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Abstract

The development of High Speed Rail (HSR) in Europe has been encouraged and financially
supported by the European Commission. Several lines arein operation, and many others under
construction or waiting for approval. HSR technology is presented as a solution to congested
roads and airports. Besides, rail transport is generally regarded as more environmentally friendly
than other modes. However, the case for aHSR investment is highly dependent on the volume of
demand in the corridor, which generates the key benefits: time savings with respect to air
transport, conventional rail and car, and the value of generated traffic. In this paper, we analyze
under which conditions net welfare gains can be expected from new projects. Using real

construction, maintenance and rolling stock costs of European HSR lines, and standard val uesof
time, we try to figure out the required minimum level of demand from which investment in HSR
could be considered profitable from a social perspective.
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1. Introduction

One of the main trangport policiespursued by the European Commission during thelate 90swasthe
development of high-speed trains. The accession of new Member States hasincreased the average
distance between European capitals, which cdls for awider high-speed rail network. The Trans-
European Transport Network (TEN) is akey element of the European transport policy, and the
congruction of a High Speed Rail (HSR) network is gill among the priorities of this policy
(European Commission, 2001).

The discussion about the economic benefits of HSR investment and the opportunity of devoting
public funds to its development is usudly too generd and imprecise, based on economic
development arguments common to the literature on infrastructure and growth (Gramlich, 1994).
Decisons to build HSR lines are taken, in generd, without any clear overdl plan (Vickerman,
1997). Besides, the TEN program suffersfromproblems of morad hazard, given themixed financid
responsibilitiesand the presence of non-economic objectives. In these circumstances, theeoonomic
viability of investments in rail infragtructure projects to change moda plit is not guaranteed
(Sichdschmidt, 1999).

The raionde for the investment decisons in the recent past goes far beyond the usud
microeconomic gpproach used in project evaluation, into aless solid ground dominated by Srategic
and political arguments or regiona development objectives. Recently the economic appraisa of
HSR projects, including cost-benefit andysis, is required by the European Commisson and
routindy undertaken by the Member States, though political and strategic considerations are il
paramount™.

The economic judtification for new investment in HSR is strongest where there exists a potentia

market for travel within 200-800 km but especidly in therange 300-600 km. The benefits outside
this range diminish: The socid benefits below 200 km are quite low and cannot compete with air
transport above 800 km.

The economic benefits of the congtruction of new HSR are very sengtiveto the volume of demand.
Citieswith high population densities dong the corridor mean more users sharing the fixed costs of
capacity. Neverthe ess, high dendty urban areas mean higher construction costs. The congtruction
cogts of 100 km of high speed railway line (speed above 250 knvhour) changes dramatically
depending on geographic conditionsand the crossing of urban aress. Vauesgo from €1785million
t0 2921 inItaly, to 625 t01334 in France, measured in 1997 PPP values. A conservative standard
average vaue for 100 km in current euros could be 1200 million (Barron de Angoiti, 2004).

A careful assessment of thevaluefor money invested in HSR infrastructureis specidly needed given
the high cost of infrastructure congtruction and the high proportion of sunk cogtsin total costs. Nash

! see Phang (2003) and van Exel et al (2002) for the strategic consideration of large infrastructure projects.



(1991) suggests that thereistoo little evidence on the true costs and benefits of HSR proposas.
Environmenta and devel opment benefits appear unconvincing. Thiscondusionisbased onempirica
evidence on demand response to speed changes (Fowkes, Nash and Whiteing, 1985; Owen and
Philips, 1987; Bonnafous, 1987; Marks, Fowkes and Nash, 1986), development benefits
(Bonnafous, 1987; Martin, 1997; Rietveld, 1989; Plassard, 1994) and environmental effects
(Hughes, 1990).

The objective of this paper istwofold. First, werely on atheoretical modd to identify the key costs
and benefits of a HSR project. Second, based on rea vaues of congtruction, maintenance and
rolling stock cogts of European HSR lines, standard vaues of time, and severd smplifying
assumptions, wetry to figure out the required minimum level of demand from which invesment in
HSR could be considered profitable from asocia perspective.

The structure of the paper is the following. Section 2 presents the modd used to andyze aHSR
project, showing the key eements to be taken into consderation for its economic evauation.
Section 3 describes the vaues used in our cdculations, and the results obtained. Section 4
compares the range of minimum demand required for the socia profitability of HSR projectswith
the redl case of the Madrid-Sevilleline. Findly, the main conclusions are presented in section 5.

