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INTERNATIO NAL ASPECTS O F PUBLIC INFRASTRUCTURE

INVESTM ENT

1. Introduction

A central question in the em pirical literature on infrastructure has been

whether existing stocks of public capital are sub-optim al. W hile the initial 

estim ates of David Aschauer (1989a, 1989b, 1989c), which places the rate of 

return of public capital in the US at around 60%  per annum , have been

questioned by subsequent literature1, the debate on whether there is under-

investm ent in infrastructure is far from  settled. Even though som e

investigators have found negligible, or even negative, effects of public capital 

on private productivity (e.g. Evans and Karras, 1994, Holtz-Eakin, 1994), 

others have found positive effects (e.g. Nadiri and M am uneas, 1994, Lynde 

and Richm ond, 1992 and 1993, Berndt and Hansson, 1992), which in som e 

cases suggest that there m ay be an under-supply of public capital (e.g.

M orrison and Schwartz, 1996, Dem etriades and M am uneas, 2000).

In this paper we provide a theoretical explanation why public infrastructure 

m ay be under-supplied by exploring the international aspects of investm ent in 

public infrastructure. Our starting point is the observation that a large

com ponent of public infrastructure investm ent is devoted to the extension and 

upgrading of transport and com m unications networks, which reduces

transport costs and facilitates trade of goods both within and across national

borders. Thus, any investm ent in infrastructure by the dom estic econom y is 

likely to benefit not only dom estic but also foreign producers and consum ers.

For exam ple, if Britain were to im prove its road and rail network, this is likely 

to benefit French producers, as it would m ake it cheaper to get French goods 

to sm all towns throughout Britain.  Sim ilarly, infrastructure investm ents in

France are likely to benefit British producers. This could hold for infrastructure 

investm ent in any country, as long as it has trade links with the rest of the 

world. Infrastructure, therefore, has characteristics of an international public 

good, which suggests that its provision m ay be subject to an international co-

1
 See G ram lich (1994) for an extensive review of the literature.
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ordination problem . 

W hile the link between transport costs and trade is com m onplace in the trade 

literature2, the idea that infrastructure m ight affect trade is a m ore recent one. 

The survey by Casas (1983) touches on it while Bougheas, Dem etriades and 

M orgenroth (1999) provide a fuller analysis in a sym m etric two-country m odel 

which examines the effects of infrastructure on specialisation and the volum e 

of trade. The sym m etric nature of their m odel, however, does not allow the 

authors to address co-ordination issues such as the question of how countries 

m ight share the cost of infrastructure provision, which gives rise to the

possibility of under-investm ent.  It is precisely these issues which are the 

focus of the current paper.

Our theoretical approach involves constructing a sim ple general equilibrium  

two country - two good m odel in which infrastructure investm ent influences 

dom estic and international trade by reducing transport costs3. W e assum e 

that dom estic transport costs are country specific, varying inversely with

dom estic infrastructure, while international transport costs are com m on,

varying inversely with the sum  of the two countries’ infrastructure.  For

exam ple, it is reasonable to argue that if Britain im proves its m otorway

network, this is likely to reduce the cost of transporting goods between Britain 

and France as well as the cost of transporting goods within Britain.  Im proving 

British m otorways is, however, unlikely to reduce the cost of transporting

goods within France. 

O ur m ethod of solving for the equilibrium  of the m odel applies the concept of 

voluntary-contribution (see Laffont, 1988) for finding the infrastructure

investm ents by the two social planners while the two goods are traded in

com petitive m arkets4. Specifically, we assum e that the two social planners 

2
 See for exam ple the classic references by Sam uelson (1954) and M undell (1957).
3
 Clarida and Findlay (1994), and Chiu (1997) develop trade m odels with public investm ent 
without focusing specifically on transport infrastructure and transport costs. Bond (1997) 
constructs a partial equilibrium  m odel of trade with transport costs and exam ines trade policy 
issues.
4
 Fisher and M irm an (1992), Datta (1997) and M irm an and Datta (2000) use the sam e 
approach to study dynam ic externalities.
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behave strategically, allocating their endowm ent between production and

investm ent in infrastructure taking as given the policy of the other planner and 

recognising the effect of their decision on the equilibrium  price m echanism . 

The com petitive m arket m echanism  subsequently determ ines the allocation of 

consum ption between the two goods. W e exam ine the efficiency of the

equilibrium  by com paring it to the case where the two social planners behave 

co-operatively. This solution corresponds to the outcom e which would be

proposed by a “global” social planner.

