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THE CASE FOR HIGH SPEED RAIL
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Actualmente recorre Europa una oleada de propuestas sobre trenes de alta velocidad, cifrandose éstas
en unos 7.000 km. de lineas de nueva construccion y unos 8.000 km. de lineas a renovar, con un
coste del orden de los 58.000 millones de Ecus (a precios de 1985). Es preciso, por consiguiente, rea-
lizar una evaluacidn cuidadosa de los costes y beneficios, tanto de la red en su conjunto como de los
elementos que la integran.

Se considera que los principales beneficios del tren de alta velocidad son: el ahorro de tiempo, trdfico e
ingresos generados; la reduccidn de la congestion, los accidentes y el impacto medio-ambiental de oiros
modos de iransporte, ademds del impacto en el desarrollo local y regional. Por otra parte, es evidente
que muchos de estos beneficios dependen de en qué medida se desvie el trdfico desde los modos tradi-
cionales de transporte en coniraposicion a los nuevos viajes generados por este tren. Al mismo tiempo,
el tren de alta velocidad tiene también costes medio-ambientales significativos.

Este trabajo examina estos extremos y concluye que los beneficios medioambientales y de desarrollo
son mds bien limitados, aunque respecto al medio ambiente el resultado depende en gran medida de
las circunstancias concretas en cada caso. Dada la gran variedad de opciones en términos de veloci-
dad y de combinacion de mejoras y nueva construccion, es muy importante emplear una aproxima-
cién rigurosa; el coste-beneficio tradicional aplicado al transporte, asi como la valoracidn del impacto
medioambiental parecen adecuados para captar los principales costes y beneficios.

Se concluye que es probable que haya buenas razonas para una red central que una las principales
ciudades de Europa Occidental, en el dmbito de las distancias intermedias, pero que mds alld de esto
la renovacion de la infraestructura existente y el desarrollo de nuevas tecnologias proporcionardn una
solucidn mds efectiva en términos de costes.

1. Introduction

Modern European interest in high speed trains started in a relatively modest
way, with the new line from Paris to Lyons (opened in 1981-8), a number of
new stretches of high speed line in Germany and a new Rome-Florence route
in Italy. From these isolated national beginnings, the Union International des
Chemins de Fer developed the concept of an European Master plan covering
the whole continent with new and upgraded high speed lines. This plan
became less a pipedream and more a practical reality as France and Italy
expanded their plans into entire networks of new lines, and new countries
added their own proposals to the list - Britain, Belgium and the Netherlands
through the construction of the Channel Tunnel and its associated high speed
lines; Spain, through the Madrid-Seville new line and the proposals to link
Madrid and Barcelona to each other and to the rest of the European network;
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Austria and Switzerland with their ambitious upgrading plans and finally the
countries of Eastern Europe following the collapse of communism and the
growth of East-West links. The concept emerged of a 15000 km network of
high speed routes (comprising 7000 km new and 8000 km upgraded infras-
tructure) linking all the major cities of Europe, and costing some 58 billion
ecu (Community of European Railways, 1989).

Expenditure of this magnitude requires careful appraisal. It is the aim of this
paper to consider the relevant factors which should be taken into account in
such an appraisal, and to review the evidence on the benefits and costs of high
speed trains such as it is at the present time. First we list the relevant costs and
benefits as we perceive them. In the next section, we consider the demand for
high speed rail services and the extent to which they may divert traffic from
other modes. We then consider the issues of time savings and accident savings
both to rail users and to users of other modes, before turning to the important
issue of environmental costs and benefits. Finally, we consider the issue of
development benefits before we present our conclusions.

2. Costs and benefits of high speed rail

In any appraisal, it is necessary to think clearly about the base case against
which the proposal in question is to be compared. In the case of high speed
rail proposals, we presume that the most likely base case is a continuation of
conventional services over the network of routes in question, although various
alternative levels of upgrading should also be considered. One of the great
strengths of the upgrading of inter city public transport by means of what is
essentially conventional rail technology rather than a totally new technology
—such as maglev— is that high speed trains can operate over existing track
(albeit at reduced speed). Thus strategically placed new or upgraded stretches
of infrastructure can lead to major improvements in a whole network of servi-
ces (This benefit will be less readily available in Spain, however, inasmuch as
the new high speed routes are being constructed to the standard European
track gauge rather than the broader Spanish gauge.) The result is that a multi-
tude of different options for various levels of improvement exists and needs to
be considered.

