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Abstract

We study the interaction between railroad infrastructure managers in charge

of pricing the access to their networks. The infrastructures are used by down-

stream �rms to provide two types of service: domestic and international. The

latter requires the use of both networks. Each infrastructure manager must

ensure the �nancial viability of his own network.

We study the Nash equilibrium of the game played by noncooperative in-

frastructure managers and characterize the strategic interaction between their

access pricing decisions. Then, we allow infrastructure managers (or their po-

litical principal) to choose to �nance the infrastructure's common costs either

through a subsidy or solely through user charges. We show that an infrastruc-

ture manager sometimes has an incentive to adopt the budget-balance system

in order to free-ride on the access prices imposed by the other infrastructure

manager.
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1 Introduction

The railway sector in Europe is experiencing a signi�cant reorganization process

following the application of EC Directive 91=440. The vertical separation of network

management from transport service provision prescribed by the Directive requires

a clear de�nition of the terms of access to railroad infrastructures for downstream

transport operators.

The application of the Directive in European Member States has followed dif-

ferent paths, re
ecting the heterogeneous nature of the railway networks in the

various countries as well as signi�cant di�erences in pre-existing market structures.

In particular, the pricing schemes for infrastructure access vary across countries

with respect to the level of infrastructure costs' coverage by users. For instance, the

French charging system has enabled RFF to cover about 25% of its total cost, while

the percentage is 40% for SCHIG in Austria. On the other hand, the access pricing

system implemented by NETZ in Germany has been set with the aim of recover-

ing all costs, excluding those related to new or enhanced infrastructure. Therefore,

the role played by infrastructure access pricing can also be markedly dissimilar de-

pending on the objective of the infrastructure manager (or the one of his political

principal), or, more generally, on the choice of the mode of regulation.

In view of these di�erences, and given the Directive's objectives of promoting

intra-European tra�c, particular attention should be devoted to infrastructure ac-

cess pricing for international tra�c between bordering countries. A proposal for a

Council Directive on railway capacity assignment upholds that dissimilar objectives

of the infrastructure managers and consequently varying charging systems, lacking

acknowledgement of the di�erent markets in which freight services operate and thus

inability to grant its international competitiveness require coordination on the side

of infrastructure managers in order to avoid heavy impacts on service e�ciency and

market share.

The aim of this paper is to study the interaction between infrastructure man-

agers in charge of pricing the access to their infrastructures, which are exploited by

downstream �rms to provide transport services. Our stylized model considers two

bordering countries. There are two types of transport services with independent

demands, namely domestic and international services. The latter require the use

of the railroad infrastructures of both countries. Infrastructure managers maximize

national welfare while �nancing their network de�cit.

We argue that a basic distinction should be made according to the type of cost

recovery principle adopted. In fact, the fraction of network costs which is not cov-

ered by access charges could be funded through taxes levied on the economy as a

whole: This kind of approach is named `taxpayers-pay' �nancing system. Alterna-

tively, access charges imposed on railway users could be meant to recover the total

infrastructure cost: This approach is called `users-pay' �nancing system. The main

di�erence is that under the taxpayers-pay �nancing system the cost of the infras-

2



tructure de�cit is evaluated at the shadow cost of public funds, whereas under a

users-pay �nancing system it is evaluated at the shadow cost of the budget-balance

constraint. Throughout the paper, we will assume that the shadow cost of public

funds is smaller than the shadow cost of the budget constraint under a users-pay

�nancing system because of the presence of large �xed costs.

If the infrastructure managers were perfectly cooperating, the optimal access

prices would obey standard Ramsey-Boiteux formulas. Moreover, the taxpayers-pay

system is socially preferred to the users-pay one since it provides one additional

instrument (the subsidy) to the perfectly cooperating infrastructure managers.

However, in an open economy with interconnected infrastructures, the two �-

nancing systems entail access charges which, though similar in their Ramsey-Boiteux

structure, can di�er both in level and strategic nature.

Our results are driven by two basic e�ects. First, the infrastructure manager

of each country will only internalize the fraction of social bene�ts deriving from

international services that accrues to his own consumers. Hence, the international

service creates a negative externality on access tari�s: This is the constituency

e�ect. Second, the `perceived' infrastructure cost of the international service for

an infrastructure manager di�ers from the total infrastructure cost of this service

because each infrastructure manager is concerned with the �nancial viability of his

network only: This is the double marginalization e�ect. These two e�ects lead to

excessive access prices for the international service.

Let us �rst mention that with noncooperative infrastructure managers, from

the point of view of (total) social welfare, the taxpayers-pay system is even more

preferred to the users-pay one. Indeed, under a users-pay system in both countries,

since noncooperative access charges are too high, the sum of the shadow costs of

the budget constraint in each country is larger than the shadow cost of the budget

constraint under perfect cooperation. Therefore, the provision of both the domestic

and international services is a�ected. Consequently, it would be optimal that both

infrastructure managers decided simultaneously to �nance the infrastructure de�cit

through a subsidy.

On this basis, we study the strategic choice of the mode of regulation and an-

alyze the individual incentives of the infrastructure managers to adopt one of the

two �nancing systems before setting their access prices. The decision to adopt a

particular �nancing system triggers two e�ects. First, the change in access prices in

a country has a direct e�ect on the welfare in this country. Second, the change in the

international access price in one country entails a modi�cation of the access prices

set in the other country; this indirect e�ect depends on the strategic interaction

between infrastructure managers.

A �rst and obvious result is that, when the infrastructure de�cit is su�ciently

large, each infrastructure manager prefers the taxpayers-pay system since the access

charges needed to balance the budget without subsidy are too high, leading to too

large a loss of consumers' surplus. In this case, the direct e�ect is more important
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than the indirect strategic e�ect.

However, an infrastructure manager can sometimes have an incentive to adopt

the socially sub-optimal users-pay system. Indeed, consider that, say, country i

decides to adopt the users-pay �nancing system instead of the taxpayers-pay one. For

�xed foreign access charges, the taxpayers-pay system is always preferred. Therefore,

in this case the direct e�ect is negative and adopting the users-pay system leads to

higher access charges in country i.

Under the strategic substitutability property, when country i increases its access
price for the international service, the infrastructure manager in country j is led to

decrease his international access charge. This in turn has the following e�ects: It

tends to alleviate the increase in the price of the international service (which ben-

e�ts to country i's consumers) and to decrease the infrastructure de�cit in country

i as well as the shadow cost of the budget-balance constraint in this country. The

indirect strategic e�ect is positive when access charges are strategic substitutes. If

the infrastructure de�cit is initially small, then the positive indirect strategic e�ect

might o�set the negative direct e�ect and the infrastructure manager in country i

might prefer to adopt the users-pay �nancing system because the loss in consumers'

surplus might be more than o�set by the reduction in the subsidy required to en-

sure the viability of the infrastructure under a taxpayers-pay system. By contrast,

with strategic complements, the indirect strategic e�ect related to the adoption of

a users-pay system is negative. Both e�ects are then negative and provide each in-

frastructure manager with the incentive to �nance the infrastructure de�cit with a

subsidy. For two polar cases, we show that depending on (i) the strategic interaction

between international access charges, (ii) the level of infrastructure de�cit and (iii)

the di�erence between the domestic and the international demands, the incentives

to adopt a particular �nancing system are radically di�erent.

