SECOND-BEST PROBLEMS IN RAILWAY
INFRASTRUCTURE PRICING AND
INVESTMENT

By Jan-Eric Nilsson*

1. INTRODUCTION

In 1988 the Swedish parliament adopted a new Transportation Policy Act (TPA). One
part of the new policy was that the nationalised railway company was separated into two
public agencies: Banverket (National Rail Administration) in charge of investment and
maintenance of rail infrastructure, and Statens Jarnvdagar (the State Railways, SJ)
commercially responsible for running rail traffic. Statens Jarnvdgar will furthermore be
charged for using tracks. The TPA specifically indicates that rail-use charges are to be
equalised to costs for marginal wear and tear and that externality costs are to be included
in the price.

This new policy draws attention to the importance of applying first-best rules for
infrastructure pricing throughout the transport market. Available documentation (re-
ferred to in Section 2) does, however, suggest that road vehicles may not pay their social
marginal costs for road use. This raises the traditional second-best issue of whether or not
itisinline with welfare maximisation to pricerail traffic at marginal costs in this situation.
Should Banverket, in its annual proposition of new rail charges to the government,
suggest that these charges are adapted to marginal costs or not? Furthermore, should
Banverket apply the same investment rules as when first-best pricing is applied?

Using an optimal commodity-taxation type of model, an extension of that used by
Friedlaender and Mathur (1982), these issues are addressed in Section 3. The model
facilitates an explicit analysis of the precise problems arising when one transport mode
generates more externalities than its transport market competitors, and when these
externalities are not fully priced. A distinction is also made between input/fuel taxes and
output/kilometre taxes as means of coping with externality pricing.

The results of Section 3 indicate the circumstances under which the use of railway
infrastructure by freight and passenger transport should be priced below social marginal
costs, as well as when investment rules should be adjusted to take account of inefficient
pricing of road use. A simple simulation exercise is also included.

* Economics Department, Stockholm University, and Planning Department, Swedish National Rail
Administration.
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2. MARGINAL COSTS FOR INFRASTRUCTURE USE AND
PRESENT PRICING PRACTICES

The basic principle of the TPA is that charges for use of tracks and roads should be set
to comply with social marginal costs. Except for the variable use-related fee, both modes
also pay an annual fee per vehicle. Variable fees for road utilisation are levied on petrol
consumed (an input tax). For diesel vehicles, it is the number of kilometres driven that
is charged. The diesel charge varies between cars, buses and trucks and also with
maximum-weight standards within these categories. Kilometre taxes are therefore
understood here to be output taxes, that is, related to transported quantities (subsequently
measured as ton-kilometres) rather than consumed volumes of input.

To calculate social marginal costs of road traffic for pricing purposes, results from the
long tradition of externality evaluation for investment appraisal can be used. Such
calculations were also accomplished as part of the work behind the 1988 TPA. Resulting
costs and present pricing of road traffic are summarised in Table 1. These figures indicate
that private cars pay their social marginal costs for use of average rural roads while buses
and trucks do not.!

As a result of the TPA, a supplier of railway services must also pay for use of track
infrastructure according to the two-part tariff principle. In addition to the annual, fixed
fee on rolling stock in use, variable charges are levied on four types of activities. First,
based on estimated maintenance costs, the user is charged per gross ton-kilometre (tkm)
for marginal wear and tear of different vehicles on track of different standards (see Table
2). Second, motivated by the accident risks that each movement of a train inflicts in
particular on road vehicles at level-crossings, rail traffic is charged per train kilometre.
Third, diesel use is charged per litre in order to account for the environmental impact of
using diesel powered locomotives and rail-cars. This fee, as well as the accident fee, is
calculated using the same principles as when road vehicle marginal costs are computed.
Fourth, a marshalling fee is extracted for each vehicle being handled under way at
marshalling yards.? Except for the fee on diesel use, railway fees can be considered to be
output taxes.

Marginal rail-use costs were thus estimated in order to form the basis for the different
types of fees, thatis, railway fees are — as far as present wisdom can tell — equal to social
marginal costs for using rail infrastructure. This is not the case for roads. There is reason
to believe that social marginal costs in particular of road use have been underestimated
in the TPA calculations. This is true for accident costs as well as costs for road surface
wear and tear and environmental externalities in particular from road use. The basis for
this belief is further elaborated in Hansson and Nilsson (1991).

