case for considerable differentiation of prices, most existing 

road charging schemes are not very complex and that, where there is differentiation, much of 

it can be ignored by the driver ï at least in the short term (e.g. although there is some 

differentiation by vehicle type, purchasing a new vehicle it is unlikely to be a short term 

decision). For most drivers, the only decisions likely to influence their exposure 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 marginal social costs imposed by each 

individual user, and to levy an appropriate charge on that user, becomes practical and 

affordable, it will become increasingly important to understand how system users might 

respond to such differentiated charges. Will they be able to anticipate the charges and adjust 

their behaviour accordingly ï or will they base their behavioural choices on some less-than-

perfect understanding of what the charges are likely to be? If their responses do not fully 

reflect the differentiated charges, either because they cannot accurately anticipate them or 

because they disengage from the process of attempting to do so, then a trade-off may exist 

between the theoretical advantages of highly differentiated charges and the simplicity required 

to allow individual users to respond effectively.  These issues are particularly important in the 

context of road user charges because, unlike most other transport infrastructures, the user 

likely to be faced with infrastructure charges is an individual traveller rather than a corporate 

organisation with, presumably, the ability and motivation to assess the most cost-effective 

response to complex charges. 

Major components of Task 4.4 were the collection of data on driversô responses to complex 

road user charges and the use of models calibrated on this data to model the performance of   

road user charges of differing degrees of complexity.  The intention was to use this model to 

explore the trade-off 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 ï and Division of Responsibilities  

 

In Section 1 the Deliverable offers definitions of optimal complexity and summarises the 

trade-off between the theoretical advantages of highly differentiated charges and the practical 

problems that such differentiation might bring. In Sections 2 and 3 it describes, and reports 

findings from, survey work conducted in the UK, Germany and Greece. In Sections 4 and 5 it 

describes, and reports results of, modelling work. Finally, in Section 6 it draws conclusions on 

the optimal level of complexity from a variety 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 Bonsall). Jeremy Shires 

organised implementation of the survey in Newcastle, conducted the analysis of the 

questionnaire data, and ran the logit models. Anna Becker and Heike Link organised the 

surveys in Cologne. Panagiotis Xanthopoulos and Panos Papaioannou organized the surveys 

in Thessaloniki, and Dong Ngoduy implemented the network modeling package. Peter 

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 

 

It is perhaps useful at this point to define what we mean by ñoptimal complexityò. In the 

current context ñoptimalò is taken to mean ñmost efficientò. From a purist standpoint, the 

efficiency of a given pricing regime ought to refer to all the costs and benefits that flow from 

that regime. This would include: 

- the net reduction in externalities resulting from 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 on those users who are 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 departures from marginal social cost pricing, such as Ramsey Pricing 

and multi-part 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 justified. Otherwise, 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 and benefits. 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 
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land-use 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 

peopleôs preferred journey timings; the likelihood of relocation of industrial activity, services 

and housing; the costs of providing and operating the infrastructure required by the new land 

use patterns; and the implications of any such relocation for future travel 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 short-run marginal social cost and limit themselves to one mode ï making 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 other price distortions, 

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 ideal charge structure might be highly differentiated. 

For example, as discussed in Deliverable 2, it might be appropriate to charge road users 

different amounts depending on factors such as type of vehicle, current level of congestion, 

current meteorological conditions, 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 adjusted behaviour; 

- 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 optimise their behaviour in the light of the 

charges. 

Our interest in the optimal degree of complexity involves seeking the best trade-off between 

the theoretical (efficiency and equity related) advantages of highly differentiated charges and 

the practical problems that such differentiation might bring. In common with previous 

researchers (e.g. Newberry, 2002), we would expect theoretical effectiveness to increase with 
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complexity (probably at a decreasing rate) while the costs of operation are likely to increase 

with scheme complexity (probably at an increasing rate). The extra factor which we consider 

is that compliance with the pricing signal is likely to decrease with increasing complexity 

(probably at an increasing rate) and will tend to further reduce the optimal level of 

complexity. Figure 1 seeks to summarise this trade-off by showing how, when the achievable 

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

complexity (benefit ï cost of operation) occurs at a lower level of complexity. 

  

Figure 1: The Trade-off between complexity and effectiveness 

 

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

and well publicised charge which applies to all users in all 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 given situation). 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, method of paymentéé); 

- the number of charge levels in each dimension; 

- the extent of any calculations required to estimate the charge (e.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?); 

       Costs of System operation Achievable Benefits   

(a) assuming precise compliance 

 

(b) allowing for imprecise compliance 
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- the number of discounts and exemptions; and 

- the total number 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 

ñeffectiveò complexity which is what 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 the following: 

- when the underlying charge structure is not ñobviousò (e.g. a structure based on average 

levels of congestion experienced at a given location might be more ñobviousò than one 

based on the degree of environmental sensitivity, and a given structure will be more 

ñobviousò if it is well publicised and has obvious logic);  

- when the clues which indicate that a given charge band applies at a given location or at a 

given time are obscure (in the context of road user charges, ñcharge-cuesò might include 

class of road, 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 decision-making aids (such as tariff tables or specialist software, web-based or 

residing in a personal computer or on-board unit, designed to calculate charges) are 

unavailable or difficult to access. 

 

We note that the optimal degree of complexity depends on relative slopes of the curves in 

Figure 1 and that the difference between the two achievable benefits curves is likely to depend 

on the dimension of complexity being considered. For example, if one is considering 

complexity in the spatial dimension, the slope of theoretical-effectiveness curve will depend 

on the extent to which externalities vary in space and the slope of the achievable-compliance 

curve will depend on the usersô ability to predict and respond to charges that vary spatially. 

On the other hand, if one is considering complexity in the temporal dimension, the slope of 

theoretical-effectiveness curve will depend on the extent to which externalities vary through 

time and the slope of the achievable-compliance curve will depend on the usersô ability to 

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 on the 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 

appropriate 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 particular aspects 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, 

ñcomplexityò can be regarded as a binary variable (i.e. a tariff is either simple or it is 

complex) ï in which case what degree of complexity qualifies as ñcomplexò?; or 

whether complexity must be regarded as a continuous variable ï in which case what is 

the metric? 

 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 or feedback; 

 whether, in a model, the behavioural response to a given degree of complexity of 

charges can be captured by adjustment of the (true) charges. For example: 

- by addition of a ñpenaltyò to the true price 

- 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. 
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This implies that, in order to predict the impact of charge-complexity 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, in terms of its influence on behaviour at the population level,  ñcomplexityò 

can be regarded as a binary variable (i.e. a tariff is either simple or it is complex) ï in 

which case what degree of complexity qualifies as ñcomplexò?; or 

- whether complexity must be regarded as a continuous (linear or piecewise) variable ï in 

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 ñpenaltyò to the true price, multiplying the true 

price by a 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 increased experience or feedback. However, given the 

difficulty of replicating learning processes within a questionnaire context, this may not be 

feasible. 

2.1.2 Overall Structure 

 

The design and content of the questionnaire emerged after consideration of the overall 

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 Transport (Bonsall et al, 2006a). 

 

The basic concept was 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 questionnaire was designed to be conducted in two stages.  The first stage questionnaire 

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 to see whether 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 to take part in stage two. 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 complex (some 

examples are attached in Appendix I).  The allocation of schemes to respondents was intended 

to ensure that respondents received a scheme that was relevant to their regular journey and 

presented them with a degree of complexity. Subject to that over-riding 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 charging scheme and consider their possible responses to it. The 

second questionnaire sought more detail about the respondentôs regular journey and, most 

importantly, tested their understanding of the charging scheme and asked them to indicate 

their likely response to it.   

 

2.1.3  Content of Questionnaires  

  

Stage One Questionnaire: 

As described above the purpose of this stage was to establish the key features of the 

respondentsô journeys to enable the allocation of the correct charging scheme and try and 

ensure a representative 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 conducted as a mail back 

survey but when initial response rates were poor this was switched to a combination of 

telephone and face to face interviews.  The UK version of the questionnaire, presented in 

Appendix II, 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 journey)
1
; 

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

length etc) 

3. Details of the arrangements they 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 non-transport contexts, value of time) 

 

Stage Two Questionnaire: 

This was considerably longer than the stage one 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 combination of face 

to face and CATI interviews were used. The UK version of the questionnaire, included as 

Appendix II, contained the following elements: 

1. Background socio-economic information ï age {actual}, household characteristics 

including income and car ownership). 

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 would have to 

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}. Confidence 

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). 

                                                

1
 The initial 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 basis (at least 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).   
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5. Exploration of effect of complexity (assessment of complexity of the charges, effect of 

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 and Greek versions 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 the overall 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 of England 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 considered, 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 populationsô awareness of tolls (most drivers will have been  

aware of the 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 carried out 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 on-street at key locations ï with the first stage interviews conducted in nearby 

buildings (attempts to recruit via door-step interviews were abandoned due to low response 

http://www.statistics.gov.uk/census2001/pyramids/pages/00cj.asp
http://www.statistics.gov.uk/census2001/pyramids/pages/2d.asp
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rates). Strict quotas, reflecting the age and gender profile of the Tyne & Wear region, were 

imposed on 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 

questionnaire and agreed to take part in Stage 2.  

 

All 318 people were mailed a cover letter a few days 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 whether or not it passed through the city centre. Effort was made to 

ensure that the allocation of respondents to each the three charging regimes would be 

balanced in respect of socio-economic characteristics.  

 

Although 318 people agreed to participate in Stage 2, even 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 Shires (2007). 

 

2.2.2 Implementation in Germany 

 

In order to enable a comparison with the 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 Cologne was selected, with a population of around 1 million people.   

 

The implementation of the German survey differed slightly from the UK in that ADM-

telephone-sampling was used to recruit the stage one sample
2
. As in the UK, the survey 

company was instructed to ensure that the allocation of respondents to each the three charging 

regimes would be balanced in respect of socio-economic characteristics (in this case age and 

gender).  