A further major benefit of new high speed links may be the release of capacity
for other services, such as freight or regional passenger services. This was an
important consideration both in the case of the Paris-Lyons route and the
German «Neubaustrecke». Clearly the case for high speed links is likely to be
much stronger where there is a need for extra capacity anyway, rather than
when the route is simply supplanting a slower one. On the other hand, since
access to cities is usually via existing infrastructure, high speed services can
take up valuable track capacity here {they may need to be planned together
with proposals to divert suburban services into new underground routes, as in
Paris). Intermediate cities not on the new route may also lose in terms of qua-



THE CASE FOR HIGH SPEED RAIL 339

lity of service. Thus the extent to which new high speed links benefit or harm
the rail network as a whole remains controversial.

Obviously, the first item in any appraisal is likely to be the construction cost of
the high speed line, together with the change in operating cost to which it will
lead. When this is brought together with the extra revenue earned by the ser-
vices in question, we are in a position to undertake a financial appraisal of the
proposal. This extra revenue will be the result of increased demand, and can
be taken in the form of higher traffic levels, higher fares or some combination
of the two.

To the extent that it is not possible to devise pricing structures that capture
all the benefits to users in the form of extra revenue, there will be some bene-
fits to users from introduction of the new service. These may be quantified in
terms of the reduction in generalised cost (journey time plus schedule delay
plus fare, all valued in money terms) for existing travellers, plus the consu-
mers surplus (evaluated on the usual assumption of half the benefit to existing
travellers) for generated traffic. A study of a British upgrading proposal con-
cluded that such benefits would amount to some 44 % of the extra revenue
generated by the service improvement (DTp, 1984).

The next benefit that is often ascribed to high speed trains is that of reducing
road congestion and accidents; a similar consideration regarding air conges-
tion is becoming increasingly important. Clearly the essental information
here is the extent to which the high speed train diverts traffic from these two
modes, together with the extent to which those modes would have been con-
gested in the absence of high speed rail.

This is also the key consideration in judging the environmental effects of high
speed rail. Like all transport systems, high speed rail systems impose environ-
mental costs of landtake, noise, visual intrusion and air pollution. The issue is
whether they impose lower costs than other forms of transport, and if so,
whether they divert sufficient demand from those modes to lead to a net envi-
ronmental improvement.

Local and regional development benefits are increasingly being cited as rea-
sons for proceeding with high speed rail investments that are not justified on
other grounds. To the extent that these are seen as comprising a higher overail
level of economic activity, the extra incomes generated may reasonably be
introduced into a cost-benefit analysis. Otherwise the benefit comes from the
relocation of employment to places where it is seen by the government as
being most needed. In Britain, it is common to value jobs created in develop-
ment areas at the opportunity cost of creating a similar number of jobs by fis-
cal or other incentives.

3. Demand for high speed rail

The potential market for high speed rail may be divided broadly into business
and leisure travellers. Business travellers are usually travelling at their com-
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pany’s expense, and are willing to pay highly for speed, comfort and conve-
nience. Door to door travel time is the key variable in determining their
choice of mode. Such travellers almost always have cars available, and for
shorter journevs, the door to door convenience of the car is hard to beat. If
cars on motorways can be taken to average say 100 km per hour, then rail
must be sufficiently faster to offset the extra access and waiting time involved.
If this tvpically amounts to something of the order of 1 hour, then on a 200
km journey, rail would need to be faster than 200 km per hour end to end to
beat car; on a 300 km journey, 150 km per hour would suffice. Obviously, the
higher the rail speed, the greater the catchment area for which the rail service
can compete with car.

This suggests that rail will be quite competitive with car for long distance jour-
neys even without very high speeds. However, over longer distances it is air
that is the main competitor. Given typical access and egress times from air-
ports, it is rare to achieve a city centre to city centre time by air much below 3
hours, however short the journey. Thus the three hour journey time is often
seen as an important watershed for rail services. However, it is important to
recognise that many business trips will have one or other end located out of
the city centre, so that some access time for the rail service must be added on
as well. The lower the rail journey time falls below 8 hours, again, the greater
the potential catchment area for the rail service. On the other hand, where
there is no direct air service, or frequencies are poor, rail may compete in the
business market with substantially longer journey times.

The leisure market is generally much more price sensitive, with lower values
of time. Nevertheless, improved rail speeds may lead to some substitution
from the main leisure competitor —the car— as well as some diversion from
coach amongst those with no car available. It is also in the leisure market that
one would expect that the potential for generating totally new trips, for ins-
tance by making a day or weekend social or recreational trip feasible where it
was not before, would be highest.

How does the evidence from introduction of high speed services to date
match up to these expectations? In Britain, the history of high speed rail servi-
ces in Great Britain so far rests mainly with two trains; the Advanced Passen-
ger Train and the High Speed Diesel Train (or InterCity 125). The routes for
which these two trains were primarily intended are illustrated in Figure 1.