Our paper borrows from two distinct economic literatures. First, we use the ex-

tensive works on regulation under a budget constraint, pioneered by Boiteux (1956)

and Ramsey (1927) in a di�erent context. This literature has recently been extended

to the telecommunication industry, the focus being on the regulation of a vertically

integrated industry in which a dominant �rm controlling a bottleneck is required

to provide interconnection to entrants competing in a complementary segment. For

an extensive account of this literature, see La�ont and Tirole (1999). Chang (1996)

studies the problem of pricing the access in a vertically separated industry but does

not consider the issue of interconnection between infrastructures. La�ont, Rey and

Tirole (1998a,b) study the negotiation of access agreements between two networks

that need interconnection. Our work di�ers since we are considering vertically sep-

arated industries and our focus concerns more the choice of the mode of regulation.

Our model also borrows from the insights obtained by the strategic trade literature,

initiated by the seminal paper by Brander and Spencer (1985), in which governments
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seek to provide their domestic �rms with a strategic advantage1.

The outline of the paper is as follows. In Section 2 we present the model. Then,

in Section 3, we study the Ramsey-Boiteux benchmark in which all access pricing

decisions are coordinated across countries. This leads, in Section 4, to the determina-

tion of the access charges when infrastructure managers behave in a noncooperative

way. The nature of the strategic interaction between infrastructure managers is also

assessed. In Section 5, we introduce a two-stage game in which, �rst, infrastruc-

ture managers choose the �nancing system (taxpayers- or users-pay) and, second,

determine their access charges; then, we study the equilibria of this game. Finally,

Section 6 gathers some concluding remarks. All proofs are relegated to an Appendix.

2 The model

We consider two countries denoted by i = 1; 2. In each country an infrastructure

manager sets access charges, while downstream �rms use the network to provide

transport services to �nal consumers.

The �nal demand We assume that there are two types of demand, labeled as

domestic and international.

Domestic demand corresponds to purely national transport services. Let qi(pi)

represent the demand function for domestic services in country i (with dqi
dpi

� 0) and

Si(qi) the related net consumers' surplus, with dSi
dpi

= �qi. All bene�ts associated to

this service accrue to the consumers of country i only.

Similarly, let q�(p�) be the international demand for transport services (with
dq�
dp�

� 0) and S�(q�) the related net total consumers' surplus, that is, the net con-

sumers' surplus of both countries when a total quantity q�(p�) of international ser-
vices is consumed at price p�. We then have dS�

dp�
= �q� and we assume that country

i only internalizes a part �i of this surplus. This hypothesis can be justi�ed by

assuming that q� is the total level of round-trip demand for transport (for exam-

ple, from Paris to Brussels and back to Paris), and �i is the fraction of consumers

of country i that originates this demand. Then �1 + �2 = 1 and the surplus from

international services accruing to country i amounts to �iS�(q�)
2.

1Usually, this literature assumes that �rms compete in a third market, implying that governments

only care about the domestic �rm's pro�t and subsidy.
2Other interpretations could easily be thought of. For example, let �iij be the fraction of con-

sumers having a demand for transport from i to j that belongs to country i and qiij the related

demand. For i; j = 1; 2 and i 6= j, we have that �iij + �
j
ij = 1, while qij = qiij + q

j
ij is the to-

tal demand for international transport from country i to country j. Thus, we are able to de�ne
the (net) surplus Sij(qij) related to the demand for international transport. Under the assump-

tion of an isotropic travel pattern (qij = qji) and with equal prices, we have Sij(qij) = Sji(qji)

and the surplus of consumers in country i related to international transport can be written as
�iijSij(qij) + �ijiSji(qji) = �iS�(q�), where �i = �iij + �iji and qij = qji = q�.
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The infrastructure managers Each infrastructure manager wants to maximize

the welfare of his country, which is composed of three terms: (i) the net consumers'

surplus, (ii) the infrastructure de�cit and (iii) the domestic downstream �rms' prof-

its. Let us now describe the last two terms.

To simplify the exposition, we assume that international services travel in each

country half of the total number of kilometers3. In the absence of subsidies, the

pro�t of the infrastructure in country i is given by

�infrai � (ai � cu)qi + (a�i � cu)q� � ki; (1)

where ai and a�i are, respectively, the access charges for a unit of domestic and

international transport demand, while cu is the (constant) marginal cost of the

infrastructure in both countries (we assume that it does not depend on the type of

service) and ki is the �xed cost of the network. Notice that for each infrastructure

manager the perceived marginal cost for each unit of international demand is cu,
whereas the total marginal cost is actually 2cu.

We now discuss an important institutional feature, namely the possibility to use

a subsidy to �nance the infrastructure de�cit. In what follows, we shall consider two

possible �nancing systems:

� Under the `users-pay' system, the infrastructure manager cannot directly sub-

sidize the infrastructure, and access pricing alone must ensure that infrastruc-

ture access charges cover total (�xed and variable) costs. This case is labeled

with a superscript `u'.

� In contrast, under the `taxpayers-pay' system the infrastructure manager is

allowed to �nance the infrastructure through taxes levied on the rest of the

economy. This case is labeled with a superscript `t'. Taxation is imperfect and

has distortionary e�ects on the rest of the economy. In our partial equilibrium

approach, we denote by �pf the shadow cost of public funds which captures

this e�ect, and we assume that �pf is the same in both countries.

Denoting by �di the pro�ts of country i's downstream �rms, the program of the

infrastructure manager in country i will be

(Pu
IMi

)

8<
:

max
fai;a�ig

n
Si(qi) + �iS�(q�) + �infrai + �di

o
subject to �infrai � 0

under a users-pay system, and

(P t
IMi

)

8<
:

max
fti;ai;a�ig

n
Si(qi) + �iS�(q�)� (1 + �pf)ti +

�
ti + �infrai

�
+ �di

o
subject to ti + �

infra
i � 0

3This entails no loss of generality with respect to the general case where the international tra�c
travels, say, in country 1 for a fraction � of the total kilometers and in country 2 for a fraction

1 � �.
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under a taxpayers-pay system, where ti is the subsidy to the infrastructure in country

i.

The downstream �rms' behavior Throughout the paper, we will assume that

downstream �rms in each sector, namely the two domestic and the international

ones, behave competitively4. Thus, letting cd be the constant marginal cost for

these �rms (we implicitly assume it is the same for both services)5, the price for the

domestic service in country i will be

pi = ai + cd: (2)

Since we consider round-trip travel, the resulting price in the market for international

transport services will be given by

p� = a�1 + a�2 + cd: (3)

Under the assumption of downstream competitive behavior, downstream �rms

make no pro�t and the infrastructure budget constraint coincides with the industry

budget constraint (that includes the infrastructure de�cit as well as downstream

�rms' pro�ts).

3 Social optimum and the Ramsey-Boiteux principles

for access pricing

As a preliminary to the forthcoming analysis, we consider the benchmark case where

the infrastructure managers perfectly cooperate.

We �rst assume that the unique infrastructure manager adopts a taxpayers-pay

�nancing system. The optimal access charges must therefore solve the following

4The assumption of perfectly competitive behavior in the downstream segments signi�cantly

simpli�es computations.
With downstream market power and linear access prices, there are con
icting forces in presence:

on the one hand, an infrastructure manager wants to subsidize at the margin the downstream

operators through low access charges to counter their incentive to under-produce and because he
cares about the fraction of the downstream operators' pro�t that accrues to his country; on the

other hand, low access prices generate low access revenues. As concerns the international service,

the tendency to subsidize the �rm might be reduced because (i) each infrastructure manager cares
about a fraction of the international surplus and (ii) only a fraction of the downstream operators'

pro�ts might accrue to the consumers of his country.

