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Summary 
Growing traffic is outstripping road capacity. If present policies are maintained 

England could have 25 per cent more traffic by 2010 and congestion will get worse. 

The success of congestion charging in London encourages us to investigate whether, 

in the recent words of the Transport Select Committee, “The only effective way of 

achieving a sustained cut in congestion appears to be to introduce some road user 

charging on our busiest roads during peak periods charging road users according to 

the use they make of the roads”.   This is a study of what charges across the whole of 

England might have to offer if they properly reflected traffic congestion costs, road 

maintenance costs, accident costs and environmental damage costs, when combined 

with offsetting changes in fuel duty and other taxes. 

 

We demonstrate that appropriate charging structures coupled with compensating 

reductions in motoring taxes could make a real difference to traffic growth, 

congestion and environmental damage. It could relieve the pressure to build new 

roads.  The case for introducing charges can only become stronger as time passes.  

 

It makes good economic sense to shift the burden of taxes and charges away from 

fixed taxes such as the tax disc, towards charges that vary with usage. Whether a 

government following these principles would adjust fuel duty and other taxes so as 

to raise or lower total tax and charge revenue would be a matter of policy so we have 

worked out some reference packages that keep the totals at roughly today’s levels. 

These illustrate the proposition that our current system of fuel duty is a blunt 

instrument which fails to distinguish those circumstances in which there is a case for 

reducing traffic from those in which people and industry could enjoy the benefits of 

greater mobility at lower cost.  

 

If today’s rate of fuel duty were accepted as a foundation to which environmental 

and congestion charges were to be added then, assuming low-end environmental 

costs, there would be some improvement of bus and rail finances and an overall 

increase in the Exchequer income of about £10 bn pa. In some, congested places the 
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charges would be high and the reduction of traffic would be substantial. But in many 

places and times there is little congestion so the increase in charges would be only 

the relatively small environmental charge. The net result would be a reduction of 9 

per cent in overall traffic levels – indicating the extent to which congestion is a 

localised problem. This policy could be combined with removal of the annual the tax 

disc. 

 

Using high-end environmental cost estimates overall traffic falls by 19 per cent. The 

net gain to the Exchequer rises to £15 bn pa and the saving in environmental costs 

increases from  about £1 bn pa to £5 bn pa. 

  

Rather than increasing the total tax take a government might decide to concentrate 

on improving the balance of charges, keeping the total constant. We demonstrate 

how revenue neutral packages achieve a redistribution of traffic away from 

congested times and places and away from those where environmental damage is 

greatest, whilst accommodating a slight increase in overall traffic. Traffic is reduced 

most in the big conurbations and it increases most in the country areas. The big cities 

enjoy a substantial speed improvement. Many of the places that have the biggest 

traffic volume increase (such as the North of England)  have  little or no speed 

reduction – because they are areas with spare capacity and therefore relatively little 

congestion. This illustrates the proposition that at today’s overall rates of fuel tax 

city areas are under-charged, whilst the country areas are significantly over-charged. 

 

The pressure to provide more road capacity would be significantly reduced because 

charging moderates traffic growth in just those places where capacity is exhausted. 

 

Alternatively, suppose we rebuilt our system of transport charges from scratch, 

using first principles: abolish the present fuel duty, minimise subsidies to public 

transport and calculate appropriate charges for congestion and the other costs?  If 

low environmental damage costs are used then compared with today’s levels overall 

Exchequer revenues reduce by £3.8 bn. pa. Traffic increases by 12 per cent: private 
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cars by 6 per cent and commercial vehicles by 16 per cent. The subsidy to the bus 

and rail industries both fall. Overall, there is a benefit to passengers and freight of 

£6.8 bn pa., although there is an environmental damage cost of £0.4 bn pa. Average 

money costs per car kilometre fall from 10.4 pence to 9.3 pence. There would be a net 

increase in economic efficiency. 

 

Assuming the high environmental costs there would be a net gain to the Exchequer 

of £4.6 bn reflecting the more aggressive stance towards charging for environmental 

costs: there is an estimated environmental gain of £1.6 bn pa against the current base. 

Average money costs per car kilometre would rise from 10.4 pence to 11 pence. 

 

So, if they were introduced today the proper set of road-user charges might involve 

road-users paying more or less than currently. This would depend on a number of 

factors, including the valuation of the environment and people’s response to 

charging. But by 2010, increase in traffic and congestion would probably mean that, 

according to this set of principles, road-users should pay more.  What is 

unambiguous from our analysis is that, leaving aside the issue of the overall level of 

charges, there would be benefits from changes to the structure of charges road-users 

face. 

 

If a large change in the total revenues were judged undesirable one could preserve 

the idealised tax and charge structure but impose a mark-up or mark-down so that 

the direct effect on Exchequer finances is neutral. For the low environmental costs 

this gives the best overall net benefit of all the scenarios we considered at £2.9 bn pa. 

There is a marked improvement in bus and rail finances (partly due to the fares 

increases: 20 per cent and 80 per cent). There is a reduction in environmental damage 

valued at £0.3 bn pa. Under the assumption of high environmental costs there is a 

net gain to the Exchequer of £2.3 bn pa, a reduction in environmental damage costs 

of £0.8 bn pa  and an overall economic benefit of £3.8 bn pa. Of course, there is less of 

a tendency to reduce charges in the non-urban area than under the low 

environmental cost case. 
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If charges were to be raised to the point of yielding maximum revenue to the 

Exchequer the yield would be over £22 bn pa more than with today’s tax rates. With 

free public transport this is offset by an £8 bn pa increase in subsidy requirement.  In 

these most favourable of conditions for public transport patronage doubles for buses 

and increases by a factor of 1.8 for rail. Even so, public transport can only make a 

small contribution towards offsetting the dramatic decline in private car travel. This 

is an illustration of the limited ability of public transport outside London to provide 

an alternative to the car. 

 

Depending on the nature of the costs of the technology chosen to implement road-

user charging it may be too troublesome to levy the smaller rates of charge or to 

attempt to cover all areas, except through a component of conventional fuel duty. 

We have made indicative estimates of what the effect might be of waiving low 

charges or restricting geographical coverage: an accurate analysis would require 

more modelling and information on the costs of the chosen technology. 

 

Using the low environmental costs, we found that raising the charging threshold 

makes little difference between about 5p per car kilometre and 16p per car kilometre. 

Excluding rural and small urban areas would reduce the proportion of the traffic 

being charged from 92  per cent to 45 per cent but only reduce the revenues from 

£11.5 bn pa to £9.2 bn pa. Imposing a threshold of 5 pence per car kilometre further 

reduces the revenue to £5.3bn pa but it means that only about ten per cent of the 

traffic is experiencing any charge at all, apart from fuel duty. This would achieve a 2 

per cent reduction in national traffic, but a much higher proportionate reduction in 

those congested circumstances to which the charges would apply.  

 

If London, the conurbations and big urban areas were included and if the threshold 

were to apply the revenue would be over £4 bn pa, but only 8 per cent of the 

national traffic would experience charging.  
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Proper charging simplifies decisions about whether there is an economic justification 

to build new road capacity. It depends on whether congestion and environmental 

charge revenues exceed capacity and environmental costs. Illustrative and 

approximate calculations suggest that our charges would signal a case for expanding 

road capacity in some congested circumstances. However, traffic is so variable in 

time and in space that a proper appraisal must be carried out on a case by case basis. 
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Introduction 

A recent report from the House of Commons Transport Select Committee (2003, 

para. 191) concluded that  

 

“Improvements in technology and public transport alone will not 

solve our congestion and pollution problems. The only effective way 

of achieving a sustained cut in congestion appears to be to introduce 

some road user charging on our busiest roads during peak periods. 

Introducing inter-urban charging will be a difficult decision to take, 

and the assumption has been that it would be unpopular. But the 

alternative is increasing congestion and pollution, a proposition 

which we find unacceptable and potentially more unpopular.” 

 

The Select Committee also note that even if there were the political will to meet the 

forecast demands for travel by road, bus and rail, the cost implications would be 

unaffordable in terms of the current public spending environment.  

 

It is our perception that there is a growing acceptance of these views. Conservative 

and Labour governments alike have struggled to come to terms with the relentless 

growth in traffic, the unpopularity of worsening congestion and also the political 

and fiscal difficulties posed by building new roads (Glaister, 2002). This is a study of 

what, in principle, could be achieved nation-wide by “road user charging on our 

busiest roads during peak periods”, taking account of  maintenance, environmental 

and accident damage costs caused to others.  

 

The experience of introducing congestion charging in London in February 2003 may 

well serve to illustrate that the measures outlined in this document could indeed 

offer an important new and practical dimension for transport policy. Conscious use 

of pricing policy would, for the first time, make the connections between demand, 
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price, investment revenues and capital funding, something that is taken for granted 

in almost every other field of industrial activity. 

Price as an instrument of policy 

Our overall hypothesis is that prices are often set on the basis of historical precedent 

or political expediency and their potential use as a tool of efficient transport 

management has  not been given sufficient attention.  

 

There are at least two distinct interpretations that could be given to the notion of the 

“correct” price that transport users should pay: 

 

• the price (including taxes and subsidies) that each user would face if they paid 

the total of the costs imposed by their actions on others. 

• the price that would be established if roads were privately owned, operated for 

profit but suitably regulated. 

 

The final price paid by the user is composed of the price received by the supplier 

and any element of tax (or subsidy). In principle, taxes and subsidies could be 

manipulated as a matter of public policy in order to bring into balance what 

individuals pay and the total costs incurred by everybody.  

 

Alternatively, roads could be operated by a profit-seeking owner (Newbery, 2002, 

Starkie, 2002). Such an owner would be in a position to exploit a degree of 

dominance.  If the supply of capacity were restricted – either because of planning 

constraints or because the owner were restricting the rate of expansion of capacity as 

a means of strengthening dominance (that is, generating and capturing scarcity 

rents) – then this would normally be judged to be against the public interest. That is 

why, when concessions to build private infrastructure are occasionally granted (for 

example with some toll bridges) there is usually some form of public regulation of 

the behaviour of the concessionaire. The other side of the same coin is that a private 

owner would, in practice, have both the incentive and the financial means to fulfil 
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the need for more capacity, to a greater extent than would a cash-strapped public 

sector.  

 

The implications of these two philosophies are addressed in this study, though more 

attention is given to “public ownership” philosophy. 

 

Our method provides a basis for a comparison of the current structure of transport 

taxes and charges with that implied by the analysis of several policy scenarios. 

 

The fundamental linkages 

The study  recognises three fundamental linkages: 

 

• varying prices will change volumes which, in turn, will vary important 

dimensions of quality such as speed 

 

• varying prices will affect the mode of travel (and also the time of day, though 

we have not modelled that aspect). 

 

• varying prices, taxes and subsidies will change the burden on the public purse 

and may change the funding available for new infrastructure from both public 

sources and from privately funded investment. 

 

Thus, differing pricing regimes will create changes in patterns of demand, and 

consequential changes in the case for investment in infrastructure. The study forms a 

basis for a discussion of the merits of present investment intentions and the 

investment requirements under a reformed pricing regime. 

 

Limitations 

We do not address the important issues of technological or political feasibility.  The 

crucial issue of the capital and operating costs of implementing any charging scheme 

is also outside the scope of this work. Again, the London experience, whilst it may 
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ultimately be judged to have been successful, cautions that implementation costs can 

consume a significant portion of any potential benefits. 

 

We report the results of one “do nothing for ten years” scenario but the other results 

are calculated relative to “today’s” conditions. We are imagining it would be 

possible to impose a taxing and charging scheme overnight  and representing the 

long run responses after two or three years, neglecting any changes in the mean 

time.  A practical policy would have to work out an implementation date and 

measure effects relative to a base appropriate to that date, for which there would be 

growth in the underlying demand and some planned changes to the road and rail 

networks. 

 

In considering these results it is important to bear in mind that the precision with 

which the results are reported is not to be taken literally.  We have used the best 

evidence we can find but many simplifying assumptions have been necessary. The 

aim has been to obtain a feel for the overall orders of magnitude of the implications 

of policy changes, several of them quite extreme.   

I  

In many cases where we have had to make assumptions they will have had the effect 

of pushing the magnitudes of the predicted consequences towards the more extreme 

end of the spectrum of possibilities. For example, we have assumed that there is no 

tendency to switch travel from one time of day to another – mainly because we could 

not find an objectively defensible way of modelling this.  People will, in practice, be 

able to respond by changing the time of day they travel so as to mitigate the effect on 

them of such things as congestion charges. Our results will exaggerate the overall 

traffic reduction for a particular level of congestion charge. Our predictions of the 

magnitude of charge increases necessary to achieve a better outcome depend 

crucially on the responsiveness of traffic at the most busy times and places. If the 

ability to switch means that this responsiveness is in fact greater than we have 

assumed, then our predictions of peak congestion charges will be higher than would 

actually be necessary. 