W e subject our theoretical m odel to rigorous em pirical testing to exam ine its 

em pirical relevance. Specifically, we construct an econom etric m odel which 

captures all the im portant elem ents of the theoretical m odel and estim ate it by 

sim ultaneous m ethods using data from  16 European countries over the period 

1987-95. Our em pirical results accord well with our theoretical predictions. 

Im portantly, the international strategic nature of public infrastructure

investm ent is strongly supported by the evidence, suggesting that our

theoretical explanation of the possibility of under-investm ent is a plausible 

one.

The paper is organised as follows. Section 2 puts forward the theoretical 

m odel, provides the equilibrium  and exam ines its efficiency aspects. Section 3 

form ulates the econom etric m odel, describes the data used for estim ation and

presents the em pirical results. Finally, section 4 sum m arises and concludes.

2. Theoretical M odel and Predictions 

There are two countries: the “hom e” country (H ) and the “foreign” country

(F ); the latter can be thought of as representing the rest of the world. Each 

country produces only one good. H  produces good h and F  produces f.

The agents of each country derive utility from  consum ption of both goods, 

hence there is trade. Each country is endowed with a capital good. Let zH  and 

zF  denote the endowm ent of H  and F , respectively. Each unit of the capital 

good can produce one unit of the dom estic good.
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The endowm ents can also be used for the developm ent of infrastructure

which reduces transport costs which, in turn, influence dom estic and

international trade.  Following Sam uelson’s “iceberg” m odel (see Sam uelson, 

1954), we assum e that only a fraction of the goods shipped arrive at their final 

destination. Let g denote the fraction of exports consum ed. W e further

assum e that the consum ption of dom estically produced goods is also subject 

to transport costs5. Let gH  and gF  denote the corresponding fractions. Notice 

that while dom estic transport costs are country specific, international transport 

costs are com m on. Transport costs are endogenous and depend on the

quality of public infrastructure. W ithout continuous im provem ent through

additional investm ent, the existing stock of public infrastructure, i.e. road

networks, telecom m unications etc. will deteriorate and consequently transport 

costs will be high.  Let zHG  and zFG  denote the investm ent in infrastructure of 

H  and F , respectively. Then, the transport cost technologies are given by:

(1) ( )g g zH H HG=

(2) ( )g g zF F FG=

(3) ( )g g z zHG FG= +

where 0 1< <g g gH F, , , z zHG H≤ , z zFG F≤  and all the functions are strictly

increasing and concave. Notice that any investm ent in infrastructure will affect 

both dom estic and international transport costs. Furtherm ore, the two

investm ents are perfect substitutes in the international technology. Perfect 

substitutability is only assum ed for sim plicity. As long as there is som e

substitutability the equilibrium  level of infrastructure will, generally, be sub-

optim al.

In this m odel there is a two-level decision m aking in each country. The

5
 M artin and Rogers (1995) in a m odel of industrial location also consider both types of 
transport costs.
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allocation of the capital good between production and infrastructure

investm ent is decided by a social planner. Afterwards, a com petitive m arket 

decides the allocation of consum ption between the two goods. W e capture the 

trading process with a price taking, utility m axim ising, representative agent 

who takes the social planner’s decision as given. M arket clearing determ ines 

the equilibrium  prices which depend on the decisions of both social planners. 

W hile agents behave com petitively, the two social planners behave

strategically. Each planner m akes a decision, taking into account the

equilibrium  price m echanism , given the other social planner’s decision.

Letcij ( )i H F j h f= =, ; ,  denote the consum ption of the representative agent 

in country iof good j. Preferences in each country are specified as follows:

(4) ( )U c c c ci ih if ih ih if if, log log≡ +q q , i H F= ,

W ith the above functional form  we can get closed form  solutions without

im posing any further restrictions on the infrastructure technologies6. However, 

the analysis of Nash-Cournot equilibria in public goods gam es by Cornes and 

Sandler (1996) suggests that our results are robust to m ore general

specifications. Our m ethod of solution is as follows. The first step is to solve 

each representative agent’s m axim isation problem . Each agent takes prices, 

ph and pf , and his incom e, y z zi i iG= − , as given. Notice that the incom e 

levels depend on the social planner’s decision. The solution of these problem s 

will express consum ption allocations as a function of relative prices

( )p p pf h≡ /  and incom e. Using these solutions together with the two m arket 

clearing conditions we can express the relative price as a function of the two

incom e levels. The next step is to substitute the above solutions in the

preference functions and derive the indirect utility functions for each agent. 

Each social planner m axim ises the corresponding indirect utility function by 

choosing his country’s investm ent in infrastructure and taking the other

6
 See also the discussion in the following section.
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planner’s decision as given. The solution of these problem s will yield the two 

reaction functions which will determ ine the equilibrium  investm ents in

infrastructure by the two social planners.