If infrastructure managers can use two-part tari�s, then the �xed part can be used to capture
the downstream operators' pro�ts. In this case, another coordination problem arises since, for the

international service, both infrastructure managers might be tempted to try to capture the pro�t

made by the downstream operators on this service.
5We implicitly assume that the cost of the downstream �rms does not depend on travel length.

Our setting could be immediately extended to incorporate such considerations.
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program8<
:

max
ft;a1;a2;a�g

n
S1(q1) + S2(q2) + S�(q�)� (1 + �pf)t+

�
t + �infra1 + �infra2

�o
subject to t+ �

infra
1 + �

infra
2 � 0;

where a� is the unique access charge imposed on the international service. The

necessary �rst-order conditions to be satis�ed in interior solutions yield the following

optimal access pricing formulas6:

pRi � c

pRi
=

�pf
1 + �pf

1

�i
; (4)

for domestic services in country i = 1; 2 and

pR� � c�
pR�

=
�pf

1 + �pf

1

��
; (5)

where superscript `R' stands for `Ramsey'; c = cd + cu and c� = cd + 2cu are

the social marginal costs of the domestic and international services respectively,

and � = �
p
q
dq
dp

denotes the elasticity associated to demand q(p). These formulas

exemplify the Ramsey-Boiteux recommendations for access pricing.

We would have obtained analogous formulas had we assumed that the (unique)

infrastructure manager adopts a users-pay �nancing system. In this case, denoting

by ~� the shadow cost of the budget constraint, the optimal access charges are given

by (4) and (5) in which �pf is replaced by ~�7. Notice that the shadow cost of the

infrastructure is now endogenous.

4 The game between infrastructure managers

Let us now consider the situation in which the infrastructure managers act indepen-

dently. We begin this section with the determination of access charges when both

countries adopt the taxpayers-pay or the users-pay �nancing system, and compare

the welfare under the two systems. Then, we determine the nature of the strategic

interaction between the infrastructure managers.

4.1 Equilibrium access charges

We will always assume that parameters are such that we obtain interior solutions

characterized by �rst-order conditions.

6With interdependent demands similar formulas are obtained except that elasticities are replaced

by the so-called super-elasticities. See e.g. La�ont and Tirole (1999).
7With cooperation between infrastructure managers, as soon as the total �xed cost is strictly

positive, the budget-balance constraint is binding in equilibrium and ~� is strictly positive.
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Taxpayers-pay �nancing system The program of the infrastructure manager

in country i is then given by (P t
IMi

). Standard computations yield the following

proposition.

Proposition 1 The equilibrium access charges under a taxpayers-pay �nancing sys-

tem in both countries are characterized by

ptti � c

ptti
=

�pf
1 + �pf

1

�i
; (6)

for the domestic service in country i = 1; 2 and

att�i � cu
ptt�

=
1+ �pf � �i
1 + �pf

1

��
; (7)

for the international service in country i = 1; 2.

A su�cient condition for local stability and uniqueness of the equilibrium is

(S � U) 3

�
dq�
dp�

�2
� 2q�

d2q�
dp2�

> 0:

The national access tari� is set at its Ramsey-Boiteux level and is therefore optimal.

This is intuitive as the infrastructure manager in country i entirely internalizes the

surplus generated by this service. However, this also rests on the fact that access

pricing in country j does not a�ect the domestic service in country i because (i) do-
mestic demands are independent from the international one and (ii) the shadow cost

of public funds, which gives the social cost of infrastructure �nancing, is exogenous.

From the perspective of the international demand, matters are di�erent. First,

since �i 2 [0; 1], each infrastructure manager does not fully internalize the e�ect

of his decision on total international consumers' surplus. The international access

charge in country i will thus be excessive: This is the constituency e�ect.

The second e�ect that guides the pricing of access for the international service

in country i is due to the fact that each infrastructure manager does not account

for the increase in de�cit incurred by the other when he decides to increase his

international access charge. With respect to the Ramsey-Boiteux benchmark, the

equilibrium price will thus be excessive: This is the double marginalization e�ect.

In order to illustrate our main results, we will later employ speci�c demand

functions. When they are linear or iso-elastic (with an elasticity parameter strictly

greater than 1), Condition (S � U) for local stability and uniqueness is always sat-

is�ed.

Users-pay �nancing system Usually, the taxpayers-pay system and the users-

pay system are strongly analogous. However, there is a slight di�erence that needs

to be mentioned.
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Under a taxpayers-pay system, the �ctitious cost of the budget-balance con-

straint is the shadow cost of public funds and is given exogenously. On the other

hand, under a users-pay system, the cost of the budget constraint is endogenous and

depends on the equilibrium con�guration. However, we will always have ~� � ~�1+~�2,
where ~�i is the Lagrange multiplier associated to the budget constraint in coun-

try i. Indeed, the budget-balance condition as well as the objective of the unique

infrastructure manager under cooperation are respectively the sum of the budget

constraints and the objectives of the noncooperative infrastructure managers.

Immediate computations show that under a users-pay �nancing system in both

countries the �nal price is such that

puu� � c�
puu�

=

 
1 + ~�1 � �1

1 + ~�1
+

1 + ~�2 � �2

1 + ~�2

!
1

��
;

which is therefore larger than the �nal price under a taxpayers-pay system in both

countries. Hence, under a users-pay �nancing system there is an additional distortion

on international services. Moreover, this a�ects access pricing decisions for domestic

services, even though domestic and international demands are independent8 .

4.2 Comparison of �nancing systems

From the point view of total social welfare, the taxpayers-pay system is preferred

to the users-pay system since, beyond the fact that it provides the infrastructure

manager with an additional instrument, the non-internalized externalities in the

access pricing of international services do not a�ect domestic charges. Di�erently

stated, given the access charges imposed in country j, the taxpayers-pay system

dominates from the point of view of country i, and it does not create a negative

externality on country j.

Proposition 2 From the point of view of total welfare, the simultaneous adoption of

the taxpayers-pay �nancing system is Pareto-superior to the simultaneous adoption

of the users-pay �nancing system9.

Let us now introduce another assumption that will be useful for the rest of the

analysis.

8We cannot compare ~�i with ~�. For instance, when ki = 0, we have ~�i = 0 < ~�. However, since
~� � ~�1 + ~�2 , the sum of the net consumers' surplus associated to the domestic services is larger
under cooperation than under noncooperation.

9Let us mention that, as noted in La�ont and Tirole (1999) in more general environments,

the taxpayers-pay �nancing system might be `dangerous' for the following reasons. First, it does
not prevent to undertake an undesirable activity (which is �nanced through taxes on the whole

economy). Second, it dilutes the incentives of consumers of the �nal services to act as watchdogs,

that is, to monitor the infrastructure manager's behavior.
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Assumption 1 In each country �pf � ~�i, where ~�i is the Lagrange multiplier as-

sociated to the budget constraint of the infrastructure in country i10.

Since in the users-pay system the Lagrange multiplier is endogenous, it is quite

di�cult to come up with a de�nitive comparison of the two �nancing systems. This

explains the need for this assumption, which seems natural for the railway sector.

First, this industry is characterized by the presence of large �xed costs. Second, if

this assumption were not satis�ed, then we should expect a railway infrastructure

manager to �nance (part of) the State expenses since raising funds from a distortion

in the provision of railway services would have a lower social cost than distortionary

taxation on the rest of the economy; this is far from being the case.