 13

 

Our model has no explicit transport network and makes no attempt to represent 

origin-to-destination trip patterns. It works in terms of flow rates per annum of 

passenger kilometres or vehicle kilometres over typical roads at a variety of times 

and places. Therefore we are not able to distinguish between changes in numbers of 

trips and changes in average trip length – the historically observed responses to 

changes in costs and prices (the elasticities) are measures of a combination of both 

phenomena.    

 

Similarly, this study concentrates solely on pricing measures. The observed 

responses of traffic to taxes and charges (the elasticities) represent the long term 

responses. They implicitly represent people’s propensity to change their travel 

patterns, trip lengths etc., including the propensity to change the densities of land 

use and the relationships between place of work and place of residence. However, 

we do not consider the part that active land use policies could play in altering traffic 

volumes and emissions. 

 

We display maps constructed at English census ward level, but these should only be 

taken to give an indication of the general nature of the likely effects on the generic 

type and location of any one ward, rather than a specific prediction about that ward. 

The process of computing these maps involves considerable (weighted) averaging of 

results and much detail is lost in the process. That is why we also present results in 

tabular and histogram format. 

 

Our representation of long distance trips is less satisfactory than local, short distance 

trips. However, relatively short distance, complex trips are overwhelmingly the 

more important. Dr Denvil Coombe recently gave evidence to the Transport Select 

Committee (2003, para. 60) that: 

 
“Between half and two thirds of [traffic on congested sections of 

motorways and trunk roads] are car commuters, single occupant 
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vehicles. … Their pattern of travel was very dispersed… less than ten 

per cent of the traffic on the motorways… were heading for the 

traditional city centres, the other 90 per cent were going to 

destinations spread across the whole area, particularly the edges of 

the urban areas where you have got the new business parks setup. 

That dispersed pattern of movement is extraordinarily difficult to 

cater for by public transport”. 

 

The costs that are to be imputed to environmental damages such as air pollution and 

climate change are uncertain but they are important determinants of the transport 

pricing policies discussed in this study.  The study accepts the estimates of others of 

the several external and environmental costs of transport (see Appendix 6). We 

recognise that making these estimates is difficult and different people will come to 

different conclusions. We use values at the “low” and the “high” ends of the ranges 

to give an indication of how sensitive the policy conclusions might be. There are 

some important factors that have not been – or cannot be – quantified. Some of these 

omitted factors may be detrimental: for example, severance of communities by 

roads.  Others are beneficial, for example better accessibility to family, leisure 

pursuits or employment opportunities.  It is not apparent to us that we have 

necessarily under-estimated or over-estimated the external costs and benefits of 

transport. 

 

This research was initiated and funded by the Independent Transport Commission. 

The method is as set out in our Scoping Document  for the Commission of  August 

2001 (Glaister and Graham, 2001).  The particular scenarios investigated were 

developed on the advice of the Commission. 

 

Other related studies 

Three studies were published in 2002 that cover related subject matter: Newbery 

(2002), Bayliss and Muir Wood (2002) and Oscar Faber and NERA (2002) for the 

Commission for Integrated Transport.  The latter applies similar methods to similar 
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data but they do not report the effects on public transport and they only offer one 

scenario. They assume that charges would only apply on week days, whilst we allow 

the possibility that they apply at any time. 

 

 

The model and the data 
General approach 

The model was implemented in line with the proposals in our scoping document, 

Glaister and Graham (2001). However, the data kindly provided by the Department 

for Transport came in a slightly different format than had been envisaged.  This is 

the reason for some differences between the proposals in the scoping document and 

the content of this report. 

 

The generalised cost to a user of a specific mode, in a particular place at a particular 

time of day is a measure of the total of all the costs faced per passenger kilometre: 

 

g = p  +  τv (1/s)  +   τww  +  t  + ... 

 

that is,  

 

money cost + value of in-vehicle time x time per vehicle mile + value of waiting time x average 

waiting time + taxation + any other relevant costs. 

 

Referring to Figure 1, the vertical axis represents the generalised cost per passenger or 

vehicle kilometre and the horizontal the flow of passenger kilometres per hour. For any 

given area type and infrastructure type, Sansom et al  (2001) essentially provide 

material to enable an estimate of the marginal private cost and marginal social cost 

lines illustrated.  These are, respectively, the cost to an individual of making one extra 

trip and the cost to all individuals of one individual making an extra trip. The vertical 

distance between the lines represents (for any given flow) the difference between the 

costs borne by the individual user and costs imposed on everybody else.  
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For example, at the flow x°i the cost in terms of the value of time spent and money of an 

individual travelling one additional kilometre might be £0.10. But the act of making 

that extra kilometre will cause a little extra pollution cost to others, and slow down all 

the existing traffic a little. So the total cost to society of the extra trip might be the £0.10 

plus £0.03: a marginal social cost of £0.13. (See also Newbery, 2002). 
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Figure 1 

 

The present equilibrium 

The Figure also shows a demand relationship, representing the way the demand might 

respond to changes in generalised cost. Sansom et al (2000) essentially identify the 

current flow rates and hence the point A, the total short run social costs of an extra trip 

at that base flow rate x°i .  In principle the answer to the question "what would be the 

best generalised cost and flow, given a free hand to adjust taxes and prices?" is given 

by the point where the benefit of an extra kilometre (the vertical height under the 

demand curve)  is just in balance with the marginal social costs: point  C, with the 
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reduced flow, xi . This is achieved by imposing a unit charge given by the distance BC. 

Therefore, our aim is to estimate the point C. 

 

The position of point C, and thus the magnitudes of the charges and the volume 

reduction required, is clearly critically dependent on the shape of the demand 

relationship.  Further, bearing in mind that the Figure only represents one of several 

interdependent modes, the demand for any one of them will depend upon generalised 

costs for all the others. 

 

A critical determinant of the shape of the demand curve is the response of demand to 

changing generalised cost at the base demand level - its slope, and how demand for 

one mode will be changed by a change in generalised cost for a different mode. These 

quantities are directly related to the own-price and cross-price elasticities of demand. 

That is why we have given considerable attention to the sources of evidence on 

elasticities. 

 

Shapes of demand relationships 

Unfortunately, knowledge of the slopes is not enough to determine the shape of the 

demand curves for anything other than a very small change. There is little conclusive 

evidence about the shape of the curves – it is hard enough to obtain evidence on the 

slopes, never mind the actual shape of the curve for large perturbations. A way to 

handle this problem would be to try the exercise with two or more candidate shapes 

and see how much difference it makes to the qualitative conclusions. The modelling 

software  is written in such a way that it would be easy to try different functional 

forms, though we have not conducted a sensitivity analysis for this report. 

 

Candidates  for the form of the demand relationships include the linear and the 

constant elasticity forms. A particularly useful intermediate form is the semi-

logarithmic form: if  xi is the number of passenger trips per hour and x°i is the base 

number of trips, then 
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xi = x°i  exp { Σj λij (gj - g°j)} 

         

Here the λij are the constant parameters determining the responses of demand to 

changes in generalised cost.  They relate changes in demand for any one mode to 

changes in generalised costs (including prices and taxes) for all modes. There is a 

simple relationship between the λ’s and the respective elasticities which enables the 

one to be calculated from the other. The form has the intuitively reasonable property 

that the implied own price  elasticity is directly proportional to the respective price: as 

a price rises the mode becomes progressively less competitive, so the loss of market 

accelerates as the price continues to rise.  

 

It is not reasonable to assume that the cross-elasticities in a particular area will 

necessarily be the same as a national average. For instance, if a particular area has very 

few rail services one cannot assume the national average percentage change in car trips 

as a result of a one per cent change in rail fares. We modified national cross elasticities 

to reflect the local market shares. 

 

Similarly we allowed own-price elasticities for the car users to vary by trip purpose. 

 

Peak and off peak 

It is important to attempt to represent the distinction between peak and off-peak flows, 

as we have done, because of the non-linear nature of congestion and crowding. 

However, it is very hard to obtain reliable estimates of how traffic might interchange 

between peak and off peak. We have made the simplifying assumption may be that 

there is no such interchange.  

 

Freight 

Whilst we identified good evidence on price elasticities for passenger markets, much 

less seems to be known about freight markets. Road freight volumes need to be 

represented because of their contribution to traffic volumes and we have done this in 

terms of standard Passenger Car Units (PCUs). 
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The numerical algorithm to search for the best price and tax levels 

The steps for computing the movement from point D to point C were: 

• Establish suitable national average own-price and cross-price elasticities. 

• Modify these to local conditions using local market shares. 

• Convert from the modified elasticities to the respective λ’s. 

• Change a policy variable, such as a rail fare or a tax on petrol 

• Calculate a new, mutually consistent set of speeds, generalised costs and demands.  

 

Note that this last stage involves an iterative algorithm because of the 

interdependencies. 

 

Having found the set of taxes and charges corresponding to point C in Figure 1, this 

also yields estimates of the revised volumes of travel and hence the changes to tax 

revenues and public transport costs , revenues and subsidies. An estimate is produced 

of the overall net effect on the public finances. 

 

Commercial charging 

The total price that would maximise revenue is, in principle, relatively easy to find. 

Its position on the figure depends critically on the shape of the demand curve over a 

wide range of prices. Essentially, one is asking, how far can one go in raising charges 

before the loss of traffic outweighs the gain in revenue from each unit of traffic? The 

answer to this  highly dependent on local circumstances. It also involves a large 

deviation from current circumstances.  

 

For these reasons it is not be possible, in practice, to be precise about the full 

commercial price. However, it is possible to give some indication of where it might 

be in relation to today’s prices. It is then be possible to deduce the approximate 

magnitudes of the incremental revenues available if a commercial owner expanded 

capacity. 
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Economic evaluation 

In Table 6 (column 2), below we show estimates of benefits to passengers and freight.  

These are calculated on the basis of the simple “rule of one half”, which implicitly 

assumes the demand relationships are straight lines.  If, as we have assumed, they are 

not straight lines then this will be a source of error.  It will be negligible for small 

perturbations from the base situation, but they could be significant for larger changes. 

 

Programming language 

The model was written in Excel 2002. This version has the capability to handle much 

more data simultaneously than earlier versions. That enabled us to retain the full 

detail in the original data, although the program was stretched to its limits. 

 

The software was designed in such a way that it is easy to alter parameters and 

functional forms for the purposes of experimentation and accommodating data as it 

becomes available. 

 

The data 

The traffic flow data relate to England for the year 2000. They were DfT's 2000 traffic 

data as collated in the FORGE Road Capacity and Costs Model, kindly supplied by 

the Department for Transport. We are grateful for their help. We created a “base” set 

of figures to represent the situation in 2003. However, we did not adjust the traffic 

flow data and this will have introduced a small inaccuracy since traffic actually grew 

by 3.8 per cent between quarter 1 of 2000 and quarter 1 of 2003 (see DfT, 2003). 

 

Financial quantities are expressed in 2003 prices. 

 

The traffic flow data are expressed in terms of 8960 “cases”. Each case relates to one 

of  9 regions, one of 20 times of day, a particular type of road and a “busy” or “non-

busy” direction. 
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Regions 

England is divided into the 9 English Government Office Regions: 

 

Northern Region 

Yorks and Humberside 

East Midlands Region 

Eastern Region 

South Eastern Region 

London Region 

South Western Region 

West Midlands Region 

North Western Region 

 

Area Types  

The following two tables define the area types and give an indication of how the 

larger cities and towns are classified: 

 
 
 Area types Description Population 

 
1 Central London  
2 Inner London  
3 Outer London  
4 Inner Conurbation  
5 Outer Conurbation  
6 Urban Big > 250,000 
7 Urban Large >100,000 
8 Urban Medium > 25,000 
9 Urban Small > 10,000 
10 Rural  
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Road Types 

Road types vary by area type as described in the following table: 

 

Road Type London and 

Conurbations 

Other Urban Rural 

1 Motorway N/A Motorway 

2 N/A N/A Trunk Dual A  

3 N/A N/A Principal Dual A 

4 Trunk A Trunk A Trunk Single A  

5 Principal A Principal A Principal Single A  

6 B and C Rds B and C Rds B Rds 

7 Unclassified Unclassified C & Unclassified 
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Time Periods 

The time periods within the week are as follows 

Period  Day Time Period Day Time 

1 Mon-Fri 00:00 - 06:00    

2 Mon-Fri 06:00 - 07:00 12 Saturday 00:00 - 09:00 

3 Mon-Fri 07:00 - 08:00 13 Saturday 09:00 - 14:00 

4 Mon-Fri 08:00 - 09:00 14 Saturday 14:00 - 20:00 

5 Mon-Fri 09:00 - 10:00 15 Saturday 20:00 - 24:00 

6 Mon-Fri 10:00 - 16:00    

7 Mon-Fri 16:00 - 17:00 16 Sunday 00:00 - 10:00 

8 Mon-Fri 17:00 - 18:00 17 Sunday 10:00 - 15:00 

9 Mon-Fri 18:00 - 19:00 18 Sunday 15:00 - 20:00 

10 Mon-Fri 19:00 - 22:00 19 Sunday 20:00 - 24:00 

11 Mon-Fri 22:00 - 24:00    

 

We also carried out calculations on a “period 20”. This is traffic for all 19 periods 

added together.  This removes the complexity associated with the time of day issue, 

but it can be misleading because it neglects the fact that there is often heavy 

congestion (and therefore high congestion charges) for relatively short periods of the 

week and little for the rest of the week. 