! Costs in the TPA are calculated for some “average road”, with average traffic volume, average accident
risk, and so on. Disaggregation between several classes of roads would probably indicate considerable cost
differences between different roads, and costs for night-time road use would — except for heavy vehicle wear
and tear — be low.

2 Congestion on tracks — that is, interaction in the timetabling procedure between trains on a line close
to maximum capacity — is not internalised with a separate charge. The reason is that the operator, because
of the monopoly position still held in 1988, already takes the full consequences of congestion problems.
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TABLE 1

Social Marginal Costs (MC) and Fees (p) for Rural Road Traffic
(Ore/km,! 1987 price level)

Private Car Truck Bus
MC p MC p MC 14
Road maintenance? 1 32 28
Traffic surveillance 1 1 1
Congestion 1 5 2
Accidents 11 s 15 16
Environmental impact 6 27 23
20 19 80 55 70 40

1100 6re = 1 SEK, = 0.15 $US, = 0.29 DM, = 0.094 GBP, = 21 JPY (May 1989).

2 Road maintenance costs for trucks (22.5 tons) and buses (16 tons) are mean values for different tyre- and
axle-combinations.

3Private car with no catalytic converter. Corresponding costs for a car equipped with a converter is 1 6re.

TABLE 2

Variable Fees for Infrastructure Use

(Ore/gross tkm)

Locomotives

Locomotives, train speed <105 km/h . 0.55

Locomotives, train speed 105-135 km/h 0.66

Locomotives, train speed >135 km/h 0.79
Freight wagons on “Malmbanan” (iron ore)

Loaded 0.29

Empty 0.03
Other freight wagons

Loaded 0.23

Empty 0.05
Passenger cars

With radial-steered bogies 0.22

Without radial-steered bogies 031
Railcars

<10 ton/axle 0.07

>10 ton/axle 0.24
High-speed trains (>160 km/h) 0.31
Addendum for vehicles in electrically powered trains 0.02
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3. ANALYSIS

Assume for the subsequent discussion that charges are below social marginal costs for
road use, and that — for differing reasons — there is not sufficient political will to raise
these charges to first-best levels. The purpose of this section is to consider the use of three
means available to the government to intervene in a competitive transport market in order
to achieve an optimal split of transport assignments between different modes; input taxes,
output taxes and infrastructure investment. To keep the model simple, fixed (vehicle) fees
and their impact on the size of the vehicle fleet are not included. These are also less
important withrespect to the principal trade-off between modes under considerationhere,
but they have an impact on the price level where changes of mode are considered.

Two segments of the market are scrutinised, freight and passenger transport (3.2 and
3.3 respectively). In addition, a simulation analysis indicating quantitative results of
optimality conditions is presented (3.4). First, however, the basic model is introduced
@G.1).

3.1 The model

Inthe Friedlaender and Mathur (1982) model (henceforth referred to as FM), the transport
sector is delineated as a place where different modes compete for transport assignments.
In the present analysis it is assumed that road and rail are the only modes that compete
for the transport of one specific commodity. Let X_denote the volume transported by train
and X the volume on truck. The demand for the services of the two modes is depicted in
the following way:

X‘t' = X‘t(q‘t’ qB) (1)

X, = X4, q;)

where g represents the price paid by the shipper. This also carries over to passenger
transport, X representing the number of passengers using each mode. Equation (1) can
also be written as inverse demand functions:

q.=q.(X, Xp) )

45 = 4,(X,, Xp)

The trucking market is conceived to be competitive and the (monopolistic) railway,
competing with trucks on most of its market segments, is forced to respond to truckers’
competitive pressure. Describing each mode by a single representative firm, andignoring
aspects of intramodal competition, any transport firm in this market can be assumed to
maximise the following profit function (x_):

=, -u)X -C(X;:t, 1) m=1f 3)
Here, the first term on the right-hand side is the net revenue obtained by mode m, u, being
an output tax on the commodity. C,_ is total variable costs, #, a tax on an input — for
instance fuel — and I the level of infrastructure, assumed to be provided by the
government, for mode m. Total infrastructure costs are givenby w I , w_being the unit

m m®

cost of infrastructure. This can be conceived as a vector multiplication, each entry
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representing the (annual kilometre) cost of infrastructure of a certain standard with regard
to width, alignment, and so on.
Profit maximisation conditions of the two representative firms are as follows:

67[1:=q1:(XpXﬁ)—uI—SCI(X“XBJ”I,)_O @)
0X, oX;
_6_”£=qﬂ(xﬂxﬂ)_uﬂ_acﬂ(xf’xﬁ’tﬂ’lﬁ) =0

By differentiating (4) with respect to any output tax, it is obvious that volumes of both
modes will change. Also variations in £ and I, will produce cross-market effects unless
the variations are wholly accommodated by changes in total transport volumes. Since
emphasis is on pricing issues, effects of variations in Im will, however, be suppressed.
The following reduced-form equations for each of the outputs are therefore relevant:

X, =X (u, ty 1, 1) Q)

Xy =X, ug, t, 15, 1)

The problem facing the government is to maximise the sum of consumers’, producers’
and the government’s surplus, subject to possible market distortions, given the reduced-
form behaviour embodied in (5). In order to simplify expressions, it is also assumed that
integration s path-independent, that is, thatincome elasticities of the two modes are equal
insize (see Ng, 1979, page 95). The maximising problem can be depicted in the following
way:

Xz X B
B=["4:the Xg) ot [ "qpXerhg)Ohp=, g Xp+ S, P X (©)
m m

0
=Y Cols tu )+ Y, 10V Koss bs L)+ T, i X =3, Wl
m m m m

Here, h, is a dummy of integration, p, producer price (thatis,p, =g, —u, )and V isthe
conditional demand for an input to mode m, derived from the cost function by Shephard’s
Lemma. The first three terms give the value of the transport to the consumers net of actual
payments, the next two terms the net profit for each mode, while the last three terms
summarise net demand from the transport sector on the public treasury. Since consumer
payments (g, X,) exactly equals producer receipts (p,X,) and output taxes (1 X ) and
therefore cancels out, (6) can be written in the following way:

Xt X,
B=["quthe Xp)ahot [* gpe hg)dlig=3. Cos s L) ™
m

+ 3 tn VKot ) =Y, Wil
m m

In this situation, the government has six policy instruments available: two output
taxes, u_and u,; two input taxes, ¢, and #,; and two kinds of infrastructure investment, I,
and [;. Maximisation of the net benefit function with respect to u,, ¢_and I_ yields the
following first-order conditions (sub-index indicates which parameter is varied; the
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conditions for u,, 1, and IB are altogether similar to the present equations®):

Boo=|q - 9Ce0Xs |, OCh\ 05, SV, 8%, | Vo 0K (82)
6X,/ éu, 0Xg| Su, O0X,8u;  6Xz du,

B ={q.-0Ce| e (g, 0C0| BXp , , SV.oX.,, 8VadKa 8V, o (g,

| 5x,) &, 8Xs| 8, X, 81,  OXy &, o1,

B,=|q,-0C|8Ke | Ve, 8V X 6C._, _ .
8X, o1, oI, oX, 61, 81,

(g,-9C /X )isthedeviation of price from marginal cost. This differs from zeroif output
taxes are imposed or if market prices for some reason differ from marginal costs.
Consequently, g, — 8C,/0X, = u_+ d,, u_being the output tax and d_ the deviation
between marginal costs and (net) price of a transport by mode m. In this paper, d_
represents the deviation between social and producer marginal costs, that is, marginal
infrastructure wear and tear plus the different types of externalities discussed in Section
2. By assumption, marginal costs are larger than prices, that is, d_ < 0. If, furthermore,
p denotes the deviation between marginal benefits (cost savings) and marginal costs of
investment in infrastructure, that is, p, = -8C/81, - w, equations (8a-c) can be reformu-
lated.

Xe |y 41,8V . O] ug+ t,,aV”Ld 5Xf+d s _o (92)
Su, 8XJ)  du, 8, Su,
X, Uty 5_:) 5Xﬂ uﬁ+tﬁ6V"\+d 6Xf+d t,aVT—O (%b)
8t, 8 &, ot
& U+ t15V, + t, +d, X, L+p.=0 %¢)
oI, X, ol

3.2 Freight transport

So far, the general model has been set out. To illustrate the freight market second-best
problem, consider transport of timber to the pulp industry. By assumption, trucks do not
in general pay their social marginal costs. This is particularly so since a low standard
network is used for a considerable share of the total number of timber-truck kilometres.
On the other hand, timber-trains pay their way in this respect. In highly competitive
situations, timber-trains could be driven outof the market by trucks, inter alia since trucks
do not pay their social marginal costs for infrastructure use.