      2.1. Voluntary Contributions

The following program  describes the utility m axim isation problem  of the

representative agent of country H :

M ax q qHh Hh Hf Hfc clog log+ ,

subject to: p
c

g
p

c

g
p yh

Hh

H
f

Hf

h H+ =

The solution is given by:

(5) c g yHh
Hh

Hh Hf
H H=

+
q

q q
 and c

g

p
yHf

Hf

Hh Hf
H=

+
q

q q

Because of the logarithm ic specification the dem and for each good is

proportional to incom e (net of any infrastructure investm ent). The

proportionality factor depends on how strong preferences are for the hom e

good relative to the foreign good and on relative prices which depend on 

transport costs. The equilibrium  allocations m ust also satisfy the

corresponding solution for country F and the following feasibility constraints:

(6) z z
c

g

c

gH HG
Hh

H

Fh− ≥ +

(7) z z
c

g

c

gF FG

Ff

F

Hf− ≥ +

The left-hand side of each expression is equal to the production of the

dom estic good which is also equal to incom e. The right hand side shows the 
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allocation of production between dom estic consum ption and exports. The

equilibrium  relative price (term s of trade) is given by:

(8)
( )
( ) HGH

FGF

HfHhFh

FhFfHf

Hf

Fh

zz

zz

gc

gc
p

−
−

+
+

==
qqq

qqq

/

/

Because of the logarithm ic preferences the am ount that each country spends 

on each good is proportional to its incom e. In addition, because international 

transport costs are com m on, they do not enter directly into the equilibrium  

condition. However, transport costs, both dom estic and international, affect 

indirectly the equilibrium  price because they affect the allocations of the two 

social planners which determ ine the levels of incom e.

Using (5), (8), and the preferences of the representative agent of H , we can 

derive the corresponding indirect utility function. The social planner of H

m axim ises this utility by choosing investm ent in infrastructure, zHG , taking as 

given the investm ent of country F ,zFG :

( ) ( ) ( )
( ) ( )

V z ;z ,z z M ax g z z z

g z z z z

HG H F FG Hh H HG Hh H HG

Hf HG FG Hf F FG

, log log

log log

≡ + −

+ + + − +

q q

q q constant

The solution of the above problem  yields the following reaction function:

(9)
( )
( )

( )
( )q q qHh

H HG
Hh

H HG

H HG

Hf

HG FG

HG FG
z z

g z

g z

g z z

g z z

1

−
= +

+

+

' '

where prim es denote the first derivatives. By m ultiplying both sides of the 

above equality by zHG  we find that the optim al policy requires that the ratio of 

the investm ent in infrastructure to production should be higher the m ore

responsive the transport cost functions are to the form er.
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Lem m a 1:

The reaction function has a negative slope with an absolute value less than 

one.

Proof:

For sim plicity we set qij = 1 for i H F= , ;j h f= , .

Let ( )A
z z
H HG

≡
−

>
1

02

( )B
z z
F FG

≡
−

>
1

02

( )
0

'''

2

2

<
⎟⎠
⎞⎜⎝

⎛−
≡

H

HHH

g

ggg
C

( )
( )

D
g g g

g

F F F

F

≡
−

<
'' '

2

2
0

( )
0

'''

2

2

<
⎟⎠
⎞⎜⎝

⎛−
≡

g

ggg
E

By totally differentiating (9), the hom e country’s reaction function, we get:

− + = + +Adz Adz Cdz Edz EdzH HG HG HG FG

The slope is given by:

 z

 z
HG

FG

¶

¶
=

−
+ −

E

C E A
  and 0 1<

+ −
<

E

C E A
�

The social planner of F  faces a sim ilar optim isation problem  which yields a 

corresponding reaction function.  The following conditions hold at the unique 

Cournot-Nash equilibrium , found by the intersection of the two reaction

functions.
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(10)
dz

dz
iG

i

> 0 and 
dz

dz
iG

j

< 0; ig H F, ,= i j≠ .

Investm ent in infrastructure in both countries is increasing in their own

endowm ent but decreasing in the other country’s endowm ent.  It is useful to 

com pare this aspect of the non-co-operative solution to the co-operative

outcom e.

2.2. G lobal Social Efficiency

In the co-operative case, we choose the investm ent levels in the two

countries, ( )z zHG FG, , and the levels of consum ption, ( )c c c cHh Hf Ff Fh, , , , to

m axim ise the sum  of utilities subject to the two feasibility constraints. This

solution is Pareto optim al and corresponds to the case where the utilities are 

equally weighted. Form ally the optim ization problem  is the following:

M ax q q q qHh Hh Hf Hf Ff Ff Fh Fhc c c clog log log log+ + +

subject to (6) and (7).