 

Vehicle Types and Purposes 

Within each of the 8960 cases there are five vehicle types with the first of these 

(cars) further divided into six journey purposes: 

 

HBW Home based work      

HBEB Home based Employers Business   

HBEO Home based Essential Other (Education + Private Business) 

HBDO Home based Discretionary Other  (Social + Holiday) 
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NHBWEB Non Home based Work/Employers Business   

NHBDO Non Home based Discretionary Other  

 

The remaining vehicle types are 

 

LGV  Light Goods Vehicles 

Rigid  Rigid Heavy Goods Vehicles 

Artic  Articulated Heavy Goods Vehicles 

PSV  Public Service Vehicles (Buses/Coaches) 

 

Public transport  

Our representation of bus and rail travel is less satisfactory than that for car and 

lorry traffic.  Since public transport is generally small in relation to total travel this 

may be less of a problem than it might seem. 

 

Data for public transport were derived from published sources. Distances travelled 

by person by mode by Region, together with population by Region were used to 

estimate bus and rail passenger km by Region. Regional data on bus kilometre and 

revenues were used to estimate average bus fares paid.  Whilst bus fares varied  by 

Region rail fares did not because we could not secure satisfactory  rail receipts data 

by region. A national average was used for rail. 

 

We pro-rated bus travel within the Region to each of the cases in proportion to the 

amount of travel by car.  Since we already had an estimate for the number of bus 

kilometres by case this implied an average load per bus by case. These loads were 

assumed constant: so a change in bus patronage was assumed to be matched by a 

proportionate change in bus vehicle kilometre and that would lead to a 

corresponding change in bus operating costs.  This is plainly unrealistic at a fine 

level of detail, but it may be reasonable “on average”. 
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For rail we were unable to determine a defensible assumption on how rail costs 

might vary with rail traffic. We therefore assumed that train services and hence train 

costs would be unchanged throughout, changes in patronage being accommodated 

by changes in average train loadings. In cases where rail demand falls this may be 

realistic.  In cases where it rises then it is unrealistic because the railway is already at 

or near full capacity in many cases (for instance, in the London commuter market). 

 

 

Vehicle occupancies and passenger car unit equivalents 

These were as in the Forge data, shown in Tables 1 and 2. 

 

Table 1. Vehicle occupancies 

HBW HBEB HBEO HBDO NHBWEB NHBO LGV Rigid Artic 

1.6 1.22 1.22 1.22 1.6 1.6 1.25 1 1 
 

Table 2. Passenger car unit equivalences 

 

Values of time 

Appendix 4  details the sources for the vales of time we used. 

 

A factor of 1.1139 was applied to allow for real income growth, 1998 to 2003 (see 

DETR, 2001 Table 2/7).  An inflation factor of 1.112 was used to bring the price base 

from 1998 to 2003. 

 

The resulting values of time were as shown in Table 3. 

 

HBW HBEB HBEO HBDO NHBWEB NHBO LGV Rigid Artic PSV 
1 1 1 1 1 1 1 1.9 2.9 2.5 
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Table 3. Values of time per vehicle 

 

 

Vehicle operating costs 

Appendix 5 details the sources for the vehicle operating cost formulae. 

 

Fuel efficiency gains between 1998 and 2003 were applied at 2.03 per cent pa for cars, 

and  1.35 % pa, 1.11% pa and 1.35% pa for the three types of commercial vehicle 

respectively (see DETR, 2001 Table 3/4). 

 

Fuel was assumed priced at £0.80 per litre for cars and commercial vehicles and at 

£0.34 per litre for public service vehicles, after fuel duty rebate. 

 

Traffic speeds 

For each case traffic flow per lane per hour was computed, using the PCU values 

and the relevant number of hours in the year. 

 

The speed-flow relationships are crucial to the computation of the costs of 

congestion, because they represent the way that speeds are reduced as traffic 

increases. They were as used by the Department for Transport.    

 

The data supplied contained implicit speeds for each case. We compared our speeds 

estimated from the speed flow relationships in the base with these. The match was 

fair, but not perfect, indicating that there are discrepancies between the methods we 

used to estimate speeds and the methods used in the Department for Transport’s 

modelling. 

 

HBW HBEB HBEO HBDO NHBWEB NHBO LGV Rigid Artic PSV 
pax 

RAIL 
pax 

8.95 25.32 8.95 8.95 25.32 8.95 10.62 9.04 9.04 5.60 7.52 
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Congestion costs 

The marginal social costs of congestion were computed numerically by adding one 

extra PCU to whatever was the current vehicle flow, using the speed-flow 

relationships to estimate the consequent reduction in speed and then summing the 

estimated delay costs to all road uses.  

 

Elasticities 

Appendix 3 details the price elasticities, their sources and the ways in which we 

derived variation  by market share and by journey purpose. 

 

Environmental charges 

Where these were applied they were computed using constant values per vehicle 

kilometre, as shown in Appendix 6. The Appendix records “low” and “high” 

estimates. For the greater part of our work we used the low values. However, we do 

replicate some of our results using the high values in order to explore the 

importance of this issue in framing charging policies. Note from table A6.1 that some 

of  the high costs are much higher than the low costs: accident costs are a factor of 1.7 

higher, climate change costs are four times higher and air pollution costs are five 

times higher.  It is no surprise that the charges we derive are sensitive to which view 

of environmental costs is adopted. We anticipate that a government adopting 

charging policies based on these principles would find it reasonable to select a value 

between the two extremes we have analysed. 

 

Calculation of new equilibrium 

 An equilibrium was established for the base situation, in which speeds, traffic flows, 

demands, generalised costs etc. were mutually consistent. 

 

After any policy change – such as the imposition of a new charge or tax – a new 

equilibrium was established by means of an iterative process.  Several numerical 

smoothing  devices had to be employed to achieve convergence of the numerical 

algorithms, but  approximate convergence was achieved in all cases. 
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Some anomalies were noticed and dealt with as follows. 

 

As specified, some of the speed/flow relationships are horizontal at very high traffic 

flows – implying that there would be no social cost from extra traffic in these 

circumstances and therefore no congestion charge. In the few cases where traffic 

flow was estimated to be so high as to be on the “flat” part of the speed/flow 

relationship, an artificial incremental speed reduction was imposed in order to create 

a congestion charge sufficient to bring the flow rate back to the sloping part of the 

curve, at which point normal charging principles would apply. 

 

Vehicle operating costs increase rapidly with speed at high speeds. In a few 

circumstances, at high speeds, it can happen that  increasing congestion reduces 

speeds sufficiently for savings in vehicle operating costs to dominate the additional 

time costs.  Whilst possible in reality, this “pathological” situation can cause an 

instability in the search for an equilibrium so falling social costs with increasing 

congestion were neglected. 

 

Travel costs and capping of  cost increases 

Table 4 shows the costs estimates for the several vehicle types in the current base 

situation. 
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Table 4. Current average costs of road vehicle use (£ per vehicle kilometre). 

 
Car 
(not 

working) 

Car 
(working) 

Light 
goods 
vehicle 

Rigid 
goods 
vehicle 

Articulated 
goods  
vehicle 

Fuel only 0.06 0.06 0.09 0.19 0.39 

All operating costs 0.10 0.10 n/a n/a n/a 

All operating costs 
including value of 

time 
0.32 0.72 0.41 0.55 0.79 

 
In a few cases it was found that the rate of charge implied by the model would be 

extreme. The increases were capped at the point where a vehicle type would 

experience a travel cost (excluding time costs in the case of cars) of three times the 

level shown in this table – for instance, capped at approximately £0.33 in the case of 

a car  (but note that the caps apply at the level of each individual case, whilst Table 4 

relates to the average across all cases). 

 
 

Geographical representation of model results at the ward level 

We are able to represent our model runs geographically by relating the basic spatial 

results of our model to the wards of England. The method we use to find 

correspondence between the rows of the model matrix and the English wards is 

described in Appendix 2 below. In choosing to represent the data geographically our 

principal objective is to provide a graphical representation of the broad spatial 

implications of our findings.  

 

The Scenarios 
We have considered the following scenarios. 
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“Do nothing”. Assume no change in real taxes or charges but impose a 22% increase 

in the underlying demand for all modes. This could represent ten years compound 

growth in real income at two per cent per annum or eight years growth at 2.5 per 

cent per annum.and a unit elasticity of all transport activity with respect to income. 

We also considered the implications of current government policies, as set out in the 

Ten Year Plan (DETR 2000b). As explained below, limitations of our model prevent 

us from recording more than a general impression of the results. 

 

“Environmental charges” (EC). Travel today, taking current fuel and other charges 

as given, but adding an additional charge to reflect environmental costs 

 

“Environmental charges and congestion charges” (EC & CC). As EC but with the 

further addition of a charge fully to reflect the incremental congestion cost that each 

vehicle inflicts on all others. 

 

“Environmental charges and congestion charges with compensating rebate”  (EC 

& CC, rev. neutral). As EC & C, but with an offsetting rebate to each class of vehicle 

user so that the total tax and charge revenue is the same as today’s – a  fuel tax 

revenue neutral scenario. 

 

“Zero tax”. All fuel taxes removed (except that it is assumed that fuel would attract 

the standard rate of VAT).  In principle subsidies to public transport would be 

eliminated but  we found that it is not feasible to eliminate bus subsidies completely 

by raising fares. So bus fares were raised by 20% and 33% in London. Rail fares were  

raised 80%.  

 

“Zero fuel tax with environmental charges and congestion charges“(zero tax, EC & 

CC). As zero tax but adding an additional tax to reflect environmental costs and a 

charge fully to reflect the incremental congestion cost that each vehicle inflict on 

others. 
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“Zero fuel tax with environmental charges and congestion charges with a revenue 

neutral mark-up“ (zero tax, EC & CC & revenue neutral mark-up). As the previous 

case, but with the imposition of an equiproportionate mark-up on all environmental 

charges and congestion charges so as to return overall Exchequer income to today’s 

levels. For each type of vehicle and in each “case” the charges calculated under the 

previous scenario are all multiplied by the same factor (about 2). 

 

“Tax revenue maximisation” (Rev. max). Fuel tax and public transport fares raised 

to the point of maximum revenue to the Exchequer. 

 

“Tax revenue maximisation and free public transport”  (Rev. max. free pt). As the 

previous case, but with free public transport to investigate the extent to which public 

transport could offer an alternative to private transport if road charges were very 

high. 

 

Summary Results 
Table 5 gives a summary of the outcomes of the scenarios and Table 6 gives 

estimates of their economic performance, using the low estimates of environmental 

costs. In Table 6 column (5) shows the direct revenue gain to the Exchequer in terms 

of specific environmental charges, congestion charges and, under some scenarios, 

rebates per vehicle kilometre.  There are additional financial implications for the 

Exchequer. It is assumed that changes in bus and rail  subsidies ultimately pass to 

the Exchequer in full (a positive number in columns numbered (3) and (4) indicates a 

reduction in subsidy) and there are changes in fuel tax  receipts (above changes in 

VAT on fuel) because of changes in the volume of fuel purchased. Column  (8) 

summarises the overall Exchequer position. 

 

Appendix 1 contains some more detailed results.  

 

Tables 7 and 8 repeat some of the results using the high estimates of the 

environmental costs. 
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Do nothing 

Figure 2 shows a map of the predicted effects on average speeds of 22% increase in  

underlying transport demand. The “stress” areas show up in red. They are London 

and the motorway corridors into London, the West Midlands conurbation and some 

other urban centres including Tyneside.  There is an important medium stress band 

stretching from Manchester to Leeds and Bradford.  Otherwise there is little speed 

reduction due to congestion in the North, South West and East Anglian Regions 

where there is spare capacity outside the large towns. This map of stresses bears a 

resemblance to the map published in 1998 by the then DETR (1998a). 