 

                                                

2 The ADM (Association of German Market Research Institutes) has defined the Gabler/Häder 

method as the standard procedure for telephone surveys in Germany. This method enables a 

phone-code sample to be drawn without bias, independent of the existence of an entry in the 

telephone directory and of the density and frequency of entries.  
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Initial pilot studies were held in late August, 2006, to test for comprehensiveness and 

plausibility, with the stage one interviews starting in earnest in October of that year.  A total 

of 410 people were recruited in this initial CATI stage and also indicated they would complete 

the stage two CATI.  As with the UK, information material 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 characteristics of the most frequent journeys. A total of 

210 completed CATI interviews were obtained. 

 

The German data collection is reported more fully in Becker and Link (2007). 

 

2.2.3 Implementation in Greece 

 

Thessaloniki was chosen as the area to implement the survey in Greece. Thessaloniki is the 

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 and it was felt this allowed the creation of a credible pricing scheme. 

Greek drivers are already familiar with road user charging in the form of road tolls, but they 

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

 

The questionnaires used in stage one and two were translated directly from the UK 

questionnaires.  Pilot studies were undertaken before each stage to check that the concepts and 

questions worked in a Greek environment.  The stage one survey was conducted in June and 

July of 2006 and the second stage during October, November and December 2006.  Feedback 

from the stage one survey was that it was easy to understand and was generally well 

completed.  Stage two, however, was not well received and several issues came to light which 

may have introduced bias. The main ones being that the charging options offered were seen as 

pointless and unrealistic, and that a strong anti-congestion charging feeling influenced people 

either to refuse to respond or to do so in a way that reflected their opposition to the concept 

rather than as a response to the actual questions.   

 

The final database includes 121 completed questionnaires (with stages 1 and 2) split almost 

equally for each of the 3 charging scenarios designed for the stage 2 questionnaire. The 

Thessaloniki data collection is reported more fully in Papaioannou and Xanthopoulos (2007). 
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2.2.4 Characteristics of Achieved Samples 

 

The socio-demographic characteristics of all three samples are outlined in Table 2.1.   

 

Table 2.1: Socio-demographic 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 % 

Single 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 % 

self-employed 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 ú*  % 

Low (Germany 0-2000, UK 0-1654, Greece 0-2499) 18 23 40.0 

Medium (Germany 2001-3000, UK 1655-3675, Greece 2500-3999) 35.4 31 40.8 

High(Germany>3000, UK >3675, Greece >3999) 39.1 31   4.2 

no response 7.5 15 15.0 

* Germany: Net income per month , UK and Greece: Gross income 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 has around 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 respondents are employed; however it is noticeable that the 

German sample has a high percentage of retired people (14%).  Greece also stands out has 

having considerably higher numbers of self-employed (37.5%) and students (13.3%) than the 

UK and German samples. A comparison of incomes is difficult because of the different 
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income categories 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 Table 2.2. The 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 over half of the total 

and, perhaps reflecting its older population, leisure trips account for about a quarter of 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 single occupancy 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 25.2  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 escorting 

children)  

72.0 61.3 86.6 

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 11.6 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 
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3.   SURVEY RESULTS 

 

At this point it must be acknowledged 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 scenarios, because 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; Becker and Link, 2007; and Papaioannou and Xanthopoulos, 2007). This 

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

models constructed on these results are presented and discussed in Appendix III.  

 

3.1 Attitude to Costs in General 

Respondentsô attitude to costs is outlined in Table 3.1.  

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 

sometimes an effort 24.9 26.2 16.7 

Rarely much effort 29.6 18.6 15.8 

Thought given to costs of alternative routes**     

I always take it into account when choosing a route 20.1  26.7 

I take it into account only if the costs are likely 

to be significantly different on different routes 

13.2  28.3 

I rarely even think about the cost of different routes 31.7  11.7 

I never even think about the cost of different routes 34.9  33.3 

Thought that would be given to reduce transport costs if 

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 ñcontacts with suppliers or for purchasesò. In the Greek survey it 

related to finding the best price for fuel. 
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**  In the Greek survey the question was phrased as ñHow often do you consider motoring 

costs?ò (With the possible answers being always, sometimes, rarely and never). 

 

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

questionnaires a 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 into the 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 

purchases. In 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 transport costs is 

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 3.2 outlines the respondentsô own assessment of their ability to estimate their current 

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 

 

 * Different certainty bands were applied in the three countries ï they are indicated in the 

sequence UK, Germany, Greece. 

 

 Estimate of Current 

Journey Costs 

Estimate of 

Congestion Charge 

Degree of Certainty* New Colog Thes New Colog Thes 
 % To the nearest   0.10Ã,   0.5ú,    0.5ú 12.2 59.0 46.7 60.8 90.5 66.9 
 % To the nearest   0.50Ã,   1.0ú,   1.0ú 34.9 24.3 36.7 22.8 7.6 27.3 
 % To the nearest   1.0 Ã,   2.0ú,    3.0ú 44.4 13.3 14.2 14.8 0.5 3.3 
 % To the nearest   5.0Ã,    5.0ú,    5.0ú 6.9 1.9 2.5 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 
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In all three samples, but particularly in Cologne, the respondents are quite confident of their 

ability to estimate the daily 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 costs ï and the more 

recent finding (Bonsall et al 2006) that they have a particular problem thinking about the costs 

of individual trips ï rather than a weekly or monthly budget. Although the respondents are 

confident in their own ability to estimate the charge for their regular journey, it is not clear 

whether this confidence would hold for unfamiliar journeys. 

 

In order to understand the reasons behind motoristsô difficulties in being more certain about 

their estimates of the charges, a list of possible reasons was offered to those who had had 

difficulty estimating the charges very accurately. Table 3.3 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 Charge (%) 

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 charges 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 I would be using 

certain roads 

14.3 19.7 32.5 

Other   4.8 - - 

    

% Total 100 100 100 

Sample Size 42 66 40 

 

Unsurprisingly, because the 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 the length of route, in the Cologne sample it was the complication of the 

calculation, and in the Thessaloniki sample it was the uncertainty about the time they would 

be using certain roads.   
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3.2.2 Actual accuracy  

 

Table 3.4 indicates the accuracy with which respondents were able to estimate the congestion 

charge they would have to pay on their regular journey and, for Germany and Greece only, 

the length of that journey (note that the ñactualò distances were obtained by routing software 

using the origin and destination postcodes and the ñactualò charges were based on the charges 

applicable on that route. It is possible that the respondent was thinking of a different route and 

that our estimate of the ñactualò may therefore be inappropriate). 

 

Each survey sample was offered a different set of charge scenarios and so there is no reason to 

expect the results from the three samples to be similar. It is therefore interesting to note that 

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

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

to within +/- 10% of the actual value. The final two columns of Table 3.4 show the accuracy 

of the German and Greek respondentsô estimates of the length of their regular journey (this 

was not asked in the UK). It appears that their 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 

(Range of ratios) 

1.28 

(0.1 to 100) 

1.68 

(0.02 to 24.9) 

1.66 

(0.04 to 23.50 

1.07 

(0.38 to 4.40) 

1.29 

(0.21 to 9.98) 

% 

Underestimating 

Mean ratio 

(Range of ratios) 

53.8 

0.61 

(0.1 to 0.99) 

50.5 

0.53 

(0.02 to 0.95) 

49 

0.46 

(0.04 to 0.98) 

48.3 

0.71 

(0.38 to 0.96) 

40.0 

0.74 

(0.21 to 0.99) 

% 

Overestimating 

Mean Ratio 

(Range of ratios) 

45.1 

2.1 

(1.02 to 100) 

43.6 

3.05 

(1.08 to 24.9) 

51 

2.81 

(1.01 to 14.54) 

43.8 

1.47 

(1.04 to 4.40) 

60.0 

1.66 

(1.01 to 9.99) 

% Correct 

% Within 10% of 

actual cost 

 1.1 

11.5 

 4.8 

10.7 

   1.67 

11.1 

 7.4 

21.2 

  0.0 

17.0 

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 they were asked to report how easy the charges had been to understand.  The results 

are tabulated in Table 3.5. It appears that a large majority of respondents (UK 80%, Germany 

84% and Greece 97%) claim to have found it easy to understand the congestion charges they 

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 have found the charges easy to 

understand even if they actually found them difficult. Some support for this interpretation is to 

be found in Table 3.6 (see later). 

 

Table 3.5:  How Easy Were 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 on respondentsô disengagement from the serious consideration 

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 more thought to alternative travel arrangements. The results, shown in Table 3.6, 

indicate that up 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 substantial proportion 

(30.6%) of the German sample said that they would give less thought to the alternatives if the 

charges had been easier to predict. We suspect that this rather counter-intuitive result (which 

was not found in the UK or Greek data) reflects the fact that, in the German version of the 
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questionnaire, this question was brought forward to the beginning of the questionnaire ï 

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

 

Table 3.6: If Charges had been Easier to Predict, Would You 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 simplified  

 

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 are shown in Table 3.7a for Newcastle 

and in Table 3.7b for Thessaloniki (the question was not asked in Cologne).  

 

Table 3.7:  Ease of Prediction if Charges Simplified   

a) Newcastle Percent of claiming specified precision (row) for each type 

of simplification (column) 

Level of certainty 

ï to within 

No Variation 

By Time of Day  

No Variation  

By Type of Roads 

Clear Charging 

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 than that   2.4   0.0   0.0 

Sample Size 41 42 41 

b) Thessaloniki Percent of claiming specified precision (row) for each type 

of simplification (column) 

Level of certainty 

ï to within 

No Variation 

By Time of Day  

No Variation  

By trip length 

Clear Charging 

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 charge 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 (+/-).  Of the three possible simplifications, 

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

a personôs ability to predict charges.  This is reasonable given that the majority of respondents 

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

 

Table 3.7b shows results for those Thessaloniki respondents who, initially, could not estimate 

the charge closer than +/- 50 cents. Again we see that the various simplifications now made it 

possible for a majority to estimate the charge to within 50 cents. The most ñhelpfulò 

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 to be paying each 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 in Table 3.8.   