In the model for optimal pricing of freight market vehicles, kilometre taxes on diesel
trucks and variable rail charges are classified as output taxes (u, and u_respectively). In
this market, no petrol vehicles are in use, that is, 8z = 8, = 0. 'ﬁ]e equatlon system (9a-

* In equation (8b) V(...) - 8C /3¢, cancel out because of the definition of V(...).
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c) is therefore rewritten to (10a-d).

5X
(uﬂ+ dﬁ) A
wo=d—— O (10a)
5X,
ou,
e+ d e
upe=dg-—— (10b)
8X;
Suﬁ
po=—(uetd ) e (100)
S,
5X
pﬁ=—(u5+dﬁ)——£ (IOd)
8l

The comparative statics of the problem can, as in FM, be found by implicit differentiation
of the profit-maximising conditions for each firm, that is, 8Xy/du_> 0, 8X /du, > 0, 8X,/
uy < 0 and 8X /8u < 0.

It can, first, be noted that in the absence of externalities, that is, whend =0 (m= 7,B),
no taxes are needed and p, = 0, meaning that investments are to be undertaken until
investment costs equal benefits from the marginal project. Second, in the presence of
externalities (that is, d, < 0) the welfare-optimising solution can be found by inserting
(10b) into (10a). Also assuming that total transport volume is constant in the face of
marginal price changes, that is, that 8X /8u_ = —-8X/du, and corresponding for variations
in ug, it can be seen that output taxes should be used to offset the externalities, that is, u,_
=—d_and u,=—d,. Following this pricing policy in turn implies that first-best investment
policies can be maintained.

This paper presupposes that road traffic does not pay its marginal costs, that is, that
“B<"da‘ Inserting this into (10a) it canbe seen, third, thatu_< —d, thatis, the correct policy
is also to adjust the output tax on rail traffic downwards. Inserting these facts into (10c)
and (10d) respectively, it follows in addition that p_> 0 and p, > 0, meaning that -8C/
8l > w, that is, that investment benefits at the margin should exceed investment costs.

Summing up, it has been demonstrated that insufficient pricing of road traffic
externalities implies that rail-user fees should be below their first-best optimal level in
order to offset the over-use of trucks. This adjusts the split of transport assignments
between modes. Prices below marginal costs do, however, result in a larger volume of
transport than would be optimal. In order to correct for this, investment in both modes has
to be contracted. '
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3.4 Passenger transport

The market for passenger transport is divided between train (X ), coach (X ) and car (X).
On the rural railway network, diesel-driven rail-cars are used. As outhned in Sectlon 2,
these pay a fee levied per litre of diesel consumed (¢_> 0) as well as output-related fees
(u > 0). A major share of total traffic is produced by private cars using petrol, paying an
mput tax in petrol use (¢, > 0) while diesel coaches pay a kilometre (output) tax (u >0).
The government consequently has six possibilities to intervene in this market in order to
incorporate output-related externalities into the prices travellers are faced with; except for
the two input and output taxes it can also use infrastructure construction (p_and p,= —8C /
[ —8C /8l —w, where v is used to denote the road sector, that is, encompassing both
coaches and cars) Optimality conditions, derived from equations (9a-c) are summarised
in equations (11a-f).

(IG%+dU)%+(up+dp) 6Xﬂ
ut=_d1_tr¢3V,_ 50' 6“1- 5u, (lla)
X, oX,
ou,
d s (:G%Jr dn) O%s 4 (up+d ) X8
tf= - Stf - u -; SX‘L' _ 60’ 6t1 5[1- (1 lb)
Ve, OVeOX, 8V, 8V: 8%,
ot, OX, ot, ot, OX, 6t,
U+ taavf+d,’ 6X’+ t06V°+d5} 9Xo
uﬂ=—dp _ 5Xt 6up 6Xa 5u,g (1 1c)
06X
6up
do.g.o'. u,+t,6V’+d‘)6X‘+(up;l—dp)i)£’i
ty=— Oty _ 0X: Oty Oty (11d)
8Vy, Vs 8K, &y , 8V 8%,
Oty O6XsT Ots Oty 6Xs Ols
Pe=— 5V —fu, +t,5V’+d,}§& (11e)
81 oX, oI,
p = t 8L (t é‘_/_".-{-d,,)%—(up'!'dp) S—Xﬁ— (llf)
oI, 0X, oI, ol,
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As above, it can be demonstrated that own derivatives with respect to the parameters
are positive, cross derivatives negative, that 8V /6X > 0 while 8V, /8Im >/_0 (m =T, B,
o).