 

For all the maps in this document we have adopted the convention that “blue” 

means that things have got better compared to today’s base and “red” means they 

have got worse. “Better” means higher speeds or less traffic and “worse” means 

lower speeds or more traffic. 

 

Figure 3 shows the corresponding road traffic increases.  Because speeds have 

reduced in London, costs of travel have increased and the traffic growth is held to 

less than ten per cent.  In other words, traffic congestion “chokes off” part of the 

underlying traffic growth. This illustrates the way the model seeks a new traffic 

equilibrium, taking account of the congestion effects of new traffic on existing traffic. 

 

Nationally there is a 20 per cent increase in road traffic and a 24 per cent increase in 

rail passengers. The financial position of the railways improves by £0.77 bn pa 

(neglecting any operating or capital costs involved). The Exchequer receives £4.2 bn 

pa in additional fuel tax revenues at current rates. There is an increase in 

environmental damage costs of £1.2 bn pa. 
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Incidentally the two maps exhibit the weight of London and the South East Regions 

and the consequent North-South and East-West divides – a feature that is 

characteristic of many of our results.  

 

The situation by 2010 

The scenario just described is a significant over-simplification of the vision implied 

by the government’s Ten Year Plan (DETR 2000b) and subsequent policy statements 

by the Secretary of State in December 2002. Our interpretation of these was as 

follows: 

 

• A 50 per cent increase in passenger rail traffic.  

• A 20 per cent increase in bus traffic in London and a ten per cent increase 

outside London.  

• A 20 per cent  improvement in the average fuel efficiency  of cars and a 13 per 

cent  improvement  in the average fuel efficiency  of commercial vehicles.  

• Fuel price to the user to fall from the value we have used of £0.80 per Litre to, 

say, £0.70 per litre (abstracting from any effect of inflation).  

• Values of time would increase as real incomes increase, perhaps by 20 per 

cent or so.  

 

Taken together these assumptions would imply substantially more demand for road 

traffic growth than the 22 per cent used in our do nothing scenario. For instance, the 

combined effect of improving fuel efficiency and fall in fuel price would reduce the 

cost of fuel per vehicle kilometre by over 30 per cent. We guessed that this  set of 

assumptions might lead to an average 25 per cent increase in road  traffic by 2010 

after accounting for the deterrent effect of worsening traffic delays. 

 

Our modelling of this scenario was  inconclusive for several reasons. Two of the 

most important are as follows. First, the growth in traffic would not be 

geographically uniform. To model this would be possible but outside the scope of 

this study.  Second, there will be increases to the capacity of road and rail networks 



 35

by 2010, particularly at the places where congestion would become the most severe. 

Again, modelling these capacity increases fell outside the scope of this study.  

 

Although we did not have as much confidence  in our results for this scenario as for 

the others (and we have not reported them here) we are confident in the general 

proposition that the appropriate congestion charges and the revenue they would 

generate would be substantially greater than those set out in the remainder of this 

report., which relate to the year 2000 situation and also significantly greater than the 

revenue likely to be raised through fuel duty in 2010.  For instance, using  

“middling” environmental costs, a total charge revenue in excess of £10 bn pa was 

indicated, above what would have been collected at current rates of fuel duty. This 

conclusion is unsurprising in the light of traffic growth stimulated by economic 

growth and falling motoring costs. Naturally, the magnitude of the congestion 

charges that might be “justified” by 2010 would be reduced to the extent that more 

capacity was provided or the underlying fuel taxation was to be increased. 

 

Whilst we cannot be precise about the level of charges and revenues that might be 

appropriate by 2010 it is plain that  the imperative to introduce some radical new 

policy such as general road user charging will become much stronger by then than it 

is today.
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Table 5 Summary results, low environmental costs. 

 

                                                 
1 For example, a ratio of 1.2 would normally be interpreted as a 20 per cent increase and a ratio of 0.94 as a 6 per cent reduction. 
2 Row 2 represents 22 per cent demand growth relative to the base year, whereas other rows represent the consequences of policy changes in the base year relative to 
the base year 

 

Scenario Traffic 
All 
pax. 
km. 

Car  
km. 

Commerci
al vehicle 

km. 

Bus 
pax. 
km. 

Rail 
pax. 
km. 

Car 
cost 
£ per 
km 

Bus 
subsidy 

Bus Fare 
(ex 

London) 

Rail 

subsidy 
Rail Fare 

 
 

 
Ratio of flow to the current  value1 

 
 £m pa %  change £m pa 

% 

change 

1 Current (2003) 1 1 1 1 1 1 0.104 1,408 - 1,597 - 

 

2 
 Do nothing, 
22% demand 
growth2 

1.20 1.20 1.19 1.20 1.20 1.24 0.104 1,425 0 828 0 

 

3 EC 0.94 0.95 0.95 0.94 1.014 1.015 0.116 1,403 0 1,547 0 

4 EC & CC 0.91 0.92 0.91 0.90 1.07 1.02 0.132 1,358 0 1,520 0 

5 EC & CC, rev 
neutral 1.01 1.04 1.01 1.01 1.05 0.99 0.103 1,371 0 1,633 0 

6 Zero tax 1.26 1.19 1.22 1.31 1.04 0.85 0.061 917 +20 994 +80 

7 Zero tax, EC & 
CC 1.12 1.06 1.09 1.16 1.12 0.67 0.093 793 +20 914 +80 

8 

Zero tax, EC & 
CC & revenue 
neutral mark-
up 

1.04 1.00 1.02 1.06 1.13 0.69 0.108 777 +20 822 80 

9 Rev. max 0.37 0.45 0.35 0.31 1.20 1.45 0.32 1,369 0 73 0 

1
0 

Rev max 
Free pt 0.39 0.49 0.37 0.317 2.07 1.82 0.32 6,377 n/a 4,844 n/a 
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Table 6 Economic evaluation, low environmental costs. Change relative to current situation (£bn pa, 2003 prices) 

 

 

Scenario 

Saving 
in 

environ.-
mental 

cost 

Passenger 
and 

freight 
benefit 

Reduction 
in bus 

subsidy 

Reductio
n in rail 
subsidy 

Env. tax, 
congestion 

charge 
revenue 

& rebates 

Net 
benefit 

Tax 
revenue 

correction 

Net gain  
to 

Exchequer 

Benefits net 
of all costs 

to  
Exchequer 

Av. 
Weighted 

ave. 
marg. 
Cong. 
costs 

1 (column 
reference) (1) (2) (3) (4) (5) 

(6) = 
(1+2+3+

4+5) 
(7) 

(8)  = 

(3+4+5+7) 

(9) = 

(1+2+8) = 

(1+2+3+4+5

+7) 

 

3 EC 0.54 -4.66 0.01 0.05 5.8 1.7 -1.3 4.56 0.4 0.080 

4 EC & CC 0.91 -7.99 0.05 0.08 11.9 4.9 -2.2 9.83 2.8 0.075 

5 EC & CC, rev 
neutral 0.28 0.88 0.04 -0.04 0 1.2 0.6 0.6 1.8 0.068 

6 Zero tax -1.63 18.03 0.49 0.60 -27.5 -10.0 +6.0 -20.41 -4.0 0.010 

7 Zero tax, EC & 
CC -0.40 6.81 0.62 0.68 -7.9 -0.2 +2.8 -3.80 2.6 0.062 

8 

Zero tax, EC & 
CC & revenue 
neutral mark-
up 

0.32 0.15 0.63 0.77 0 1.9 +1.0 2.40 2.9 0.064 

9 Rev. max 3.95 -57.97 0.04 1.47 +35.8 -16.8 -13.8 23.51 -30.5 0.174 

10 Rev max 
Free pt 3.97 -53.33 -4.9 -3.25 +35.6 -22.0 -13.8 13.65 -35.7 0.174 
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Table 7 Summary results, high environmental costs. 

 

 Scenario Traffic 
All 
pax. 
km. 

Car  
km. 

Commer
cial 

vehicle 
km. 

Bus 
pax. 
km. 

Rail 
pax. 
km. 

Car cost 
£ per km 

Bus 
subsidy 

Bus Fare 
(ex 

London) 

Rail 

subsidy 
Rail Fare 

1  
 

Ratio of flow to the current  value 
 

 £m pa 
%  

change 
£m pa % change 

 

2 EC & CC 0.81 0.87 0.82 0.77 1.09 1.06 0.152 1,390 0 1,447 0 

3 Zero tax, EC & 
CC 1.01 0.98 1.0 1.0 1.14 0.69 0.111 783 +20 807 +80 

4 

Zero tax, EC & 
CC & revenue 
neutral mark-
down 

1.04 1.01 1.03 1.04 1.13 0.68 0.106 787 +20 844 80 
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Table 8 Economic evaluation, high environmental costs. Change relative to current situation (£bn pa, 2003 prices) 

 

 

 

 Scenario 

Saving 
in 

enviro
n.-

mental 
cost 

Passenger 
and 

freight 
benefit 

Reduction 
in bus 

subsidy 

Reduction 
in rail 

subsidy 

Env. tax, 
congest. 
charge 

revenue 
& rebates 

Net 
benefit 

Tax 
revenue 

correction 

Net gain  
to 

Exchequer 

Benefits 
net of all 
costs to  

Exchequer 

Av. 
Weighte

d ave. 
marg. 
Cong. 
costs 

1  (1) (2) (3) (4) (5) 
(6) = 

(1+2+3
+4+5) 

(7) 
(8)  = 

(3+4+5+7) 

(9) = 

(1+2+8) = 

(1+2+3+4+

5+7) 

 

2 EC & CC 5.04 -15.57 0.05 0.18 19.13 8.83 -4.36 15.0 4.47 0.082 

3 Zero tax, EC & 
CC 1.60 -1.92 0.63 0.77 3.03 4.11 +0.18 4.61 4.29 0.065 

4 

Zero tax, EC & 
CC & revenue 
neutral mark-

down 

0.79 0.72 0.62 0.75 0 2.88 0.9 2.27 3.78 0.070 
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Figure 2. Do nothing for ten years – effects on road speed 

Note: all the maps in this 
document are designed 
to be viewed in colour 
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Figure 3. Do nothing for ten years – effects on road traffic 
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Environmental charges and congestion charges 

In this scenario  the current rate of fuel tax is held, but every type of road user bears 

an additional charge per vehicle km. matching the estimated environmental damage 

it causes (which depends somewhat on vehicle type and location) and a congestion 

charge corresponding to the total congestion costs that each additional vehicle km. 

imposes on all other traffic. 

 

Using the low environmental damage costs this set of charges would yield an extra 

direct revenue of £11.9 bn pa, some improvement of bus and rail finances and an 

overall increase in the Exchequer position of £9.8 bn pa.  

 

In some, congested places the charges are high and the reduction of traffic is 

substantial. But in many places and times there is little congestion so the increase in 

charges is the relatively small environmental tax. The net result is that this full 

“optimum” can be achieved with a reduction of 9% in overall traffic levels – 

indicating the extent to which congestion is a localised problem. 

 

Figures 4 and 5 show maps of speed and traffic changes.  

 

Each panel of Figure 6 is a histogram showing the distribution of the 8960 cases (but 

excluding the “20th summary” cases) with respect to the variable indicated.  Note 

how  the third Figure in the second column indicates that in many cases the increase 

in the cost of using a car increases by between a factor of 1.1 and 1.3  (that is, between 

10 per cent and 30 per cent), mainly reflecting the environmental charges. There are 

cases attracting much higher increases (up to 300 per cent, at which the increases 

were capped). However, they represent a small portion of the affected traffic. 

 

Table 5   shows that EC & CC would reduce overall traffic by about 9% whilst EC 

alone would reduce it by 6% and yield £4.6 bn pa. Although EC is relatively small 

compared with the CC in highly congested areas, CC only applies in relatively few 
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time and places whilst EC is universal (although the rate of EC does vary somewhat 

by location and depending on whether a vehicle is a car or a commercial). 

 

The overall evaluation of benefits net of costs shows a gain of £2.8 bn pa, with the 

overall disbenefit to passengers and freight of £8 bn pa being offset by environmental 

benefits, improved public transport finances and tax revenues (which are largely a 

reflection of the value of improved travel conditions). 

 

This policy of environmental taxation and congestion charging could be combined 

with an almost complete removal of the annual vehicle licensing charge (the tax disc). 

That would leave a net increase of road taxation of the order of £7 bn pa because total 

VED revenue is about £5 bn pa (that is, £11.9 bn in Table 6  minus £5 bn).  This would 

be an implementation of a policy of moving taxation away from fixed charges on 

vehicle ownership, towards vehicle use.  

 

Tables 7 and 8 show the corresponding results using the high environmental costs. 