2. The modd

Let us consder the case of a project consgsting in the congtruction and operation of a new high
gpeed ralway line. This project has a life of T years. The condruction firm builds the rall
infrastructure and superstructure, and the operator buys the mobile equipment during some initia
period, which will be consdered asthe year of reference (t=0) and after when deprediation requires

replacement. From t=0 until t=T, the rallway operator charges aregulated fare p and each year
receives Q users, assumed to be congtant during the life of the project.?

Totd infrastructure costs (expressed as opportunity costs) are equal to |, evauated in constant
terms of year t=0. During the life of the project, the operator incurs into some annual costs of
maintaining and operating therail track, sations, sgnaling and other fixed plants, and the operating
costs of labour and energy consumed in train operation.

Some maintenance costs are fixed (Ci(t)) and thusinvaridbleto theleve of trafficQ, and other are
demand related, depending on the number of users (C4(Q)). All costs are computed with shadow
pricesif relevant.

Supposeinitidly abase case without the HSR congsting of passengerstraveling from A to B intwo
transport modes. one that we shall cal conventional® and the other, road transport by car.

2 We drop this assumption later.

3 We do not distinguish here between conventional railway, air transport or buses. For simplicity we call the public option
the “conventional mode”. In section 4 we work with data from actual alternative modes.



Passengers pay a generdized cost go composed by money and time when using the conventiona
mode or their private cars.

Defining socid wefare asthe unweighted sum of consumersand producers surplusesand assuming
acontinuousflow of benefitsand cogts, socid welfarein thebase case can be expressed asthesum
of the surplusof passengers using the conventiona mode, the producer surplusof thefirm operating
the conventiona mode, and the surplus of the road users, during the life of the project properly
discounted at the socia discount rate:

T ¥

W= Qe dat +Q[pQ(G,) - Cc Q@R "dt+ ) ) h(@e"dntt (1)

where:

9, = b+ C, : generaized cost without the project.

p : regulated fare’,
C, : totd vaue of time in the generdized cost of atrip.
Q(2): market trangport demand of usersin the conventional mode.

C. (Q): totd cogt in the conventional mode.
Qg : road users.
r: socia discount rete.

Investment in HSR conggt in building a new line between A and B which reduces the time
component of the generdized cost for al passengers switching from the conventiona mode and
benefitting thosewho remain driving on theroad® at alower generdized cost, becausecongestionis
eased. This investment generates some direct benefits, and we ignore, for the moment, indirect
benefitsin secondary markets.

Tota cogts of the proyect are:

|+ (G +Cy(Q)e"dt )

where:

4 We assume that the regulated fare includes taxes, and it does not change with the project. Therefore, taxescanbeignoredfor
traffic diverted from other modes and should be included in the case of generated traffic as part of the willingnessto pay for
new trips, when the payment of this new trip has not been deviated from other tax generating activities with the sametax
rate. We assume gross revenue of generated traffic as a benefit of the project.

5 We ignore here the reduction of some externalities, as some not internalized components of accident costs and pollution.
Other environmental impact as barrier effects and visual intrusion should also be counted on the cost side of HSR,
particularly when HSR is not a substitute of a highway or an airport.



I infrastructure construction cogs.

C: annud fixed maintenance and operating cost.

C4(Q): annud maintenance and operating cost variable with Q.
r: socid discount rate.

Theintroduction of aHSR line means a discrete reduction of the generalized cost of travel. Given
that HSR is an indivisible invesiment, the change in sodid surplusis the following:®

DW = dcj Q(z)€ "dzdt + QT [p(Q- Q)- C,- Cy(Q) +Ce(Q)le dt - | .

T Yo o
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where,

0, generalized cost without the HSR project.
0,: generdized cost with the HSR project.

Qo: demand without the HSR project.

Qu: demand with the HSR project (includes diverted and generated traffic).
C: annud fixed maintenance and operating cost.

Cq(Q): annua maintenance and operating cost variable with Q.

Cc(Q): annud avoidable cost of the conventiona mode.

I Infrastructure congtruction costs.

0y : road users who do not change mode with the project.

T: life of the project.

r: socia discount rete.