First we have the West Coast Main Line. Electrification of this was completed
from London direct to Crewe, Manchester and Liverpool in 1966; the route
via Birmingham was completed in the following year. Trains heading north
from Crewe still had to change to diesel traction at that point until electrifica-
tion through to Glasgow opened in 1974. None of this route would really qua-
lify as a high speed route by today’s standards. Initially, electric traction was
limited to a top speed of 160 kmph; later this was raised to 180 kmph for loco-
motives equipped with high speed pantographs. Nevertheless, the combina-
tion of speed and frequency introduced with the new traction was hitherto
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KEY <+ ELECTRIFIED ROUTES =---- HIGH SPEED DIESEL TRAIN ROUTES
(Max speed 180 km. ph) (Max speed 200 km. ph)
Figure 1

British high speed routes

unparalleled in Great Britain with 25 % reductions in journey time being typi-
cal. It was on this route, with its numerous curves and gradients —particularly
north of Preston— that it was intended to raise speeds further by the use of
the 250 kmph Advanced Passenger Train (APT), the dlting coaches of which
would be permitted to run at higher speeds than those of conventional rolling
stock, especially on curves. Although prototype trains of this type made a few
runs in service in 1981, they did not achieve the required degree of reliability,
and the project was subsequently scrapped (Potter, 1987). With the failure of
this train to enter regular service, no major improvement in speeds has yet
been achieved on this route.
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The history of the other group of lines shown in Figure 1 has been very diffe-
rent. Operated by diesel traction, they saw incremental improvement until the
introduction of the 200 kmph high speed diesel train in the mid 1970’s. This
is a more conventional non-tilting train, more appropriate to routes with few
curves, or where more money has been spent on straightening them out. It
was first introduced on the routes from London to Bristol and Swansea in
1976, and was phased in on the East Coast Main Line from London to Leeds,
Newcastle and Edinburgh over the period 1978-79. The same rolling stock
has since been introduced on other routes, although as the infrastructure was
generally not improved to permit speeds in excess of 160 kmph, the improve-
ment in journey time resulting was much less significant. Thus most of the
evidence discussed here regarding high speed services in Britain relates to the
introduction of this train.

The first real opportunity to measure the change in patronage resulting from a
major acceleration of services in practice in post-war Britain was provided by a
before-and-after study of the West Coast Main Line electrification in 1966
(Evans, 1969). This was based on one-day surveys of traffic conducted on all
modes; not an entirely satisfactory approach given the large day-to-day varia-
tion in patronage, although it had the merit of allowing estimates to be made
of whether the additional patronage had changed mode or was wholly new
business. The estimated change in traffic, and the mean change in journey
time, is illustrated for some of the major flows in Table 1. Generally traffic
rose by some 25-50 %. It is seen that the percentage increase in traffic gene-
rally exceeded the percentage time saving. A regression of the percentage
change in traffic on the percentage change in journey time produced an elasti-
city of - 1.3; that is to say that on average a 1 % reduction in journey time had
produced a 1.8 % rise in traffic. Examination of the other modes suggested
that there had been a substantial diversion of business traffic from air, but
little diversion of business or leisure traffic from road. Presumably, then, most
of the additional rail leisure traffic consisted of journeys which would not
otherwise have been made by any mode. A subsequent study undertaken at
Leeds University which concentrated explicitly on the choice between rail and
air suggested that if rail could achieve comparable door-to-door journey times
to air, and at a lower price, then air would retain litde traffic other than those
feeding into other air services (Leake, 1971). In other words, in terms of other
features of service quality, rail was rated at least as good as air. Given the long
access and egress journeys involved in air travel for the majority of passengers,
this suggested that particular rewards would come from reducing rail journey
times below a threshold of around 3 hours, as was indeed achieved in the case
of the stations listed in Table 1.

When the time came to forecast the increase in patronage that would result
from introduction of the diesel powered High Speed Train, it was thought
prudent to assume a rather lower level of extra traffic than was implied by the
earlier work, partly because traffic was starting from a higher base, and it see-
med likely that the relevant elasticity would fall as traffic grew. So it proved.
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TasLE 1
Effect of electrification of west coast main line

Major flows

% change % e hange
Between London and . in journey
in traffic . -
time
Manchester ... +27 —26
Liverpool ... +58 —24
Preston ...t e +46 —16
(5 T +35 —34

Source: Evans (1969).