In first-best, whend <0 (m=r, B, o) the government can select a single tax to correct
for rail traffic externalities. By letting ¢ =0, the output tax onrailway services canbe used
as a corrective instrument. Still assuming a constant transport volume in the face of
marginal price changes, and after substituting (11¢) and (11d) into (9a), it can be
demonstrated that u = —d_ and u, = —d, as expected.

The input tax on private vehicle use of petrol (¢ ) does, however, have an impact on
demand for transport as well as demand for the input. The first-best optimal value of z_
is therefore equal to the externality only if 8X /&t = [V /O, + (8V /06X )dX /ot ]
(compare with 11d). The left-hand side indicates the reduced (increased) travelling from
an input tax increase (decrease), while the right-hand side gives the changes in specific
fuel use and changes in fuel use emanating from reduced (increased) travelling because
of the higher (lower) tax. The input tax should exceed the (output-related) externality if
input use is less sensitive to higher charges than is travel demand in order to induce a
sufficient reduction of the externality-generating activity.

In first-best, investment policies should be p_= 0 for railways while the sign of p,
depends on the sign and size of 8V, 0/817. Road improvements have counteracting effects
on fuel use since they affect both distance (reducing), average speed (increasing) and
speed variations (decreasing fuel consumption) of a particular vehicle.

Second-best rail tax levels should be levied to eliminate detrimental effects on mode
split of the inefficient road pricing. The maintained hypothesis is thus that u, < —dg and
t 8V 0X < —d° where the coefficient of ¢ transfers the input tax into its output
(passenger kilometre) equivalent. This can be inserted in (11a). Still assuming that z_ =
0, and using the information about signs of derivatives established earlier, it can be seen
that the second term on the right-hand side is positive, thereby, other things being equal,
reducing the size of the second-best tax onrail compared to its first-best value, that is, u_
< d_. Inserting this into (11e) it can be seen that p_> 0. p, is still not possible to sign on
a priori knowledge about the sign of derivatives only.

It should finally be noted that the present formulation of the model also highlights the
need for using output taxes to handle output externalities. To see this, envisage a situation
where input taxes on rail vehicles are the only available rail pricing mechanism, that is,
t.> 0 while u_= 0, and that road traffic is not priced at its social marginal costs. Inserting
these facts into (11b) it can be seen that the second-best train input tax under some
circumstances should exceed the size of the externality that train traffic induces, rather
than be adjusted downward as would be expected. This is so if the coefficient of d_ is
sufficiently larger than one (first term on the right-hand side) while the correction term

4 Or, as in the present case, the input tax can be used to correct for input-related externalities. Fumes might

for instance be more correlated with fuel use than kilometres driven.

5 The effects of tax changes on specific fuel use are assumed here to be long-term only, that is, SVOISXG
=0 (compare with the numerator of the first term on the right-hand side of (11d)).
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within brackets is small.® Under some conditions — and in spite of insufficient road
externality pricing — the input tax on rail-car fuel use should therefore exceed the size
of the railway externality since a tax on output is not available to dispose of the externality
in a direct way.

3.5 Simulation

In order to examine the implications of the analytical solution for practical policy, some
simple simulation exercises have been performed. For freight transport, equations (10a,
10c, 10d) are reformulated to (12). Equation (12a) is also based on total transport being
constant in the face of marginal price variations, implying that E*® = —-EX«(X /X7

u=-d + (ug + dﬂ) (12a)

p,=—(u,+d,)Ei‘:% (12¢)
T

pp=—(uﬁ+dﬁ>Ei‘;’% (124)

In Table 3a, definitions and values of the different variables are given. Data for road
and rail freight between Borldnge and Malung in mid-Sweden, one of the connections
where timber-trains compete with timber-trucks on an adjacent road, have been used to
create an institutional framework. Rail and road length (/_and Ip) is used as a proxy for
infrastructure. Freight volume is measured in terms of gross tkm. Train freight volume
is reported in annual statistics by SJ while freight volume on the road is estimated using
ameasure of annual daily traffic between the municipalities (2,500 axle-pairs), assuming
that trucks take an average share of this number (that is, 12 per cent), that each truck on
average has 5 axles and that gross truck weight is 30 tons.

