THE ECONOMICS OF TOLLED ROAD
CROSSINGS

By Clifford Sharp, Kenneth Button and Derek Deadman*

INTRODUCTION

Land transport in all its forms needs a great deal of specialised fixed infrastructure.
Much effort has been expended in clarifying the theoretical basis for investment
in infrastructure and in comparisons between the investment criteria of the
public and private sectors. At the same time, transport economists have used their
ingenuity in translating this theoretical framework into practical tools of invest-
ment appraisal. The terms on which access should be granted to transport infra-
structure have received comparatively little attention in recent years; yet thisisa
vital aspect of a coordinated transport policy. There is an extensive and well-
developed theoretical basis for charging users of the infrastructure, but this is
seldom explicitly applied, and such charges as are made can hardly be said to be
free from criticism.

There are few empirical studies of the distortions and difficulties generated
by the existing ad hoc policy of charging for infrastructure. In general they have
focused on the allocation of joint and common costs of road and rail track
infrastructure between various categories of users and on setting this allocation
against the actual “prices” charged. These are certainly complex questions, not
simply because of problems of cost apportionment but also because it is difficult,
especially in the road context, to distinguish the actual “price” the user is paying.
Comparatively little attention has been paid to other forms of pricing, such as
special charges for the use of specific items of infrastructure. For a variety of
reasons, however, there is now much interest in the effects and implications of
tolling bridges, tunnels and designated stretches of road. Tolls have a lengthy
history, dating back to pre-Christian times. Today tolls are used much less
widely, but both the broad concept of tolls policy and the details of implement-
ation are now generating debate. Switzerland’s attempt to recover costs from
through commercial traffic illustrates one area of concern. The wider issue of
the harmonisation of infrastructure charging within the EEC could also lead to
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a re-examination of toll policy. Some EEC members, such as France and Italy,
impose tolls on motorways; others do not. The House of Commons Transport
Committee has recently considered the position of tolls in the United Kingdom,
and in the USA tolls are being actively considered as a source of revenue.

This paper considers the appropriate use of tolls charged on the use of uncon-
gested transport infrastructure in a domestic context. In particular it examines
tolls on the infrastructure of road crossings in the United Kingdom and in the
United States. The general problems encountered in the USA are somewhat
different from those of the UK. Much of the inter-state highway system is now
over 25 years old; and, in view of the greater emphasis on hypothecation in the
USA, new or expanded sources of user finance are being sought for reconstruction
and repair. The federal structure of the USA poses problems of uncertain respons-
ibility between state and central administrations, and there are conflicts of
interest on the appropriateness of tolling infrastructure. In the UK tolls are much
less widely used, but recently it has become apparent that the accounting con-
ventions for handling the debt on many tolled facilities are creating difficulties,
and that the tolls themselves, on broader cost-benefit criteria, may reduce overall
social welfare. Equally, questions of ownership are now being raised in the light
of the movement towards the privatisation of assets.

The remainder of this paper sets out the broad theoretical basis upon which
infrastructure charges could be founded. This is then compared with present
policies in both the USA and the UK. Some observations are offered on why the
actual situations deviate from the theoretical principles. We then offer a more
detailed assessment of current policy on tolled bridges and tunnels in the UK,
and particularly of the logic of the existing system.

THE ECONOMIC THEORY OF PRICING PUBLICLY OWNED
TOLLED CROSSINGS

The general economic principles underlying the provision of crossings are fairly
well known; they date back at least to the work of Dupuit (1844). In the UK
justification for the retention of tolls on crossings provided by local and central
authorities has been based primarily on the grounds that the “exceptional
benefits” generated by these crossings should be financed by the users who
directly benefit from them. A brief outline of the relevant theory will be useful
to put this argument into context, and also to highlight the implications of the
theory for the current UK practice of capitalising interest payments on deficien-
cies and incorporating the capitalised debt into the calculus for the determination
of tolls.

Two cases are normally identified in the economic literature in this area:

(a) the determination of toll levels on potential new crossings (that is, the
investment decision on whether or not to build the crossing and the associ-
ated problem of financing the crossing if it is built) and

(b) the determination of tolls on “historic assets” (where, rightly or
wrongly, the crossing has already been provided).
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FIGURE 1

Capacity and Toll Determination

The essential elements of the resource efficient allocation solution are summar-
ised in Figure 1, which represents a hypothetical cost and demand structure for a
bridge or tunnel with fixed capacity g,. Output, g, is measured in number of
vehicles which cross in a time period, taken as one year for simplicity. We assume
initially that there is an infinitely large number of possible sizes of crossings that
could be built (that is, capacity is infinitely variable), but that once one is built
there is a fixed, maximum capacity. It is also assumed that constant returns to
scale prevail in this provision of capacity. Bridges and tunnels are classic cases of
goods in joint supply, since, so long as the use of the installation is less than its
fixed capacity, an extra crossing by an individual does not reduce the scope for
use by another. On the assumption that the costs of toll collection and road

257



May 1986 JOURNAL OF TRANSPORT ECONOMICS AND POLICY

maintenance rise proportionately with output till crossing capacity g, is reached,
Oa represents the short-run marginal operating or running costs of the crossing.
This assumption, along with that of returns to scale, gives rise to the horizontal
SMC and LMC curves in Figure 1.