Initial monitoring work within BR concentrated on use of the «control flow»
technique. Under this method, no attempt was made to explain actual chan-
ges in patronage over time. Rather, each route on which services had been
improved was compared with one or more unimproved routes which displa-
yed a similar path in traffic over time up to the time of improvement of the
first route (Shilton, 1982). More recently, application has been made of time
series regression analysis in two studies at Leeds University. The first used
annual data on flows between all major conurbations over a 10 year period - a
total of some 45 flows (Fowkes, Nash and Whiteing, 1985). In a pooled time
series/cross section model, year on year percentage changes in traffic were
regressed on a variety of explanatory variables, including fares, average ear-
nings and car ownership. The effects of major service changes were estimated
by use of dummy variables. This procedure combines some of the features of
control flow analysis with regression analysis. Important variables are intro-
duced explicitly, but any systematic unexplained growth in traffic on all rou-
tes will also be disallowed when estimating the effect of service variations. The
mean effect of the High Speed Train on traffic was found to be of the order of
15 % growth in traffic over the course of 2 years; that of the extension of the
West Coast Main Line electrification to Glasgow was slightly higher. The
results are summarised in Table 2.

TaBLE 2
% increase in traffic due to improved services pooled time series/cross section regression

Mean of all relevant inter-conurbation flows

High Crewe-

speed Glasgow

train electrification
First year effect ... +11 % +16 %
Second year effect ... SR +4% +2%
Total effect ... +15% +18 %

Source: Fowkes, Nash and Whiteing (19835).
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In the most recent study, time series regression has been applied to individual
origin-destination pairs, using 4-weekly data {Owen and Phillips, 1987). The
wide range of results obtained for the effects of the High Speed Train is illus-
trated in Table 3. The biggest effects were found at Bath and Swindon, which
as well as enjoying the greatest improvement in service, are the closest stations
in the sample to London. The increase in traffic may therefore include some
commuting from areas which were previously thought to be outside the Lon-
don commuter belt. Increases on the East Coast route to York and Leeds are
rather lower, whilst to Plvmouth (a route dominated by leisure traffic, and
over which the full speed potential could only be used for a short distance) no
significant effect could be found. It is interesting to note the degree to which
increases were greater in first class traffic than in second; this of course implies
that the total increase in revenue will be considerably greater than the increa-
ses in traffic.

The overall impression created by the studies of the High Speed Train was of
a journey time elasticity of the order of —0.8. That is, a 1 % rise in speed was
accompanied by a 0.8 % rise in traffic. However, there was some sign (not
borne out by the Plymouth example above) that traffic increased by a certain
amount when the High Speed Train was introduced regardless of the extent of
the time saving produced; conversely the increase in traffic was found to be
less in the small number of cases where a2 major speed improvement had been
introduced without new rolling stock. This led to an alternative hypothesis
that something like half of the increased traffic was due to the improved com-
fort and «image» of the new rolling stock, with a true journey time elasticity of
around —0.4 (Shilton, 1982). This hypothesis will be further discussed in the
light of the «stated preference» results outlined in the next section.

The higher increase in first class traffic suggests that the high speed train may
have led to a greater increase in business than leisure travel. However, there is
little evidence on the extent to which traffic was diverted from car or air; the

TaBLE 3
% increase in traffic due to high speed train on selected routes to/from London

Time series regression results

First Standard Total

class class
Bath .o 84 43 54
Swindon ..o 112 30 42
Cardiff ... 57 27 34
Bristol ..o 55 26 28
York oo e 22 17 23
Leeds «ooviiii e 28 15 19
Plymouth ...................... 0 0 0
Median of 12 flows ............o.0 32 16 28

Source: Owen and Phillips (1987).
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study referred to above assumed a 50/50 split of diversion from road (mainly
car) and generation (DTp. 1984).

The evidence from the French TGV is more helpful here, as well as relating to
a truly high speed service. The overall growth in rail traffic in the corridor
amounted to some 75 %, at a time when intercity rail travel elsewhere in
France was stagnating (Farber, 1990). This suggests a journey time elasticity
considerably higher than for the British high speed train. At the same time
surveys mggested that of this traffic some 33 % had diverted from air, 18 %
from road and 49 % was generated (Bonnafous, 198 7). This suggests that the
high speed train is more successful in competing with air than with the car; it
is also consistent with the hypothesis that there is a high degree of generation
of new traffic, which we would expect to be mainly leisure. Whilst the key ori-
gin destination pair of Paris and Lyon is well within the 3 hour rail journey
time threshold, substantial traffic increase has been experienced on much
longer journeys such as that to Marseilles (5 hours) and Nice (7 hours).

It should be noted however that rail may be more successful in taking traffic
from other modes if either external circumstances or deliberate policies wor-
ked to encourage this (higher costs of motoring, increased congestion, redu-
ced airport capacity for short distance flights, etc.).