Lem m a 2:

The solution of the co-operative case yields the following two conditions:

(11)
( )
( ) ( ) ( )

( )
q q

q q qHh Fh

H HG
Hh

H HG

H HG

Hf Fh

HG FG

HG FG
z z

g z

g z

g z z

g z z

+
−

= + +
+

+

' '

(12)
( )
( ) ( ) ( )

( )
q q

q q q
Ff Hf

F FG
Ff

F FG

F FG

Hf Fh

HG FG

HG FG
z z

g z

g z

g z z

g z z

+
−

= + +
+

+

' '

Proof: See Appendix 1. �

Equations (11) and (12) jointly determ ine the co-operative solution for

investm ent in infrastructure by the two countries. Next, we com pare these 

solutions with the reaction function, (9). W ithout loss of generality, we im pose 

the following restriction:
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Assum ption 1:

q q q qHh Hf Ff Fh+ = + = 1 (M onotonic Transform ation).

Given the logarithm ic specification and the above restriction qij represents the 

fraction of its net incom e ( )z zi iG−  that country i spends on the good 

produced by country j.

Since the solutions for the two countries are sym m etric, we concentrate on 

(11) and (9), the solution for the hom e country. The difference is the term  qFh

which appears in the num erator of the left-hand side and the num erator of the 

second term  of the right-hand side of the co-operative solution. Let us

exam ine these term s m ore closely.

The left-hand side captures the m arginal cost of infrastructure investm ent. An 

increase in infrastructure investm ent by one unit reduces the am ount available 

for consum ption by one unit. The social planner of H  takes into account that 

hom e consum ption is only reduced by a fraction qHh, while for the global 

optim um  we need to take into account the corresponding reduction in the 

utility of the foreign country’s representative agent. The term  qFh  appears in 

the co-operative solution because it represents the fraction of its incom e that 

the foreign country spends on the hom e good. Therefore, the social planner of 

H  underestim ates the m arginal cost of infrastructure investm ent, which leads 

to over-investm ent.

The second term  of the right-hand side captures the m arginal benefits of 

infrastructure investm ent from  the reduction in the international transport cost 

function. W hile the social planner of H  takes into account only the benefits for 

country H , the global social planner also considers the benefits for country 

F . This effect leads to under-investm ent.

Let ∗ denote the non-co-operative solutions. After subtracting (9) from  (11), 

we arrive at the following result:
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Proposition 1:

If
( )
( )qFh

HG FG

HG FG H HG

g z z

g z z z z

' ∗ ∗

∗ ∗ ∗

+

+
−

−

⎧
⎨
⎪

⎩⎪

⎫
⎬
⎪

⎭⎪
>

1
0

then there will be under-investm ent in infrastructure.

It is useful to exam ine the extent to which under-investm ent is likely using the 

above result. The first term  in the parenthesis represents the difference

between the m arginal national benefits from  the m arginal global benefits of 

infrastructure investm ent. It captures the spill-out benefits of infrastructure

investm ent and the stronger it is, the m ore likely that there will be under-

investm ent. The second term  captures the global cost of infrastructure

investm ent and is probably overstated by the preference specification. Under 

logarithm ic preferences the fraction of incom e that each country spends on 

each good is constant, as a result of which the term s of trade are equal to the 

ratio of incom es (for sym m etric preferences)7. As one country increases its 

infrastructure investm ent, thus reducing its net incom e, it im proves its term s of 

trade. W hile this reduces the am ount of its own good available for trade, it 

does not affect the am ount that it im ports from  abroad. This reflects the

absence of price substitution, which is a peculiarity of the logarithm ic utility

function. The logarithm ic specification was adopted because it allows for a 

closed-form  solution. Under m ore plausible specifications, a change in the 

term s of trade will also induce a substitution effect which would weaken the 

strength of the second term 8.

3. Econom etric M odel and Results

In order to test the predictions of our theory we construct a sim ple

econom etric m odel of infrastructure investm ent which is specified in per capita 

term s. This specification is consistent with the theoretical results since these 

are derived in the context of a representative agent m odel and also helps 

7
 By sym m etric preferences we m ean that q qHh Ff=  and q qHf Fh= .
8
 In a recent paper, Bond (1997), develops a partial equilibrium  m odel which effectively 
elim inates the effect of infrastructure investm ents on the output of the two goods. Under the 
sam e conditions, our m odel clearly suggests that there will be under-investm ent in
infrastructure.
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reduce the effect of the size heterogeneity between the countries in our data 

set. Our specification allows us to test som e of the m ain predictions of our 

m odel, for exam ple that increases in foreign incom e reduce dom estic

infrastructure investm ent, which is the result of the strategic interaction

between international policy-m akers. In order to m ove from  a two-country

m odel to the realities of a m ulti-country setting, we adopt the convention that 

the ‘foreign country’ represents all the trading partners of the dom estic

econom y.