There is also a capital cost of building the crossing to be considered. As the
crossing will have an expected lifetime of many years, it is necessary to determine
a capital cost which can be related to the period of demand considered (for ex-
ample, an annual demand as above). The appropriate capital cost here is termed
the “equivalent annual capital cost™ or “annual capital charge”; it is obtained by
converting the base year capital cost into an annual sum which has a present value
over the lifetime of the crossing equal to the base year figure. This annual capital
charge is the same as the value that would need to be set aside annually to pay
off interest charges on the original loan and provide for its eventual redemption
at the end of the loan period. Under the assumption in Figure 1, of constant
returns to scale, the annual capital charge per crossing for a crossing of capacity
q, is represented by ab. (See Millward, 1971.)

For optimum social welfare the general principle governing the pricing of a
tolled crossing in this partial equilibrium framework is to maximise the sum of
consumer and producer surpluses. In the long run, in which capacity can be
altered, if demand is expected to be D, in Figure 1, then a toll .of 0b should be
set. A crossing of capacity g, would be provided, and the toll would cover both
short-run marginal costs and the annual capital charge per crossing. On the
assumptions of this simplified model, if a crossing of capacity q, is provided and
demand does turn out to be D,, the revenue raised per annum will just equal
total annual costs and the crossing will break even.

In practice, of course, bridges and tunnels may well exhibit increasing returns
to scale and may only be available in discrete sizes rather than in the infinitely
large number of sizes assumed above. Whether or not a crossing should be pro-
vided (and, if so, how large it should be) is determined on a case-by-case basis by
comparing the total costs and benefits of provision. Social cost-benefit analysis,
rather than narrow financial criteria, is the relevant framework within which
investment decision-making by central authorities is normally recommended.
Once built, crossings should have tolls set equal to marginal costs. It is, however,
quite possible that the optimal utilisation of the crossing will be below its cap-
acity. Tolls are then set equal to short-run (operating) marginal costs, and do not
include any element of the annual capital charge. The fixing of tolls which also
attempted to recoup some of the annual capital charge would create distortion by
reducing the use of the crossing to below its socially optimum rate. Once the
crossing is built, capital costs are ‘““bygones’, and as they do not vary with the use
of the crossing they should be ignored in determining toll levels.

This argument can be illustrated from Figure 1. Suppose expected demand
turned out to be an overestimate, and D, is the operative demand function. The
principle of maximisation of social surplus would imply a toll level equal to Oa,
attracting a crossing rate of ¢, trips per annum. The “financial loss” per annum in
this case would be equal to the annual capital charge. Imposing a toll higher than
Oa would reduce this financial loss but would also reduce the number of crossings
made. Thus at a toll of 0b, an annual crossing rate of g5 trips would be
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demanded, but the social cost of using what would otherwise be unused capacity
is below the value consumers put on extra use of the crossing. The crossing is
being under-utilised. ‘

If each consumer could be made to reveal his willingness to pay for crossings,
and if perfect price discrimination could be imposed, then the whole of the con-
sumer surplus could be extracted from consumers and, if the provision of the
crossing had been justified by a social cost-benefit analysis, the problem of
deficits would not arise. In the absence of such a system, charging prices above
short-run marginal cost will lead to an inefficient use of resources.

Prices above long-run marginal costs would be justified only if demand for an
existing crossing was underestimated. Thus, if in Figure 1 demand turned out to
be D3, a toll of Oc will be set to ration use of the bridge to those whose willing-
ness to pay is greatest. If D3 continues into the future, an expansion of capacity
may be called for. In the meantime, the tolls charged will be economically
efficient in reducing the congestion costs that would result from excess demand at
a price equal to long-run marginal cost.

The standard approach to tolling transport infrastructure is to assume that
collection costs are zero, or at least negligible. In practice, and despite advances
in collection technology, this is not true. There are both administrative costs of
toll collection and time costs imposed upon those queuing to.make payments.
Clearly, for any particular tolled crossing, there must come a point where the
resources used in toll collection outweigh the benefits. Consider the case of a
linear demand curve for a crossing illustrated in Figure 2. SMC(s)represents the
short-run marginal costs of using the crossing and SMTC is the corresponding
cost curve including toll collection costs taken to be a proportion, a, of short-
run marginal costs. On the assumption that capacity is not reached at a zero toll,
whether or not a toll should be levied can be determined on the grounds of social
surplus. Without a toll social surplus will be given by the totalarea 4 + B+ C — F.
With a toll, social surplus is merely area 4. (Fixed costs are ignored, as they will
be the same in both cases.) Tolling is justifiable if F > B + C. Clearly B + C rises
as the costs of toll collection rise, but F remains unchanged. We are comparing the
cost to society of trips for which the cost of provision is greater than the benefits
gained by those who cross when no toll is imposed (F), with the resource costs of
toll collection (B + C). These could include delay costs (time and increased use of
fuel in slowing down, stopping, and moving away from toll collection points) as
well as the more direct costs of toll collection.