Now overall traffic falls by 19 per cent rather than 9 per cent. The net gain to the 

Exchequer rises to £15 bn pa from £9.83bn pa. and the saving in environmental costs 

increases from £0.91 bn pa to £5.04 bn pa. These differences demonstrate that, as we 

have already noted, the high cost estimates are significantly different from the low 

ones, particularly in respect of air pollution and climate change. 

 

EC & CC, revenue neutral 

This scenario imposes the same structure of taxes and charges, but makes a rebate 

per vehicle km. so that the overall direct charge revenue is unchanged from today’s 

level (and there is an increase in total fuel tax take of £0.6 bn pa because there is a 

overall increase in the volume of fuel consumed). The results are displayed in Figures 

7, 8 and 9. 
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Figure 4. Environmental charges and congestion charging - effects on road speed. 
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Figure 5.Environmental charges and congestion charging – effects on road traffic  
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Figure 6. Current fuel tax rates, environmental charges and congestion charges (low environmental costs). 
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Figure 7. Environmental charges and congestion charges; revenue neutral tax adjustment  (low environmental costs). 
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Figure 8. Environmental charges and congestion charges; revenue neutral tax 

adjustment - effects on road speeds. 
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Figure 9. Environmental charges and congestion charges; revenue neutral tax 

adjustment - effects on road traffic. 
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This scenario is particularly interesting in that it achieves a redistribution of traffic 

away from congested times and places and away from those where environmental 

damage is greatest, whilst leaving total tax and charge revenues largely unchanged 

and accommodating a slight increase in overall traffic. 

 

Figure 8 shows the geographical incidence of this policy in terms of speed changes 

and Figure 9 shows the geographical distribution of traffic reduction. 

 

Traffic is reduced greatest in the big conurbations (blue in Figure 9) and it increases 

most in the country areas (red) most notably in the North of England. Much of the 

central part of England outside the big cities is brownish, indicating little traffic 

volume change. Figure 8 shows how the big cities enjoy a substantial speed 

improvement. Interestingly, many of the places that have the biggest traffic volume 

increase (such as the North of England)  have  little or no speed reduction – because 

they are areas with spare capacity and therefore little congestion. 

 

There is a sense in which this scenario illustrates the proposition that at today’s 

overall rates of fuel tax city areas are under-charged, whilst the country areas are 

significantly over-charged. 

 

Compared with the previous case the overall net economic benefit is reduced from 

£2.8 bn pa to £1.8 bn pa. This is mainly because traffic is reduced less so there are 

fewer environmental benefits. However, it has the advantage of leaving passengers 

and freight users as a whole better off by £0.9 bn pa, whilst generating a small 

improvement to the Exchequer finances. 

 

Further, the costs arising from the pressure to provide more road capacity would be 

significantly reduced. 
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Zero taxes and subsidies 

In this scenario 67 per cent of fuel duty is rebated  is rebated (so that fuel bears, 

approximately, standard rate Value Added Tax)  and an attempt is made to remove 

subsidies to public transport. In fact the commercial position of the bus and rail 

industries is so poor that it is not sensible to attempt to make them break even. (It  

probably would not be feasible at any price. In any case any attempt to move too far 

towards break-even has the consequence of causing almost all service to be cut).  We 

increased bus fares by 20 per cent generally, and by 33 per cent in London, where the 

bus market is stronger. We increased rail fares by 80 per cent at which point the 

characteristics of our model imply that rail revenues would be approximately 

maximised. The cost to the Exchequer is £20.4 bn.  pa. The corresponding maps are 

shown in Figures 10 and 11. 

 

Figure 10 and 11. Zero taxes and subsidies. Speed and traffic changes 
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Zero taxes and subsidies; environmental and congestion charges 

The scenario builds on the previous “zero tax” base by imposing both environmental 

charges and congestion charges. In principle this creates a “proper” set of road 

charges irrespective of where they happen to be set today. 

 

Compared with today’s levels it costs the Exchequer £7.9 bn. pa in rebates etc., and 

overall Exchequer revenues reduce by £3.8 bn. pa. Traffic increases by 12 per cent, 

private cars by 6 per cent and commercial vehicles by 16 per cent. The subsidy to the 

bus industry falls from £1,408m pa to £793m pa and that for the rail industry falls 

from £1,597 m pa to £914m pa. 

 

Overall, there is a benefit to passengers and freight of £6.8 bn pa., although there is 

an environmental damage cost of £0.4 bn pa.  

 

These results illustrate the proposition that, on our assumptions, including low 

environmental costs, if charges were to be set in accordance with one set of economic 

principles, rather than by historical accident, then road users would pay less than 

they do today: average money costs per car kilometre would fall from 10.4 pence to 

9.3 pence. There would be a net increase in economic efficiency. 

 

The impacts are far from equally distributed geographically, as Figures 12 and 13 

indicate. 

 

Tables 7 and 8 shows that the situation would be rather different assuming the high 

environmental costs. Rather than a net loss to the Exchequer of £3.8 bn pa there 

would be a net gain of £4.61 bn. Of course, this reflects the more aggressive stance 

towards charging for environmental effects: there is an estimated environmental gain 

of £1.6 bn pa against the current base compared to a  £0.4 bn pa loss with low 

environmental costs.  Average money costs per car kilometre would rise from 10.4 

pence to 11 pence. 
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The maps for the high environmental cost scenario are shown in Figures 14 and 15. 

 

It turns out that if we assume the low environmental costs then the “proper” set of 

road user charges would yield less than today’s revenue from fuel duty, and if we 

assume the high environmental costs then they would yield more. Therefore, in 

terms of our simple model at least, the answer to the question whether road users are 

currently paying too much or too little depends upon what view is taken about 

where the “correct” environmental charges lie between our two extremes. 

 

In considering these results it should be remembered that our model does not 

attempt to represent any propensity to change the time of day of travel. In practice 

there would be a tendency to retime journeys in order to avoid the higher rates of 

charge at the busiest times. This would foster more efficient use of the available 

network capacity, reduce the severity of the  peak charges and allow some traffic to 

continue rather than being deterred altogether. 
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Figure 12. Zero fuel duty, environmental charges and congestion charges, low 

environmental costs - effects on road speeds. 
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Figure 13. Zero fuel duty, environmental charges and congestion charges, low 

environmental costs - effects on road traffic. 
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Figure 14. Zero fuel duty, environmental charges and congestion charges, high 

environmental costs - effects on road speeds. 
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Figure 15. Zero fuel duty, environmental charges and congestion charges, high 

environmental costs - effects on road traffic. 
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Zero taxes and subsidies; environmental and congestion charge, revenue neutral mark-up. 

The previous case represents an idealised situation.  The previous case represents an 

idealised situation. In practice a revenue neutral scenario might be more politically 

attractive. The next scenario takes the idealised tax and charge structure but imposes 

an equiproportionate mark-up or mark-down so that the direct effect on Exchequer 

finances is neutral, relative to today’s circumstances. The required mark-up was 

found to be a factor of about 2 for the low environmental case and the mark-down 

was a factor of 0.83 (that is, a reduction of about 17 per cent) for the high 

environmental cost case. 

 

For the low environmental costs it gives the best overall net benefit of all the 

scenarios we considered at £2.9 bn pa.3 There is a net gain to the Exchequer of £2.4 bn 

pa, largely due to a marked improvement in bus and rail finances (this, in turn, 

partly due to the fares increases: 20 per cent and 80 per cent). There is a reduction in 

environmental damage valued at £0.32 bn pa. Passengers and freight users are 

slightly better off by £0.15bn pa. Figures 16 and 17 show the maps for this scenario 

and Figure 18 shows the set of histograms. 

 

In order to investigate the regional incidence of these policy changes we can replicate 

the histograms at regional level. This done in Figures A1.10 to A1.18 in Appendix 1. 

In these figures the dark bars relate to the respective region and the white bars are 

the English averages, as shown in Figure 16. This is to facilitate comparison of each 

region with the national average.  For instance, it shows how untypical is London. 

 

                                                 
3 The revenue neutral case (row 8 of Table 6) appears to show a better overall economic return than the 
revenue-unconstrained case (row 7). On first principles one would expect the reverse. This may be a 
consequence of the “capping” that has been applied to ensure that no road user-type experiences more 
than a threefold increase in money costs per vehicle kilometre. This means that the “optimum” (row 7) 
is, in fact, not a full economic optimum.  Note that in the case with high environmental costs the 
relationship is as would be expected (row 3 of Table 8 has a better return than row4). The scenario of 
environmental congestion charges added to today’s tax levels (row 2 of Table 5) yields higher net 
benefits still. However, this result is misleading because it assumes lower public transport fares and 
therefore rail fares closer to the (artificial) zero marginal cost of railways. 
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Under the assumption of high environmental costs the estimated environmental 

savings are greater as would be expected.  There is a residual net gain to the 

Exchequer of £2.3 bn pa and an overall economic benefit of £3.8 bn pa. This is less 

than the overall benefit of £4.29 bn pa under the revenue unconstrained case. Of 

course, there is less of a tendency to reduce charges in the non-urban area than under 

the low environmental cost case. 
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Figure 16. Zero fuel duty, environmental charges and congestion charges with 

revenue neutral uplift, low environmental costs - effects on road speeds. 
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Figure 17. Zero fuel duty, environmental charges and congestion charges with 

revenue neutral uplift, low environmental costs - effects on road traffic. 
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Figure 18. Zero fuel taxes  with environmental charges and congestion charges and mark-up: England 
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Revenue maximising scenarios 

The remaining two scenarios relate to situations in which  charges are raised to the 

point of yielding maximum revenue to the Exchequer. 

 

In either case the road revenue to the Exchequer is over £22 bn pa greater than with 

today’s tax rates, though with free public transport this is offset by an £8 bn pa 

increase in subsidy requirement above today’s levels.   

 

Note that in the first of these two scenarios the subsidy required for rail is reduced 

below £100m pa – effectively to zero within the precision of our model.  However, as 

in all our scenarios, this assumes there are no operating cost or capital cost 

implications of carrying – in this case – 45 per cent more rail passengers. This is 

highly implausible. 

 

In the second case public transport is made free in order to maximise the competitive 

advantage of public transport and thereby maximise its patronage. In these most 

favourable of conditions for public transport patronage doubles for buses and 

increases by a factor of 1.8 for rail. Even so, public transport can only make a small 

contribution towards offsetting the dramatic decline in private car travel: all 

passenger kilometres fall by 48 per cent rather than by 53 per cent if public transport 

fares are held at today’s levels.  This is an illustration of the limited ability of public 

transport to provide an alternative to the car. Of course, this conclusion relates to 

this particular representation of reality and there are important limitations. In 

particular, it implicitly accepts the present configuration of public transport services. 

If the subsidy budget were to be dramatically increased then there would 

undoubtedly be opportunities for major revision of service patterns so as to improve 

the competitive position of public transport. 

 

Commercial vehicles are particularly heavily affected. 
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Figure 19. Tax revenue maximising tax levels scenario. Speed  changes 
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Figure 20. Tax revenue maximising tax levels. Traffic changes. 
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How widely should charging be implemented? 
This section concerns the balance between location-specific charging and charging 

through the conventional fuel duty, bearing in mind the costs of introducing and 

administrating new charging systems. Throughout our work we have given little 

attention to the vital issue of what a practical scheme might look like. A proper 

treatment would require capital and operating costs of suitable technologies. 

Newbery (2002) discusses some of the subtleties of an economically effective design 

for a real scheme. 

 

It is easy to see that there may well be a case for considering a scheme that does not 

attempt to cover the whole country. As a charging scheme is progressively extended 

to less dense areas the costs are likely to rise whilst the traffic affected – and hence 

the benefits – are likely to rise less rapidly. In this section we consider, in general 

terms, the merits of implementing a charging scheme for the whole country relative 

to  a partial scheme which would target those areas where the problems are most 

severe.  

 

The issue of initial investment and ongoing administration costs is crucial, as 

illustrated by the experience with the scheme introduced in London in February 

2003. Table 9 shows a summary of revenues and costs over the first six years. 

 

Table 9. London Congestion Charging: the first six years. 

Net Present Value @ 6% real. £m 

Start-up costs 168 

Annual running costs 322 
Revenues 794 
Net surplus 304 

 

This shows how a substantial part of the revenues are consumed by the capital and 

operating costs of the scheme. This does not necessarily mean that the scheme was 

not worthwhile , but it does suggest that a sensible scheme covering a wider and less 

congested area would have to have much lower costs if it were to remain 
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worthwhile. Securing a more economical but reliable technology is an important 

objective.  

 

The spread of costs and economies of scale will depend on the technology used. This 

in turn will have implications for the coverage. With camera based technology the 

case for limited geographical coverage may be stronger than with satellite-based 

geographical positioning system technology. 