4.3 Strategic interaction between infrastructure managers

In this section we analyze the nature of the strategic interaction between the in-

frastructure managers. In particular, we want to determine how a change in the

access prices set in one country (following, say, the adoption of a di�erent mode of

regulation) a�ects the access prices imposed in the other country. In our setting,

since domestic demands are independent from the international one, this interaction

derives from the access charges set on the international service.

Taxpayers-pay �nancing system In equilibrium, since transfers are socially

costly, the budget constraint will be binding. Replacing the value of the transfer

yields the following social welfare in country i

SWi(a�i; a�j) = Si(qi) + �iS�(q�)� (1 + �pf)[ki � (ai � cu)qi � (a�i � cu)q�]:

The previous equation can be decomposed as the sum of a `pro�t' term (the net

consumers' surplus, which is a�ected by the access pricing choice of the other in-

frastructure manager) and a `cost' term (the infrastructure de�cit, which is also

a�ected by the actions undertaken by the other infrastructure manager). As in a

standard IO setting, the sign of
da�j
da�i

depends on the e�ect of a marginal variation

of a�j on the marginal welfare in country i. Di�erentiating the welfare function of

the infrastructure manager in country i with respect to a�i and a�j we get

@2SWi

@a�i@a�j
= (1 + �pf � �i)

dq�
dp�

+ (1 + �pf)(a�i � cu)
d2q�
dp2�

: (8)

10This condition implicitly requires that with noncooperative infrastructure managers the budget

constraint under a users-pay system in each country is binding in equilibrium. This will be the
case whatever the valuation for the international service in country i if the maximal access revenue

generated by the international service in country i does not enable to recover the infrastructure

�xed cost. In this case, even for a country which does not value the international service the budget
constraint will be binding, implying that ~�i > 0. We make from now on this assumption.
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Using the optimality condition on the international access charge in country i (see

(7)), we can rearrange (8) to obtain:

@2SWi

@a�i@a�j
/ q�

d2q�
dp2�

�

�
dq�
dp�

�2
(9)

This enables us to state the following proposition.

Proposition 3 Under a taxpayers-pay �nancing system, access charges are strategic

substitutes (respectively strategic complements) if q�
d2q�
dp2�

�
�
dq�
dp�

�2
� 0 (respectively

� 0).

The condition on the strategic interaction relates to the log-concavity or log-convexity

of the international demand. For instance, if the international demand is log-

concave, then access charges are strategic substitutes. Although we do not rule

out the case of strategic complements, we will favor the strategic substitutability

assumption because (i) log-concavity is more economically appealing and (ii) this

condition ensures that the stability-uniqueness condition is always satis�ed in equi-

librium.

With a concave or linear international demand function (d
2q�
dp2�

� 0) access charges

for the international service will be strategic substitutes whereas for an iso-elastic

parameterization (q� = p���� ; �� > 1) they become strategic complements.

Users-pay �nancing system In this case, there is an additional di�culty, namely

that the Lagrange multiplier associated to the budget-balance condition is endoge-

nous.

However the following simple observation simpli�es the analysis: If the access

charge for the international service in country j increases, then the pro�t of the

infrastructure in country i decreases, and the budget constraint becomes harder to

satisfy. Hence, the Lagrange multiplier associated to the budget-balance condition

in country i (which re
ects the shadow cost associated to this constraint) is an

increasing function of the access charge imposed on the international service in the

other country.

Under a users-pay system in country i, the cross-derivative of the social welfare
function in country i can be rewritten as follows

@2SWi

@a�1@a�2
=

1 + ~�i � �i

� dq�
dp�

"
q�
d2q�
dp2�

�

�
dq�
dp�

�2#
+

@~�i
@a�j

�
q� + (a�i � cu)

dq�
dp�

�
:

(10)

The second bracketed term corresponds to the marginal pro�t of the infrastructure in

country i with respect to the international access charge a�j . The previous condition
simply states that under a users-pay system, the strategic interaction must account
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for the change in the �ctitious cost of the budget constraint in country i. Moreover,

using the optimality condition (7) we immediately see that in equilibrium

q� + (a�i � cu)
dq�
dp�

=
�iq�

1 + ~�i
� 0:

Hence, this implies that with respect to the taxpayers-pay system, access charges

tend to be more strategic complements due to the e�ect on the �ctitious cost of

the budget constraint. Notice �nally that under a users-pay system (weak) con-

cavity of the international demand is no longer su�cient to obtain the strategic

substitutability property.

This also has a consequence on the properties of the equilibrium with strategic

substitutes. Indeed, in the Appendix we show that under a users-pay �nancing

system in both countries, Condition (S � U) is also su�cient to guarantee that

the equilibrium is unique and locally stable only when access charges are strategic

complements. With strategic substitutability, conditions such that the equilibrium

is unique or locally stable are much harder to �nd and are left to future research.

5 Strategic �nancing of the infrastructure de�cit

In this section we study the individual incentives for infrastructure managers to

choose one of the two �nancing systems we consider. We analyze the following

two-stage game:

1. The infrastructure managers independently choose a �nancing system.

2. The infrastructure managers noncooperatively set access charges in their coun-

tries.

The outcome of the game will strongly depend on the strategic interaction between

the international access charges.

5.1 The direct and the indirect strategic e�ects

Let us assume that country i has to decide whether to adopt a taxpayers-pay or a

users-pay �nancing system. There are two (sometimes con
icting) e�ects that guide

this decision.

First, consider that foreign access charges are �xed. In this case, the infras-

tructure manager always prefers a taxpayers-pay system because it provides an ad-

ditional instrument. This is the direct e�ect which provides each infrastructure

manager with an incentive to adopt the taxpayers-pay instead of the users-pay sys-

tem.

Notice also that under Assumption 1 the choice of a users-pay system in country

i leads to higher access charges in this country (with respect to the taxpayers-pay
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system). Therefore, for �xed access prices in country j, the adoption of the users-pay

system in country i leads to an increase in the infrastructure revenue (since in the

relevant domain @
@ai

�
infra
i � 0 and @

@a�i
�
infra
i � 0) but to a decrease in the welfare

of this country (because consumers' surplus is negatively a�ected).

The indirect e�ect depends on the nature of the strategic interaction between

international access charges. If access charges are strategic substitutes, then the

increase in a�i triggers a decrease in a�j. This variation in the international access

price in country j has the following e�ects in country i: it increases the infrastruc-
ture revenue (since @

@a�j
�infrai � 0), decreases the international price and therefore

increases the surplus of consumers in country i, and decreases the shadow cost of the

budget constraint in country i. When access charges are strategic substitutes, the

indirect strategic e�ect is positive and makes the adoption of the users-pay system

attractive for the infrastructure managers by creating an incentive to save on the

subsidy bestowed on the infrastructure and to free-ride on the access prices set in the

other country. On the other hand, when access charges are strategic complements

the e�ects are reversed and the indirect e�ect becomes negative.

5.2 Equilibria of the two-stage game

We now want to determine the equilibria of the two-stage game presented above. In

the following, the term `infrastructure de�cit' denotes the amount of subsidy needed

to ensure the �nancial viability of the network under a taxpayers-pay system. Let

us start with a �rst and somewhat obvious result.

Proposition 4 For a su�ciently large infrastructure de�cit, an infrastructure man-

ager prefers to adopt the taxpayers-pay �nancing system.