It can be shown that tolling is justifiable if tolls are to be set in relation to
short-run marginal costs, provided that:

S 2x
D> L&
a (1+)?

It is not surprising that the larger « is, the less likely it is that tolling will be worth
while. In particular, in the example, when collection costs become greater than
one half of toll revenue (that is, where a = 1), tolling will not be justified.

The assumptions needed to justify the use of “first-best” analysis are unlikely
to be met in practice. Whether the rule that “those who benefit should pay” (and
indeed pay more than short-run marginal cost) can be justified in a “second-best”
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Toll Collection Costs and Social Surplus

world deserves attention. Financing a deficit in this situation can have welfare
effects which will alter the picture presented above. In particular, what matters
now is the comparison between the distortion caused by raising extra revenue
from general taxation or borrowing and the distortion caused by tolls set above
short-run marginal costs. While tolls remain relatively low the amount of distor-
tion is likely to be small.

Gravelle and Rees (1981) present an example of toll determination on a
crossing in a “second-best” world where all other prices are not set equal to
marginal costs. A congested, untolled road round an estuary is considered. Each
road user incurs not only private operating and time costs on each journey, but
also external costs in the form of increased road maintenance and increased
journey times for all other users. Suppose a bridge or tunnel could be built which
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could be a substitute for the estuary road. As noted above, the “first-best” solu-
tion would be to price the crossing at the level of long-run marginal cost for an
optimal capacity. The ‘“second-best” solution in this case is appropriate if the
road cannot be tolled; it would be to price or toll the crossing at below marginal
cost. The “welfare gain” of reduced congestion on the road may well exceed
the “welfare loss” on the crossing built or used to a greater capacity than the
“first-best” solution would yield.

A final consideration is the pricing of facilities in the presence of growing
demand. The determination of optimal economic capacity is more complicated
than in the static case; but, once the crossing is built, the static theory outlined
earlier becomes relevant. In particular, pricing according to the short-run marginal
cost principle will apply in the period before capacity is reached.

TOLLS IN THE USA

The tolling of transport infrastructure is much more extensive in the United
States than in Britain; it extends beyond estuary crossings to cover some roads. At
present some 28 states operate 36 toll road systems and 43 toll bridge systems,
and there are an additional 29 county and 27 municipally operated systems
(Federal Highway Administration, 1983). In aggregate this amounts to 68
inter-state toll roads and 83 bridges, with a further 58 intra-state toll bridges
and 2 tunnels. Some of these facilities are long established, but 20 new toll roads
and 13 bridges have come into operation over the past twenty years (Smith and
Wuestefeld, 1983). These recent developments must be put in the context of the
Federal Aid Highway Act of 1956, which accelerated federal funding for the
inter-state system (making 90 per cent federal funding available) but retained
the philosophy of the earlier Federal Aid Road Act of 1916 and the Federal
Highway Act of 1921, which prohibited the levying of tolls on any part of the
system.

The overall importance of tolls in the financing of the US road transport
system is also greater than in the United Kingdom. Table 1 offers some aggregate
data. It is certainly true that tolls often represent less than 5 per cent of total
revenue going to highway authorities, but they amount to 8 per cent of aggregate
user charges and some 46 per cent of local (that is, municipal and county)
revenue. The debate over tolls in the USA is, therefore, not fundamentally a
national one, but rather relates to local policies and, in particular, to appropriate
forms of user charges.

Tolls have existed in the USA since the opening of the Little River Turnpike in
1785. They were initially envisaged as a means of financing the embryonic inter-
regional road system. Rail transport caused a demise of tolled roads from the
1830s, but a century later the rapid growth of automobile traffic saw a strong
resurgence at the state level. This use of user charges to fund infrastructure was
extended to vehicle registration in 1901 (initially in New York) and to fuel in
1919 (in Oregon). The basic philosophy that there should be a close alignment
between the provision of roads and bridges and charges for their use has outlived
the British Road Fund concept.

261



May 1986 JOURNAL OF TRANSPORT ECONOMICS AND POLICY

TABLE 1

Total Current User and Non-User Receipts
for US Highway Authorities in 1982

Federal State Local Total
$m $m $m $m

Highway user imposts

Motor fuel and motor

vehicle taxes 6,641 15,540 410 22,591

Tolls - 1,555 352 1,907
Sub-total 6,641 17,095 762 24,498
Other Receipts

Property taxes — - 2,599 2,599

General Fund

appropriations 2,387 1,066 5,080 8,533

Other taxes and fees 66 959 430 1,455

Investment income 1,245 1,379 1,120 3,744
Sub-total 3,698 3,404 9,229 16,331
TOTAL 10,339 20,499 9,991 40,829

(Data from Highway Statistics, 1982)

The exact economic theqry underpinning the US approach has not, however,
really been made explicit. e commentator remarks: ‘“History reveals that no
carefully worked out theory anteceded the adoption of user taxation as we know
it today. The theoretical fou}ldation, such as it is, was built after the framework
was erected’” (Zettel, 1979). Certainly there is a high degree of financial expedi-
ency in the US system, in the identification of a robust pool of funds to be
tapped; but user charges may also be seen from a different perspective as a pre-
ferred method of revenue collection. When tolls and registration fees were intro-
duced the main other sources of funds were property taxes (that is, taxes levied
on items of personal property), which were felt to be theoretically questionable
and practically distortive (see Board of Investigation and Research, 1944). The
continue@ reliance on user charges since that time has been retrospectively
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justified in terms of equity and efficiency, because they do not distort inter-
modal competition (Bramlett, 1982).