Wear and tear cost of an average freight wagon (d,), assuming a 60/40 mix of loaded
and empty wagons, is 0.16 dre/tkm (see Table 2). Corresponding cost for road traffic is
paid for by a kilometre tax. To facilitate a smooth comparison with rail traffic, only
trucking externalities with respect to road maintenance are considered. The km-cost (0.32
SEK, see Table 1) is converted toits ton equivalent by dividing with average truck weight,
that is, the external cost (da) is approximately 0.01 SEK/tkm. The sensitivity of optimal
values of u_ for half and double this value is tested. The actual charge is assumed here to
be only 50 per cent of the externality cost, that is, ug = 0.005.

Investment elasticities can be inferred from the relation X = X[GC(0)], saying that
investment (/) affects generalised costs of travelling (GC), inturn affecting total volumes
of transport (X). If the relation GC/I is constant, the present elasticity is the same as the

¢  This implies that opportunities to adjust specific fuel consumption with higher taxes are small (8V. /01,
close to zero), and thatreduced travelling has minor effects only oninputuse (3V., /80X close to zero). The latter
is in turn not unlikely because of the lumpiness in rail service supply, and given that supply from start is small
(few departures and few vehicles in each train).

7 The original version of (12a) is: u,=~d —[(uy+ dB)E"“EXs]/(E’::Xt).
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TABLE 3a

Definitions and Values of Freight Transport Variables
(a = base value, b = extreme values)

u, rail freight output tax, 0.005 SEK/gross tkm
Uy output tax on trucks, SEK/km
P, rail infrastructure investment, Net Present Value (NPV), SEK
d. rail wear and tear cost of a rail freight wagon, 0.0016 SEK/gross tkm
dy road wear and tear costs of trucks, SEK/km, a = 0.01, b = 0.005/0.02
X, rail traffic volume, 83.3 million gross tkm
X, truck traffic volume, 180 million gross tkm
I rail infrastructure length, 129 km
A road infrastructure length, 140 km
EX elasticity of rail freight volumes with respect to railway investments, a=0.8, b = 0.4/1.6
E’}g elasticity of truck freight volumes with respect to road investments, a = 0.8, b = 0.4/1.6
TABLE 3b
Simulation Results for Freight Transport

U, P, Py
Base values -0.003 2600 5100
T(uy + dy) 0.002/-0.013 0/7700 0/15400
TE’P‘R - 1300/5200 -
1'15"“’,13 - - 2600/10300

+ Denotes variations in the respective variables with regard to the b-values in Table 3a.

elasticity of transported volumes with respect to generalised transport costs. Because of
considerable terminal costs the relation is, however, decreasing in 1. Here, E%; = E'3=0.8
is used as the base value and is tested for a large uncertainty interval.

Second-best values of the government’s parameters are summarised in Table 3b. The
base-level value of u_canbe seen to be negative. This means that in principle rail transport
should be given an output subsidy rather than pay an output tax in order to make up for
the insufficient pricing of road transport. The subsidy is at the level 0.003 SEK/gross tkm,
that is, it is large compared to the train’s marginal wear and tear cost at 0.0016 SEK/gross
tkm. Alternative assumptions concerning the value of da and investment elasticites are
reported in the table.

The first-best optimality condition for investment is p, = —8C/8l, -~ w,=0, i = B,7, that
is, the marginal project’s Net Present Value (NPV) is zero. The base-level second-best
valueis p, = 2,600. This means that railway investments should be held back so that NPV
at the margin is at this level. NPV of the marginal road investment should, furthermore,
in optimum be 5,100. Since new single-tracks cost about 15,000 SEK/metre (= w,), and
the cost of a new road is about 10,000 SEK/metre (9 metre width, = wB) marginal second-
best NPV/cost ratios are 0.17 and 0.51 respectively. It seems to be the situation that road
construction should be held back more than rail construction.
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Corresponding analysis for passenger transport can be performed by reformulating
equations (11) to (13). In the present formulation it is assumed that EVi= E";“ E%=0}
Equations (13a), (13e) and (13f) have been tested, while (13a’), (13e) and (13f) are the
original versions.