2.1. Indirect effects

The demand function for trangport Q(g) is a derived demand and one should be careful when
adding theindirect effects of the reductionin travel timein other markets where firms use trangport
a an input, or their products and services are related to the primary market through
complementarity or subdtitutability links.

We assume the economy affected by the HSR project has two markets in equilibrium: one is
competitive and the other isamonopoly. A vaue function (V(p,c))for dl thefirmsin both markets
can be defined. Once the optimal quantity has been chosen, the benefit depends on p and c.

5 We are not maximizing welfare but obtaining the change in welfare when the government decides to build anew high peed
railway line.



V(p,©) =nV,@(p, ) + Vi (dn(PmC)) (4)

where:

V; : vaue function of a representative competitive firm.

n: number of competitive firms.

V., : vdue function of the monopoly.

p: price in the competitive market.

Pm: price in the monopolistic market.

c: margina cogt (trangport cost included).

Differentiating the value functionstotaly, and taking into account that in the competitive marketpyc
are parameters (only c in the monopoalistic market).

av_ N, N, Nado, o)
dc fc fc fp, dc

When firms pursue profit maximization, and both q and g, are at optimal levels, we can derivethe
vaue functions with respect to ¢, which shows the impact on secondary markets induced by the
reduction of unit transport costs ¢ caused by the HSR project:
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Expression (6) is the margind change in total benefits (at the optimum in both markets) when ¢

changes’. Expression (6) smplifiesto:

dv _ 19
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because at the optimum, in the competitive and in the monopoalistic sectors, respectively, we have:

(p-c)yd= g ®
qic
& 1q, fla,, 6dp,,
+ - - =0 9
gqm . P Cﬂpmg s 9)

" The envelope theorem is very useful here but, for the sake of clarity on what should be measured in secondary markets,
that “shortcut” is not taken.



It should be noticed that the first two terms on the right hand side of expression (7) have dready
been measured in the primary market, so the indirect benefits are reduced to(p,,, - €) % .Fora
c

given reduction in trangport cogt, the magnitude of thisindirect benefit of the project dependson the
existing market power and the dadticity of demand in the monopolistic sector with respect to the
reduction in transport costs.

Assuming the existence of taxes, subsidies and externdities in the competitive and monopoligtic
market, the indirect effects to be added to the direct benefits are:

ne - )19+ (p, +t - e- ¢) T (10)
Ic fc

where:

t :isatax per unit sold (negative in the case of asubsidy).
e isanegative externdity, congtant per unit sold.

It is worth noticing that the sgnificance of the indirect effects in expresson (10) depends on the
existence of digtortionsin the economy. Taxes, subsdies, and the existence of market power cregte
additional sources of benefits (and costs) in secondary markets. The importance of these indirect
effectsis an empirical matter®, which depends on the magnitude and sign of the distortions and the
cross-effects in secondary markets due to the reduction in transport costs’.

2.2. Simplifying the mode

Let usmake some useful Smplifying assumptions. Thefirst oneisthat indirect effects (postive and
negative) cancel out in the aggregate and the reduction in road congestion isnegligible. The second
one s that changes in revenue equa cost changes in the aternative modes. The condition to be
satisfied for apositive NPV can be expressed asfollows:

Q[BQ- C,(Qle "t - §Cedt > (1)

where:
B(Q): annua socia benefits of the project.

8The British Department of Transport suggest an additional 6% of net benefitsin UK due to the expansion of demand in
monopolistic sectors which benefit from transport reduction projects (see Department of Environment, Transport and the
Regions, 1999). They do not account for negative externalities as congestion, or the existence of taxes and subsidies.

9 Net benefits which have not aready been measured in the primary market.



C4(Q): annua maintenance and operating cost variable with Q.
C: annud fixed maintenance and operating cost.

I infrastructure construction cogs.

T: life of the project.

r: socid discount rate.

d : annud growth of net benfits.

Solving expresson (11), thefollowing condition is obtained for the project to be socidly desirable:

B(Q)- G,(Q)

— (1- e "7 %(1- e'm) > (12)

Rearranging terms and dividing by |:

BQ-GQ__r-d Cr-d 1-€"

I 1-e @I )y g @O 13
Assuming T tendstoinfiniteand r >d , expression (13) smplifiesto:
B(Q)- C -
(Q-CQ_  ,,Gr-d s

| | r

Expression (14) shows the condition to be satisfied in order to reach a positive net present value.
The economic interpretation of (14) issmilar tothemorered case of afinite project life (compare
to expression 13). The only change is amore demanding benchmark for profitability when thelife
period is 30 or 40 yearsinstead of infinite™®.