Thus user charges have been generally accepted in the USA; yet federal
government has specifically opposed tolls as an element in user charges — a
situation somewhat different from that in the UK. The inter-state system is
now perceived as a national asset which is justified on military, social and wider
political-economic criteria. Consequently, not only is there good reason for
employing non-user finance, but also the network concept makes it inappro-
priate to charge for the use of specific links in the system. The aim is to foster
a national market for goods within a spatially integrated market. More pragmatic-
ally, the Clay Committee, which examined road finance in 1955, explicitly
rejected tolls for the inter-state system, because it estimated that some 10 to
20 per cent of the mileage would not meet financial evaluation criteria and thus
“toll financing on a sound financial basis” would meet only a portion of the
requirement.

Though the federal government tends to discourage tolls, they are, as Table 1
shows, widely used by states and local authorities. The reasons for adopting tolls
differ between authorities, and so do the actual technicalities of individual toll
systems. The differences are partly historical, but also reflect the diversities of
political attitudes.

Toll bridges or tunnels are sometimes seen as a potential source of revenue for
cross-subsidising other transport operations. The Port Authority of New York and
New Jersey, for example, made a surplus of $52 million in 1980 from tolls levied
on the George Washington and Staten Island bridges and the Holland and Lincoln
tunnels; this sum was diverted to cover public transport deficits. The Metro-
politan Transportation Authority in New York applied $1.1 billion of toll revenue
surplus from the Triborough bridge and Tunnel Authority to subsidise public
transport between 1968 and 1981 (Cooper, 1982). Similarly, a large part of the
finance for the Bay Area Rapid Transit under Oakland Bay came from tolls on
the Oakland Bay bridges, and surpluses from the Golden Gate Bridge have been
used to subsidise bus and ferry services.

Cross-subsidisation by itself does little to promote economic efficiency. Not
only are there problems of equity, but there is some evidence of distortion of
road traffic — there is evidence that something like 15 per cent of users are
diverted by tolls in the USA to more costly (in a generalised cost sense) routes
(see Smith and Wuestefeld, 1983).

Where facilities are congested, tolls differentials have been adopted to constrain
traffic during peak periods. This approach is followed, for example, on the bridges
in the Bay Area, where full cars are allowed over free at peak periods. The
detailed application of the differential tolls, however, hardly corresponds to
“first-best” economic theory, which calls for low charges at off-peak periods with
a mark-up at the peak. More pragmatically, it appears to have very little effect
on the use made of facilities. Certainly on the Golden Gate bridge (see Table 2)
there is more car sharing during the discount period; but, in view of both the
generally high level of parking fees in San Francisco and other economies
stemming from pooling, the effect of the zero toll for full vehicles is very mar-
ginal. One reason for the lack of impact of differential tolls on a congested
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TABLE 2
Traffic Flows on the Golden Gate Bridge

Number of commuters (people)

Mode Vehicle Time Monday Monday Friday
occupancy a.m, (15.8.81) (14.6.82) (18.6.82)
Car 1/2 6—-10 23,422 23,353 20,530
Car pool 3/3+ 6—9* 5,132 4,964 4,750
Car pool 3/3+ 9-10t 1,200 1,149 1,133

* Toll free period for car pool
1 Normal tolls

Source: Golden Gate Bridge, Highway and Transportation District, General Manager’s Report,
1982.

crossing is that the savings from pooling are too small. Attempts, however, in a
number of cases either to increase the differential or to impose genuine conges-
tion charges have met with strong political opposition, mainly it seems because
such charges are thought to be inappropriate for facilities supported by public
funds or other vehicle taxes (Deakin, 1979). Another view on congestion levies,
and one in more direct accord with economic theory, is that of Elliott (1976),
who suggests that the public did not feel that congestion in the mid-1970s just-
ified them: “For political success congestion charges on the Golden Gate must
appropriately be deferred until congestion becomes burdensome.”

Perhaps the most common justification for tolls, however, is that they are a
legitimate method of financing the construction and (most important for some
roads) maintenance of specific items of infrastructure. This is in some ways very
similar to the official view in the UK, but there are differences. For some facilities
there is less concern with the recovery of capital costs than with having a source
of revenue to provide adequate maintenance and rehabilitation as the design-life
of the infrastructure nears its end. Indeed, some states (for example, Maine and
Indiana), having previously exploited a loophole left open by the Oldfield Act of
1927 to obtain federal funds to help finance the construction of tolled facilities
(on condition that the bridges or roads were made free as soon as the capital debt
was retired), have paid back this aid so that revenue-raising tolls may be levied to
help to maintain and repair the infrastructure. Others (for example Ohio and
Pennsylvania) are ensuring that where federal policy is for the defeasance of
bonds covering projects with inter-state designation, extensive rehabilitation
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programmes (often costing $1 billion or more) are carried out by the toll agencies
before they are turned over.