(to-E;g-;l+do)E§:Xa+(up+dﬁ)E::?Xﬁ

Up=—d .~ a (13a)
X.E:
(IO-E)‘(,Z'f'd‘,)-V—a'F(up'i—dﬁ)Eliﬁ
Ue=—d - Xo (13a))
X.E}: ‘
p,=—(u,+d,)E,’i”% (13¢)
T
pe=—1.E} ——(u,+d,)E, I_r (13¢")
T
-[(th EX"X ] (136)
IY
-1 [t,,E,V"V ty EX;; %+ dG)E,’j"Xo —(u ,,+d,3)E,’jﬂx,,] (13f)
(3

SJ informatlon indicates that the average number of passengers between Borlidnge and
Malung is 25 per departure which is converted to a corresponding annual number of
travellers (X ). The number of car travellers is estimated using the same base statistics as
before (that is, 2,500 axle-pairs per day and 88 per cent cars) and assuming an average
of 2 persons in each car (X ). The number of bus passengers is estimated by assuming an
average of 12 passengers in each bus and an average of 14 departures each average week
(Xp). Private fuel consumption is assumed to be one litre for 10 km. This is multiplied by
the total number of kilometres driven in order to get a value of v,

Attention is focused here on the accident cost. Trains pay a cost-based charge of 1.60
SEK/train km which corresponds to the social marginal risk cost as calculated in the TPA
(thatis, d = 1.60). From Table 1 it is seen thatd_=0.11 SEK/car km andd =0.16 SEK/
bus km. Van ations in the external road vehlcle accident costs must, furthermore, be
simultaneous since uncertainty with respect to one value must be the same as uncertainty
withrespect to the others, eveniflevels differ (see b*-values in Table 4a). Actual charging
for the accident costs is assumed to be ¢, = 0.08 and uy=0.1.

Rail passengers’ own-price elasticity is again believed to be close to unity and
infrastructure charges about one-tenth of total costs, implying £X* = —0.1. With constant

#  This amounts to the following assumptions: changes in specific fuel consumption take a long time to
realise and do not affect the present trade-off (E”Y). Marginal variations in the quality of road infrastructure
do not affect the number of bus passengers (E"g) Positive and negative effects of better roads on fuel
consumption cancel out (E¥
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TABLE 4a

Definitions and Values of Passenger Transport Variables
a = base value, b = extreme values

u, output tax on rail-cars, SEK/train km

U, output tax on buses, 0.10 SEK/vehicle km

1 input tax on petrol use by cars, 0.0 SEK/litre

P, rail infrastructure investment, NPV, SEK

P, road infrastructure investment, NPV, SEK

d, external accident costs of rail-cars, 1.60 SEK/train km

dg external accident costs of buses, SEK/vehicle km, a = 0.16, b* = 0.08/0.32

d, external accident costs of cars, SEK/vehicle ki, a = 0.11, b* = 0.055/0.22

X, annual number of rail-car travellers, 5,200,000 pass. km.

Xb annual number of bus travellers, 1,200,000 pass. km.

X, annual number of car travellers, 225,000,000 pass. km.

Vv, petrol consumed by cars, 10,000,000 litres

I rail infrastructure length, 129 km

l,’ road infrastructure length, 140 km

EX elasticity of rail-car passenger volumes with respect to changes in rail transport output taxes,
a=-0.1, b=-0.05/-0.2

E* elasticity of car travel with respect to changes in rail transport output taxes,
a=0.01, b=0.005/0.1

E® elasticity of bus passenger volumes with respect to changes in rail transport output taxes,

a=04,5=0.2/0.8
E‘,'X, elasticity of private car fuel use with respect to changes in number of passenger km,
a=0.5,b=0.4/0.6
elasticity of rail-car passenger volumes with respect to railway investments,
a=09,b=045/18
E’g elasticity of car use with respect to road investments,

a=08,b=04/1.6

EX‘:

111

* Variations in these b-values are simultaneous.

TABLE 4b
Simulation Results for Passenger Transport

u, P, Pg
Base values 1.08 19,000 139,000
+ d-values 1.39/0.45 7,700/41,600 68,400/281,300
T EX 0.55/1.34 3,400/9,500 -
+ EXe 1.31/0.61 10,500/36,000 -
+ E"f”; 1.1/1.02 18,700/21,000 -
+ E‘,’& 1.07/1.09 19,050/18,940 139,600/138,700
1 E",: - 9,500/38,000 -
t E",‘; - - 69,600/278,000

+ Denotes variations in the respective variables with regard to the b-values given in Table 4a.
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travel volumes E7;? must be small.” Base-level value is here set to E*°= 0.01. Correspond-
ing reasoning for the bus travellers’ cross-elasticity gives E*=0.4. Although elasticity
values are mutually dependent, the exact nature of this dependence is not clear. Different
assumptions about single values are therefore tested under a ceteris paribus assumption.