The intuition behind this result is that the shadow cost of the budget constraint

becomes large when the infrastructure de�cit is large. In this case, the users-pay

system entails too large distortions on the access charges11 and in the unique equi-

librium of the two-stage game both infrastructure managers choose a taxpayers-pay

�nancing system, which coincides with the Pareto-optimal outcome.

Since the Lagrange multiplier of the budget constraint is endogenous, it is dif-

�cult to determine the general conditions under which a given equilibrium can

arise. However, we can obtain a good understanding of the infrastructure man-

agers' incentives by focusing on two polar cases. First, when demands are lin-

ear (qi(pi) = �i � 
ipi; i = 1; 2 and q�(p�) = �� � 
�p�), implying that interna-

tional access charges are strategic substitutes. Second, when demands are iso-elastic

11For instance, assume that parameters' values are such that it is impossible to balance the

infrastructure de�cit without a subsidy. The users-pay system yields a welfare equal to 0 and the
taxpayers-pay system is always preferred.
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(qi(pi) = p��ii ; i = 1; 2; q�(p�) = p���� ), so that international access charges are

strategic complements. We shall assume that cd = 012.

We also assume that the shadow cost of public funds is equal to 013. This

implies that (under a taxpayers-pay system) all the access revenue is generated only

by the international demand (because domestic access charges are equal to marginal

infrastructure costs).

When the infrastructure subsidy is not too large, the equilibria of our two-stage

game are markedly di�erent depending on the strategic interaction between infras-

tructure managers.

Proposition 5 Assume that demands are linear so that international access charges

are strategic substitutes14. For a small infrastructure de�cit in country i:

� If country j adopts the taxpayers-pay �nancing system, then country i prefers

to adopt the users-pay system.

� Assume that the infrastructure de�cit in country j is also small. If country

j adopts the users-pay system, then country i prefers to adopt the users-pay

system if and only if demands are such that:
(�j�cu
j)

2


j
>

(���2cu
�)
2�j

4
�
.

The �rst part of the proposition exempli�es the incentive of the infrastructure man-

ager in country i to free-ride on his rival: By adopting the users-pay system he

increases the infrastructure revenue and triggers a decrease in the international ac-

cess price in the other country. This reaction is favorable to country i as it further

increases the infrastructure revenue and tends to alleviate the increase in the inter-

national price and the distortion on the domestic service in this country due to the

adoption of the users-pay system. In this case, country i wins from the reduction in

its infrastructure de�cit whereas country j su�ers from the increase in its subsidy.

The indirect e�ect more than o�sets the direct e�ect.

Let us now consider the impact of the valuations for the international service.

In the Appendix, we show that the larger the valuation of country i, the larger the
incentives of the infrastructure manager to adopt the users-pay �nancing system. In

fact, in our example, the optimality condition (7) for country j can be rewritten as

a�j � cu =
�pf=0

(1� �j)
�� � 
�p�


�

12Given the symmetry of the model, this normalization is without loss of generality.
13This assumption is only made for convenience. It could be relaxed but we would obtain much

more complex expressions.
14As explained in Section 4, the linearity of the international demand in general is not su�cient

to have the strategic substitutability property under the users-pay system. In the numerical il-

lustrations proposed in the Appendix one can immediately check that access charges are always
strategic substitutes.
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Therefore, at the margin, the smaller the valuation of country j, the larger the

decrease in the international access price in country j following the adoption of

the user-pay system in country i (since the larger was a�j initially). Since the two

valuations add up to one, this entails that when country i has a large valuation for

the international service, it has a strong incentive to adopt the users-pay system,

because the reduction in a�j will be large.
The second part of the proposition shows that when country j adopts the users-

pay system there is an additional e�ect: the increase in the international charge in

country i distorts the access pricing decisions in country j through an e�ect on the

shadow cost of the budget constraint in this country. This makes the infrastructure

manager in country j less willing to reduce his international charge, especially when

he internalizes a large fraction of the international surplus, or when the domestic

demand in his country is small with respect to the international one. These two

e�ects combine at the equilibrium15 .

The proof of this proposition (and the following one) relies on the following

observation. Assume that country j has chosen the taxpayers-pay system. Then,

there exists a value of the �xed cost of infrastructure in country i such that the

infrastructure de�cit in this country is null. For this value of the �xed cost, denoted

by ki, the shadow cost of the budget-balance constraint in country i is equal to the

shadow cost of public funds and both �nancing systems yield the same welfare in

country i. In a neighborhood of ki, we can compute the derivative of the di�erence

of country i's welfare under a taxpayers-pay and a users-pay system. This gives the

�rst part of the previous proposition.

However, when country j adopts the users-pay system, the value of the �xed

cost such that both �nancing systems are equivalent for country i depends on the

endogenous shadow costs of the budget constraint in country j (which also depends

on country i's �rst period choice). By assuming that the infrastructure de�cit in

country j is small, we can get rid of this dependency on endogenous variables (since

the shadow costs in country j are almost equal to the shadow cost of public funds).

In this case, the infrastructure de�cit in country i will be null if the �xed cost of

infrastructure in this country is equal to ki. Repeating the same procedure, we

obtain the second part of the previous proposition which accounts for the e�ects on

the endogenous shadow costs in country j.
If no assumption were made on the infrastructure de�cit in country j, then,

for the second part of the proposition, we would have obtained a condition which

depends on the endogenous shadow costs in country j (and the value of the infras-

tructure's �xed cost such that both systems yield the same welfare in country i
would be dependent on those shadow costs and smaller than ki).

Summarizing, in this example it is therefore possible that each infrastructure

manager always tries to free-ride on his rival, ending up in an equilibrium in which

15It appears to be di�cult to clearly separate these e�ects.
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both infrastructure managers choose the users-pay system. In the Appendix, we

give three numerical illustrations for each of the possible equilibrium con�gurations.

In particular, multiple (pure strategy) equilibria sometimes emerge16: One country

chooses a users-pay system whereas the other country sticks to the taxpayers-pay

system because it would be too costly to adopt the users-pay system, and conversely.

Figure 1 illustrates the previous proposition in the case
(�j�cu
j)

2


j
>

(���2cu
�)
2�j

4
�
;

if this condition is violated, then the �rst zone in which adopting the users-pay

system is a dominant strategy for country i disappears.

Figure 1 here

With iso-elastic demands and the strategic complementarity property, the in-

frastructure managers' incentives are radically di�erent.

Proposition 6 Assume that demands are iso-elastic so that international access

charges are strategic complements. For small infrastructure de�cits each infrastruc-

ture manager prefers to adopt the taxpayers-pay system.

In this case, the strategic reaction of country j after country i adopts the users-pay

system a�ects negatively country i's welfare. With respect to the linear demands

case, the logic of the argument is reversed since both the direct and the indirect

e�ects are negative. Under the strategic complementarity assumption, the unique

equilibrium of the two-stage game involves each infrastructure manager choosing a

taxpayers-pay �nancing system.

5.3 The creation of international corridors

The European Union strongly encourages the creation of corridors as a means to de-

velop international (especially freight) tra�c (see EC White Paper \A Strategy for

Revitalising the Community's Railways"). Let us note that our previous modeling

captures some of the elements inherent to corridor creation. Indeed, each infrastruc-

ture manager will have to determine the access charge to be paid for the part of the

corridor that concerns his infrastructure. Then, the sum of these access charges will

determine the unique access charge for the use of the corridors. Therefore, if infras-

tructure managers do not succeed in reaching a high level of cooperation, we should

expect the international tra�c to be excessively charged, due to the constituency and

the double marginalization e�ects and also possibly to socially sub-optimal choices

of the mode of regulation.