The net bendfits of thefirst year (annual benefitsminus variable costs depending on Q) expressed
as a proportion of the investment costs should be higher than the socid discount rate minusthe
growth rate of net benefits plus a proportion of fixed annua maintenance costs.

According to expression (13), the economic return of aHSR is higher:

Thelarger isthefirs year net benefit, which depends on the initid demand.
The lower are congtruction, maintenance and operating costs.
Thelower r and the higherd .

. 1 1- e _
T >1, T >1 whenr >d and 0<T <¥ . Both expressionstend to 1 when T ® ¥
1-e 1-e




The higher isthe share of fixed cogtsin total costs.
The longer isthe project life.

The socid profitability of HSR infrastructure depends crucidly on the net benefit of thefirst year of
the project. When externdities and indirect effects are not significant, first year annua benefits
(B(Q) - C,(Q)) aremainly time savingsand benefitsfrom generated treffic™*, net of variable costs.

These net benefits depend on the volume of demand to be served, the time savings on the line and
the VOT of the users.

The growth rate in expresson (11) affects benefits and costs in the sameway. Thisisan ad hoc
assumption only judtified on the lack of better evidence. In section 3, different vaues for d are
tested. Another possibility is tointroduce aseparate variableto account for changesinthe vaue of
time overtime and labour costs. To do this requires choosing other growth rates for other cost
categories which are not expected to vary proportionaly with income.

Then, from (13) and given the vdue of r,d , I, T.and C,, the minimum vaue of B(Q) - C,(Q)

required to satify condition (13) is immediately determined. Once the required vaue of
B(Q) - C,(Q) isknown, wecanwork out therequired level of demand under certain assumptions.

3. Empirical evaluation of HSR projects

Following an approach based on changes in resource costs and willingness to pay, the cost and
benefits of HSR projects can be classfied asfollows:

Condtruction cogts of the new line

Investment in ralling stock

Maintenance and operation of infrastructure and trains

Time savings for HSR users

Willingnessto pay for quality of service improvements

Time savings for road users due to the reduction of congestion
Cogt savings in aternative modes

Accident cost savings

Devel opment benefits

Environmenta impect

Deve opment benefitsand environmenta impactsare very difficult to assesswithout contemplating a
particular project. The environmental impact of the HSR is not clear at dl. High speed lines need
land, crossing areas of environmenta value. The rail track creates a barrier effect in the affected
territory, produce noise and generate landscape intrusion effects.

1 willingness to pay for the difference in comfort is another source of benefit, though the empirical evidence is scarce.



The benefits of aHSR project are basicaly changes in users, operators and taxpayers surpluses,
and these changes should be estimated with respect to arelevant base case. Inmany cases, thenew
HSR lineiscompared with agtuation of long traveling timeson an inefficient traditiona network, but
other less cogtly dternatives do exigt, and these do something cases should be taken as the
reference point.

One should underline here that not dl the countries have chosen thehard lineoninvestment inHSR
disregarding the expected net social benefits. One case is Sweeden, where “... the X 2000 tilting
train has provided the same basis for accelerating services on classc lines with speeds up to 200
km/h. Banverket, the Swedish rail infrastructure authority, has so far concluded that the additiona
benefitsfrom implementing anew high speed network for the southern trunk routesin Sweden may
not sufficiently outweigh the extra codts given the rdativdy margind gainsin time’ (Vickerman,
1997).

To have a HSR line in operation requires incurring in some fixed (and partly sunk) costs the
investment cogtsin infrastructure and superdtructure, which conssts of thetracksand sdingsaong
the line; the buildings and technica equipments for terminals and sations, the line sgnding, traffic
management and control system. This components need maintenance and operation (energy,
materials and labor), areservation system, and though these costsarein some way dependent of the
volume of traffic, they cannot be completely avoided when demand is lower than expected.

Maintenance and operation costs of rolling stock are energy and labor expenses needed for having
trains in operation. These cogts are demand-related, but depending of the existence of afull HSR
network or asingleline, rolling stock costs could be considered as fixed in the short term. In this
paper, we will consider al these costs as variable, i.e. related to the level of demand.