Itis furthermore assumed that increases in the number of passengers must be matched
by proportionate increases in car fuel consumption, but since there are on average 2
passengers in each car E' = 0.5. Supply-induced increases in passenger volumes are
approximated along the same lines as before and the uncertainty is still considerable. The
base-level value of E%; is, however, assumed to exceed EX?somewhat, since the railway
network seems to be closer to full use of capacity than the road network, therefore
inducing a more significant reduction of generalised costs in response to rail investment
compared with road investment.

Results of the simulations are reported in Table 4b. Again, second-best rail charges
are well below their first-best optimal values corresponding to the train-specific external-
ity (= 1.60). In spite of the analytical uncertainty discussed in section 3.4, the conclusion
is also stable throughout the various assumptions about parameter values tested here. As
for freight transport, investment in both rail and road construction should be held back
in order to curb over-use of transport. The road investment reduction seems to be larger
in the passenger than in the freight example.

4. CONCLUSIONS

In order to make markets work in an efficient way, there are situations where rules for
pricing of, and investment in services in one market should be adapted to pricing and
investment behaviour in other markets. This has been demonstrated here for the transport
market, where there is good reason to believe that road traffic under many circumstances
is not priced at social marginal costs for using road infrastructure: fuel and kilometre taxes
are not at a level to match social costs such as environmental impact, road surface wear
and tear, accident risks and so on, and for producing road traffic services.

The recent organisational changes in the Swedish railways have made the implica-
tions of this inefficiency for railway policy clear. The separation of the nationalised
railways into, on the one hand, a business company selling transport services to
passengers and freight customers on commercial terms and, on the other, a public
infrastructure administration, has amongst other things meant that the latter charges the
former for using tracks. This paper has demonstrated that these rail charges, as well as
investment rules for both roads and railways, should be adjusted due to the inability to
price roads at social marginal costs.

9 This can be seen by assuming that all of the reduced rail travelling is accommodated by car, that is, that
E% = E% (X /X ). Inserting values of E¥, X and X_(see Table 4a) gives E* = 0.002.
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The formal analysis has dealt with two specific parts of the transport market. For
freight transport, kilometre taxes levied on trucks as well as one component of the
variable rail charge are treated as output taxes. It has been demonstrated that if kilometre
taxes fail to capture road surface wear and tear, rail charges should be set below
corresponding marginal costs for track use. The simulation analysis has indicated that the
adjustments should be quite 1arge. Furthermore, investment in new infrastructure should
be contracted for both modes in order to balance a general overconsumption of transport
services as compared to other commodities.

For passenger transport, private cars paying a fuel tax compete with buses paying a
kilometre tax and rail-cars paying a rail charge. In the analysis a situation when rail
charges should not be adjusted downwards in order to comply with the insufficient
pricing of road traffic is identified. This would happen if the Rail Administration could
not use an output tax to cope with the output-related rail externality, but had to stick to
an input tax. Under some circumstances the need to raise this tax above the level of the
externality might be so large that the cross-market effects would be dominated by this
primary pricing behaviour. If output taxes are available, it is demonstrated that the
expected second-best pricing adjustments should be made, that is, that the railway tax
should be below the value of the railway externality and that both road and railway
investments should be held back compared to first-best levels. In the simulation analysis
it is furthermore demonstrated that the adjustments are of a non-negligible size.

The main conclusion of the paper is that the need to establish a correct level and a
sufficient differentiation of first-best optimal charges has once again been established.
Research into the size of social marginal costs for different types of vehicles, and a policy
tolevy prices atthese levels, is of fundamental interest in order to achieve an efficient split
between different modes of transport.

Disinclination, inability or impossibility to price road traffic at social marginal costs
canbe disastrous torail traffic and may infactbe one important explanation of the reduced
importance of railway services in recent decades. As long as this discrepancy persists,
Banverket should suggest to the government thatrail charges are reduced below first-best
levels.

Date of receipt of final typescript: January 1992
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