Indeed, the creation of the corridor between Germany, Netherlands, Switzerland,

Austria and Italy has not succeeded in developing freight tra�c. According to Le

Monde (18/07/2000) the two main reasons for this failure are that (i) access charges

16In this case, a mixed strategy equilibrium also exists.
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paid in Germany are prohibitively high and (ii) Germany has refused to reserve

tracks for this corridor.

The creation of the Belifret corridor (Belgium, Luxembourg, France, Italy and

recently Spain) is somewhat more successful. However, another coordination prob-

lem arises due to the `pass-through' nature of the services using this corridor: Some

countries that are part of the corridor do not value the surplus associated to inter-

national services running on the corridor and therefore tend to lobby in favor of high

access charges. This raises another issue, namely that of supra-national cooperation

between national infrastructure managers.

6 Conclusions

In this paper, we have studied the interaction between railroad infrastructure man-

agers when an international service requires the use of both infrastructures. We

have isolated two e�ects: The constituency e�ect, related to the fact that each in-

frastructure manager only internalizes a fraction of the surplus generated by the

international service, and the double marginalization e�ect, due to the di�erence

between the infrastructure cost perceived by each infrastructure manager and the

total infrastructure cost of the international service.

The interaction created by the international service can provide an infrastructure

manager with an incentive to adopt a sub-optimal �nancing system in order to free-

ride on the other country and decrease the amount of subsidy bestowed on the

infrastructure.

We have remained silent on a number of questions.

For instance, our model implicitly assumes that networks are interconnected:

Firms can always go from one country to the other. However, it has been argued

that the development of the international tra�c also su�ers from a poor quality of

interconnection. This is the so-called interoperability problem, which appears to be

critical for the development of intra-European networks.

Another question concerns the investment decisions undertaken by the infras-

tructure managers. More speci�cally, the decisions to create or to close lines should

be incorporated in our framework17, and should not be neutral with respect to the

strategic interaction between infrastructure managers or the possibility to choose a

particular �nancing system.

Finally, our model has highlighted many coordination failures between national

infrastructure managers. Future work should study the design of supra-national

institutions or rules that enable to implement a certain level of cooperation. We

leave these extensions to future research.

17For instance, the �xed cost of maintaining the line is much lower for an only-freight line because

of lower safety standards.
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8 Appendix

Throughout this Appendix we omit arguments of functions for simplicity.

8.1 Social optimum and the Ramsey-Boiteux principles for access

pricing

In equilibrium the budget-balance condition will be binding. This determines the

value of the transfer. Optimizing with respect to the access charges and rearranging

terms yields (4) and (5).

Using these �rst-order conditions the second-order conditions of the maximiza-

tion problem will be satis�ed if (1 + 2�pf)(
dqi
dpi

)2 � �pfqi
d2qi
dp2i

, i = 1; 2 and (1 +

2�pf)(
dq�
dp�

)2 � �pfq�
d2q�
dp2�

.

In the case of an iso-elastic international demand q� = p���� the second-order

condition amounts to �� �
�pf

1+�pf
.

8.2 Equilibrium access charges

Taxpayers-pay in both countries In equilibrium the budget-balance condition

will be binding in both countries. This de�nes the value of the transfer in each

country. Then, optimizing with respect to the access charges and rearranging terms

yields (6) and (7).

The second-order conditions will be satis�ed if

(SOCi) (1 + 2�pf)

�
dqi
dpi

�2
� �pfqi

d2qi
dp2i

(SOC�i) (2 + 2�pf � �i)

�
dq�
dp�

�2
� (1 + �pf � �i)q�

d2q�
dp2�

:

We will always assume that these two conditions are satis�ed whatever �i 2 [0; 1].

This implies that an equilibrium exists.

The equilibrium will be locally stable if

@2SWi

@a�i@a�j

@2SWj

@a�i@a�j
<

@2SWi

@a2�i

@2SWj

@a2�j
:

Using the �rst-order condition with respect to a�i we immediately obtain

@2SWi

@a�i@a�j
=

1
dq�
dp�

(1 + �pf � �i)

"�
dq�
dp�

�2
� q�

d2q�
dp2�

#
;

@2SWi

@a2�i
=

1
dq�
dp�

"
(2 + 2�pf � �i)

�
dq�
dp�

�2
� (1 + �pf � �i)q�

d2q�
dp2�

#
;
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for i 6= j. Direct computations show that the equilibrium will be locally stable

whatever �i 2 [0; 1] if

(2 + 3�pf)

�
dq�
dp�

�2
� (1 + 2�pf)q�

d2q�
dp2�

> 0: (11)

A su�cient condition for the equilibrium to be unique is�����@
2SWi

@a2�i

����� >
����� @

2SWi

@a�i@a�j

����� : (12)

Using the �rst-order condition with respect to a�i, this condition can be rewritten

as follows �����2 + 2�pf � �i
1 + �pf � �i

�
dq�
dp�

�2
� q�

d2q�
dp2�

����� >
�����
�
dq�
dp�

�2
� q�

d2q�
dp2�

����� :
This condition is trivially satis�ed when international access charges are strategic

substitutes. Under the strategic complementarity property, using the second-order

condition with respect to a�i (SOC�i), the condition for uniqueness can be rewritten

as follows

(3 + 3�pf � 2�i)

�
dq�
dp�

�2
> 2(1 + �pf � �i)q�

d2q�
dp2�

;

which will be satis�ed whatever �i 2 [0; 1] if

3

�
dq�
dp�

�2
� 2q�

d2q�
dp2�

> 0:

Notice that the su�cient condition for uniqueness implies the local stability property.

In the case of an iso-elastic international demand q� = p
���
� , (SOCi) amounts

to �i �
�pf

1+�pf
, (SOC�i) amounts to �� �

1+�pf��i
1+�pf

, local stability amounts to �� >
1+2�pf
1+�pf

, uniqueness amounts to �� > 2, existence (i.e. positivity of a�i) amounts to

�� �
1+2�pf
1+�pf

, the infrastructure pro�t in country i will be a concave function of a�i
if �� � 1.

Users-pay in both countries In this case, we have to account for the fact that

the Lagrange multiplier associated to the budget constraint in country i depends on
the access charge for the international service set in country j. Using the optimality

condition for the international access charge, simple manipulations show that

@2SWi

@a2�i
=

1
dq�
dp�

"
(2 + 2~�i � �i)

�
dq�
dp�

�2
� (1 + ~�i � �i)q�

d2q�
dp2�

#
; (13)

@2SWi

@a�i@a�j
=

1 + ~�i � �i
dq�
dp�

"�
dq�
dp�

�2
� q�

d2q�
dp2�

#
+

@~�i
@a�j

�iq�

1 + ~�i
: (14)
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We have a partial result on the Lagrange multiplier.

Lemma 1 The Lagrange multiplier ~�i associated to the budget-constraint in country

i under a users-pay �nancing system is such that
@~�i
@a�j

� 0.

This is intuitive. Ceteris paribus an increase in a�j decreases the infrastructure
revenue and therefore hardens the budget-balance constraint.