 

In the following we  investigate  how revenues and benefits might vary with 

different scales of implementation, using the scenario of environmental charges, our 

low environmental costs and congestion charges on today’s situation (without any 

offsetting rebates). This, arbitrarily, assumes that environmental charges should be 

added to today’s fuel taxes. In those cases where only a partial location-specific 

scheme is introduced governments might seek to make an approximate 

environmental charge by means of an increase in fuel duty. Of course this would fail 

to reflect geographical or temporal variations in environmental damage costs. If this 

were done then the circumstances under which location-specific charging were 

judged to be worthwhile would be fewer. The following calculations are only 

indicative: an accurate analysis would require more model runs and information on 

the costs of the chosen technology.  

 

First, in view of the inevitable costs of implementing a charging system it is natural 

to think in terms of not  implementing it in circumstances where the charge rate 

would be low. In Figure 21 we progressively raise the threshold on rates of charge 

per car kilometre below which no charging would be implemented. The effect is 

displayed for the disbenefits to those paying the charge, the environmental cost 

savings, tax and charge revenue, and overall net benefit. (Note that for the purpose 

of this exercise we have neglected the changes in public transport subsidies and the 

correction due to changes in the duty on fuel because the quantity of fuel would 

change.) 
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Figure 21. The effects of waiving low rates of charge. 
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The figure indicates that as the very lowest rates of charge are waived there is a 

rapid fall in revenues, environmental savings and also in disbenefits.  The net benefit 

falls but somewhat less rapidly.  This is because the environmental charges apply at 

relatively low rates in all places and times. Once these have been forgone then 

raising the threshold makes little difference between about 5p per car kilometre and 

16p per car kilometre. Net benefits are remarkably stable.  This suggests that, unless 

a decision were taken to implement universal charging,  there would be little point 

in incurring the costs involved in levying charges below about 16p per car kilometre.  

 

Figure 22 gives indicates how these results are generated. As the threshold is raised 

from zero progressively fewer cases are caught by the charge. Note how the area for 

London is fatter than the for the other Regions – reflecting the more pervasive nature 

of the congestion problem in the London area. 
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Figure 22. Rates of charge by Region. 
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Of course the design would have to take account of the geographical location of the 

places where it would be worth charging.  

 

Figure 23 shows the effect of increasing the coverage. At the left charging only 

applies to Central London. Then Inner and outer London are included, showing how 

very much larger a full London scheme would be in terms of revenues and net 

benefits. Then the conurbations are included. Then the big urban areas.  Whereas 

revenues increase steadily, so do disbenefits to road users, with the consequence that 

the net benefit (that is, the sum of the other three items) changes little beyond the 

point at which the biggest urban areas are included (type 6). 

 

In geographical terms a choice of the degree of coverage would involve trading 

increasing costs against increasing Exchequer revenues (if that is the main concern) 

or against net benefit (if the concern is with economic efficiency).  A further, most 
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important, consideration would be the savings in capital expenditure for new 

capacity that would be avoided.  

 

Figure 23. Effects of extending charging from Central London to less urbanised 

areas. 
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1 Central London 
2 Inner London 
3 Outer London 
4 Inner conurbation 
5 Outer  conurbation 
6 Urban Big 
7 Urban Large 
8 Urban Medium 
9 Urban Small 
10 Rural 



 71

 
 

Table 10 Revenues and charges by road type; area types 1 to 6 
Road 
type Revenue 

Charge 
per pcu 

km. 

% change 
in national 

traffic 

% of base 
traffic 
paying 

 Revenue 
Charge 
per pcu 

km. 

% change 
in national 

traffic 

% of base 
traffic 
paying 

 £ bn pa Pence % %  £ bn pa Pence % % 
No threshold 

  Threshold is 5p per PCU km. 
 

1 0.2 1 -0.3 5  0.01 8 -0.01 0.04 
4 1.81 14 -0.64 4  1.59 23 -0.42 2 
5 2.61 8 -1.63 9  1.84 15 -0.76 4 
6 1.17 9 -0.82 4  0.90 13 -0.55 2 
7 0.90 4 -0.94 7  0.08 6 -0.07 0.4 
          

Totals 6.71  -4.33 29  4.42  -1.81 8 
 
 
 

Table 11 Revenues and charges by road type; area types 1 to 8 
 

Road 
type Revenue 

Charge 
per pcu 

km. 

% change 
in national 

traffic 

% of base 
traffic 
paying 

 Revenue 
Charge 
per pcu 

km. 

% change 
in national 

traffic 

% of base 
traffic 
paying 

 £ bn pa Pence % %  £ bn pa Pence % % 
No threshold 

  Threshold is 5p per PCU km. 
 

1 0.22 1 -0.25 5  0.01 8 -0.01 0.04 
4 2.28 11 -0.95 6  1.84 22 -0.52 2 
5 3.76 7 -2.46 15  2.39 16 -0.94 4 
6 1.62 7 -1.26 7  1.02 11 -0.65 3 
7 1.34 3 -1.42 12  0.08 6 -0.07 0.38 
          

Totals 9.22  -6.34 45  5.34  -2.19 10 
 
 
 

Table 12 Revenues and charges by road type; all area types 

Road 
type Revenue 

Charge 
per pcu 

km. 

% change 
in 

national 
traffic 

% of base 
traffic 
paying 

 Revenue 
Charge 
per pcu 

km. 

% change 
in national 

traffic 

% of base 
traffic 
paying 

 £ bn pa Pence % %  £ bn pa Pence % % 
No threshold 

  Threshold is 5p per PCU km. 
 

1 0.74 1 -0.82 24  0.01 8 -0.01 0.04 
4 2.69 8 -1.43 10  1.87 21 -0.53 3 
5 4.48 5 -3.37 25  2.40 16 -0.94 4 
6 1.87 4 -1.57 11  1.04 11 -0.67 3 
7 1.76 2 -1.94 22  0.08 6 -0.07 0.38 
          

Totals 11.54  -9.13 92  5.4  -2.22 10 
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In order to investigate this further we have classified the charging regime by road 

type and by area type as shown in Tables 10 to 12. In each case the calculations were 

performed once assuming that the appropriate charges would be collected on all 

roads at all times, and once assuming that charges would only be made where the 

charge for cars would be in excess of 5 pence per kilometre, thus removing the need 

to levy charges at quiet times of the day and uncongested circumstances.  

 

The definitions of the road and area types are given in the section describing our 

data. Road types 2 and 3 are rural roads with generally light traffic and they are 

excluded from these tables. 

 

Table 12 shows that the most important road type is type 5, principal A roads. 

 

Comparing Table 12 with 11 indicates that excluding rural and small urban areas 

(road types 9 and 10) reduces the proportion of the traffic being charged from 92  per 

cent to 45 per cent but only reduces the revenues from £11.54 bn pa to £9.22 bn pa. 

Imposing the threshold of 5 pence per car kilometre further reduces the revenue to 

£5.34 bn pa but it means that only about ten per cent of the traffic is experiencing any 

charge at all. This would achieve a 2 per cent reduction in national traffic, but a 

much higher proportionate reduction in the congested circumstances to which the 

charges would apply. In this latter case, the charges (where they are levied) range 

from 6p per car kilometre on urban unclassified roads, though 8p on motorways to 

16p on urban A roads to 22p on urban Trunk roads. 

 

In Table 10 only London, the conurbations and big urban areas are included. If the 

threshold were to apply the revenue would be over £4 bn pa, but only 8 per cent of 

the national traffic would experience charging. Rates of charge are similar to the 

previous case. 
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Of course, the results in these tables are all averages across widely disparate ranges 

of values. 

 

For comparison we reproduce Table 6.1 of  Oscar Faber and NERA (2002) for the 

Commission for Integrated Transport (CfIT). Direct comparison is not easy, but  our 

Figure 23 and Tables 10 to 12 are not inconsistent with the  CfIT results. 
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The cost of road capacity expansion 
Sansom et al (2001) have estimated the cost of capital for infrastructure as part of 

their fully allocated cost analysis. The steps used to arrive at these figures are as 

follows : 

 

Estimate the net value of road infrastructure assets 

Apply the public sector discount rate, representing the interest foregone. 

Allocate 85% of total to vehicle types on the basis of PCU-km and the 

remaining 15% to gross maximum vehicle weight-km.  

 

They note that NERA (1999) report an estimate of the value of the current asset stock 

of £57.4 billion for 1994/95 in 1994 prices. While Newbery (1998) reports a value for 

the capital stock of £120 billion in 1998 prices, which was calculated by adding the 

gross value of investment in roads each year to the last figure for the capital value of 

the road system published in 1981.  

 

On the basis of these figures Sansom et al (2001) adopt low and high range asset 

values of £60 and £120 billion, yielding cost of capital of £3.6 and £7.2 billion.  In 

pence per vehicle kilometre the cost of capital is 0.78 and 1.34. 

 

Bayliss and Muir Wood (2002) estimate the additional trunk road capacity that 

would be required in order to meet the traffic demand forecasts given in “Motoring 

Towards 2050”. They calculate that on the basis of these forecasts there would be 55 

billion vehicle kilometres per year of growth that would have been accommodated 

through expansion of the physical capacity of the road network. Their calculations 

indicate an overall total of additional capacity of: 

 

 

750 kms of new Motorways 

750 kms of new trunk roads 

850 kms of widened motorway 
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400 kms of widened trunk road. 

Bayliss and Muir Wood estimate that the total cost of this investment would be 

£70billion, but they do not provide a breakdown of the calculations they made to 

reach this figure. 

 

Starkie (2002) quotes figures on the average costs of road construction. He notes that 

incremental costs of supply can vary considerably across the network. He gives a 

table of values for road construction costs that were submitted by the Department of 

Transport to the House of Commons Select Committee in 1995. 

 
Table 13. Costs of Construction of One Kilometre of Lane Capacity (2003 prices)  

 
   A B C 
 Ave cost 

(£m/km) 
No of  
Lanes 

Lane 
Cost 
(£m/km) 

Lane  
Capacity 
(veh/hr) 

Col A/ 
Col B/ 
(£hr/veh 
km) 

Non-Motorways      
Bypass – single 
carriageway 

2.13 2 1.07 1,150 930 

Bypass – Dual 
carriageway 

4.54 4 1.14 1,700 671 

Dual Carriageway 
Improvement from 
single 

2.07 2 1.04 1,700 612 

Motorways      
New Motorways (3 
lane) 

6.46 6 1.08 1,900 568 

Widening  6.16 2 3.08 1,900 1,621 
Note:  Includes costs of land, statutory undertakings, ancillaries and main works but excludes 
preparation and supervision costs and VAT.  Source: Starkie (2002), converted from miles to 
kilometres and from 1993 prices to 2003 prices. 
 
 
A statistical cost analysis 

We carried out a statistical analysis of 56 of the schemes detailed in DETR (1998b).  

This gives estimated scheme costs (present values discounted at 6 per cent pa) and 

lengths for a variety of scheme types. Table 14 shows our results. 

 
Table 14. Capital costs of Trunk road schemes 
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   A B C 
 Ave cost 

(£m/km) 
No of  
Lanes 

Lane 
Cost 
(£m/km) 

Lane  
Capacity 
(veh/hr) 

Col A/ 
Col B/ 
(£/veh 
km per 
hr) 

  Bypass – single 
carriageway 

3.14 2 1.57 1,150 1,365 

Bypass – Dual 
carriageway 

5.65 4 1.41 1,700 829 

Dual Carriageway 
improvement from 
single 

3.71 2 1.86 1,700 1,094 

      
Motorway widening 6.69 2 3.35 1,900 1,763 

 

 

Our results are somewhat higher than those cited by Starkie but they are of the same 

order of magnitude. Our estimates also appear to be similar to those underlying 

Bayliss and Muir Wood (2002). These are averages and one must expect the cost to 

be substantially higher in urban areas than in rural areas. 

 

Congestion charges as a guide to road investment 

Once the use of a given set roads has been properly priced by congestion charges 

then the price can be used as a guide to whether it is worthwhile investing to expand 

capacity. The congestion charge “internalises” the congestion caused to others by 

each extra vehicle kilometre so that, by construction, the charge revenue taken from 

each user is equal to the difference between what that user pays directly in terms of 

vehicle operating costs and time costs and the costs they impose on others. 

Therefore, if the charge exceeds the cost of providing the capacity for one extra 

vehicle kilometre there is a case for investing in that extra capacity because the social 

benefits will exceed the investment cost. This argument ignores incremental 

environmental costs which must be added to the investment costs. (These arguments 

are set out in detail in Small, 1992, Chapter 4.) 
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Suppose we take an approximate figure of a capital cost of £1,000 per vehicle 

kilometre per hour. For consistency with the discount rates used in our sources of 

capital cost estimates assume a real cost of capital of 6 per cent per annum. Ignoring 

depreciation and maintenance that is equivalent to £60 per vehicle kilometre per 

hour. If the incremental capacity were fully used for an average of 1 hour a day, 7 

days a week and 52 weeks a year this becomes £0.17 per vehicle kilometre per year.   