Itisnot easy to obtain valuesfor costs of HSR projects, because therange of variationiswide, and
cogsvary according toloca conditions: density of urban areas crossed, number of tunnels, bridges,
and o forth. Although it is possible to work with ranges and probabilistic distribution for different
cost categories and values of time, we have preferred to work with deterministic valuesbased ona
consarvaive gpproach conggting in the use of the most frequent cost vaues in standard
circumstances (based on the HSR in operation in Europe), and using different values of time, from
several European studiesin the recent past.

In despite of the difficulties associated to the limited evidence concerning cost deta (see Barron de
Angoiti, 2004), webdlieveit ispossbleto work within certain redlistic ranges for standard projects.
Table 1 shows the actua costs used in this paper, while table 2 summarizes some recent sudies
which have obtained values of travel time in Europe.

10



Tablel. Estimated costs of a 500 km HSR linein Europe (2004)

Cost per unit Units Total cost
(€ thousand) (€million)
ian®
Infrastructure construction 12,000 500 6,0000
(Km.)
Infrastructure maintenance 65 500 05
(Km.)
. 2)
Rolli ng_stock( 15,000 0 6000
(Trains)
Rolling stock_mal ntenance 900 0 36.0
(Trains)
Energy 892 40 357
(Trains)
L abour % 550 198
(Employees)
Source: UIC
@ Terminal value = 50% of the investment in infrastructure.
@ NPV of rolling stock investment = 20% of the investment in infrastructure.
Table 2 Passenger transport: Value of time per person/hour
" HCG HCG SNRA EUNET UNITE
Relevant VOT studies 1004 1908 1097 1998 Values
Euro Euro
Transport Segment 1998 1998
Car / motorcycle 6.70 9.31
Business 21.23 21.00 11.95 21.00
Commuting / private 5.53 6.37 391 6.00
Leisure/ holiday 3.79 5.08 3.10 4.00
Coach (inter-urban)
Business 21.23 21.00
Commuting / private 5.95 5.40 6.00
Leisure/ holiday 3.08 4.37 4.00
Urban bus/ tramway
Business 21.23 21.00
Commuting / private 5.95 4,94 6.00
Leisure/ holiday 3.08 3.22 3.20
Inter-urban rail 497 8.50
Business 18.43 11.95 21.00
Commuting / private 6.48 6.21 6.40
Leisure/ holiday 441 4.94 4.70
Air traffic 40.60
Business 16.20 28.50
Commuting / private 10.11 10.00
Leisure/ holiday 10.11 10.00

Source: UNITE

11



The assumptions used in our calculations are:

There are various types of indirect effects, some of them increasing the benefits of the
project, other reducing them, and the find effect is negligible.

All the dternative modes operate in competitive markets or bresk even in the case of
regulated markets.

Market prices are equal to opportunity costs.

Reduction of congestion and road accidents occurs but the overdl effect on the project’s
NPV isno sgnificant.

There are no important user benefits beyond the time savings.

Based on these assumptions, thefirgt year net benefits are equd to the changein al users (deviated
and generated) surplus, and the producer surplus:

3(9o- 9 )(Q+Q)+pQ - PQ, - Cq +Ce (15)

where:

0,: generdized cost without HSR.
0,: generdized cost with HSR.

Qo: demand without HSR.

Q1 demand with the HSR project.

Cq: anua maintenance and operating cost variable with Q.
Cc: annud variable cost of the conventiona mode.

By definition, the generdized costis g = p + ¢ . Expressing the changein ¢ asthetotd vaueof time
saved by a passenger, substituting and rearranging back in (15), we obtain expression (16) which
gpproximates the vaue of (15):

[VDIQ, +Cc](1+a)- C, (16)

where,

Vv: average vaue of time,

Dt : average time saving.

Qop: demand without HSR.

Cc: annud variable cogt of the conventiona mode.
a : growth rate of generated traffic with the project.