We look for a condition such that the su�cient condition (12) that ensure the

uniqueness, and consequently the local stability, of the equilibrium is satis�ed. Under

the strategic complementarity property, we always have

@2SWi

@a�i@a�j
� 0:

Using the second-order condition (SOC�i), this implies that (12) can be rewritten

as follows

1
dq�
dp�

"
(3 + 3~�i � 2�i)

�
dq�
dp�

�2
� 2(1 + ~�i � �i)q�

d2q�
dp2�

#
+

�iq�

1 + ~�i

@~�i
@a�j

< 0:

From Lemma 1, a su�cient condition to ensure that the last inequality is satis�ed

is

(3 + 3~�i � 2�i)

�
dq�
dp�

�2
� 2(1 + ~�i � �i)q�

d2q�
dp2�

> 0: (15)

Condition (15) will be satis�ed for all �i 2 [0; 1] if

3

�
dq�
dp�

�2
� 2q�

d2q�
dp2�

> 0;

which is the same condition we found when both countries adopt the taxpayers-pay

�nancing system.

Under the strategic substitutability property, we cannot conclude because we

were not able to sign @2SWi

@a�i@a�j
.

8.3 Strategic �nancing of the infrastructure de�cit

We use the same methodology for the cases of linear and iso-elastic demands. We

study the incentives for the infrastructure manager in country 1 to adopt the users-

pay �nancing system instead of the taxpayers-pay one, given the �nancing system

adopted in country 2. For each case (taxpayers-pay or users-pay in country 2), we

start by identifying the conditions on the �xed cost such that the Lagrange multiplier

associated to the budget-balance constraint in country 1 is equal to the shadow cost
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of public funds. Then we compute the di�erence in welfare in country 1 under

a taxpayers-pay and a users-pay system. Finally, we study the derivative of this

di�erence with respect to the �xed cost in country 1 when the Lagrange multipliers

are close to the shadow cost of public funds. We will give a numerical illustration

of every type of equilibrium we will exhibit. The discussion is couched in terms of

�xed costs but only the infrastructure de�cit is relevant.

Let us introduce the following notation: ~�iut is the Lagrange multiplier associated

to the budget-balance constraint in country i when country 1 adopts the users-pay

system and country 2 adopts the taxpayers-pay one. A similar notation is used for

country j. From the perspective of the �rst stage of the game, there are four possible

states: (u; u), (u; t), (t; u) and (t; t). We assume that �pf = 0 and cd = 0. Note that

�1 + �2 = 1, so that the country 2's valuation for the international service is 1� �1.

8.3.1 Strategic substitutability and linear demands

Let us assume that the domestic demand functions are given by qi(pi) = �i � 
ipi,

i = 1; 2. The international demand is given by q�(p�) = �� � 
�p�.

Taxpayers-pay in country 2 If country 1 also adopts the taxpayers-pay system,

then the optimal access charges are given by (6) and (7). Given that �pf = 0 the

access charge for the domestic service in country 1 is equal to the marginal cost of the

infrastructure cu and the pro�t of the infrastructure in country 1 can be rewritten

as
(�� � 2cu
�)

2(1� �1)

4
�
� k1:

Hence, if the �xed cost of the infrastructure is equal to k1 �
(���2cu
�)2(1��1)

4
�
, then

the optimal access charges are such that the infrastructure breaks even without any

subsidy. Accordingly, we have ~�1ut = �pf = 0 and the infrastructure manager in

country 1 is indi�erent between the two �nancing systems.

Let us denote by

�SW 1
t (
~�1ut; k1) � SW 1

tt(k1)� SW 1
ut(

~�1ut; k1)

the di�erence in welfare in country 1 under a taxpayers-pay system and a users-pay

system when country 2 adopts the taxpayers-pay system. We have, after simple

computations,

d�SW 1
t

dk1
=

@�SW 1
t

@k1
+

@�SW 1
t

@~�1ut

@~�1ut
@k1

(16)

= �1 + (1 + ~�1ut)

2
64 !1

(1 + 2~�1ut)
3
+

!��
2
1h

2 + (2 + �1)~�
1
ut

i3
3
75 @~�1ut
@k1

;
(17)
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where !i =
(�i�cu
i)

2


i
and !� =

(���2cu
�)
2


�
.

When country 1 adopts the users-pay �nancing system, replacing the optimal

access charges as function of the Lagrange multiplier, the budget-balance condition

can be rewritten in equilibrium as follows

!1
~�1ut(1 +

~�1ut)

(1 + 2~�1ut)
2
+ !�

(1 + ~�1ut)(1 +
~�1ut � �1)h

2 + (2 + �1)~�1ut

i2 = k1: (18)

Totally di�erentiating (18) and taking the limit when k1 goes to k1 (implying that
~�1ut goes to �pf = 0), we obtain

@~�1ut
@k1

jk1=k1 =
1

!1 +
!��

2

1

4

: (19)

Finally, replacing (19) in (17) we obtain

d�SW 1
t

dk1
jk1=k1 / �

!��
2
1

8
< 0:

This enables us to state the following lemma.

Lemma 2 Assume that demands are linear, cd = 0, �pf = 0 and that country 2

adopts the taxpayers-pay system. In a neighborhood of k1 country 1 prefers to adopt

the users-pay system than the taxpayers-pay one.

Finally, notice that to obtain this result we do not need to make any assumptions

on the infrastructure de�cit in country 2.

Users-pay in country 2 There is now an additional di�culty. When both coun-

tries adopt the users-pay �nancing system, a variation in the �xed cost of the in-

frastructure in country 1 a�ects the Lagrange multipliers in both countries.

As previously, denote by

�SW 1
u (
~�1uu;

~�2uu;
~�2tu; k1) � SW 1

tu(
~�2tu; k1)� SW 1

uu(
~�1uu;

~�2uu; k1)

the di�erence in welfare in country 1 under a taxpayers-pay and a users-pay �nancing

system when country 2 adopts the users-pay system. We are interested in the sign

of

d�SW 1
u

dk1
=

@�SW 1
u

@k1
+

"
@�SW 1

u

@~�1uu
+
@�SW 1

u

@~�2uu

@~�2uu
@~�1uu

#
@~�1uu
@k1

(20)
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If country 1 adopts the taxpayers-pay system then there will be no need to �nance

the infrastructure if

k1 = ~k1(~�
2
tu) � !�

(1� �1)(1 + ~�2tu)
2h

2 + (3� �1)~�
2
tu

i2 :
This condition depends now on ~�2tu the endogenous multiplier associated to the

budget-balance condition in country 2. The budget-balance condition in country 2

can be rewritten as follows

!2
~�2tu(1 +

~�2tu)

(1 + 2~�2tu)
2
+ !�

(1 + ~�2tu)(
~�2tu + �1)h

2 + (3� �1)~�2tu

i2 = k2:

It is immediate to notice that when k2 = k2 �
!��1
4

then ~�2tu = 0 and ~k1(0) = k1.
From now on, we assume that k2 is in a neighborhood of k2, which is equivalent

to a small infrastructure de�cit in country 2. Notice that this assumption is not

necessary but simpli�es dramatically the computations.

Moreover, this also implies that when k2 = k2 if k1 = k1 then country 1 does

not need to subsidy the infrastructure and, as previously, we have ~�1uu = �pf = 0.

Finally, when both countries adopt the users-pay system the budget-balance

condition in country 2 can be rewritten as follows

!2
~�2uu(1 +

~�2uu)

(1 + 2~�2uu)
2
+ !�

(1 + ~�2uu)(
~�2uu + �1)(1 + ~�1uu)

2h
2 + (3� �1)~�2uu +

~�1uu(2 + 3~�2uu + �1)
i2 = k2: (21)

When k1 goes to k1 and k2 goes to k2, we already know that ~�1uu goes to 0. This

entails that ~�2uu de�ned by (21) also goes to 0.