4. Time and accident savings

In this section, we shall consider the benefits of high speed rail services in
terms of time savings to rail travellers. In the next section, we consider a' wider
range of issues. In a road investment appraisal in Britain, time savings by tra-
vellers would be directly taken into account as a major social benefit. Howe-
ver, in Britain, main line rail improvement schemes are evaluated on purely
commercial criteria. Thus the key question for British Rail is how far such
benefits may be converted into additional revenue.

Most recent British work on the value passengers place on time savings has
used socalled «stated preference» techniques. Starting with a study of the
importance of frequency of service and the need to change trains undertaken
by Steer and Willumsen (1981), there has been widespread use of these techni-
ques for studying rail demand in recent years. There are many variants of the
approach, but what they have in common is a reliance on the responses of
interviewees to questions as to their preferences between hypothetical alterna-
tives. By way of illustration of the technique, Table 4 shows an example from
the study discussed in what follows. Two alternative hypothetical combina-
tions are presented of timetable, fare, journey time and reliability. The res-
pondents are asked to indicate their preference between alternatives A and B
by ticking a box indicating whether they «definitely» or «probably» prefer A or
B, or like or dislike both equally. Because each interviewee may be given a
aumber of these questions, and because the values may be carefully designed
to ensure that they will reveal the information that is being sought, the result
is that information at a high level of disaggregation can be obtained at very
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much less cost than by studying actual choices (the «revealed preference»
approach).

TasLE 4
Example of a «Stated Preference Question»

A
LONDON, dep. ....ccovvinnninnnn.. 250 320 350 420 450
Stockport ... 510 540 610 640 710
Manchester, arr. ................... 520 550 620 650 720

Fares: One way £12, Return £24.
Scheduled Journey Time: 2hrs 30 mins.
Up to 10 mins. late.

B
LONDON, dep. ...ovvvviiiinne... 250 . 350 . 450
Stockport ... 540 . 640 . 750
Manchester, arr. .............ooo.... 550 . 650 . 750

Fares: One way £10, Return £20.
Scheduled Journey Time: Shrs.
Up to 30 mins. late.

Definitely Probably Like A and Probably Definitely
Prefer A Prefer A B Equally Prefer B Prefer B

A recent study sponsored by the Department of Transport with support from
British Rail made extensive use of these methods to study what leisure trave-
llers would be willing to pay to save travel time (MVA Consultancy, University
of Leeds and University of Oxford, 1987). We undertook both the part of this
study which dealt with long distance rail leisure travel, and a parallel project
financed by the Science and Engineering Research Council which studied
business travel (Marks, Fowkes and Nash, 1986). The results of these two pro-
jects will now be discussed.

In the study of leisure travel, passengers were interviewed on trains between
London and Manchester, Birmingham and Manchester and Bristol and Lon-
don. The resulting data was used to calibrate a discrete choice model from
which the value passengers placed on savings in travel time could be estima-
ted. As expected, there was a strong —though less than proportional— rela-
tionship between values of time savings and income, with the upper income
group having a value twice that of the lowest. There was also some variation
according to exact journey purpose, with an overall average of 5.9 p per
minute i 1985 prices. Results are given in Table 5.

For business travellers, the issues are more complicated. Typically, business
travellers choose themselves between the alternative modes their employers
will permit them to use. Since their employers pay the costs, one might expect
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TasLE 5
Values of long distance leisure time savings stated preference technique
{pence per minute)

Visiting friends and relatives
Holiday ......oooooiiiiii
Returning Home ...
OtheT Lot e e s
Overall

Source: Marks et al. (1986).

themn always to use the highest quality mode permitted, although this does not
actually appear to be the case. Ultimately, then, what a business traveller is
willing to pay to save timé is the product of what the employer is willing to pay
for as well as what choice the employee makes. Other relevant considerations,
are that long distance rail journeys typically start and end outside the normal
working day, so that time savings are often converted into leisure time rather
than devoted to additional work, and that time spent on the train can be use-
fully employed, for work or for eating a meal. These factors might lead to an
expectation that the value employers place upon saving time for their work-
force might be somewhat below the conventional British Department of
Transport assumption that this equates to the wage rate plus a markup for the
overhead costs of employing labour.