 

Table 3.8: Threshold Levels  

 

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 and 22% of the UK say they would still not consider alternatives even if the 

monthly charge exceeded £75. The high Newcastle thresholds may reflect the fact that a 

higher percentage of the Newcastle trips are mandatory. The reason for the high thresholds in 

Level of Charges  

   £ (ú) per month 

% of each sample having the specified threshold value: 

Newcastle Cologne Thessaloniki 

   0 ï 25      (0-37) 55.6 77.8 30.8 

26 ï 50   (38- 74) 19.0 13.0 31.7 

51 ï 75   (75-110) 3.2 6.3 25.0 

>75     (>110) 22.2 2.9 12.5 

Sample Size 189 207 120 
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Thessaloniki are more difficult to explain but may reflect the 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 for not considering 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 (un)availability of alternatives (differences 

between the importance given to ñno choiceò in the three samples do not obviously reflect 

their different proportions of journeys to work ï 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 response 

Newcastle  

(n=110) 

Cologne 

(n=207) 

Thessaloniki  

(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  3  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 (this explains 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 congestion charge 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 opposition to the introduction of charges).   

 

A more detailed examination (summarised in Table 3.10) showed that thresholds varied 

according to the respondentôs journey purpose; journeys to and from work or school being  

more likely than other journeys to be associated with high thresholds (though a significant 
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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  

 

 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 threshold for serious consideration. Table 3.11 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 than 1.0 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 

alternatives) 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 remarkably similar.  

 

 

 Percent from each row quoting a threshold in the range: n 

0-£25 

0-37 ú 
£26-£50 

38-74ú 
£51-£75 

75-110ú 
>£75 

>110ú 
 

To/From 

Work 

Newc  50 17   5 28  121 

Colog  75 12 10   5  109 

Thess  25 33 27 16  89 

To/From 

School 

Newc  54  3  23  13 

Colog  80   20  5 

Thess  20 60 10 10  10 

Escorting  
Children 

Newc 100       2 

Colog  78 11 11   18 

Thess      0 

Shopping 

Trip 

Newc  66 26   8  35 

Colog  86 11 2  2  51 

Thess  50  50   2 

Leisure 

Trip 

Newc  65 35    14 

Colog  87 11  2   55 

Thess  89  11   9 

Other Newc 100     4 

Colog  64 32  5   22 

Thess  75 25    4 
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Table 3.11:  Ratios of Estimated Congestion Charge /Threshold 

 

Ratio Categories 
Percent of each sample (column) falling into each ratio 

category (row) 

Newcastle Cologne Overall*  

Charge above threshold: 

 % above 2.0 47.8 
59.0 

45.0 
63.0 

46.3 
61.1  % 1.0 to 2.0 11.2 18.0 14.8 

Charge below Threshold: 

% 0.5 to 0.99 23.0  

41.0 

17.0   

37.0 

18.8 
38.9 % below 0.5 19.0 20.0 19.0 

Total Percentage 100 100 100 

Sample Size 178 200 386 

* This analysis is restricted to data from Newcastle and Cologne because it relies on some 

data which is not available for Thessaloniki  

 

Table 3.12 examines the relationship between a respondentôs estimated-charge /threshold ratio 

(i.e. whether or not their estimate of the charge is above their personal threshold-of-serious-

consideration) and their indication as to whether a given behavioural response was very likely 

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

 

Table 3.12:  Behavioural Response at Different Levels of Charge/threshold Ratio   (for 

Combined Newcastle and Cologne Sample) 

 

The main result apparent from Table 3.12 is that, whereas most of those who said they were 

very likely to continue travelling As Now had estimated a congestion charge that was below 

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

different response (particularly the most ñseriousò alternatives such as alternative mode, 

journey less or journey stop) had estimated a congestion charge that was above their 

threshold.  This suggests that those who disengage from the process of carefully considering 

Ratio Percentage of those saying this response (column) was ñvery likelyò 

falling into each ratio band (row) 

Est. 

Charge/Threshold 

As 

Now 

New 

Route 

New 

Time 

Journey 

Share 

Alternative 

Mode 

Journey 

Less 

Journey 

Stop 

Charge above Threshold: 

 %  above 2.0 24 45 35 41 67 60 64 

 % 1.0 to 2.0 12 19 23 21 17 26 12 

Charge below Threshold: 

%  0.5 to 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 of total 

sample 
36.3 24.1 16.2 7.7 32.6 20.7 14.6 
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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 enough to warrant 

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 pattern of 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 value attached to certainty by offering the respondent the choice of two routes one of 

which (ñAò) had a variable fixed charge and one of which (ñBò) had a fixed charge.  In 

Newcastle, the charge on Route A could vary between £1 and £2 depending upon the 

underlying traffic at the time of travel, while Route B had a fixed of £1.50.  In Thessaloniki 

the price of route A could vary between 2ú and 4ú (i.e. £1.36 and £2.72) while the fixed price 

on route B was 3ú (£2.04).  

In Newcastle, of the 189 respondents, 34 (18%) choose to take route A and 155 (82%) chose 

to take route B. In Thessaloniki, 32% of the respondents chose route A while 68% chose route 

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

gave a preference chose a fixed cost over a variable cost. Thus in all three samples we see a 

marked preference for certainty. 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 the opportunity to ñbeatò the fixed price. The existence of this kind of 

risk-seeking behaviour is well known in the context of losses (Kahneman and Tversky, 1984) 

and so might be expected in the context of road user charges (see Bonsall and Cho, 1999) but 

our surveys showed it as a minority taste (note that it is not inconsistent to find that a majority 

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 definition, is incompatible 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 10 pence (in Newcastle) or 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. Table 3.13 shows what proportion of the sample who 

had initially 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 

Route B at this level 

Cumulative percent  

Newc. Thess.  Newc. Thess.    Newc. Thess.   

£1.50 ú3.02 - ú 3.10 0        22.5 0 22.5 

£1.60 ú3.12 - ú 3.20 3.9 31.3 3.9 53.8 

£1.70 ú3.22 - ú 3.30 72.9 13.8 76.8 67.6 

£1.80 ú3.32 - ú 3.40 19.4 12.5 96.2 80.1 

£1.90 ú3.42 - ú 3.50 3.9 13.8 100 93.9 

 ú3.52 - ú 3.60  1.3  95.1 

 ú3.62 - ú 3.70  1.3  96.4 

 ú3.72 - ú 3.80  1.3  97.5 

 ú3.82 - ú 3.90  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) was defined 

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 quarters (76.8%) were 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 more than necessary.  

 

In Thessaloniki, given that the variable charge (on Route A) was defined as being no more 

than ú3.00, we can interpret this as indicating that, of those who had a preference for 

certainty,  about three quarters (77.5%) were willing to pay at least 10 cents to avoid the risk 

of paying up to 90 cents more than necessary, that 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 more than necessary 

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 than necessary.  



GRACE  (Optimal Complexity) October 2007  

 28 

3.6 Respondentsô own Expectations of their Responses to Charges 

3.6.1 If the complex charges were introduced 

 

Table 3.14 outlines the respondentsô own predictions of the likelihood of each of a series of 

behaviours a few months 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, to share their car 

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 specifying this 

response as é. 

Sample size: 

évery likely éfairly likely éfairly unlikely évery unlikely 

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 

Route 

17.6 43.3 32.3 15.4 16.4 18.2 9.6 13.4 22.2 57.4 26.9 27.3 189 67 99 

New 

Time 

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 

Journey 

Less 

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 

Car 

Share 

6.4 9.6 20.8 9.1 12.4 15.0 8.0 10.5 10.0 76.5 67.5 53.3 188 209 120 

Alt. 

Mode 

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 

Journey 

Stop 

5.3 31.9 1.7 1.6 9.7 0.0 4.2 16.8 1.7 88.9 41.6 96.6 189 113 118 

Note that, in the Cologne questionnaire there was a midpoint response (ñneither likely nor 

unlikelyò) and so the percentages do not sum to 100 for any Cologne rows. Note also that the 

column headings do not translate precisely from the Greek sample. 

 

In Newcastle and in Cologne, the response most commonly seen as very likely is to continue 

driving as now (this option was not offered in the Thessaloniki survey). The 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 unlikely in Newcastle and Thessaloniki, 

but is thought very likely in Cologne ï 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 be less likely 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 responses.    
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3.6.2 Responses by people who thought the charges easy/difficult to understand 

 

In Table 3.15 the samples have been split based on their answer to the question: Looking back 

at the description of the charge how easy would you say it was to understand? Those who 

indicated that it had been ñVery Easyò or ñFairly Easyò are here labelled ñcharges were easyò 

while the rest are labelled ñcharges were difficultò.   

 

Table 3.15:  Certainty of Behavioural Response x Ease of Understanding  

 

Where the sample sizes are sufficient to draw any conclusions (bold figures in the table), it 

appears that, compared to those who found the charges difficult to understand, those who said 

Sample Type As 

Now 

New 

Route 

New 

Time 

Alternôv 

Mode 

Journey 

Share 

Journey 

Less 

Journey 

Stop 

Newcastle  

ñcharges were easyò     n = 155 152 152 152 150 152 152 

% saying  ñvery likelyò 34.9 17.1 16.4 32.2 6.7 6.6 5.3 

% saying ñvery unlikelyò 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 

        

ñcharges were not easyò n = 37 36 37 37 37 37 37 

% saying  ñvery likelyò 27.0 19.4 13.5 32.4 5.4 16.2 5.4 

% saying ñvery unlikelyò 32.4 50.0 56.8 51.4 67.6 62.2 81.1 

Total  % at extremes 59.4 69.4 70.3 83.8 73.0 78.4 86.5 

Cologne  

ñcharges were easyò       n = 174 59 95 176 175 162 93 

% saying  ñvery likelyò 39.7 44.1 21.1 33.5 8.6 16.2 32.3 

% saying ñvery unlikelyò 28.2 27.1 44.2 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 

        

ñcharges were not easyò  n= 33 8 20 33 34 33 20 

% saying  ñvery likelyò 33.3 37.5 10.0 27.3 14.7 27.3 30.0 

% saying ñvery unlikelyò 27.3 25.0 50.0 48.5 76.5 48.5 45.0 

Total  % at extremes 60.6 62.5 60.0 75.8 91.2 75.8 75.0 

Thessaloniki 

ñcharges were easyò     n=  84 84 84 84 84 84 

% saying  ñvery likelyò  32.0 6.7 28.7 20.9 7.0 1.8 

% saying ñunlikelyò  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 

        

ñcharges were not easyò n=  2 4 4 4 4 4 

% saying  ñvery likelyò  50.0 25.0 0.0 25.0 0.0 0.0 

% saying ñunlikelyò  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 
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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 very likely to continue with their current pattern or 

to change it). This tendency is most marked for the ñAs nowò, ñNew routeò and ñNew timeò 

but a contrary result is apparent for the ñalternative modeò response. 
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4 Modelling System Performance 

 

4.1 Ideal Specification 

Note that this first section enumerates the ideal specification described by Bonsall (2007). 