 

After adding an appropriate value for the environmental damage due to an extra 

vehicle kilometre, this figure would be compared to the congestion charge per 

vehicle kilometre. If the charge exceeds the cost then there is an economic 

justification for expanding capacity. 

 

On the face of it our approximate calculations imply that charges would signal a case 

for expanding road capacity in certain, congested situations. However, there are 

several important qualifications. We have assumed new capacity would be fully 

used 1 hour a day – if usage was for less time then costs would be higher and vice 

versa.  In general, construction costs are likely to be higher than the average at the 

locations where congestion is at its worst. We have neglected depreciation and 

maintenance costs. We have chosen a particular cost of capital consistent with the 

estimated expansion costs but official discount rates have since fallen from 6 per cent 

to 3.5 per cent per annum. 

 

Traffic is so variable in time and in space that a proper appraisal of whether 

congestion and environmental charges in relation to capacity cost point towards a 

case for increasing capacity, must be carried out on a case by case basis. However, 

we have illustrated that once a price system has been established then we 

automatically have an investment criterion which is similar to that applying to any 

industry: invest if the revenue from charges plus charges would cover the full cost of 

capital plus the environmental damage caused to others. 
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Appendix 1. Detailed Spatial results 

There are 8,620 census wards in England (1991 base). Table A1below shows some 

summary statistics of model results for the wards.  

 

Table A1: Model results for the wards: traffic and speed changes, per cent. 

 Mean Median Max Min St. Dev. 
Traffic Change      
1. EC and CC  -11.4 -11.9 0.0 -38.0 6.0 
2. ZTS  21.8 20.6 33.6 0.0 7.4 
3. ZTSECCC  6.7 4.7 29.0 -32.8 14.0 
4. ECCCRN  -1.9 -2.9 11.2 -35.4 10.1 
5. RM  -59.0 -59.5 0.0 -71.6 10.7 
6. RMZF  -57.5 -58.2 0.0 -70.4 10.9 
      
Speed Change      
1. EC and CC 
CC  3.0 0.6 22.7 0.0 4.7 
2. ZTS  -1.4 -0.9 3.8 -13.3 1.4 
3. ZTSECCC 2.4 0.0 24.5 -3.4 4.9 
4. ECCCRN 2.7 0.2 22.7 -0.5 4.8 
5. RM  3.7 2.5 16.4 -16.8 3.3 
6. RMZF 3.5 2.3 16.0 -16.3 3.3 
Key: EC and CC - Environmental Tax and Congestion Charge, ZTS - Zero Tax and 

Subsidy, RN - Revenue Neutral, RM - Revenue Maximising, ZF - Zero Fares. 

   

The table shows statistics relating to model results for the wards of England for six 

model runs and for speed and traffic changes. All figures shown above are in 

percentages and are measured as changes from the base.  

 

Regarding traffic changes the mean value for the wards is positive for two of the six 

model runs, numbered 2 and 3. Both of these runs involve the removal of taxes and 

subsidies to transport. Scenario 2 has a mean value for the wards that indicates a 

+22% increase on today’s traffic levels if all taxes and subsidies were removed. The 

range for scenario 2 is from 0% to +34%, and thus the removal of taxes and subsidies 

would not serve to reduce road traffic in any wards. Scenario three starts from a zero 

tax and subsidy base but then applies environmental charges and congestion 
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charges. In this case although the mean value for the wards is positive (+7%), 

therefore indicating traffic increases, the range of ward values is wide, from +30% to 

-33%. Thus under scenario 3 many wards will experience traffic decline. 

 

Scenario 1 involves the imposition of environmental charges and congestion charges 

in addition to today’s current travel costs. For the wards this scenario has a mean 

percentage of change of -11%. The data show a fairly large range of ward values. At 

one extreme there are some wards that will experience no change in traffic volumes 

(0%) under this scenario, at the other there are wards in which traffic will decline by 

over one third.   

 

Scenario 4 is the same as scenario 1 but with an offsetting rebate so that the total tax 

and charge revenue is the same as today’s (revenue neutral). The mean traffic change 

for the wards under scenario 4 is -2% with a range of values from +11% to -35%.  

 

Scenarios 5 and 6 have fuel tax and public transport fares raised to the point of 

maximum revenue to the Exchequer. In both cases the mean effect on traffic volume 

for the wards is substantial, just under -60%. The ranges show that under no wards 

will experience groth in traffic under these scenarios. 

 

Table A1 also shows summary statistics for the wards related to speed changes 

under our different model scenarios. Note that in contrast to the traffic change 

statistics, the mean and median speed change values are relatively far apart for most 

model runs. The reason for this is that the majority of speed changes are relatively 

small because most wards are not congested in the first place. It is only in the small 

number of really congested locations that big speed changes are predicted. Note also 

that with the exception of scenario 2, average speed change values do not differ 

enormously across the scenarios (from +2.5% to +3.5%). The impact of policy 

changes on traffic levels is more dramatic than on speed.  
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Nevertheless, the results do show that pricing measures can have important effects 

on traffic speed. Under scenario 1 for instance, we see that the imposition of an 

environmental tax and congestion charge would on average raise traffic speed in the 

wards by 3%, with some wards experiencing increases in speed of over 20%. 

Scenarios 3 and 4 produce broadly similar results at the ward level. Removing taxes 

and subsidies, as under scenario 2, would lead to quite substantial speed reductions 

in some wards. The revenue maximising scenarios (5 & 6) are associated with mean 

increases in speed across the wards of around 3.5%..   

 

Diagrams now follow showing some of the results for the wards.  
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Figure A1.1 Environmental Charge and Congestion charge 
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Figure A1.2 Environmental Charge and Congestion charge 
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Figure A1.3 Zero Tax & Subsidy, Env. Charge & Congestion Charge 
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Figure A1.4 Zero Tax & Subsidy, Env. Charge & Congestion Charge 
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Figure A1.5 Env. Charge  & Congestion Charge, Revenue Neutral 
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Figure A1.6 Env. Charge & Congestion Charge, Revenue Neutral 
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Figure A1.7 Revenue Maximising 
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Figure A1.8 Revenue Maximising 
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Figure A1.9 Revenue Maximising, Zero Fares 
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 Figure A1.10 Zero fuel taxes with environmental charges and congestion charges and mark-up: East Anglia 
E ang  
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Figure A1.11 Zero fuel taxes  with environmental charges and congestion charges and mark-up: East Midland 
E mids  
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 Figure A1.12 Zero fuel taxes  with environmental charges and congestion charges (Scenario 1b) and mark-up: London 
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 Figure A1.13 Zero fuel taxes  with environmental charges and congestion charges and mark-up: North East 
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Figure A1.14 Zero fuel taxes  with environmental charges and congestion charges and mark-up: North West 
north west  
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Figure A1.15 Zero fuel taxes  with environmental charges and congestion charges and mark-up: South East 
south e  
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 Figure A1.16 Zero fuel taxes  with environmental charges and congestion charges and mark-up: South West 
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Figure A1.17 Zero fuel taxes with environmental charges and congestion charges and mark-up: West Midlands 
west mids  
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Figure A1.18 Zero fuel taxes with environmental charges and congestion charges and mark-up: Yorkshire & Humberside 
yorks & hum 
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Appendix 2: Mapping traffic from FORGE matrix rows to 

wards. 
 

The FORGE data are arranged in a matrix containing 8960 rows. Each row in the 

matrix corresponds to a type of road (1 to 7), in a particular FORGE area (1 to 10), in 

one of the 9 Standard regions of England, at some time of the day (divided into 11 

periods), and in a busy or non-busy direction.   

 

To enable the model results to be represented geographically we developed a 

correspondence between the model rows and the wards of England. We chose to 

represent two types of effect geographically: changes in traffic volume and changes 

in traffic speed. 

 

For traffic data we take PCU per hour values from the model for each type of road 

averaged over defined periods of the day (for busy, non-busy or busy and non busy 

directions) and allocate this value to the wards in correspondence to their associated 

region and FORGE area types. The FORGE data define 7 road types while at ward 

level we have information on the length of 3 road types: motorway, A-road, and 

B/minor road. We aggregate the model PCU/hr data (by averaging) for the 7 

FORGE road types to correspond to motorway, A-road, and B/minor road. We then 

multiply the ward PCU / hr values by the length of each road type in the ward to 

calculate PCU kilometre per hour values, or in other words, traffic flows.   

 

For speed data the procedure differs slightly because we have to use weighted 

averages to account for the fact that speeds are associated with different traffic flows. 

We proceed by calculating weighted-average speed values over defined periods of 

the day for the 7 FORGE road types from our model results using the following 

formula: 
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where S is speed, T is traffic flow (PCU kilometres per hour) and the subscript i 

refers to a particular time of day. Next we derive aggregate speed values for the 

wards by performing the same weighted average calculation over road types (i.e. 

where the subscript i then refers to type of road). 
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Appendix 3. Elasticities of demand for travel 
Own and cross price elasticities of demand 

The elasticity of demand for mode i with respect to the price of that mode is 

 

i

i

i

i
ii x

p
p
x
∂
∂

=η .         (2) 

 

where xi is the demand for mode i measured in passenger kilometres and p is the 

money cost or fare. 

 

The cross-price elasticity between modes i and j is  

 

i

j

j

i
ij x

p
p
x

∂
∂

=η .         (3) 

 

At the national level we have information available that allows us to evaluate the 

magnitude of these elasticities for the modes under consideration (rail, bus, car, and 

underground).  

 

National elasticity values 

The elasticity values we have used at the national level are shown in Table A3.1 

together with their sources. 
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Table A3.1: Elasticity values used in the model. 

Elasticity value source 

Car traffic with respect to fuel price -0.310 Graham & Glaister (2002b) 
Bus (passenger kms) with respect to bus fare -0.900 Dargay & Hanly (1999) 
Rail (passenger kms) with respect to rail fare -1.000 ATOC (2001) 
Freight traffic with respect to fuel price  Graham & Glaister (2002b) 
Bus (passenger kms) with respect to fuel price 0.035 Calculated 
Rail (passenger kms) with respect to fuel price 0.112 Calculated 
Traffic (car km) with respect to bus fare 0.005 Calculated 
Traffic (car km) with respect to rail fare 0.016 Calculated 
Bus (passenger kms) with respect to rail fare 0.340 Grayling & Glaister (2000) 
Rail (passenger kms) with respect to bus fare 0.918 Grayling & Glaister (2000) 
 

 

Variation in car travel elasticity values by journey purpose 

The values of the car travel elasticities are allowed to vary by Journey purpose (i.e. 

home based work, home based employers business, home based essential other, 

home based discretionary other, non-home based work / employers business, and 

non home based discretionary other). de Jong and Gunn (2002) provide evidence 

based on an extensive literature survey of how road traffic price elasticities vary by 

broadly compatible trip purposes. The aggregate elasticity of road traffic with 

respect to fuel price is actually a weighted average of the trip purpose elasticities, 

where the weights are given by the relative share of each trip purpose in total car 

kilometres. We have taken the trip purpose elasticities given by de Jong and Gunn 

(2002) but scaled according to our own figures on the share of each trip purpose in 

total travel.   
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Calculating local own and cross price elasticities 

It is not reasonable to assume that the own and cross-price elasticities in any 

particular locality will necessarily be the same as the national average. For instance, 

if a particular area has very few rail services one cannot assume the national average 

percentage change in car trips as a result of a one per cent change in rail fares. The 

magnitude of own and cross-price elasticities will be determined to a large extent by 

relative mode shares, which vary by locality. 

 

Below we set out a simple framework that allows us to make inference about the 

likely magnitude of local elasticities, given national values and local mode shares.    

 

Due to symmetry of the compensated cross partial derivatives, we have the 

following relationship at the national (N) level   
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If consumers behave everywhere in the same way then we can assume that the 

following relationships hold 
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where x is the demand for all modes and the superscript L refers to local demand.  

 

Prices are assumed to be constant across space. Therefore if ηij denotes the price 

elasticity of i with respect to j 
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Thus, 
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Suppose that there is a single mode of interest, which we will denote by the 

subscript o, then following Acutt and Dodgson (1996) we propose identities that 

relate the own price elasticity of that mode to the cross-price elasticities of other 

modes 
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and 
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Note that the terms N
o

N
i dxdx / and N

o
N
j dxdx / , referred to by Acutt and Dodgson as the 

‘diversion factors’, measure respectively the amount of mode i or j passengers who 

divert to or from mode o when the price of travel on mode i or j changes.   