We thus undertook studies of the preferences of both a sample of employers
regarding overall travel policy, and a sample of employees with respect to spe-
cific long distance journeys. In the stated preference exercise with the latter, it
was made clear that the employee would be given a fixed expenses budget,
and would be entitled to keep any unspent surplus. Thus the employees’
willingness to pay represents a willingness to pay out of their own pocket. By
contrast, the employer’s willingness to pay represents a willingness to pay out
of the funds of the organisation in question. Table 6 shows the two values,
together with the results of applying the standard method of valuing business
travel time used by the British Department of Transport. In a situation where
some of any time savings would be devoted to leisure and some to work, we
would expect the appropriate valuation of travel time savings to lie somew-
here between the employers’ and the employees’ valuation. Thus the standard
Department of Transport assumption appears to lead to a reasonable estimate
of what might be a typical valuation in practice, although one might of course

TaBLE 6
Values of long distance business time savings

Employee’s willingness to pay ........cooooeiiiii 12.0 p/minute
Current department of transport assumptions .................... 16.0 p/minute
Employer’s willingness to pay .............coooiiiiiiiiiiin, .. 23.0 p/minute

Source: Marks, Fowkes and Nash (1986).
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still doubt whether such a high value —representing in part a least a benefit in
terms of extra leisure time to a particularly well-paid sector of the community—
should be taken as an appropriate valuation from the point of view of society
as a whole.

In summary, then, the best evidence we have suggests values of travel time
savings of the order of 6 p per minute for leisure travellers and 16 p per
minute for business. If this is true, then there are verv large benefits to users
from introduction of high speed trains. For instance, on the East Coast Main
Line, a route carrving some 10 million passengers per vear at the time of
introduction of the high speed train with around 25 % travelling on business,
a 30 minute time saving per journey (probably an underestimate) would lead
to an annual benefit of some £ 25 m.

We may also use these values of travel time savings as the basis for a further
estimate of the travel time elasticity of demand for rail travel. We approach
this question by asking what increase in traffic the time saving would lead to if
fares remained unchanged. We already have (from the time series regressions
referred to earlier) a fairly precise and robust estimate of the sensitivity of traf-
fic levels to fares as being an elasticity of the order of —1.0. If we assume that
the leisure travel elasticity is around —1.25, with a somewhat lower elasticity
of, say —0.5 for business travel, we may estimate the u)rrespondmg journey
time elasticities from a knowledge of the value of time savings and of fares and
journey times. Obviously the latter will vary from route to route, and accor-
ding to the tvpe of ticket bought. In 1985, British Rail Inter City receipts ave-
raged about 4.3 p per km, but with variations from 10 p per km for first class
travel on prime business routes to bargain fares as low as 2.5 p. Suppose that
we assume that on average business travellers pay 50 % more than leisure and
that business travel accounts for 25 % of travel. A reasonable mean speed
including schedule delay to assume would be around 16 km per minute. This
would lead to typical journey time elasticities in the leisure market of the
order of —0.8, whilst for business travel a typical value would be around —0.6.
These results would suggest an average journey time elasticity very close to the
value of —0.8 given by the High Speed Train monitoring studies, lending sup-
port to the view that the extra traffic was produced largely by the journey time
reductions, with only a modest effect of other quality of service variables.

Assuming this sort of level of generated traffic (which accords with the evi-
dence quoted earlier) there is little doubt that the introduction of the high
speed train on the East Coast Main Line was financially very profitable for BR.
The total cost of 28 high speed sets was some £ 50 m in 1978 prices, but since
it released modern air conditioned stock for service elsewhere it avoided a
similar expenditure on conventional rolling stock. Only some £ 15 m (1978
prices) was spent on upgrading track and signalling (Table 7). Estimates by
one of our students suggest on an incremental cost and revenue basis an inter-
nal rate of return of 19-22 %, rising to 56-61 % when time savings to users are
added in (Mafurirano, 1983), in comparison with continuing to run the exis-
ting service.
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TaBLE 7 i
ECML high speed diesel service

Capital costs (1978 prices)

Rolling Stock ...l
Track and signalling

Source: Mafurirano (1983).

In the absence of major new road capacity, a further obvious benefit of high
speed rail is relief of congestion. Britain is already facing acute and worsening
congestion, not just in cities, but also on some interurban motorways and
trunk roads. DTp (1984) examined the degree to which removing traffic from
various categories of road would yield benefits in terms of reduced travel time
and accidents for remaining road users. The figures for reduced congestion,
uprated both for inflation and for revisions in the real values of time, are
shown in Table 8. Both congestion and accident benefits were very significant
relative to the extra revenue generated by faster speeds even in the 1984 study
although this was partly offset when the loss of revenue to the exchequer from
a reduction in taxed road transport in favour of untaxed rail was taken into
account.