Sections 4.2 and 4.3 address what is practically possible! 

 

 4.1.1 Dimensions of Response 

 

Following the consideration of issues raised in Deliverable 2, it was concluded that modelling 

of complex road infrastructure charges should ideally allow for the following responses by 

drivers: 

1. change driving style (e.g. speed or aggressiveness) 

2. change of route 

3. marginal adjustment to departure time 

4. significant change in departure time (e.g. transfer to completely different time of day)  

5. change of mode 

6. change of vehicle occupancy 

7. change of trip frequency 

8. change of destination (including trip chaining)r 

9. change of vehicle type, and  

10. change of origin (e.g. residential re-location). 

 

4.1.2 Decision processes  

 

Following the consideration of issues raised in Deliverable 2, it was concluded that modelling 

of complex road infrastructure charges should ideally allow for the a range of potential driver 

decision processes. These were seen to range from a fully rational consideration of all costs 

and benefits (though allowing for inter-personal differences in perception, taste, values of 

time etc) to simplistic response to a subset of the most prominent perceived costs and benefits. 

 

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 seek to enumerate, still less to test, all 

these different possible decision processes. It was, however, thought appropriate to allow for 

the possibility that individualsô responses to complex charges might involve misperception of 

charge levels, a habituation effect (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 might be interpreted as applying a cost to the 

process of considering complex charges and might sometimes be 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).  

 

4.1.3 Representation of Time and Space 

 

Following the consideration of issues raised in Deliverable 2, it was concluded that 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 medium term decisions to change 

car type or destination, and medium/short term decisions to change mode, trip frequency, or 

departure time, to short term (even second-by-second) decisions to change route or driving 

style.   

 

It is desirable that the model should incorporate 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 ñpresentò in the network (the model should be able to charge drivers according to the 

charges in force at the time that they incur the charges even if these charges were 

higher/lower when they departed their origin). Ideally, the representation of the time 

dimension should also allow for the dynamics of behavioural adjustment. For example it 

would be useful to be able to represent the way in which one driverôs decision to marginally 

adjust his/her departure time would affect the travel conditions experienced by drivers who 

follow him/her.   

 

Ideally, one would also wish to be able to model the evolution 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 adjustment - all of 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 a single-day-

equilibrium model to make separate predictions for different sorts of day. For example, days 

when the demand is abnormally high or low might be represented by varying the trip matrix; 

days when the network is compromised by incidents might be modelled by varying link 

capacities; days when poor weather affects driving speeds and emissions might be represented 

by varying speed-flow relationships and emissions profiles respectively.  

 

Turning to the question of the representation of space, it was concluded that the representation 

of space should ideally allow sufficient 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 decisions and to allow the effects on a city, or even 

regional scale.  

 

4.1.4 Representation of Consumers 

 

The externalities generated by road traffic vary with vehicle type - e.g. emissions vary with 

engine size and efficiency, pavement damage varies with axel weight, and impact on 

congestion varies with p.c.u. values. They also vary with trip characteristics ï e.g. emissions 

per unit distance are highest for short trips when the engine is cold but overall emissions 

increase with distance. Driver characteristics also 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, it would be useful to be able to model the performance of charging schemes 

in the context of a mixed population of vehicles and drivers making a full spectrum of trips.  

 

4.1.5  Specification of Charging Regimes 

 

Following the consideration of issues raised in Deliverable 2, it was concluded that modelling 

of complex road infrastructure charges should ideally allow for the representation of charging 

regimes based on short run marginal social costs which, in the light of consumersô responses 
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to them, are in some sense optimal. The charges should thus be designed to reflect the 

following factors: 

1. delay to other road users (a function of the capacity of individual links, of current and 

near future flow on individual links, of current and near future weather conditions, and 

of the characteristics of other current and near future road users); 

2. environmental externalities  - noise, local emissions, greenhouse emissions, and visual 

intrusion   (a function of vehicle characteristics, driving style, link characteristics and 

weather conditions);  

3. pavement damage (a function of vehicle and pavement characteristics);  

4. safety externalities (a function of vehicle and pavement characteristics, of riparian 

activity  and of driving style); and  

5. costs of collecting and processing charges (a function of payment mechanism and 

timing, of the costs incurred in estimating the appropriate charge for a given vehicle in 

given circumstances {itself a function of the nature of the charges and of any 

discounts and incentives} and of the costs involved in enforcement).  

 

A political case might be made for charging different amounts for trips depending on how 

easily they might be substituted by public transport. Such differentiation could be 

theoretically justified if different modes displayed different marginal social costs which were 

not already reflected in the prices charged.  

 

Although a yield-management case 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 in peopleôs values of time or differences in the perceived importance 

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 charges are applied, the 

level of tax on fuel would be reduced and if so to what extent. The 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 a form of general taxation).  
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4.1.6  Indicators Required 

 

Following the consideration of issues raised in Deliverable 2, it is concluded that modelling of 

complex road infrastructure charges should ideally provide the following indicators: 

1. total trip making (disaggregated by mode, time period, vehicle occupancy, vehicle 

characteristics, purpose and driver characteristics); 

2. total and average trip distance travelled on the road network (disaggregated by link 

type, vehicle occupancy, vehicle type, trip purpose and driver characteristics);  

3. total and average distance travelled by other modes (disaggregated by mode, time 

period, purpose and driver characteristics);  

4. total and average time spent on the road network (disaggregated by link type, vehicle 

occupancy, vehicle type, trip purpose and driver characteristics); 

5. total and average time spent travelling by other modes (disaggregated by mode, time 

period, purpose and driver characteristics);  

6. total externalities - environmental externalities, pavement damage and safety 

externalities (disaggregated by area or link type); 

7. total and average charges paid (disaggregated by time period, vehicle type, trip 

purpose and driver characteristics);  

8. total revenue (net of costs of collection, administration and scheme enforcement).  

9. change in consumer surplus ( (Tij
old

 x (Cij
old

 - Cij
new

) ) + ( (Tij
old

 - Tij
new

) x  (Cij
old

 - 

Cij
new

)/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 Affecting Model Specification for 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. In what follows 

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

 

As noted in Deliverable 2, several aspects of the modelling task are beyond the scope of the 

models which are currently in widespread use. Although 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 outlined in Section 4.1 above and 

then seek a package which could, with minimal adjustment, address all the most important 

issues. 

 

Given the number of different runs likely to be needed (with different charge structures and 

different assumptions about response to charges), a major constraint on our modelling is that 

each test can be completed within a reasonable elapsed time. This 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 competition with one 

another because we could not get access to a modelling tool which could  effectively with the 

detailed dynamics of queues and with network-wide behaviour of multiple classes of 

traveller. Our decision to prioritise the second of these was based 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 that any 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 that delays created by vehicles who arrive in a queue early 

on is greater than that created by vehicles who arrive towards the end of the life of the 

queue);  

- the fact that our access to a detailed model of queue dynamics would be at armsô length3
 

and that this would make it more difficult to effect the modifications to the choice models 

that might be identified as desirable following analysis of our new survey data; and  

-  the desirability of being 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 the Metropolis model might have met many of our requirements but it was not available to 

us for in-house use on affordable terms. 
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Although desirable, it is not thought realistic to seek to represent peopleôs response to day-on 

day variability in charges, or travel time, on any given journey. We have instead concluded 

that it is best to concentrate our efforts on modelling the performance of charge regimes in a 

stable (equilibrated) city. Given more time and resources, we would 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 identified in Section 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 success, as have  some of the minutiae of driver 

behaviour, but the extension of a network model to include all these aspects would 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 in Section 2.1.1, the surveys were designed to be able to pick up quite complex 

decision-making 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 mathematical 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 ability to 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 responses 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. A city with 

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

responses to complex charges, it might 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 devise charging 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 conditions, 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 link being 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 charges according to weather conditions is technically 

feasible and, again, does not raise any particularly sensitive political issues but cannot be 

modelled in the context of an equilibrated model. 

 

Differentiation between drivers on the basis of their income, journey purpose, or access to 

alternative modes could be modelled without much difficulty, but , if we assume that the 

alternative modes are already efficiently priced, such differentiation would not be consistent 

with marginal social cost pricing (though, as a form of yield management, it might produce 

higher revenues). In fact, as it happens, the ñmarginal cost chargesò produced by the 

SATURN model are expressed in time units (seconds) and so do, effectively, differentiate by 

people according to their values of time. A differentiation on this dimension might therefore 

be quite easy to model and could be used to show the effect of a yield-management approach 

to pricing 

 

The different possible treatments of fuel tax could be explored as a sensitivity test.  

 

4.2.4 Feasibility of Calculating the Required Indicators 

 

The calculation of most of the indicators listed in Section 4.1.5 is entirely feasible. However, 

the precise calculation of externalities (environmental, pavement-damage 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 intrusion. The externality calculations can therefore 

only be regarded as approximate. 