3.1.M odel Specification

Our m odel of infrastructure investm ent is specified in log-linear form  and 

relates the logarithm  of per capita infrastructure investm ent of a country i,

denoted ii, to per capita incom e in that country, iy , per capita incom e in other 

countries, jfy , and a num ber of variables that capture the characteristics of 

the country in question, ix . Since the m odel will be estim ated using panel data 

all variables are further subscripted to indicate a specific tim e period. The 

estim ation equation therefore takes the following form :

(13) ititjtititit uxfyyi ++++= bbba 21

where i indexes countries and ni ......1= , and indexes t tim e periods where 

Tt ......1= .

On first inspection this specification appears to be sim ilar to that adopted by 

Case et.al (1993). However, following the results of our theoretical m odel the 

spillover in our em pirical m odel arises through foreign incom e rather than 

foreign expenditure. Furtherm ore, our m odel focuses on investm ent rather 

than total expenditure9. This specification also sim plifies estim ation since the 

foreign incom e variable can be treated sim ilarly to any other explanatory

9
 The proportion of total expenditure that is allocated to investm ent varies significantly 
between countries. For those countries for which data is available for investm ent and 
m aintenance the proportion that goes to investm ent varies between 38%  and 87%  of total 
expenditure.
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variable, thus allowing us to estim ate the m odel using ordinary least squares 

(OLS), while the inclusion of foreign infrastructure investm ent would require 

m axim um  likelihood estim ation (M L)10.

3.2.Specification of foreign incom e

Since our aim  is test the effect of foreign incom e on dom estic infrastructure 

investm ent, the specification of the foreign incom e variable is particularly

im portant. Since countries can observe m ore than one neighbour at a tim e the 

incom e of every foreign country should be estim ated separately. However, 

this would im ply a significant loss of degrees of freedom  that renders this

approach im possible in cross-section estim ation. Furtherm ore, the estim ation 

of 1−n  foreign incom e coefficients is likely to introduce m ulticollinearity. In

order to overcom e these problem s it is custom ary to im pose som e structure 

on the specification of the foreign variable that results in the estim ation of only 

one param eter. This is achieved through the use of a spatial weights or

connectivity m atrix, W , which has to be specified by the researcher. This

weights m atrix consists of individual elem ents ijw  such that the foreign incom e 

variable is specified as a weighted sum :

(14) ∑
=

=
n

j
jtijjt ywfy

1

or in vector form  for each cross-section, with 0=iiw

tt W YFY =

This specification allows us to relate the infrastructure investm ent at one point 

in space to the incom e in other points in space, and we refer to the foreign 

incom e as the spatial lag of incom e11. An im portant issue is the choice of the 

weights, ijw . O ne of the m ost widely used specification of these spatial

weights is based on the concept of connectivity which is m easured as a binary 

variable which is equal to one if countries i and j have a com m on border and 

10
 See Anselin 1988, or Haining, 1990.

11
 The term  spatial lag refers to the fact that the observations are neighbours in space rather 

than in tim e as would be the case in tim e series analysis where the lag would refer to the 
value of a variable in the previous tim e period. 
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zero if they do not have a com m on border12. This im plies that such a

specification assum es that only neighbouring countries have an effect on the 

investm ent decision of the hom e country. Another widely used specification 

utilises the distance or inverse distance between two countries, which im plies 

a distance decay of the effect of foreign countries. O f course the theoretical 

m odel also suggests a specification of the spatial weights, nam ely trade

weights im plying that foreign countries with which the hom e country trades 

m ore have a larger im pact. 

As is custom ary we scale the weights so that they sum  to one such that:

(15)
∑

=

j

ij

ij
ij

w

w
w

This renders the spatial weights m atrix non-sym m etric but facilitates the

interpretation of the results since this im poses the restriction that the sum  of 

the neighbours of each country are treated equally. 

3.3.Data

Our data set consists of annual observations for the period 1987 to 1995

covering 16 European countries, nam ely Austria, Belgium /Luxem bourg,

Denm ark, Finland, France, G erm any, Greece, Ireland Italy, Netherlands,

Norway, Portugal, Spain, Sweden, Switzerland and the United Kingdom . The 

choice of countries was determ ined by the availability of road investm ent data. 