TasLE 8
Benefits from removing road traffic

(July 1988 p per PCU removed)

Capacity utilisation

70 90 100
Rural
Motorway ........oooiiiiiii 2.4 3.0 4.7
Dual carriageway ................oooi, 1.8 2.4 3.0
Single carriageway (10 m.) .............o.o..L. 2.4 3.3 4.7
Single carriageway (7 m.) ...l 2.4 3.0 3.5
Urban
Suburban dual carriageway ................... 4.7 7.7 10.0
Suburban single carriageway .................. 7.7 13.0 17.1
Urban non-central ................. ... 9.4 15.9 21.2
Urban central ............. . 18.3 34.8 49.0

Source: Department of Transport (1984) Economic Evaluation Comparability Study, updated to july 1988 opera-
ting costs and values of time.

5. Environmental effects

The direct environmental effects of high speed rail services comprise the
effects of construction of the infrastructure (landtake, severance, visual intru-



350 INVESTIGACIONES ECONOMICAS

sion) and the effects of the operation (noise, air pollution). Regarding the for-
mer, it is well recognised that rail infrastructure requires less landtake than
motorways devoted to cars. However, the question again must be raised of
how far one is a substitute for the other. The comparison is also less favoura-
ble to rail if we are comparing a new rail route with additional lanes on an
existing motorway, although it must be recognised that a new railway many
follow the course of existing railways or motorways, subject to the constraints
imposed by curvature and gradient requirements for high speed. (Steer,
Davies and Gleave, 1989). If a new transport corridor is required, it will be
important how densely populated the area is and whether the topography
makes it easy to fit in the new infrastructure.

Regarding noise, the above study concluded that a high speed rail route and a
new motorway would create approximately the same level of noise measured
in terms of Equivalent Continuous Sound Level. However, there is evidence
that the more intermittent nature of rail noise is less disturbing than motor-
way noise (Fields and Walker, 1982). Again, however, comparison of a new
high speed rail route with adding lanes to an existing motorway would show
rail as creating additional noise nuisance unless it can be located in an existing
noisy transport corridor or conversely well away from centres of population.

Less effort seems to have been devoted to comparing the environmental
effects of rail and air. It is obviously in the vicinity of the airport that air crea-
tes its major landtake and noise disbenefits. By postponing the need to deve-
lop new or expanded airports, high speed rail could have a very real be-
nefit here.

On air pollution there are two issues, a local one and a global one, but for
inter city travel it may reasonably be presumed that it is the global one (emis-
sions which contribute to acid rail and the greenhouse effect) that is predomi-
nant. For oil based transport modes, it is reasonable simply to compare
primary energy use by mode (Table 9). This suggests that if car and air were to
be replaced by a high speed train, the reduction in energy consumption

TaBLE 9
Petroleum use by transport mode
(Litres per hundred passenger km)

Current Fully
Load Loaded
Factors
COommUuting Car ............coooiieiiiiiniin..s 9.2 3.0
Alreraft oo 9.0 5.8
Off-peak car 4.2 2.4
High speed train® 2.0 1.0
Express coach ...................o 0.9 0.7

Source: Earth Resources Research (1989): Atmospheric Emissions from the use of Transport in the UK.
* Modern rolling stock can achieve this level of energy consumption at 300 km Ph (Community of European
Railways, 1989).
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would be substantial. Even if 50 % of the traffic carried by a high speed rail
service were generated, a high speed rail link which diverted the remaining
50 % of traffic from air and car would save energy. However, in looking at
speeding up an existing rail service, one would have to take account of the fact
that rail energy consumption begins to rise rapidly with speed, so that the
energy consumption for existing rail travellers will be much higher than
otherwise.

A further major problem is that high speeds alsmost invariably involve elec-
tric traction, and much then depends on how the electricity is generated. In a
country with plentiful nuclear or hydro electricity, the emissions consequen-
ces of high speed rail may be very slight (although there remain other, per-
haps more significant environmental objections to nuclear power). In Britain,
with its current dependence on coal fired power stations, the emissions conse-
quences are more serious, although it has been estimated that their superior
running efficiency means that electric express trains produce a similar amo-
unt of greenhouse gases to diesel per passenger km (Hughes, 1990).

Overall, then, the simplistic environmental case for high speed rail does not
look very firm, and there may well be circumstances in which the introduction
of high speed rail will have net environmental disbenefits. In practice, much
depends on the extent to which it can really delay the need for additional air-
port or motorway capacity, whether it can readily be fitted in to an existing
transport corridor or an area which is not seen as environmentally sensitive,
and the source of the energy for traction. Certainly environmental as well as
cost considerations point to the need to emphasise a choice of speed which is
fast enough to be competitive rather than the fastest that is technically pos-
sible.