12



Subdtituting (16) back in (13) and rearranging, it isstraightforward to figure out the minimum value
of Qo which would be necessary for apositive NPV. Assuming for smplicity that T tendsto infinity:

1
&r-d)l +C, +C,

r-do C.
> - 7
vDt(l+a) &

Q é
What do we know regarding the actud values of the key parametersin (17), required for the
profitability of the project? One of the key vauesisthe expected time savings. Steer Davies Gleave
(2004) provides some evidence, from its cases sudies on HSR deve opment, transport marketsand
gppraisa processes in UK and six other countries : The base case is a conventiond ral with
operating speed of 130 km/h (representative of many main linesin Europe). For distancesin the
range of 350-400 km, atypical HSR yields45-50 minutes savings. When conventiond trainsruna
100 km/h, potentid time savings are one hour or more. Nevertheless, if conventiona trains

operating speed is 160 km, time saving is 35 minutes over a distance of 450 km'™2,

These average vaues imply that dl passengers travel the whole length of the line. Given the
exigenceof other gaionsaong thelineand different trip length, these vaues overestimate the actud
time savings. In this paper we consder time savingsof 1 hour, 1.5 hour and 2 hourswiththeam of
obtaining more robust results.

Other key parameters are the va ue of time and the socid discount rate. We use average va ues of

time ranging from 15 to 30 euros. For the sake of robusinessthe maximum value chosen isabove
the sate of the art values, as can be seen checking table 2. Thisrangeincludes different possibilities
of trip purposesand initia trangport mode combinations, and the possibility of an extrawillingnessto
pay for quality not induded in the reported values of time™. Avoidable costsin the conventional

mode (Cc¢) are assumed to beahaf of the high speed train (C+C,). The socia discount rateis5%,
recommended by the European Commission for the evaluation of infrastructure projects™.

Table 3 and 4 summarize the results, corresponding to adternative scenarios based on different
combinations of vaues of time, demand growth rates, and time savings.

12 These figures underline the importance of the chosen base casein cost-benefit analysis.

13 We do not see the advantage of conducting a risk analysis as far as the probabilistic distributions of key variables are
unknown. The estimation of a distribution function of minimum demand levels required for NPV>0 would be misleading
because the probability of obtaining results based on the simultaneous occurrence of extreme vaues for v, Dt, generated
traffic, etc. would be too low, even assuming uniform distribution for key parameters.

14 See European Commission (1997)

13



VOT

VOT

VOT

15€
20€
30€

15€
20€
30€

15€
20€
30€

Deviated demand required for NPV=0

Table3

Deviated O (Millions)
Generated traffic=0,1

d=1,5% d=2% d=25%
Time savings Time savings Time savings
1 1,30 2 1 1,30' 2 1 1,30 2
221 14,7 11,0 20,5 13,7 10,2 19,0 12,7 9,5
16,5 110 8,3 15,4 10,2 7,7 14,2 95 7,1

11,03 7,36 5,52

10,25 6,83 5,12

9,50 6,33 4,75

Deviated Q (Millions)
Generated traffic = 0,25

d =1,5% d=2% d=25%
Time savings Time savings Time savings
1 1,30' 2 1 1,30’ 2 1 1,30 2
18,9 12,6 9,5 17,5 11,7 8.8 16,2 10,8 81
14,2 9,5 71 13,2 8,8 6,6 12,2 81 6,1

9,46 6,31 4,73

8,77 5,85 4,39

8,11 541 4,06

Deviated Q (Millions)
Generated traffic= 0,4

d=1,5% d=2% d=25%
Time savings Time savings Time savings
1 1,30 2 1 1,30' 2 1 1,30 2
16,5 11,0 8,2 15,2 10,1 7,6 14,0 94 7,0
12,3 8,2 6,2 11,4 7,6 57 10,5 70 53

8,23 5,48 4,11

7,61 5,07 3,81

7,02 4,68 351

14




VOT

VOT

VOT

15€
20€
30€

15€
20€
30€

15€
20€
30€

Total demand required for NPV=0

Table4

Q (Millions)
Generated traffic=0,1
d=1,5% d=2% d=2,5%
Time savings Time savings Time savings
1 1,30 2 1 1,30' 2 1 1,30 2
24,3 16,2 121 22,5 15,0 11,3 209 13,9 104
18,2 121 9,1 16,9 11,3 8,5 15,7 10,4 78

12,14 8,09 6,07

11,27 7,52 5,64

10,45 6,97 5,22

Q (Millions)
Generated traffic = 0,25
d=1,5% d=2% d=25%
Time savings Time savings Time savings
1 1,30 2 1 1,30 2 1 1,30 2
23,7 158 11,8 21,9 14,6 11,0 20,3 13,5 10,1
17,7 11,8 8,9 16,4 110 8,2 15,2 10,1 7,6