 

Since we must constrain the above relationships to keep N
ooη  the same in both (8) and 

(9), then 
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and substituting (10) into (8) 
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Thus, the necessary condition for the consistency of (8) and (9) is 
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At the national level we have information on cross and own-price elasticities for each 

mode and we can therefore use equations (8) and (9) to evaluate the diversion 

factors. We do not, however, have such rich information at the local level. 

 

In establishing local relationships we proceed in the following way. We assume that 

the relationship (8) holds at the local level. We further hypothesise that diversion 

factors are proportionate to mode share such that 
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where αo is a constant of proportionality.  

 

Thus, at the national level we have the identity 
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Therefore,  
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At the local level 
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and substituting (15) into (16) 
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Therefore, the local own price elasticities of mode o can be expressed as 
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Appendix 4. Values of Time 
 

The latest values of time and vehicle operating costs for Britain are set out in the 

DfT’s Transport Economics Note dated March 2001 (DETR 2001). These are the 

values recommended by the DfT for use in economic appraisals of transport projects. 

 

Values of time are expressed in three units of account: 

 

i. Market price - this method of account refers to the price paid by 

consumers for goods and services in the market inclusive of all indirect 

taxation (i.e. taxation levied on goods and services including excises, duties 

and VAT). Prices that do not include an element of taxation are regarded 

as still being perceived by consumers within the market price unit of 

account.  

ii. Resource cost - refers to the factor cost unit of account. These are costs that 

are net of indirect taxation. Prices paid by Government bodies are not 

subject to indirect taxation as this component of cost may be recovered. 

Business costs are also assumed to be in factor cost units because they can 

claim back indirect taxation, although an exception in this respect is fuel 

duty. 

iii. Perceived cost - refer to those costs actually experienced by the user. For 

instance, perceived costs are different for work and non-work trips 

because businesses can claim back VAT on purchases. Business users 

perceived costs in the factor cost unit of account, while consumers 

perceive costs in the market price unit of account. 

 

Note that a simple conversion from market prices to resource cost is achieved by 

dividing by the indirect tax conversion factor (1 + t) where t is 20.9% - the average 

rate of indirect taxation in the economy in 1998.  

 

Table A4.1 below shows working and non-working values of time by mode. 
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Table A4.1: Values of time per person (pence per hour, average 1998 prices and 

values). 

Vehicle occupant Resource  
cost 

Perceived 
 cost 

Market 
 price 

a. Working time    
Car driver 1744 1744 2109 
Car passenger 1369 1369 1656 
LGV Occupant (driver or 
passenger) 

731 731 884 

OGV occupant 731 731 884 
PSV driver 668 667 807 
PSV passenger 1109 1109 1341 
Taxi Driver 798 798 965 
Taxi Passenger 2374 2374 2870 
Rail passenger 1571 1517 3043 
Underground passenger 2115 2115 2558 
Train driver (including 
underground) 

1498 1498 1811 

Walker 2401 2401 2903 
Cyclist 1198 1198 1449 
Motorcyclist 941 941 1137 
    
Average of all workers 1157 1157 1399 
    
b. Non-working time    
Standard appraisal value 374 452 452 
   

The working time values shown above refer only to journeys made in the course of 

work and exclude commuter journeys. The perceived value for working time is that 

perceived by the employer. Resource cost is calculated in relation to the gross wage 

plus the other non-wage labour cost such as natinal insurance, pensions and other 

costs which vary with worker hours.  

 

The values for non-working time include all non-work journey purposes, including 

travel to and from work, by all modes. The value of non-working time spent witing 

for public transport, walking and cycling is double the standard appraisal value 

given above. The perceived cost is the value perceived by the individual traveller.  
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The Transport Economics Note also gives values of time per vehicle. These figures, 

which are given in Table A4.2, take into account vehicle occupancies.  

 

Table A4.2: Perceived values of time per vehicle in 1998. 

 Perceived values (pence per hour) 

 7am-
10am 

10am-
4pm 

4pm-
7pm 

7pm-
7am 

Average Weekend 
average 

All 
week 
average 

Car        
Work 2100 2004 1991 2073 2031 2128 2045 
Non 
Work 

624 728 660 664 673 850 723 

        
Average 
Car 

935 1032 849 837 928 899 923 

        
OCV1        
Working 731 731 731 731 731 731 731 
        
OCV2        
Working 731 731 731 731 731 731 731 
        
PSV        
Work 778 778 778 778 778 778 778 
Non-
work 

5469 5469 5469 5469 5469 5469 5469 
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Appendix 5. Vehicle Operating Costs 
 

Transport Economics Note (DETR, 2001) separates vehicle operating cost (VOC) into 

fuel VOCs and non-fuel VOCs.  

 

Fuel VOCs 

 

Fuel consumption is estimated using a quadratic function  

 

L = a + bV + cV2, 

 

where L is fuel consumption (litres / km), V is the average link speed (km / hr), and 

a, b, and c are parameters defined for each vehicle category, as shown in Table A5.1 

below. 

 

Table A5.1: Fuel VOC parameter values, (litre per km, 1998) 

 Parameter 

 a b c 
Petrol car 0.1780 -0.00299 0.00002050 
Diesel car 0.1315 -0.00214 0.00001332 
Average Car 0.1689 -0.00282 0.00001910 
    
LGV 0.2026 -0.00328 0.00002630 
    
OGV1 0.4649 -0.00751 0.00005454 
OGV2 0.9529 -0.01479 0.00010083 
    
PSV 0.7244 -0.01135 0.00007157 
 

Non-fuel VOCs 

The non-fuel elements of VOCs are expressed b y the formula 

C = a1 + b1 / V, 
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where C is the cost in pence per kilometre travelled, a1 is the parameter for distance 

related costs, and b1 is the parameter for vehicle capital saving. 

 

Table A5.2: Non-fuel VOC parameter values (pence per km, 1998 prices). 

 Resource Cost Parameters Perceived Cost Parametres 

 a1 b1 a1 b1 

Work car 3.760 102.92 3.760 102.92 
Non-work 
car 

2.911 - 3.520 - 

Average car 3.040 15.54 3.556 15.54 
     
Work LGV 4.336 43.50 4.336 43.50 
Non-work 
LGV 

4.336 - 5.240 - 

Average LGV 4.336 38.38 4.444 38.38 
     
OGV1 8.828 133.74 8.828 133.74 
OGV2 9.859 270.92 9.859 270.92 
     
PSV 18.287 306.60 18.287 306.60 
 

 

The elements making up non-fuel VOCs include oil, tyres, maintenance, 

depreciation, and vehicle capital savings (only for vehicles in work time). The 

resource cost of non-fuel VOCs is net of indirect taxation and the market price is 

gross of indirect taxation. In work time, the perceived cost is that perceived by 

businesses (and therefore equal to resource cost) and in non-work time is the cost 

perceived by the consumer (and therefore equal to market price).   
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Appendix 6. The cost study by the Institute for Transport 

Studies, University of Leeds 
Perhaps the most comprehensive recent study of road and rail transport costs in 

Britain is by Sansom et al (2001). They  undertake a study of surface transport costs 

and charges for the UK. Their interest is in understanding the possibilities offered 

through charging, taxation and subsidy for the development of transport policy.  

 

This work provides highly disaggregated cost and revenue calculations by 

geographical area and by vehicle type. Insights from this study are likely to prove 

extremely valuable in the research we intend to undertake, and it is worth outlining 

the scope of this work in more detail.   

 

In support of their objective Sansom et al provide two sets of information about the 

costs of road and rail transport: 

The efficiency perspective 

identifies marginal costs and revenues. As regards pricing, the interest lies with the 

additional cost not directly borne by the user that arises with an additional 

passenger or freight tonne kilometre (externalities). Private marginal costs are not 

relevant.  

The cost coverage perspective 

describes fully allocated costs and revenues. For pricing the interest is in the cost 

imposed by a group of users on the rest of society. The cost imposed by individual 

users on users of the same mode is not relevant. 

 

To incorporate the main factors underlying variation in cost the authors 

disaggregate their analysis by location of travel, road or rail infrastructure type, 

vehicle or train type, and the time period of travel.  

The disaggregations for the road framework are: 

• 11 area types (3 for London, 2 for conurbations, 5 other urban, rural) 
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• 3 road types (motorway, trunk and principal, other) 

• 5 vehicle types (car, light goods vehicle, rigid heavy goods vehicle, articulated 

heavy goods vehicle, public service vehicle) 

• 2 time periods (weekday peak from 0700-1000 and 1600-1900, other times) 

 

For rail they use three disaggregations relating to passenger service types and two 

for freight: 

• Inter-City passengers services 

• Regional rail passenger services 

• London commuter catchment-based passenger services 

• Bulk freight 

• Other freight 

 

Results for the road sector are shown in Table A6.1. 
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Table A6.1: Comparison of 1998 road sector costs and revenues 

(pence per vehicle km), Great Britain, 1998 prices and values. 

Fully allocated cost Marginal cost Cost or revenue category 

low High low high 

Costs:     
Cost of capital for 
infrastructure 

0.78 1.34 n/a n/a 

Infrastructure operating 
costs and depreciation 

0.75 0.97 0.42 0.54 

Vehicle operating costs 
(PSV) 

0.87 0.87 0.87 0.87 

Congestion n/a n/a 9.71 11.16 
Mohring effect (PSV) n/a n/a -0.16 -0.16 
External accident costs 0.06 0.78 0.82 1.40 
Air pollution 0.34 1.70 0.34 1.70 
Noise 0.24 0.78 0.02 0.05 
Climate change 0.15 0.62 0.15 0.62 
VAT not paid 0.15 0.15 0.15 0.15 
Sub-total of costs 3.34 7.20 12.32 16.32 
Revenues:     
Fares (PSV) 0.84 0.84 0.84 0.84 
Vehicle excise duty 1.10 1.10 0.14 0.14 
Fuel duty 4.42 4.42 4.42 4.42 
VAT on fuel duty 0.77 0.77 0.77 0.77 
Sub total of revenues 7.14 7.14 6.17 6.17 
Comparison of costs, 
revenues: 

    

Difference (cost - revenue) -3.79 0.07 6.15 10.15 
     
Ratio: revenues / costs 2.13 0.99 0.50 0.38 

 

Results for the rail sector are shown in Table A6. 2 below: 

 

Table A6.2: Comparison of 1998 rail sector costs and revenues 

(pence per train km), Great Britain, 1998 prices and values. 
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Marginal cost and revenue analysis for rail 

• If set to achieve economic efficiency transport charges would need to rise for 

passenger rail and fall for freight. 

• The excess of revenues over marginal costs for freight contributes to the case for 

wider economic benefits from rail freight investment 

Fully allocated cost analysis for rail 

• Rail freight almost covers its social costs but passenger services only cover about 

half of social costs. 

 

Other vehicle and mode-specific studies 

The following sources provide information on mode or vehicle specific costs: 

Bus operating costs  

for Britain are reported in Bristow and Shires (2001), Preston (2000), and White 

(2000). 

Fully allocated cost Marginal cost Cost or revenue category 
low high low high 

Costs:     
Infrastructure 5.33 3.41 0.42 1.19 
Vehicle operating costs 7.07 9.28 7.07 9.28 
Electricity - - 0.23 - 
Congestion n/a n/a 0.18 0.00 
Mohring effect n/a n/a -1.05 n/a 
Air pollution 0.46 0.68 0.46 0.68 
Noise 0.16 0.37 0.16 0.37 
Climate change 0.12 0.33 0.12 0.33 
VAT not paid 1.32 n/a 1.32 n/a 
Sub-total costs 14.46 14.07 8.91 11.85 
Revenues 7.52 13.41 7.52 13.41 
Comparison of costs, 
revenues: 

    

Difference (cost - revenue) 6.94 0.66 1.39 -1.56 
     
Ratio: revenues / costs 0.52 0.95 0.84 1.13 
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Heavy goods vehicle traffic costs 

NERA et al (1999) consider the external costs of HGC traffic in Britain including 

information on total costs and fully allocated costs. 

 

Investment in infrastructure 

The cost relationships derived by Sansom et al are explicitly short run. That is, they take 

the basic volume of infrastructure available as a given. The result of the analysis just 

described would therefore indicate how to use charges to make best use of the existing 

infrastructure. It will also give a general indication of the extent that it would be 

justified to spend new resources on expanding capacity.  

 

Further, to the extent that the move towards optimum pricing would reduce demand 

by increasing prices (and Sansom et al indicate that this will generally be the case) this 

will imply a reduced need to expand capacity in the future. In situations where 

increasing capacity is, in practice, an option this will give a guide to when and in what 

circumstances and to what extent that capacity should be provided. For this purpose it 

will be necessary to have estimates of the incremental costs of infrastructure capacity.  

 

 

 

 

 