 

The calculation of consumer surplus raises some interesting issues. Firstly, how to define 

discontinued trips (i.e. Tij
old 

- Tij
new

), and more specifically whether to treat trips that have 

diverted to other modes and times of day as discontinued or continuing (and thus still in 

Tij
new

). In the event, since it would have been difficult to estimate the impact of their transfer 

to other modes or times on the costs they impose on those modes and times, we decided to 

treat them as discontinued (this is acceptable if we assume that all the alternative modes 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
new

. Theoretically, consumer surplus should be based on perceived costs rather than 

resource costs and in most analyses it is assumed that out-of-pocket costs can be assumed to 

be accurately perceived. In our case, however, part of the reason for peopleôs failure to 

respond to the price signal in a fully cost-rational manner may be due to their inability to 

predict the tolls or to the addition of some form of transaction penalty. If these ñerrorsò cannot 

be anticipated by our models we will not be able to make the theoretically necessary 

adjustment to the toll cost (the problems involved when mixing real and perceived values in 

the consumer surplus calculation have been recognized by previous authors - see for example 

Neuburger, 1971 - but never fully resolved). 

 

4.3.     Specification of the Modelling Work  

4.3.1 Specification of the Model 

 

Following the arguments raised in Section 4.2, the following specification was adopted:   

 

The model should be able to represent the following responses by drivers: 

1. change of route 

2. significant change in departure time (transfer to completely different time of day)  

3. change of mode 

4. change of vehicle occupancy 
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5. change of trip frequency 

 

The model should reflect such decision processes as are apparent in the survey data and 

capable of mathematical representation  

 

The modelôs representation of time and space should allow representation of equilibrated 

behaviour and conditions across a network of a medium sized city during a typical morning 

peak period.   

 

The model should be capable of representing a range of charging regimes. The most 

complex regime should differentiate between different types of vehicle on different links in 

different traffic conditions (in order to reflect different amounts of delay and other 

externalities attributable to different types of vehicles in different circumstances). The model 

should 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, point-specific charges levied at strategic locations in the network. 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 should support all the indicators identified in Section 4.1.5. (although a degree of 

averaging and approximation must be accepted for the externality calculations and some 

debate remains over the interpretation of consumer surplus measures which include a mix of 

real and perceived costs). Although the full range of indicators can be supported, full 

disaggregation of all the indicators may not be required - and might anyway result in 

information overload! 

 

4.3.2 Specification of the Population and Network  

 

The modelling work has been based on the ñbase cityò used for the modelling work in work 

package 1.3b. The 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 peak ï creating significant peak period congestion. The modelled area is about 30 

kms across (thus extending well beyond the main built-up area) and is divided in to 25 zones. 

The modelled road network is about 500 kms in length and comprises about 175 two-way 
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links, the links are of three types (ñprincipalò, ñotherò, and ñspecialò). The ñspecialò links are 

those considered particularly susceptible to externalities caused by road traffic (e.g. links 

close to schools and hospitals,) 

 

The trip matrix relates only to trips by private motorists. It is based on the matrix used in the 

work package 1.3b work except that it has been disaggregated into 64 (rather than 10) sub-

matrices to allow us to reflect the differences which our analysis of the survey data had shown 

among different sub-populations. The 64 separate classes of driver are produced by 

recognition of the effect of income (50% with an average annual household income of 20,000 

Euros and 50% with an average annual household income of 40,000 Euros),  trip purpose 

(85% mandatory and 15% discretionary), age (50% with an average age of 32 and 50% with 

an average age of 52), gender (60% male and 40% female), car size (50% above 1600cc and 

50% below 1600ccs) and car occupancy (80% solo and 20% accompanied). The distribution 

of these characteristics within the matrix was specified such that there are relationships 

between: 

- age and gender (male drivers being somewhat older than female drivers); 

- income and trip length (high income drivers living somewhat further away than 

low income drivers); 

- car size and income (high income drivers being more likely to drive large cars); 

- trip purpose and gender(male drivers being somewhat more likely to be making 

mandatory trips); 

- car-occupancy and income (high income drivers being somewhat more likely to be 

driving without passengers). 

 

The behavioural values of time and vehicle operation assumed to apply in this city are 

summarised in Table 4.1. 

 

 Table 4.1:  Behavioural values assumed for the city   

Behavioural value of time (Euro cents per minute): 

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

Perceived car operating cost (Euro cents per vehicle km): 

      8.56 for large cars, 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 

 

Figure 4.1 summarises the modelling procedures adopted.  

  

 

ASSIGNMENT MODULE 

revised trip matrix 

Values 
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 Time etc 

 

Trip 
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Road  
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charges 
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Figure 4.1: Model structure  
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The procedure comprises four main elements; assignment; charge calculation, demand-

adjustment (in two steps), and evaluation. The assignment and demand-adjustment modules 

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 charges 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 assumed 

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 Assignment Module  

 

The assignment of trips to the network is provided by the SATURN model (version 10.6) 

running in its user optimal mode. This model predicts the equilibrated user-optimal route 

choices of each of 8 classes of driver (note that it is not necessary to separately identify all 64 

classes of driver since age, gender, trip purpose are assumed not to materially affect route 

choices ï 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 specified and the 

network conditions are those created by, and consistent with, the assignment of those trips 

(the assignment convergence parameter is set to 99%). For ñwith chargesò scenarios, the trip 

matrices are those produced by the most recent run of the demand adjustment module (for the 

first run, the base trip matrix is used), while the charges are those provided by the most recent 

run of the charge calculation module (for the first run the charges simply reflect the algorithm. 
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4.4.3 The Charge Calculation Module  

 

The charge calculation module is summarised in Figure 4.2. Charges are expressed per link 

and may vary by vehicle type (also, in theory, by the vehicleôs occupancy and the driverôs 

income).  

Figure 4.2: Outline of the Charge calculation modules  
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When testing the effect of fully complex charges, the module takes the link-specific charges 

calculated by SATURN (in its ñsystem optimalò version) as necessary to optimise the overall 

levels of congestion in the system
4
 and adds the marginal contribution to other externality 

costs on that link (using the rates per kilometre shown in Table 4.2)
5
 .  

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

 

 Value for traffic travelling on specified link type (peak period)  

Large cars (over 1600 cc) small cars (below 1600 cc) 

Principal Other Special Principal Other Special 

Infrastructure wear and tear  per veh km 0.071 0.141 0.141 0.047 0.094 0.094 

Accidents  (Ac) per veh km  2.717 2.717 2.717 2.223 2.223 2.223 

Local Air Pollution (LAP) per veh km 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 Change (CC) per veh km 0.210 0.210 0.210 0.172 0.172 0.172 

Total 3.547 3.617 4.168 2.891 2.938 3.389 

Source:  Recommendations in Samson et al (2001), based on values for cars in outer 

metropolitan areas in peak periods and adjusted to reflect the different impact of smaller and 

larger cars and assuming that ñspecialò links are twice as sensitive as ñotherò links to noise 

and local pollution  (the value of visual intrusion is assumed to be negligible).. 

 

When a simplified charging regime is being modelled, the charge calculation module 

simplifies the charges accordingly (see Section 4.5).  

The charge calculation module calculates charges for each link in the network and, using a 

file indicating the sequences of links (ñpathsò) used for each origin-destination pair, a charge 

matrix indicating the charge per origin-destination (ñO-Dò) pair.  

                                                

4
 SATURNôs ñmarginal costò tolls are defined as V x ŭC / ŭV  (where V is current demand,   

ŭC is the marginal increment to generalised cost and ŭV is 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, given 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. 

5 Santos et al (2000)  concluded that any toll designed to reduce traffic congestion, particularly 

at peak times, would yield the positive by-product of environmental benefits but we have 

defined the charge so that the environmental costs are explicitly taken  into account. 
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4.4.4  The Demand Adjustment Modules 

 

This part of the overall model is shown in Figure 4.3 and  represents the changes in behaviour 

(other than route choice) that occur in each cell of the trip matrix (for each of the 64 classes of 

driver) as a result of (a) any charges being applied and (b) any changes in journey time or 

other costs as a consequence of changes in the amount of congestion in the network.  

Figure 4.3: Outline of the Demand Adjustment modules  
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Separate treatment of the two sources of demand response (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 tolls on the assumption that network conditions do not change. It also 

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

possibility that someoneôs response to complex road charges may not be consistent 

with their response to changes in other elements of generalised cost 

 

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 produced for 

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 by a different mode, and  

- ceasing to travel. 

 

Appendix III 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 of the 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 continuing as it is after introduction of a toll (without allowing for the 

effect of reduced congestion). These likelihoods are derived from models, described 

in Appendix III, which were calibrated on the survey data described in Section 3.  
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Table 4.3 Indi cative probabilities (responses to a complex toll of about 7 Euros 

for a two-way tripï assuming no change in network conditions)  

 

 

Figure 4.3b shows our representation of responses to changes in generalised cost 

caused by changes in network conditions following the introduction of charges. This 

response  is represented via an elasticity model acting on the proportionate change in 

generalised cost and is defined as:  

 }{ 2.01
old

ij

old

ij

new

ijold

ij

new

ij
C

CC
TT                                  (1) 

where new

ijT  is the new trip matrix, old

ijT  is the old trip matrix and old

ijC  is the old cost 

matrix (both taken from the base ï no charges- case), new

ijC  is the new cost matrix 

(obtained from SATURN) and ï0.2 is the elasticity.  The value of -0.2 was initially 

applied in error (-0.3 would have been more appropriate
6
 for short-medium term 

changes in overall generalised cost in a peak period model) but was retained for 

reasons which become clear in Section 5.  