The methods of financing tolled transport facilities also differ somewhat from
that favoured in the UK. There are three basic approaches: revenue bonds,
revenue bonds supplemented by income other than that paid by users, and private
financing (see Smith and Wuestefeld, 1983). The privately financed facilities, of
which the Ambassador bridge in Detroit is one of the few examples, operate on
a commercial basis and do not incur problems of public indebtedness. Those
which are funded through revenue bonds normally have backing from other
sources (for example, state taxes), though this is seldom drawn upon in practice.
Where tax funds are required because of deficiencies in toll revenue, there is
normally a commitment that these be repaid before any subsequent removal of
tolls. Any supplement to toll revenues normally comes from taxes on fuel; as, for
example, in the Oklahoma turnpike system.

The US finance system has not generated the massive and rising debts now
associated with several UK crossings, but there have been some financial prob-
lems. Three facilities have gone into default; of these only the Chicago Skyway
remains so. In view of the scale of US tolled infrastructure, this suggests that the
system adopted has proved financially viable, though the basis of this achievement
has been somewhat different from that adopted by UK authorities.

TOLLS IN THE UNITED KINGDOM

In the UK tolls have been imposed on 11 main crossings (3 tunnels and 8 bridges).
Two crossings are the direct responsibility of central government (as part of the
motorway and trunk road system); the others are operated by joint boards on
which local authorities are represented, or by a single local authority.

The main planks of the government’s argument for using tolls are:

— the high cost of provision

— the exceptional benefit to users conferred by large reductions in journey
length and times except where tolls would cause substantial diversion of
traffic to alternative untolled routes (Statement by Department of Trans-
port to the Select Committee on Transport, 1985).

In his evidence to the Transport Committee the Secretary of State for Transport
argued that ““tolls have been restricted to the crossings where the benefit is so
obvious that it would not pay people either in time or money or both to use
alternative routes” (Transport Committee, 1985). The Department of Transport
statement included estimates of the time and fuel costs that would be saved by
vehicles using crossings, compared with the best alternative route. Some examples,
with current tolls charged, are shown in Table 3.

It is instructive to construct a model in which this “exceptional benefit” argu-
ment might hold as the justification for charging a toll when the marginal cost of
supplying road space on a crossing is zero. Suppose that the demand curve for a
crossing was horizontal at some price P up to the level of demand X at which
demand fell to zero (all potential consumers would gain an identical benefit
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TABLE 3

- - “Benefits” from Using Crossings and Tolls Charged

Crossing Department of Transport Current toll

benefit calculation

Car Heavy Car Heavy

lorry lorry
£ £ £ £

Dartford tunnel 4.64 20.59 0.60 1.60
Forth bridge 5.28 23.43 0.30 0.80
Humber bridge 10.08 44.73 1.00 7.50
Mersey tunnel 6.40 28.40 0.40 1.20
Severn bridge 9.60 56.80 0.50 1.00

from using the crossing). Then any toll that was less than P would leave demand
unchanged. If toll collection were costless, and if it could be argued that the
transfer of income from toll users to crossing operators would increase welfare,
then tolls would be beneficial.

The many ways in which the real world situation departs from this show the
weaknesses of the UK government’s arguments. Figure 3 illustrates a simplified
model of the road system round a crossing. A and B are the two sides of a
crossing; the alternative route runs via C. If AC + D,C = AB + BD, any traveller
joining the road system at any point on BD, and travelling to A would minimise
his generalised travelling costs by making his journey via B and the crossing. Simil-
arly the most efficient route from AD; to B would be via A and the crossing. Any
toll on the crossing AB would distort this optimum allocation of traffic, moving
the point at which travellers from BD, or AD, would choose to use the crossing
to some point nearer to the crossing, such as ¢, t,. The assumptions of the Depart-
ment of Transport measurement of benefits, that all traffic originates from some
point immediately adjacent to one side of the crossing, is obviously unrealistic.
Any toll will divert some road users whose savings in time and operating costs
from using the crossing would be worth less than the toll “price”.

Even if all potential road users did live immediately around the two sides of a
crossing, a toll would still cause some loss of benefit. Potential users of the cross-
ing will compare the expected value of their journey with the generalised costs of
making the trip. Some will be deterred from their proposed journey if the cost of
a toll is added to the existing trip cost. If the marginal cost of supplying the road
space on the crossing is zero, these suppressed trips represent a net loss of welfare
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FIGURE 3

Distortion of Traffic Allocation in the Presence of a Toll

for society. There is a normal downward-sloping demand curve for using a cross-
ing, and any toll above marginal cost will cause a loss of social surplus by sup-
pressing and diverting trips.

As we have seen, where there is some road congestion (as at point C in Figure
3) the cost of diverting road users from a crossing may be increased if the costs of
existing road users are raised through an increase in congestion.