11,83 7,88 5,91

10,96 7,31 5,48

10,14 6,76 5,07

Q (Millions)
Generated traffic= 0,4
d =1,5% d=2% d=25%
Time savings Time savings Time savings
1 1,30' 2 1 1,30’ 2 1 1,30 2
23,0 154 115 21,3 14,2 10,7 19,7 13,1 9.8
17,3 115 8,6 16,0 10,7 8,0 14,7 98 7,4

11,52 7,68 5,76

10,65 7,10 5,33

9,83 6,55 4,91
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4. Ex-post evaluation of the Madrid-Seville HSR line

Thefirst HSR line in Spain was Madrid-Sevilla (AVE™). Thisline was opened in April 1992, the
date of the Universal Exhibition held a Sevilla, with alow leve of demand (less than 3 million
passengers, commuters included) despite a favourable pricing policy applied by the operating
company RENFE™. Thelineis currently used by high speed trains, running a morethan 250 knvh,
and by conventiond ralling stock (Talgo) running a 200 km/h and providing services beyond
Seville

A previous cogt- benefit andysis of the Madrid- SevillaHSR corridor (De Rus and Inglada, 1993,
1997) provides uswith basic information that can be used for illustrative purposes about the socia
desirability of aHSR project, by applying expresson (13).

The following is a summary of the background information regarding the first year economic
benefits, the congtruction costisand the fixed annua maintenance cost of theinfrastructure. All costs
and benefitsare given in euros, converted to 1993 values. Infrastructure cogts are net of taxesand
shadow pricing is applied to unskilled labour (conversion factor on actua monetary costs: 0.85).
For the sake of comparison a 5% red discount rate is used instead of the officialy recommended
6% in 1992.

Firg year benefits come from generated traffic (40%), time savings (24.7%), cost savings from
other modes (32%), and reduction of accidents and congestion (3.3%). It seems clear that ahigh
proportion of first year benefitsdepends crucidly on thevaue of time. Vauesof time per hour used
by the Spanish Department of Trangport are€4.5 eurosfor cars, €9.8 for conventiond rail; €2.4 for
bus and €19 for air transport (1993 values).

Given the fact that 86% of the overdl time savings come from rail passengers switching from
conventiond rail to HSR, the value of €9.8 (1993) for conventiond rail (€13,5 in 2004 vaue)
shows the importance of the VOT used to obtain thefirgt year benefits. Air transport trave timeis
lower than high speed after including access and waiting time, though the generdized cost of air
trangport is lower given the lower price charged for HSR.

The cogt savingsin dternative modes which suffer traffic diverson rely on afavourable hypothes's
for the project: totd costsof providing the service are consdered avoidable cogts. Findly, accident
and congegtion costs are low because the HSR line was built a the same time of anew highway
between Madrid and Sevilla

5 AVE: Alta Velocidad Espafiola (Spanish High Speed Train).

18 |n the first years, revenues were below total variable costs. Now, prices are slightly higher than average variable cost.
Investment costs remain uncovered. Infrastructure maintenance is not included in AV E accounts, but the present profits of
AVE as shown in the annual reports probably mean that revenue cover total variable costs.

17 «Unlike the French case, the AVE cannot provide through service because it is built to standard Europen1435mmgaucg
whilst the classic network in Spain isto a broader 1676 mm gauge. Trains with especially adjustable bogies maintain these
services’ (Vickerman, 1997).
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The vaues used in our caculaions are the following (in € millions):

First year benefits 108.98
Variable costs (depending on Q) 88.62
Infrastructure maintenance 21.60

Investment costs (conversion factor for shadow pricing: 0.85) 2,343.00

Subgtituting the data of the HSR line Madrid-Sevillein (13) we obtain the first year net benefits
(demand related) required to reach a positive socid net present vaue during thelife of the project,
as well as the volume of demand needed to satisfy this condition. Table 4 shows the results for
different growth rates of net benefit during the life of the project (40 years).

It isworth noticing here thet the figure of demand corresponding to first year net benefits does not
include fixed infrastructure maintenance cogts. Asthefigures show, if we consider maintenance and
operating cogts variablewith demand, first year net benefits are negative and the NPV of the project
is negative whatever the length of the project is.