 

                                                

6 see Table 1 of Appendix 1 of Webtag, Unit 3.10.3 

Trip characteristics: Probability that an existing peak period trip willé  

..continue as 

now (same 

mode, time 

of day, and 

occupancy) 

..continue 

as now but 

with 

increased 

occupancy 

..be shifted 

to a 

different 

time of 

day 

..be 

shifted 

to a 

different 

mode 

..cease 

to 

occur 

high income older male, 

driving 20 kms to work and 

back (10 +10) in a large car 

without passengers 

0.66 0.03 0.03 0.12 0.15 

low income younger male, 

driving 20 kms to work and 

back (10+10) in a small car 

without passengers 

0.50 0.07 0.04 0.19 0.20 

low income younger female, 

driving 6 kms (3+3) for 

leisure purpose in large car 

without passengers 

0.45 0.06 0.03 0.16 0.31 
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Responses to simple tolls can be represented in various ways. One is to retain the 

structure shown in Figure 4.3 using probabilities from logit models based on 

responses from  respondents who stated that they had found the charges easy to 

understand. Appendix III describes these models and assesses their validity.  The 

other approach is to treat the charge as if it is perceived as an element of generalised 

cost and to use the elasticity model described above 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 module is used once an equilibrium has been achieved between the 

behavioural responses predicted by the response module and the charges required to 

deal with the consequent delay in the network.  

 

The key indicator produced by the module is Gross Benefit. This is defined as reduced 

environmental externalities, plus reduced vehicle operating costs (excluding tax) and 

time for continuing travelers, minus tax revenue formerly coming from trips which are 

now discontinued, minus consumer surplus foregone by discontinued trips (the 

ñtriangleò). More precisely this is expressed in equation (2) as: 

 

EE + Tij
new

((tij
old

 - tij
new

)+(OCij
old

-OCij
new

))  +  (Tij
old

-Tij
new

)(Rij
old 

+ 0.5(Cij
old

-

Cij
new

)       (2) 

 where:   EE = reduced environmental externalities 

     Tij
old

  and Tij
new  

=  trips from i to j in old and new matrices respectively  

     tij
old

  and tij
new   

= journey times from i to j in old and new situations 

respectively 

      OCij
old

 and OCij
new  

= operating costs (excluding tax) for trips from i to j in 

old and new situations respectively 

       Cij
old

 and Cij
new

 = perceived cost of trips from i to j in old and new situations 

      respectively 

       Rij
old  

= fuel tax revenue from trips from i to j in old situation. 

 

Note that this definition of benefit does not include toll revenue as a component 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 transfer 

from road users to the authorities and is not a true benefit). 

 

Other important indicators are: 

- Vehicle trips (total,  % in solo cars, and % in big cars, crossing into the city 

centre); 

- Person trips (total, % by high income people, and % for mandatory purposes); 

- Person hours (total and average per person); 

- Vehicle kilometres travelled (total, average per vehicle, total on Principal roads, 

total on other and total on Special roads); 

- Costs (of total delay, of other externalities, and of vehicle operation costs 

excluding fuel tax);  

- Charges paid (fuel tax, total road user charges, and average road charge per 

trip); and  

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

- Consumer surplus triangle for discontinued trips ( (Tij
old

 - Tij
new

) x  (Cij
old

 - 

Cij
new

)/2 ) ) 

- Net Benefit (Gross benefit defined above minus costs of scheme operation).  

 

Delay is valued at the resource value of time (assumed to be 14.13 Euro cents per 

person minute ï based on the assumption that our peak period matrix is 50% 

commuters, 10% workers and 40% other and using Webtagôs resource values of time 

(in £ per hour) of 4.17, 22.11 and 3.68 for these three purposes respectively). Other 

externalities are based on the values presented in Table 4.2 (in Section 4.4.3 above).  

 

The costs of vehicle operation, in Euros, comprise the cost of fuel excluding tax (C) 

and other costs (O) and are based on the following equations: 

 DVVPxC 200002001.00029.01617.0                                             

(3) 

 where C is the cost of fuel consumed,  

  P is the pump price per litre excluding taxes (assumed to be 0.378 

Euros),  

  V is the average link speed in kph and  
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  D  is the total distance travelled in km. 

 

           DVO /28128.004885.0                                                                                  

(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 on the following equation: 

 DVVTxF 200002001.00029.01617.0                                             

(5) 

 where F is the tax revenue, in Euros, from fuel consumed,  

  T is the taxation per litre (assumed to be 0.882 Euros),  

  V is the average link speed in kph and  

  D  is the total distance travelled in km. 

 

The consumer surplus measure is based on perceived costs and excludes the toll 

payment.  

 

The costs of operating a pricing regime with a given degree of complexity are not well 

defined but the evaluation module seeks to provide an indication of the costs of 

scheme operation. The 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 

each link) would require a satellite based system and might cost between 400 and 600 

thousand Euros per day (compared to Londonôs 400 thousand Euros per day for a 

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 20-100 thousand Euros per 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 distance could be operated via digital tachographs in all vehicles or, with some 

loss of specificity, via an increment on fuel tax ï thus we estimate the cost as 1-100 

thousand Euros per day.  It is assumed that a system based on fixed charges on a 

subset of links (e.g. a cordon) could be operated via smart cards or video-recognition 

of registration plates. For this we  estimate the cost of 150-250 thousand Euros per 
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day (allowing for the fact that the number of daily transactions is about 30% of that in 

London).  

 

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

travellers as a transfer.  

 

4.5     Specification of the Tests to be Conducted 

The tests to be conducted are as follows: 

1. The base (ñno chargesò) scenario. This test represents the status quo with no 

charges applied and provides the cost matrix used as the ñwithout-chargesò 

reference in the elasticity models applied in all other tests. 

2. The fully complex charges scenario allows for different charges on each link 

and for a differentiation between the charges levied on large and small cars. The 

charges are defined by combining the externality charge appropriate to each link 

(using values in Table 2) and the ñmarginal costò charges calculated by 

SATURN (see section 4.4.3).  

3. The fully complex charges scenario with 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 congestion to vary with the driverôs value of 

time (higher charges for drivers with higher values of time). This is a test of a 

yield-management approach to congestion pricing. 

4. The point-specific charges scenario. The charge locations the 10 links which 

attracted the highest charges in run 2 and the charge on each of these links will 

be that which was defined for that link in run 2. (Research by Shepherd et al, 

(2006)  has shown that, by charging on a subset of links defined in this way, 

about 60% of the benefit associated with SATURNôs marginal cost tolls can be 

captured. This test 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 scenario. It is here assumed  that a charge is levied 

on vehicles crossing a cordon around the city centre in the peak direction 

(inbound in the morning, outbound in the evening). The charge level is defined 
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as the average of the charges that would have been paid for using the cordon if 

the charges defined in run 2 had been in place. (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 scenario.  The charge to be 

levied per unit distance is here defined by summing the total revenue expected 

from a fully complex regime, dividing this by the total distance travelled and 

then charging traffic on each link pro-rata to the length of that link. (A charge of 

this type is simple to conceive ï 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 trips. It is assumed to be levied on the initial link of each trip. 

(This test represents the simplest possible charging scenario and is not expected 

to approach optimality). 

8. The base (ñno chargesò) scenario with high demand. This test represents a 

variant city with no charges applied but 50% more traffic (all cells in the trip 

matrix are multiplied by 1.5). Taken together with test 9, it provides an extreme 

test of the sensitivity of the results to the amount of congestion within the city. 

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

with 50% more traffic.  

 

Variants on each of the above can be defined according to the different possible 

treatments of fuel tax (i.e. the extent to which the fuel tax is reduced to reflect the 

revenue gathered through the road user charges). 
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5 Model Predictions for the ñtestò city  

 

Tables 6.1 and 6.2 show results from the model runs. Readers may wish to recall the 

definition of Gross Benefit and other key indicators given in section  4.4.5.  

 

5.1 Plausibility of the Results 

 

The results shown in tables 6.1 and 6.2 are generally very plausible. For example: 

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

- the introduction of charges generally leads to an increase in vehicle 

occupancies;  

- the introduction of charges generally leads to a reduction in average trip 

durations (reflecting a reduction in congestion); 

- the introduction of ñmarginal costò charges generally leads to an increase in 

trip lengths (reflecting 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 sensitive; 

- the introduction of a per-kilometre charge results in a reduced average trip 

length; 

- the introduction  of a per-trip charge results in an increase in average trip 

length; and 

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

congested city (compare tests 9a and 2a). 

 

Notwithstanding the plausibility of these results, the results shown in Tables 6.1 and 

6.2 also demonstrate some features which reflect the modelling assumptions rather 

than real life. For example, tests 2a and 4a ï 7a, which used a simple elasticity model, 

show a much higher proportion of trips being made in solo vehicles than do tests 2 - 7  

(all of which were based on the logit model described in Section 4.4.4). This reflects 

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

multi-occupancy while the elasticity model did not allow for this effect. 



GRACE  (Optimal Complexity) October 2007  

 55 

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 - 7) because the logit model had 

suggested that mandatory trips would be more likely to ñsurviveò the introduction of 

tolls. However, since tests 2a and 4a-7a (which were based on the simple elasticity 

model and so did not distinguish between mandatory and discretionary 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 should be seen in this 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. tests 2-7) showed that high income drivers 

were more likely to stop travelling when charges were introduced (because the logit 

models had suggested that high income drivers would react less strongly to the 

introduction of tolls). We are not clear why this is the case
7
.  

 

We are aware that SATURNôs allocation of flow to links is not stable at the level of 

individual classes of traveller (Clark, 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 

response 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 

classes and 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. 

 

 

 

                                                

7
 One possibility 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 tests 4-7 where charges 

were not differentiated by car-size.  
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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 - 

specific  

Top10  cordon  Per km  Per 

trip  

Response prediction byé  - 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 veh trips 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 time     - 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 79.51 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 45.93 39.28 42.20 42.18 37.87 42.2 

% for mandatôy purposes 87.66 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 15.4 15.5 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         

Total person hours (000ôs) 70.9 36.8 59.3 36.7 52.4 60.7 29.7 52.1 

Total veh kms (000ôs) 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   14.3 17.1 18.3 11.8 17.1 

Total externalities  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 costs 

excl tolls and tax 

144.91 66.03 89.18 66.00 82.08 89.38 54.99 81.80 

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

Continuing tripsô old op 

cost excl tax 

- 117.66 158.78 116.64 154.12 162.51 108.04 154.04 

Continuers reduced op cost 
excl taxes 

 51.63 69.6 50.64 72.04 73.13 53.05 72.24 

Tax revenue lost from 

discontinued trips 

- -74.31 -22.42 -75.58 -28.48 -17.65 -86.07 -28.53 

Reduced env externalities - 5.7 1.7 5.7    2.9 1.7 8.2 2.9 

Continuersô time saving 
(behavioural value) 

- 124.45 42.60 123.63 75.83 45.21 132.83 77.02 

Consumer surplus for 

discontinued trips (k Eu) 

- -43.29 -17.50 -43.33 -33.17 -16.06 -92.96 -24.52 

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

Toll system operating cost  - 400 to 600 400 to 600 400 to 600 150-250 150-250 1-100 20-100 

Net benefit (k Eu) - -336 to -

536 

-326 to 

-526 

-339 to 

-539 

-61 to -

161 

-64 to -

164 

14 to -

85 

79 to -

1 

 ñLogit(F)ò was calibrated on a full dataset. ñLogit(S)ò was calibrated on responses of people who claimed to find 

the charges easy to understand. 