In political arguments about charging tolls, stress is usually placed on equity.
The UK Department of Transport’s argument implies that road users ought to pay
the exceptionally high costs of providing crossings. It is “not fair” that the burden
should fall upon the general taxpayer. It is obviously true, as has already been
argued, that a crossing should not be built unless the benefits (for which users
would be willing to pay) over its lifetime exceed the costs by a suitable amount
(which will depend on the discount rate chosen). UK crossings are notionally
financed from loan capital, though, where central government funds are used,
this is not much more than an accounting convention. No specific loans are raised,
and payments from the Consolidated Fund could equally well be considered to
originate from general taxation. Expenditure on the rest of the road system
(including new road investment), which is at least 50 times as great as that on
crossings, is considered to have been paid out of current revenue. No debts are
accumulated on the road system.

Even if the construction of crossings is financed from loan capital, this could
be repaid from tax revenue. The basic issue, therefore, is whether there is some
compelling reason for recovering the cost of investment in crossings from road
users. The relationship of taxation to user benefit is much too large a subject to
be discussed fully here. There are many taxpayers who make little or no use of
crossings; but schools, universities and the Health Service are also supported by
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taxpayers who may gain no benefit from them. The equity argument has very
little force in the UK, as the sums raised from taxes (fuel tax and vehicle excise
duty) that fall exclusively on road users are considerably larger than the cost of
building and maintaining the road system. In 1984/85 the surplus was estimated
by the Department of Transport itself to be £5,190 million. This one year’s
surplus would pay for all the investment made in crossings up to April 1984,
plus accumulated debt, nearly ten times. Even if only 2 per cent of this surplus
was attributed to road users who benefited from crossings, this would still
produce sufficient funds (£103.8m) to pay for investment in two main crossings
equivalent to the Humber and Severn bridges. If these were built simultaneously
over a three-year period the annual cost (in 1984/85 prices) would be £87m. The
equity argument cannot therefore be used to support a toll system in the UK, and
tolls must be judged solely by their economic efficiency in comparison with other
methods of finance, such as general taxation or public borrowing serviced from
taxation.

It has already been argued that tolls are inefficient because they will lead to a
misallocation of traffic flows and will suppress some demand that could be met at
zero cost. Some alternative taxes would also reduce welfare, but it is difficult to
believe that the extremely small addition to the tax burden that the abolition of
tolls would impose need have any harmful effect on the economy.

Tolls are also inefficient because collection costs are generally high. According
to Department of Transport figures the average cost of toll collection was 12.7
per cent of gross revenue in 1982/83 and 11.6 per cent in 1983/84. Collection
costs for individual crossings ranged from 4.5 per cent of gross revenue for the
Dartford Tunnel to 28.7 per cent for the Tay bridge in 1983/84 (Transport
Committee, 1985). Comparable figures for other taxes (all as a percentage of
gross revenue) are: fuel tax, 0.01; vehicle excise duty, 1.00; VAT, 1.10; local
rates, 1.60; income tax 2.30 (Evidence of the County Council of Avon in Trans-
port Committee, 1985).

These are the actual costs of toll collection. They do not include the cost of
traffic delays caused by stopping vehicles at toll booths. The extent of these
delays is an under-researched area. According to the theory of queuing, delays
can be divided into two main categories. There is the delay caused by decelerat-
ing, paying the toll, and accelerating back to the former speed, generally known
as service time. The time taken in getting to the toll booth is queuing time.
Queuing time will be zero when an isolated vehicle arrives at a crossing, but may
build up rapidly as the traffic flow increases. Estimates of service time delays
range from 6 seconds on the Forth bridge to 1 minute for the Dartford tunnel
and Severn bridge. There are very few estimates of queuing time delays. The
Scottish Development Department estimated that the peak delay time (covering
both queuing and service time) on the Erskine bridge was 3 minutes. The Dartford
Tunnel Joint Committee estimated that total delays of up to 10 minutes occurred
during normal peak traffic, and of up to 30 minutes during the peak summer
periods of 1984. Much longer delays than these have been reported on such
crossings as the Tamar bridge, the Dartford tunnel and the Severn bridge, but the
effect of the toll collection has not been separated from that of a reduction in
road lanes (Dartford tunnel), lane closures (Severn bridge) and poor approach
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roads (Tamar bridge). Queuing delays caused by toll collection can be reduced
by increasing the number of booths and by using automatic booths. An average
delay of 1 minute on all tolled crossings in the UK in 1985 would (on certain
assumptions about time values, vehicle occupancies and traffic composition),
cost about £4.5m — see Sharp etr al. (1985). The existence of significant queuing
delays would greatly increase this cost.

The current toll policy in the UK suffers from conflicting aims. The “excep-
tional” benefit argument, put forward by the Department of Transport, is
qualified by the need to avoid ‘‘substantial diversion of traffic” (Transport
Committee, 1985). This means that some major crossings, such as the Avonmouth
and Exe bridges and the Blackwall tunnel, are not tolled at all, and also that tolls
on crossings have often been fixed below the level required to cover all the
relevant maintenance costs, interest charges and sinking fund payments. Some
losses in the first years after the opening of a crossing might be considered to be
unavoidable, but these could be eliminated as toll revenue increases with traffic
growth, In some cases, however, traffic growth has not been sufficient to cover
the rapidly increasing debt burden. The nominal debt of crossings has been in-
creased by “capitalising” deficits. This has caused outstanding debt and interest
payments to become much greater than the original costs of constructing cross-
ings. The point can be reached at which the “loss’ made by a crossing operator
merely means that revenue fails to cover interest payments on past losses. Neither
central nor local government authorities actually borrow new money to pay
interest on the original capital; any deficit is made good from other tax revenue.
The capitalisation procedure is a pointless exercise unless the intention is to
recover all past deficits plus accumulated interest charges from toll revenue. But
as the nominal debt increases, the possibility of doing this without raising tolls to
levels which would bring about an ‘““unacceptable’ diversion of traffic becomes
more remote.