In order to account for the specific characteristics of each country we include 

a set of additional variables, itx , which are further outlined in this section. In 

order to take account of scale effects we include size of the population, itp .

Since countries with a high population density can achieve a given road 

service level with fewer roads than countries that have a scattered low-density

population we include population density, itpd  in our specification. Another 

im portant variable is the existing stock of roads since countries that have 

already com pleted a road network will need less additional investm ent than 

12
 M oran (1948) and G eary (1954) first proposed binary contiguity between spatial units in 

their pioneering papers on m easures of spatial dependence.
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countries that are still building up a road network. W e therefore include the 

density of the existing road stock, itrden . However, as this was found to be 

highly collinear with population density, this variable is included in a

specification that excludes population density13. Furtherm ore, financing issues 

m ay also be im portant determ inants of investm ent. Thus, countries with a high 

level of debt are likely to reduce their investm ent in order to im prove their 

fiscal position. To capture this effect we include the governm ent debt

expressed as a percentage of GDP, itde . Furtherm ore, interest rates that 

im pact on the willingness to borrow for investm ent are also likely to play an 

im portant role, and we include the long-run interest rate, itir  in our

specification. As our sam ple consists of European countries, som e of which 

have been receiving large transfers from  the EU Com m ission as part of the 

Structural Funds in order to im prove their infrastructure. To take this effect into 

account we include a dum m y variable, itcoh  which is equal to one, from  1988 

onwards, for those in the countries that received the bulk of EU aid. Thus, we 

specify two infrastructure investm ent equations that are defined as follows:

(16) ititititititititzit ucohirdepdpfyyi ++++++++= 7654321 bbbbbbba

(17) ititititititititzit ucohirderdenpfyyi ++++++++= 7654321 bbbbbbba

These are estim ated using three different specifications of the foreign incom e 

variable, nam ely one using binary contiguity weights, one using trade weights 

and one using inverse distance weights. O verall we attach particular

im portance on 2b in equations 13 and 14, which we expect to be negative, 

reflecting the strategic nature of dom estic infrastructure investm ent decisions. 

Specifically the data were drawn from  the following sources. Gross Investm ent 

in Roads in constant 1995 ECU was obtained form  the report of the European 

Conference of M inisters of Transport (1999) entitled “Investm ent in Transport 

Infrastructure 1985-1995: Country Studies”. This was converted to US Dollars

13
 The use of the road density variable also results in a reduction of the num ber of 

observations since road length could not be obtained for Portugal. 
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using the ECU/$ exchange rate from  the OECD Econom ic Outlook.

Population, the long-run interest rate and GDP in constant 1995 US Dollars, 

PPP adjusted, were also obtained from  the OECD Econom ic Outlook. In the 

case of Greece the long run interest rate could not be obtained from  the 

OECD, IM F or Eurostat, and hence the short-run interest rate was used

instead.

The spatial weights used are the binary contiguity weights14, distance weights 

and trade weights. The road length was obtained from  the International Road 

Federation W orld Road Statistics Year Books. The contiguous countries for 

each country are outlined in the appendix. The distance weights refer to great 

circle distance between the centre of each country15, and this was calculated 

using the SpaceStat program m e (see Anselin, 1995) in conjunction with the 

ArcView GIS package. The trade weights are derived using total trade, that is 

im ports plus exports between country pairs, where the trade data was

obtained from  UN International Trade Statistics. In order to obtain a

reasonable sam ple size for estim ation all the observations are pooled, yielding 

a sam ple of 144 observations.

3.4.Estim ation and Results

As was outlined above the fact that we use the spatial lag of foreign incom e 

rather than foreign road investm ent allows us to use OLS for estim ation.

However, our m odel m ay be subject to spatial dependence in the error term  

which could result in inconsistent estim ates of the standard errors of the

param eters. The standard approach in the regional science literature is to 

either apply Feasible Generalised Least Squares (FGLS) or M axim um

Likelihood (M L) that take account of the spatial dependence of the error

term 16. To im plem ent these m ethods it is necessary to im pose strong

param etric restrictions on the relationship between the residuals. This is

achieved through the use of a spatial weights m atrix sim ilar to those used to 

14
 The contiguities are shown in table 5 in the appendix.

15
 Alternatively the distances between capital cities could also be used. However, the use of 

these distances does not alter the results significantly.
16
 Anselin, 1988 contains a detailed review of this literature.
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define the foreign incom e variable described above such that the error term  

for each cross section is written as:

(18) ttt W uu el +=

where te  represents an independent and identically distributed error term , l ,

represents the spatial autocorrelation coefficient and W , represents a spatial 

weights m atrix. However, these m ethods are concerned with sim ple cross-

section m odels and are sensitive to other m isspecifications such as

heteroskedasticity.