* Where an elasticity model has been used, the relative proportions of these ñotherò responses is not predicted.. 
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Table 6.2 Elasticity Model Predictions  

 1 2a 4a 5a 6a 7a 8 9a 

Base Complex  Top10  cordon  Per km  Per trip  Bsex 1.5 Comx1.5 

Response predicted byé - 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 44.87 44.03 39.28 

 % for mandtôy purposes 87.66 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 15.5 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         

Total person hours (000ôs) 70.9 59.3 67.2  67.0 46.2 67.1 199.3 91.8 

Total  veh kms (000ôs) 1625 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 resource 

VoT) 

307 247 289 303 177 289 1064 405 

of other externalities  20 18.3   19.3   19.7   15.6   19.3 30.5 21.7 

Total externalities  327 265 308 323 193 308 1095  427 

Non-fuel veh operation costs 64.41 40.27 42.96 43.99 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 tolls 
and tax 

144.9 89.18 95.59 97.98 74.95 89.42 263.91 111.82 

Fuel  used (k litres) 208.0 129.40 139.23 142.83 109.00 139.24 342.24 162.17 

Contôs old op cost excl tax - 158.78 174.04 175.33 146.70 172.50 - 422.12 

Conts reduced opcost excl tax  69.6 78.45 77.35 71.75 85.58 - 310.30 

Tax no longer paid by 
discont. trips 

- -22.42 -3.01 -1.42 -37.07 -4.96 - -300.72 

Reduced env externalities - 1.7 0.7 0.3 4.4 0.7 - 8.8 

Continuersô time saved 

(behav. VoT) 

- 42.60 13.10 2.96 94.45 13.09 - 288.90 

Consumer surplus for 

discont. trips  

- -17.50 -7.45 -2.69 -34.09 -7.50 - -49 

Gross benefit  (k Eu) - 74 82 77 99 87 - 258 

Toll system operating cost  - 400-500 150 to 250 150 to 250 1 to 100 20 to 100 - 500-700 

Net benefit (k Eu) - -326 to -

426 

-68 to  

 -168 

-73 to  

-173 

98 to  

-1 

67 to -

13 

- -242 to 

-424 
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5.2  The sensitivity to assumptions about response 

It will be recalled from Section 4.4.4 that we identified two ways of predicting 

responses to simple charges. One was to use a logit model calibrated on data for 

people who said that they had found the charges easy to understand, the other was to 

use a standard elasticity approach (thus assuming that charges are perceived and 

responded to in the light of the driverôs value of time along with all other elements of 

generalised cost) although with an unintentionally low elasticity value.  

 

Tests 2 and 4 - 7 use the logit response models based on our questionnaire results and 

predict a larger reduction in demand following introduction of a toll than the 

equivalent tests (2a and 4a -7a) based on the elasticity models. This simply reflects the 

greater response predicted by the logit demand models. This greater reduction in 

demand brings a greater reduction in delay and other externalities but the larger 

number of discontinued trips brings a greater loss in fuel tax revenue and in consumer 

surplus. These differences obviously affect the gross benefits. In test 2/2a the 

elasticity version has higher benefits whereas in tests 4/4a, 5/5a and 7/7a 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 per-head charges are lower (because 

SATURNôs ñmarginal costò tolls reflect the responsiveness to tolls  ï and so lower 

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 

questionnaire exercise rather than assuming that they will respond as predicted by a 

simple, but probably  under-responsive, elasticity model. We have more faith in the 

predictions from model 2 than those from model 2a but include the latter in order to 

demonstrate that differences in the performance of the complex and simple charges 

(i.e. the comparison of test 2 with tests 4a - 7a) is not simply attributable to the use of 

a logit model to represent response to complex charges but an elasticity model to 

predict  response to simple charges.   

 

Tests 4-7 were based on the ñsimple tollsò logit model while tests 4a-7a used the 

elasticity model. We are inclined to believe that simple tolls would not, in real life, 
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cause a behavioural response as strong as that exhibited in the ñsimpleò logit model 

but are confident that it would be stronger than that indicated by our under-responsive 

elasticity model. The results of tests 4a-7a thus provide a useful lower bound response 

and it is for this reason that we did not seek to replace the -0.2 elasticity value 

(originally adopted in error) by a more realistic, higher, value
8
. Interestingly, the 

conclusions we will draw in the Section 5.3 hold irrespective of whether we use the 

logit or elasticity models
9
  - a result which indicates a degree of robustness. 

 

 

5.3  The Effect of Increasing Complexity 

5.3.1 Impact on Benefits 

 

Comparison of the results for tests 2a (the complex toll regime) with those for tests 

4a-7a (the simpler toll regimes) shows that the complex toll yields lower net benefits 

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 

                                                

8
 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 greater than it ñoughtò to be in all 

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 the absolute value of results cannot be assumed to be correct.  

 
9
 This generalisation does not hold for tests 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 response) and with the 

other tests based on the simple logit model of response. This difference may reflect 

the fact that, to perform well, the scheme requires people to know distances and that 

the logit model reflects their difficulties in estimating distance-based charges more 

effectively than the elasticity model. However, we are not confident that this is a 

correct interpretation and cannot rule out the possibility of an error in the 

representation of test 6.  



GRACE  (Optimal Complexity) October 2007  

 60 

part of the generalised cost. The main reason for this is that the complex toll regime 

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

However, if one examines the gross benefit ï thus ignoring the costs of scheme 

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

 

Comparison of the results of test 2a with those of test 2 suggests that the 

underperformance of the complex toll is even more marked when one allows, via the 

logit model,  for the imprecise behavioural responses to complex tolls which were 

revealed by our surveys. 

 

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 travellersô operating costs (excluding tax), the relative importance of the 

different reasons for the higher gross benefits varies from scheme to scheme. In 

particular, the strong performance of test 6a seems to come about for different reasons 

than those which explain the performance of tests 4a, 5a and 7a.  

 

In the case of test 4a (where charges were levied only on the most strategic links), test 

5a (where charges were levied at a cordon) and test 7a (where a constant charge was 

levied on all trips irrespective or route or length) the lower time savings for 

continuing 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 case of test 6a (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 

surplus 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
10

.  

                                                                                                                                       

 
10

 It should be noted that the results of this test are particularly dependent on the 

assumption, which is inherent in the SATURN assignment model, that drivers 
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5.3.2 Impact on other Indicators  

 

The more complex schemes produce higher revenues and achieve greater reductions 

in externalities than do the simpler schemes (a result which persists even after 

allowing for the fact that the tests based on an elasticity-generated behavioural 

response produce lower revenues and 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 can co-exist because we have 

defined benefit to exclude transfer payments (revenues 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 that the average charge paid per payee is noticeably 

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 with discontinued trips
11

. 

 

                                                                                                                                       

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

fact, although our questionnaire showed that this is not currently the case, it can be 

argued that, if charges were distance-based, people would become more aware of 

relative distances and would seek assistance from odometer readings, trip-

planning websites and so forth ï and therefore that SATURNôs assumption would 

not be unreasonable.  

 
11

  Larsen and Østmoe (2001) also noted a 30% decrease in consumer surplus when 

they added  time-of-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 value-of-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 

charges which vary according to the driversô value of time. The value-of-time-

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 improvement in continuing travellersô time and operating costs are 

lower than in the case of the constant-money charge.  

 

 

 

5.4.2 Results for a more congested city 

 

Tests 8 and 9a are included in order to confirm that the modelôs results are compatible 

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 emphasise that the performance of a 

given charging regime is dependent on the characteristics of the city in which they are 

implemented. In this case we see that, in a city with 50% more trips, the complex 

charging scheme produces greater benefits than it did in the less congested city and, 

although still not 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 city. 
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5.5  Overall Comments 

 
5.5.1  On the performance of ñmarginal costò tolls 

 

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 people 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 under-performance of the complex pricing 

scheme is attributable to the price signal itself. It seems that, at least in the city which 

we have been modelling, the imposition of link-specific charges based on ñmarginal 

costsò (as defined in SATURN) plus externalities does not yield the highest gross 

benefits - let alone the highest net benefits.  

 

The dominant element of our  link-specific charges is the charge calculated by 

SATURN as necessary to reflect the marginal vehicleôs contribution to congestion 

(described more fully in section 4.4.3). These charges are, of course, higher on 

congested links and this causes drivers to divert further from their shortest paths and 

so increase the total distance travelled (a finding previously identified by Richardson 

and Bae, 1998). This increase in distance travelled brings increases in vehicle 

operating costs (which, because they are not fully perceived by drivers, is not fully 

reflected in SATURNôs calculation of the optimum charge). In summary, it seems that 

SATURNôs ñmarginal costò charges, because they are behaviourally defined, 

effectively undervalue the full  costs of vehicle operation and that, because our 

definition of benefit takes account of changes in vehicle operating costs, the problem 

is revealed. This result has significant implications for the definition of optimal 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 this will have reduced trip numbers and thus resulted in loss of 

consumer surplus. It could be argued that the fuel tax should either have been reduced 

to maintain revenue neutrality or that it should have been abolished outright ï since 
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the new charges were designed to cover all externalities and any additional tax would 

be a distortion which would reduce overall social welfare. 