Table 4 shows the nominal debt levels of all the UK crossings in 5, 10 and 40
years from 1983/84 if a “do nothing” policy is adopted. (The Tamar bridge is
omitted, as debt on this crossing has already been eliminated.) The assumptions
made in calculating the figures in Tables 4 to 6 are:

1. The average interest rates paid by each crossing undertaking remain at
the same level as in 1983/84.

2. Tolls remain constant at the 1983/84 level (in 1983/84 prices).

3. Traffic increases according to the average growth for the three time
periods, estimated from the National Traffic Forecasts.

4. Maintenance costs increase in proportion to traffic flows (that is, net
revenue remains constant in 1983/84 prices).

5. All figures are calculated in constant 1983/84 prices.

The debt becomes larger with a higher growth rate for the Severn bridge
because it had a negative net toll income in 1983/84. Table 5 shows the number
of years that it would take to eliminate the debt on each crossing for low and
high traffic growth rates if all the factors listed remained constant.
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TABLE 4

Future Debt Levels on UK Crossings with a “No Change” Policy

Crossing 1988/89 1993/94 2023/24 2023/24 “high

growth” debt
as % of

Low High Low High Low High 1983/84 debt

£m £m £m £m £m £m %

Cleddau 7.54 7.47 7.77 7.60 9.02 3.33 46
Dartford 68.61 67.62 70.96 66.29 56.40 —425.17 0
Erskine 79.83 79.76 135.79 135.47 3717.98 3687.90 7728
Forth 15.85 15.58 7.35 6.19 —180.96 —224.98 0
Humber 363.43 362.98 645.52 643.39  24017.10 15802.73 7534
Itchen 12.43 12.29 14.98 14.32 179.23 110.10 1014
Mersey 131.28 130.83 204.33 202.27 4660.05 4475.42 5049
Severn 77.69 71.73 129.58 129.78 2579.76  2594.09 5631
Tay 6.57 6.51 6.26 5.99 -7.62 —19.64 0
Tyne 23.80 23.61 27.49 26.60 150.47 93.96 442

Table 6 shows the minimum annual average growth rates that would be necess-
ary to eliminate all debt (including accumulated deficits) on the crossings in a
period of 40 years from 1983/84.

Figures could not be calculated for the Severn bridge, without changing the
assumptions of the model, because it had a negative net revenue in 1983/84. This
was caused by exceptionally heavy maintenance expenditure in that year; the
choice of a different base year would have made the calculation of a traffic
growth rate possible.

The growth of traffic implied in Tables 4 and 5 is not necessarily attainable.
The crossing capacity might be reached before 2023/24, or before the debt-
eliminating traffic level could be achieved. This would mean that the outstanding
debt figures would be higher (or the accumulated surpluses lower) than the
figures shown in Table 4. Some of the higher growth rates shown in Table 6
would also be likely to produce flows above crossing capacity long before
2023/24.

The basic factors affecting the financial position of crossing undertakings are
the original cost of construction, toll levels, and traffic flows. But interest rates
also vary considerably (the range for the UK crossings in 1983/84 was from
5.44 per cent to 12.99 per cent). More recently constructed crossings, such as
the Humber bridge, not only had cost figures raised by inflation but were also

270



THE ECONOMICS OF TOLLED ROAD CROSSINGS

TABLE 5

C. Sharp et al.

Years when Crossing Debts would be Eliminated

under ‘“No Change’’ Policy

Year 1 = 1983/84

Crossing Number of years before debt eliminated
Low growth High growth
Cleddau 89 47
Dartford 49 26
Erskine o +
Forth 14 13
Humber + -
Itchen + -
Mersey - -
Severn - —
Tay 32 26
Tyne - +

+ Simulation implies that debt grows indefinitely

TABLE 6

Annual Average Traffic Growth Required
to Eliminate Debt on UK Crossings by 2023/24

(1983/84 = year 1)

Crossing Average annual traffic growth required
%
Cleddau 2.0
Dartford 0.9
Erskine 16.0
Forth 0.0
Humber 15.2
Itchen 3.0
Mersey 10.0
Severn -
Tay 0.4
Tyne 3.0
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burdened with high interest rates. The crossings have not all been treated equally
by the government: some have received interest-free loans, and policy towards
the payment for approach roads has not been consistent.

The tables show that the debts of some crossings may eventually be eliminated
without further action; others could be reduced by some relatively minor policy
changes; a third group need more drastic action if the continued growth of the
debt burden is to be brought to an end. In the long run the debt on some cross-
ings could reach astronomic levels. In 200 years, if current practices continued
and even if high traffic growth were fed into the calculation for the whole period,
the debt on the Erskine bridge would become £210,000 billion and that on the
Humber would be £7 million billion!