An alternative m ethod to deal with spatial autocorrelation was developed

recently by Driscoll and Kraay (1998). Their m ethod not only deals with spatial 

autocorrelation, but it also allows for the calculation of standard errors that are 

robust to heteroskedasticity and serial correlation. It has the further advantage 

that it requires no prior knowledge of the form  of spatial dependence or serial 

correlation, and therefore requires no explicit param eterisation of the form  of 

the dependence. This m ethod applies the well-known Newey-W est covariance 

m atrix (see Newey and W est, 1987) to the sequence of cross-sectional

averages of the vector of functions of the data and param eters that is used in 

form ing the orthogonality conditions for generalised m ethods of m om ents 

estim ation. W hile this m ethod applies to instrum ental variables (IV) estim ation, 

OLS estim ation is carried out by using the regressors as instrum ents. Since 

the exact form  of spatial autocorrelation is not of particular interest this latter 

m ethod which is also straightforward to im plem ent is used here. However, this 

procedure requires the num ber of estim ated param eters to be sm aller than 

the num ber of tim e periods. Our estim ation equation contains 8 param eters 

plus 9 param eters for tim e specific effect and we have just 9 tim e periods it is 

necessary to reduce the num ber of param eters. However, it is straightforward 

to reduce the num ber of param eters by subtracting the m ean of the series 

appropriately17.

17
 This prevents us from  estim ating the param eters for the constant and the tim e specific 

effect but leaves all other coefficients unaffected. Estim ation with country specific effects 
proved difficult as the country dum m ies were highly m ulticollinear with the other right hand 
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In order to obtain benchm ark results against which the results of our full m odel 

can be judged, we estim ate the infrastructure investm ent equations excluding 

the sum  of the foreign incom es using ordinary least squares estim ation

(O LS)18. The results from  this estim ation of the two base specifications are 

shown in Table 1 and 2, confirm  that the incom e of the hom e country has a 

significant positive effect on infrastructure. Countries with a larger population 

invest m ore countries with a higher population density invest less. A high debt 

to GDP ratio decreases investm ent as does a higher long run interest rate. 

The Cohesion Countries, Greece, Ireland, Portugal and Spain which receive

high levels of Structural Funds assistance invest m ore in infrastructure.

Turning to the estim ation of the fully specified equations the results are

presented in colum ns 2 to 4 and 5 to 8 of the sam e tables. W e observe that all 

the coefficients have the predicted signs and are statistically significant.

Furtherm ore, the inclusion of the foreign infrastructure variables adds

significantly to the explanatory power of the m odel, particularly in the case of 

the trade weighted foreign incom e. Notably the results confirm  that dom estic 

infrastructure investm ent is increasing in dom estic real GDP and decreasing 

in foreign incom e, irrespective of the definition of the latter.  Thus, one of the 

central predictions of the theoretical m odel appears to be strongly supported

by the data. 

The standard errors obtained controlling for heteroskedasticity and spatial

autocorrelation, are considerably sm aller com pared to alternatives (OLS,

W hite and Newey –W est), which supports the finding of Driscoll and Kraay 

(1998), that this technique dom inates the alternatives even in finite sam ples.

side variables. Thus, while they im proved the fit of the regressions, only one param eter was 
found to be statistically different from  zero.
18
 All estim ations were carried out using TSP version 4.4, and the standard errors are derived 

using the TSP code available from  John Driscoll’s web site at http://econ.pstc.brown.edu/~jd/.
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Table 1. Estim ation Results O LS including Population Density

1 2 3 4

GDP 1.38 (0.18) 1.59 (0.18) 1.48 (0.18) 1.49 (0.14)

Foreign GDP

First Order Contiguity W eights -0.59 (0.13)

Trade W eights -2.07 (0.56)

Distance W eights -3.49 (0.83)

PO P 0.19 (0.02) 0.19 (0.02) 0.19 (0.02) 0.19 (0.01)

POPDENS -0.17 (0.01) -0.18 (0.01) -0.16 (0.01) -0.19 (0.01)

LRI -0.69 (0.09) -0.69 (0.10) -0.65 (0.11) -0.69 (0.09)

DEBT -0.35 (0.03) -0.32 (0.03) -0.35 (0.03) -0.29 (0.03)

COH (88) 0.31 (0.07) 0.27 (0.06) 0.26 (0.06) 0.21 (0.07)

N 144 144 144 144
_
2R 0.76 0.76 0.76 0.77

The standard errors are those obtained using the Driscoll and Kraay (1998) m ethod, 
controlling for heteroskedasticity and spatial autocorrelation of the residual. 