Table 4. First year net social benefitsrequired for NPV=0
(Madrid-Seville High Speed Line)

Required B(Q)-C(Q) =2% d=25% d=3% d=4%
In €(1993) Millions 117 107 98.6 824
% of Investment costs 498 458 421 352

First year reguired
demand (Millions of
passengers-generated
traffic included)

159 147 134 113

Actual values: first year B(Q)-C(Q)=€M 20.4; Q= 2.8 million; % of investment costs= 0.87

d annual growth of net benefits.

Inany case, the volume of demand of theHSR linein its second year of operation wastoo low (3.6
million passengersincluding short distance commuiters) to judtify theinvestment. For demand growth
ratesranging from 2 to 4 per cent, theinitia number of passengersrequired in 1993 goesfrom 16 to
11 millions, considerably higher than the actud figure at thet time™.,

18 The volume of demand of the HSR line quoted in the text corresponds exclusively to high speed train operating in the
corridor Madrid-Sevilla. Nevertheless, in the calculation of the benefits of the HSR line (de Rus and Inglada, 1997) Talgo
trains using the line to go to Malaga o Huelva were included. Therefore, no relevant benefits derived from the invesment in
HSR infrastructure have been omitted.
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Comparing the generd results summarized in table 4 with those obtained for the Spanish firg high
speed ling, it seemsevident that theinitia levels of demand obtained for the Madrid- SevilleHSR are
inagmilar range.

Itisquite evident that the minimum level of demand required for areasonable return of public funds
invested in HSR ismuch higher than the forecasted demand in many actua projects. Taking average
vaues for infrastructure, maintenance and operating costs, sandard values of time and other
ressonable assumptions, the minimum level of devisted demand from other transport modes
required in the firgt year of operation must be in the range of 8-10 million passengerslyear, unless
other benefits (such asareduction of congestion or accidents) are Sgnificant enough to reduce the
profitability threshold.

Moreover, eveninthe case of apositive net present value, based on alow demand at the beginning
combined with a high rate of growth, another condition is required for the desirability of the
investment in economic terms. The relevant question iswhether socid benefitsfrom postponing the
implementation of the project are large enough.

The condition to be satisfied to postpone the project is the following:

il +(B' C)T+1 > (B' C)l
1+ @+)™ 1+i

(18)

Asauming inggnificant net benefitsinyear T +1 the gpplication of (18) isgraightforward: itisworth
to postpone one year the implementation of the project if the socid discount rateisgreater than the
ratio between first year benefits and total investment, (B- C), /| . Thiswasobvioudy the casein

the Madrid- Seville high speed line, where first year net benefits were dightly negative.
5. Conclusions

Decisonstoinvest in high speedrall (HSR) infrastructure are not alwayshbased on sound economic
andyss. A mix of arguments —strategic considerations, regona development, technology,
congestion in competing modes, and so forth- usualy makes the discusson on the economic
rationdity of investing in HSR vague and imprecise.

Theinvesment in HSR in a particular corridor depends on loca conditions affecting congtruction
cogs. Given the costs, the expected net socid benefit of theinvestment in HSR reliesheavily onthe
volume of demand and its composition. Congested corridors where new capacity is needed,

deviated traffic from road transport and dow cornventiond trains gives much more vaue than ar
trangport, and particularly when the reduction of congestion and accidentsissgnificant. Eveninthis
case, one could argue thet there are more efficient ways to ded with externdities.

HSR projects requireahigh volume of demand with enough economic vaueto compensatethe high
cogt involved in providing capacity. It is not only that the number of passengers must be large, but
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aso ahigh willingness-to-pay for the new facility is required: many users who obtain high benefits
when switching modes or travel more frequently.

We have explored under which conditions net welfare gains can be expected from new HSR
projects. Inthis paper we use some s mplifying assumptionswith theaim of obtaining abenchmark:
the minimum level of demand from which a positive socid net present vaue could be expected.
From actud congtruction, rolling stock, maintenance and operating costs of European HSR lines,
dtandard vaues of time, and ausud rate of discount, we find that HSR investments with expected
first year demand below 8-10 million of passengers are difficult to judtify.

This threshold is based on the lack of additiona benefits, such as a reduction of congestion and
accidents, or indirect effects not accounted for in the reduction of the generdized cogts of trave. In
the case of particular projects in congested corridors, or where new capacity is needed as an
dterndiveto highways, investment in HSR could be socidly profitable. However, before building
new HSR lines, these projects should idedlly be contrasted with other dternative investments, which
could yield better socia outcomes.
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