There are several policies that governments could adopt to deal with the prob-
lem of loss-making crossing undertakings. Tolls could be raised, the capitalisation
of annual deficits could be ended, interest rates charged could be reduced, or tolls
could be abolished and outstanding debts paid off. The objections to raising tolls
have already been discussed. More traffic would be diverted and more journeys
would be suppressed. The effect on revenue is also uncertain, since little is known
about the price elasticity of demand if tolls were raised to new higher levels. The
ending of the capitalisation of deficits (which is supposed to take place according
to the legislation setting up most crossing undertakings in the UK) would prevent
the further accumulation of debt, though it would not necessarily result in its
rapid elimination. This policy would amount to a recognition by central govern-
ment that it will never recover past annual deficits. Central governments, even
where they can control interest rates, are not likely to manipulate them merely
in order to ease the financial position of crossing undertakings. A policy of
reducing the interest rates paid by crossing undertakings would therefore require
the payment of a form of subsidy by central government. The abolition of tolls
on uncongested crossings would remove the problems of diverting or suppressing
traffic flows and of delaying traffic through the collection of tolls. If accumulated
deficits were written off, the cost of this procedure would be the loss of annual
net toll receipts plus (in the UK) payment of compensation for those working on
toll collection who could lose their jobs.

There is some confusion about the cost of the abolition of tolls in the UK. The
inclusion of all outstanding debt, including accumulated deficits, only makes
sense if it is assumed that, without abolition, these would eventually be recovered
from those using crossings. At present, if annual deficits are added to the nominal
total of outstanding debt, this is merely an accounting technique and does not
represent any transfer of resources. The Department of Transport, in evidence
submitted to the Transport Committee (1985), estimated the total cost at present
value of abolishing tolls on all estuarial crossings in the UK as being £750 million
at April 1984 prices, but this includes £474.9 million of interest flows over the
toll periods (discounted to present value at 11 per cent). The assumption that this
interest would be recovered from crossing users if tolls were not abolished can be
questioned. The actual annual net revenue that would be forgone if tolls were
abolished amounted to £30.6 million in 1982/83 and £34.63 million in 1983/84.

The previous discussion in this section has assumed that the marginal cost of
supplying road space on non-congested crossings is zero. This ignores the problem
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of maintenance costs. These are partly time-related, but may also be affected by
the level of vehicle usage. It would be very costly, however, to have a toll collec-
tion system just to recover the very low marginal costs of supplying road space
on crossings.

It is now possible that private capital might be used to build some new cross-
ings in the UK and that some existing crossing undertakings might be privatised.
In his evidence to the Transport Committee (1985), the Secretary of State for
Transport argued: “I believe that there would be great advantage in future in
getting these tolled crossings constructed by the private sector.” There is no
space here to comment on the Minister’s belief that the economy would some-
how be benefited if an identical quantity of service resources, required for
investment in a new crossing, was supplied through the private rather than the
public sector. The implication for the toll system is, however, predictable. A
profit-maximising private undertaking operating a crossing would enjoy some
monopoly power and would set tolls at the MC = MR level, which would be
higher than the loss-making or breakeven tolls fixed by public enterprise under-
takings. An unconstrained private crossing undertaking would keep the toll
system in perpetuity. Further evidence from the Minister, however, suggests
that tolls would only be allowed for a given time period. He argued that “when
the capital has been paid up and repaid those tolls cease”. This suggests that
tolls would become even higher during the toll period, since the private under-
taking would in effect have its costs increased by the amount of the required
annual contribution to a fixed term sinking fund. Private undertakings would
also, presumably, require higher expected profit margins to persuade them to
invest in a project that would only yield a profit for a limited period.

CONCLUSIONS

The issue of tolling transport infrastructure has recently attracted attention on
both sides of the Atlantic. There is a well defined economic theory upon which
infrastructure pricing could be based, but it is by no means clear that this theory
has been consistently applied to estuarial crossings in the UK and USA. Indeed
it emerges that there are marked differences rather than similarities between the
UK and the USA in tolling policies.

In the USA there are a multiplicity of reasons for the existence of tolls, though
the underlying federal policy could be said to be ‘““anti-toll”. It is the state and
local authorities in the USA which favour the tolling of crossings. In the UK
recent evidence to the Transport Committee suggests that it is the central govern-
ment that is the driving force behind the retention of tolls, while the local author-
ities and toll authorities favour abolition. The differing attitudes in the two
countries stem from differing perceptions of the role of the road system. In the
USA the inter-state road system is seen as an integrated network for which tolls
on any specific link would be inappropriate; this view is not shared by the central
authorities in the UK. Greater emphasis is also placed on non-user benefit in the
USA.

Policy in the UK is complicated by efforts to follow the potentially conflicting
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aims of recovering from users the costs of crossing construction and maintenance
and not diverting or suppressing traffic flows. A particular feature of the publicly
owned tolled system in the UK is the peculiar financial treatment of outstanding
debt. A number of possible solutions to the debt problem have been explored in
this paper, as it is quite clear that current policy is in need of reform.
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