6. Development benefits

Within Britain, the argument that new road infrastructure should be construc-
ted for local or regional economic development benefits has long been viewed
with suspicion. Most studies have concluded that new road infrastructure
achieves little other than a limited amount of relocation usually at a local level
(Parkinson, 1981).

On the face of it high speed rail infrastructure appears less likely to have an
impact than new roads. Even with the improved service, rail will be used for a
much smaller proportion of business trips than road, and high speed rail is of
limited benefit to freight. Yet much of the argument for extension of the
French TGV to extra regions, and for the development of high speed links bet-
ween the Channel Tunnel and the north of Britain has rested on supposed
regional development benefits.

Again, the best evidence on the effects of the high speed train relates to the
Paris-Lyon TGV. Bonnafous (1987) undertook surveys both of business trave-
llers and of a large sample of enterprises in the Rhone-Alps region. As expec-
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ted, he found the effect of the high speed train on industrial location to be
very marginal. More significant were the effects on tourism and service indus-
tries. Although there was a big increase in dav trips to tourist attrractions,
there was no evidence that the high speed train benefitted the winter sports
business, and hotel stavs in big cities were reduced as day trips became more
easy. On the other hand, Lyons based service industries such as market
research, advertsing and consultancy did greatly expand their number of
clients in the Paris area, with no evidence of a similar invasion of the much
smaller Lvons market by Paris based firms.

Thus there is some evidence of regional development benefits to the service
sector, but it remains doubtful whether this should be a major consideration
when considering investment in high speed trains.

7. Conclusions

There is still too little evidence of the effects of high speed trains to be very
certain about their costs and benefits, particularly given the degree to which
their effects vary according to circumstances. However, the following conclu-
sions appear appropriate from the evidence to date.

Firstly, increases in rail speeds can generate substantial increases in traffic and
revenue, particularly for journeys in the middle distance range. This extra
traffic will be part generated and part diverted from air or car. Rail appears to
be particularly competitive with air where it achieves comparable door to
door journey times.

Secondly, higher speeds will bring benefits to users which cannot all be captu-
red in the form of extra revenue. It may also bring limited benefits in the form
of time and accident cost savings on other modes of transport. However, the
main benefit of removing traffic from other modes will be a reduced need for
expensive and environmentally intrusive new infrastructure on those modes.

Thirdly, neither the environmental nor the development benefits of high
speed rail appear particularly convincing. On the environmental issue, much
depends on the exact circumstances. the net effects of high speed rail could be
beneficial or damaging. Regarding regional development, there is some evi-
dence of benefits to the service industries.

Fourthly, and most importantly, there is a need for careful appraisal of all
high speed rail proposals, and a traditional transport cost benefit analysis
complement by an environmental impact assessment which extends to com-
peting modes appears well equipped to capture the most important effects.
Appraisal is particularly important given the enormous range of possibilities
regarding design speeds and mixture of upgrading and new construction.

It appears likely that a core network of high speed routes serving the major
European middle distance markets, on routes where extra capacity is needed
anyway and where airport capacity is at a premium, will be well justified. But
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proposals to build entirely new infrastructure to more peripheral areas where
extra capacity is not needed anyway should be looked at with much greater
scepticism. In these areas, upgrading of existing lines and the exploitation of
new technology such as the Italian or Swedish tilting trains, which can travel a
higher speeds over existing infrastructure, is likely to be a more cost-effec-
tive solution.
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Abstract

There is currently a wave of high speed rail proposals sweeping through Europe,
amounting to some 7000 route kilometres of new construction and 8000 of upgraded
track and costing of the order of 58 billton ecu (in 1985 prices). There is therefore an
urgent need for a careful assessment of the costs and benefits, both of the network as a
whole and of the individual component parts of it.

The principal benefits of high speed rail are taken to be the revenue, traffic and dme
savings it generates; relief of congestion, accidents and environmental effects of other
modes of transport and its alleged local and regional development benefits. Clearly
many of these benefits depend on how har it really does divert traffic from these
modes as opposed to generating totally new trips. At the same time, high speed rail
schemes have significant environmental costs.

Evidence on all of these issues is examined, and it is concluded that the evidence for
environmental and development benefits is limited, although in the former case in
particular much depends on the exact circumstances. Given the wide variety of options
in terms of speeds and mix of upgrading versus new construction, careful appraisal is
very important, and a traditional transport cost-benefit analysis and environmental
impact assessment appear well equipped to capture the main costs and benefits.

The conclusion is that there is likely to be a good case for a core network linking the
major cities of Western Europe in the middle distance range, but beyond that, upgra-
ding of existing infrastructure and development of new technology may provide a
more cost-effective solution.
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