Since the complex charging regime has higher per capita charges than any of the 

simpler charging regimes, revenue neutrality would demand 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 result in it 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 surveys 

 

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

of a real trade-off between the complexity of road user charges and the individual 

road userôs ability or willingness to respond effectively to such charges. Strictly, our 

results relate only to the short-medium term but we believe that some effect is likely 

to persist in the longer term  

 

We have found evidence of peopleôs inability to predict costs and charges and note 

that significant proportions of our sample claimed 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 use) than 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 costs. This  result is part of the reason for our 

suggestion that peopleôs inability to estimate complex charges would last beyond the 

short term (see Section 6.1.4 for a further discussion of this issue).  

 

Some of peopleôs inability to estimate the charges that they would incur if a specified 

complex charge regime were in place was associated with their inability to estimate 

distance (many of the charge regimes tested in the questionnaire included a distance-

related charge), some with their inability to fully understand 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 varied over time).  
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We found, unsurprisingly, that the more difficult people found it to predict a given 

charge, the less influence the actual charge level had on their behaviour.  

 

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 respond to it ï 

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 to continue. The latter explanation would be more consistent with the fact that 

most of our respondents indicated an aversion to uncertain charges
12

 (perhaps 

disengagement is a way of reducing cognitive dissonance - avoiding direct 

                                                

12
  We found evidence to suggest that, although most people would seek to avoid 

uncertain charges, some would actually prefer the uncertain charge ï presumably 

because they anticipated that the out-turn would be in their favour. The existence 

of this kind of risk-seeking behaviour is well known 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, but only 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 incompatible with 

a careful assessment of risks.  
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confrontation with the fact that 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 feasible responses is 

simply not worthwhile; 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 ï 

and the more complex they are, the more effort that would be required to assess their 

implications, and so the greater the obstacle presented.  

 

Models constructed on the data from our surveys (see appendix III) suggested that, 

when charges are difficult to predict, people show an initial tendency (evident in the 

ASC) to seek to avoid them but that the avoidance-response is less sensitive to the 

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

 

6.1.2 Findings from our Network M odelling Work 

 

The results of the network modelling work presented in Section 5 show 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 costs that would 

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 

performance of the simpler schemes is attributable to the 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 that people could respond to link-specific 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), link-specific charges designed to reflect marginal 

costs produced lower benefits than some much simpler charging regimes. We believe 

that this is because ñmarginal costò charges (as defined in SATURN) are based on 

peopleôs perceptions of the costs of vehicle operation rather than the true (higher) 
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costs. We also believe that the performance of the complex charging regimes may 

have been undermined by the fact we did not assume any commensurate reductions in 

the level of fuel taxes. 

 

An interesting implication of this result is that tolls which accurately reflects the true 

costs of externalities will not result in efficient behaviour unless they include an 

element to correct  peopleôs misperception of vehicle operating costs. 

 

In summary, our network modelling work has suggested that the identification of an 

optimal degree of complexity was not the simple trade-off that we had envisaged 

(whereby the theoretical advantages of complex charges would be mitigated by 

peopleôs inability or unwillingness to predict and  respond to the complex charges and 

by the costs of operating 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 people were able and willing to predict them and respond 

accordingly, and even if they were not considerably more costly to run.   

 

Given that the complex schemes produced greater revenues and achieved greater 

reductions in externalities but were judged to produce lower benefits (even before 

allowing for differences in scheme operation costs), the correct definition of benefits 

is clearly a major issue in defining the trade-off 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 road 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 to them
13

. This does not, however, 

mean that they will be any more able to respond to the charges ï particularly in the 

short term when inflexibilities and contractual obligations are likely to strongly 

constrain any response. Nor does it mean that they will not conclude that the costs of 

making a change are so great that it would be better to continue with their existing, 

sub-optimal pattern of use. 

 

Generally, we would expect that, in sectors where differentiated infrastructure charges 

impinge almost exclusively on corporate decision makers, the short-term-optimal 

degree of complexity for infrastructure charges will be determined by the corporate 

decision makersô ability and motivation to respond to them rather than by their ability 

to predict them.  

 

In some sectors, 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 prices. 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 

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

                                                

13
 Although recent research (Fowkes and Johnson, 2007) suggests that freight drivers 

often have discretion over whether to use toll roads or not, one might suppose that 

they are more skilled at estimating times and costs and thus better able to 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 therefore be easier 

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 the charging 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 thought they would be doing 

ña few monthsò after the charges had been introduced.  Our intention was that this 

would yield results which could be considered valid for the short-medium term.  

Clearly, it is possible to argue that the attention that people gave to the charges and to 

the consequences of any change in their behaviour will have been less than they 

would give if charges were really introduced. It is likely, but not certain, that peopleôs 

understanding of the charges would be better if a charge were really introduced (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 in behaviour. This 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 change (because 

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 

short-short-medium term. 

In the longer term individuals might become better able to 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 peopleôs inability to estimate the current costs of car journeys, they may 

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 underlying structure is 

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 people to estimate 

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 constrained 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 longer 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 of route 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 traveller). 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 day or type 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 

in their customersô patterns of demand in response to passed-on price differentials. 

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 unable or unwilling 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 travellers in the short term but 
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they do not mean that we can be confident that some quite complex signals would not 

produce an appropriate response in the long term. However, our findings on peopleôs 

inability, or unwillingness, to estimate the existing costs of motoring, and on their 

expressed failure to consider cost details when making route choices, suggest 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 the arguments 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 quickly ï for 

example charges applied on environmentally sensitive links during designated 

environmental emergencies). 

 

2. The ñoptimumò degree of complexity depends on the policy objective used to 

define optimum.  

a. If the objective is to maximise net benefits (the only objective consistent with 

marginal social cost pricing), the complexity associated with some link-specific 

ñmarginal costò charges is likely to be counterproductive and a much simpler 

charging regime is likely to perform much better.  

b. If the objective was to maximise net revenue, the optimal 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 dominant 

tendency, when faced with charges which they cannot predict, is for people to 

retain their existing patterns of behaviour ï thus incurring charges. It allows for 
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the fact that a degree of deliberate obfuscation would increase disengagement 

from the process 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 complexity of 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 usersô ability to understand the pricing signal. It 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 them. The precise trade-off 

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 imprecision in the behavioural response. 

  

3. The optimal degree of complexity will depend on the type of simplification 

envisaged. For any given dimension of complexity, the optimal degree of 

complexity will depend on the costs of implementation and the effectiveness 

achievable after allowing for imprecise compliance. Our survey results suggest that 

peopleôs ability to predict charges, and thus the precision of compliance, is likely 

to be particularly poor if the charge varies in more than one dimension or requires 

them to know route distances (although the implementation of distance-based 

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 the sensitivity to the actual charge is reduced 

when the charge structure is complex. Our analysis suggested that this effect 

becomes apparent for complex charges which are more than 3½ times the perceived 

pre-toll out-of-pocket costs for the complete journey (for 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 assisted to estimate distances, distance-based charges appear 

to offer the prospect of high benefits at relatively low costs. The implication of 

this result is that, to the extent that fuel consumption is a proxy for distance 

travelled and environmental externalities produced, increasing fuel tax might be a 

simpler and more cost-effective  means of increasing overall benefit than 

introducing a wholly new form of road user charging
14

. Note however that 

location-specific congestion problems could not be tackled simply through 

increased fuel tax and that fuel tax could not be targeted at particular groups of 

road users. 

 

6. The optimal degree of complexity may depend on the level of fuel taxes 

assumed to co-exist with the new charges. This result is implied by our results 

but has not yet been tested explicitly. 

 

 

6.3  Research Implications 

6.3.1 The need 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 detailed content of that 

signal. We have not, however, explored exactly what makes one price signal more 

ñcomplexò than another. This is clearly a very important question because, until this is 

known, it is difficult to prescribe an appropriate policy response (some pointers to the 

important dimensions were identified in Bonsall et al (2004, 2007) 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 

responses to uncertainty.  

 

                                                

14 Interestingly, this conclusion has been based on assessment of an urban case study 

and would be expected to be even more pronounced if rural and inter-urban journeys 

had been modelled. 
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Our logit models of response to simple charging regimes (as reported in Table 6.2 for 

tests 4, 5, 6 and 7 ) were based on responses by people who said they had had no 

difficulty predicting the charges that would flow from a given charging 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 estimate the charges 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 

logging peopleôs estimates of the charges payable under an existing charging regime 

and observing their actual responses. It would clearly be desirable, when the 

opportunity arises, to study ñrealò estimates and responses.  Our questions on peopleôs 

ability to estimate the duration, length and cost of existing trips provided valuable 

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 al, 2004) but is clearly not directly transferable because 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 some reduction 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 a particular case 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 explore the 
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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, motorcyclists and 

public transport vehicles which might, for political reasons, be exempt from charges ï 

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 charging regimes. The data from our questionnaires 

suggested that an alternative and more speculative modelling approach might be based 

on a two-stage representation of the response process; a first 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, 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 such a model ï either explicitly or by formulating a 

latent-variable 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 adopt will have 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 to time-varying 

tolls and charges (e.g. charges which seek to charge people in a queue an 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 non-trivial 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 that SATURNôs 

ñmarginal costò tolls do not perform well when the objective function includes vehicle 

operating costs as a loss. There is clearly a need for some further theoretical work to 

define a toll which reflects the fact that road users do not perceive their operating 

costs accurately and to operationalise the calculation of such a toll within the context 

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

 

Our work has been conducted in the road sector ï and has 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 implementation are quite different.  

 

Beyond the transport sector, some utilities (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 produce an 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 scheme description.  

 

All three schemes refer to ñnotes overleafò. In all cases the notes were as follows: 

  

ñNotes on the Congestion Charging Scheme Outlined Overleaf: 

(1) Although the distance charges are expressed in pence per mile, incomplete miles 

would be charged 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 when she/he contacts 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 accurately recorded by a tamper-proof 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 were really 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.ò 

 

 

 

 

 

 

 

 

 