All these considerations will simplify the forthcoming computations. Indeed,

totally di�erentiating (21) we get

@~�2uu
@~�1uu

jk1=k1 =
!��

2
1

4!2 + (1� �1)2!�
: (22)

When country 1 also adopts the users-pay system, the budget-balance condition can

be rewritten as

!1
~�1uu(1 +

~�1uu)

(1 + 2~�1uu)
2
+ !�

(1 + ~�1uu)(1 +
~�1uu � �1)(1 + ~�2uu)

2h
2 + 3(3� �1)~�2uu +

~�1uu(2 + 3~�2uu + �1)
i2 = k1:

(23)

Totally di�erentiating this condition, we obtain

@~�1uu
@k1

jk1=k1 =
1

!1 +
!�
4

�
�21 � (1� �1)2

@~�2uu
@~�1uu

jk1=k1

� ; (24)

=
1

!1 +
!��

2

1

4

h
1�

!�(1��1)2

4!2+!�(1��1)2

i : (25)
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Given the previous considerations, and using (22) and (25), tedious but straight-

forward computations lead to

d�SW 1
u

dk1
jk1=k1 / �4!2 + (1� �1)!�:

We conclude with the following lemma.

Lemma 3 Assume that demands are linear, cd = 0, �pf = 0 and that country 2

adopts the users-pay system. For k2 su�ciently close to k2, in a neighborhood of

k1 country 1 prefers to adopt the users-pay system than the taxpayers-pay one if

!��2 � 4!2 < 0 and conversely.

Finally, notice that whatever the parameters values we have k1 �
~k1(~�

2
ut). Our

results can be extended to situation in which the infrastructure de�cit in country 2

is not close to 0. In this case, the condition stated in Proposition 3 will be di�erent

and will depend on ~�2ut and
~�2uu.

Numerical illustrations We propose three examples that illustrate the possible

equilibria of the two-stage game. We always consider �pf = 0, �i = 2, 
i = 
� = 1,

cu = 1, �� such that !� = 8! + �1, ki =
!�
8 + �2 and �1 = �2 = 1

2 . Welfare are

approximated to the fourth decimal.

� �1 = �1
2
and �2 = 0:01. The matrix of social welfare is (country 1 chooses the

row, country 2 chooses the column)

t u

t (0.8288,0.8288) (0.825,0.83)

u (0.83,0.825) (0.8253,0.8253)

In this �rst example, both infrastructure managers have the incentive to adopt

the users-pay system whatever the choice in the other country. As a result the

unique Nash equilibrium is (u; u).

� �1 = +1
2
and �2 = 0:01. The matrix of social welfare is (country 1 chooses the

row, country 2 chooses the column)

t u

t (1.1824,1.1824) (1.1762,1.1844)

u (1.1844,1.1762) (1.1752,1.1752)

In this second example, an infrastructure manager prefers to use the users-

pay system when the other infrastructure manager adopts the taxpayers-pay

system only. There exist then two pure-strategy asymmetric equilibria (u; t)
and (t; u) and one mixed-strategy equilibrium.
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� �1 = �2 and �2 = 0:15. The matrix of social welfare is (country 1 chooses the

row, country 2 chooses the column)

t u

t (0.3928,0.3928) (0.3805,0.3818)

u (0.3818,0.3850) (0.3665,0.3665)

Finally, in this case, both infrastructure managers prefer to adopt the taxpayers-

pay �nancing system and the unique Nash equilibrium is (t; t).

8.3.2 Strategic complementarity and iso-elastic demands

Let us assume that the domestic demand functions are given by qi(pi) = p��ii ,

i = 1; 2. The international demand is given by q�(p�) = p���� . To have all the

optimality conditions satis�ed, we assume that the elasticity parameters are strictly

greater than 1.

The methodology is identical and we content ourselves with the presentation of

the main results.

Taxpayers-pay in country 2 Assume that country 1 adopts the users-pay sys-

tem. If the �xed cost of the infrastructure in country 1 is such that

k1 = k1 � (1� �1)
(�� � 1)���1

(2cu��)���1��
; (26)

then one can check that ~�1ut = 0. Di�erentiating the budget-balance constraint in

country 1 under a users-pay system, we obtain

@~�1ut
@k1

jk1=k1 =
1

1

�1c
�1�1

u

+
(���1)���1�2

1

(2cu��)���1��

: (27)

After tedious but straightforward computations, we �nd that

d�SW 1
t

dk1
jk1=k1 =

"
@�SW 1

t

@k1
+
@�SW 1

t

@~�1ut

@~�1ut
@k1

#
jk1=k1 (28)

/
�21cu(�� � 1)��

2���1(cu��)��(�� � 1)2
> 0: (29)

This enables us to state the following lemma.

Lemma 4 Assume that demands are iso-elastic, cd = 0, �pf = 0 and that country 2

adopts the taxpayers-pay system. In a neighborhood of k1 country 1 prefers to adopt

the taxpayers-pay system than the users-pay one.
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Users-pay in country 2 First assume that country 1 adopts the taxpayers-pay

�nancing system. Then one can check that when the �xed cost of the infrastructure

in country 2 is such that

k2 = k2 � �1
(�� � 1)���1

(2cu��)���1��
;

then ~�2tu = 0. From now on, we assume that k2 is in a neighborhood of k2. Moreover,

when k1 = k1 then country 1 becomes indi�erent between choosing the taxpayers-

pay or the users-pay system, implying that ~�1uu = 0.

Di�erentiating the budget-balance condition in country 2 when both countries

adopt the users-pay �nancing system we obtain

@~�2uu

@~�1uu
jk1=k1 =

2�2�
2
1c

�2
u

2��(�� � 1)
�
cu��
���1

���
+ 2c�2u �2(1� �1)2

: (30)

Di�erentiating the budget-balance condition in country 1 when both countries

adopt the users-pay �nancing system and using (30) we obtain

@~�1uu
@k1

jk1=k1 =
c�1�1u �1

h
2��(�� � 1)

�
cu��
���1

���
+ 2�2c

�2
u (1� �1)

2
i

2��(�� � 1)
�
cu��
���1

���
+ 2�2c

�2
u (1� �1)2 + 2�1c

�1
u �21

: (31)

This enables us to obtain �nally

d�SW 1
u

dk1
jk1=k1 =

 
@�SW 1

u

@k1
+

"
@�SW 1

u

@~�1uu
+

@�SW 1
u

@~�2uu

@~�2uu
@~�1uu

#
@~�1uu
@k1

!
jk1=k1 (32)

/

cu
2���1 �

2
1

�
���1
cu��

��� h
2��(�� � 1)

�
cu��
���1

���
+ 2c�2u �2��(1� �1)

i
(�� � 1)2

h
2��(�� � 1)

�
cu��
���1

���
+ 2c�2u �2(1� �1)2

i > 0:
(33)

We conclude with the following lemma.

Lemma 5 Assume that demands are iso-elastic, cd = 0, �pf = 0 and that country

2 adopts the users-pay system. For k2 su�ciently close to k2, in a neighborhood of

k1 country 1 prefers to adopt the taxpayers-pay system than the users-pay one.
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z }| {users-pay taxpayers-payz }| {
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users-pay if taxpayers-pay in country j
taxpayers-pay if users-pay in country j

Figure 1: Country i's �rst stage choice of mode of regulation.

29