Table 2. Estim ation Results O LS including Road Density

5 6 7 8

GDP 1.38 (0.18) 1.62 (0.17) 1.45 (0.17) 1.36 (0.14)

Foreign GDP

First O rder Contiguity W eights -1.17 (0.24)

Trade W eights -3.05 (0.72)

Distance W eights -4.08 (1.20)

PO P 0.15 (0.02) 0.13 (0.02) 0.14 (0.02) 0.13 (0.02)

ROADENS -0.23 (0.02) -0.22 (0.02) -0.20 (0.02) -0.21 (0.01)

LRI -0.79 (0.09) -0.73 (0.11) -0.70 (0.12) -0.72 (0.10)

DEBT -0.30 (0.03) -0.29 (0.03) -0.32 (0.03) -0.28 (0.03)

COH (88) 0.36 (0.09) 0.25 (0.06) 0.29 (0.07) 0.22 (0.09)

N 135 135 135 135
_
2R 0.72 0.73 0.73 0.73

The standard errors are those obtained using the Driscoll and Kraay (1998) m ethod, 
controlling for heteroskedasticity and spatial autocorrelation of the residual. 
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The O LS estim ates presented in Table 1 and 2 im plicitly assum e that

dom estic incom e is exogenous. To exam ine the robustness of our results to 

this assum ption, we also estim ate the infrastructure equations using

instrum ental variable (IV) estim ation, where dom estic incom e is instrum ented 

by the lag of dom estic incom e.  The results from  the IV estim ation are set out 

in Table 3 and 4. The coefficients and are very sim ilar to those found using 

ordinary least squares and one can therefore conclude that endogeneity is not 

a problem . Thus, the result that infrastructure investm ent is negatively related 

to the sum  of all trading partners’ incom es is found to be robust. The fact that 

the param eter on the foreign incom e variables is negative in each case

despite the differences in the weights m atrices highlights the robustness of 

our results.

Table 3. Estim ation Results IV including Population Density 

9 10 11 12

GDP 1.40 (0.19) 1.66 (0.20) 1.53 (0.21) 1.56 (0.15)

Foreign GDP

First O rder Contiguity W eights -0.62 (0.12)

Trade W eights -2.11 (0.58)

Distance W eights -3.54 (0.80)

PO P 0.19 (0.02) 0.19 (0.02) 0.19 (0.02) 0.19 (0.02)

POPDENS -0.17 (0.01) -0.18 (0.01) -0.16 (0.01) -0.19 (0.01)

LRI -0.69 (0.10) -0.67 (0.10) -0.63 (0.11) -0.67 (0.09)

DEBT -0.35 (0.03) -0.31 (0.03) -0.35 (0.03) -0.29 (0.04)

COH (88) 0.31 (0.07) 0.28 (0.07) 0.28 (0.06) 0.23 (0.07)

N 144 144 144 144
_
2R 0.76 0.76 0.76 0.77

The standard errors are those obtained using the Driscoll and Kraay (1998) m ethod, 
controlling for heteroskedasticity and spatial autocorrelation of the residual. 
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Table 4. Estim ation Results IV including Road Density 

1 2 3 4

GDP 1.41 (0.20) 1.71 (0.19) 1.51 (0.19) 1.42 (0.15)

Foreign GDP

First O rder Contiguity W eights -1.21 (0.23)

Trade W eights -3.07(0.74)

Distance W eights -4.07 (1.17)

PO P 0.15 (0.02) 0.13 (0.02) 0.14 (0.02) 0.13 (0.02)

POPDENS -0.23 (0.02) -0.22 (0.02) -0.20 (0.02) -0.21 (0.02)

LRI -0.78 (0.10) -0.71 (0.12) -0.69 (0.12) -0.71 (0.10)

DEBT -0.30 (0.03) -0.28 (0.03) -0.32 (0.03) -0.27 (0.03)

COH (88) 0.34 (0.09) 0.27 (0.07) 0.30 (0.07) 0.24 (0.09)

N 135 135 135 135
_
2R 0.72 0.73 0.73 0.73

The standard errors are those obtained using the Driscoll and Kraay (1998) m ethod, 
controlling for heteroskedasticity and spatial autocorrelation of the residual. 

G iven that the spatial lag of foreign incom e was m easured by a weighted sum  

som e further com m ents about the interpretation of the results are in order. 

Firstly, it should be noted that a one percent increase in all 15 foreign

countries’ per capita GDP will result in a one percent increase in the foreign 

variables, for both the trade and the distance weighted foreign incom es. For 

the contiguity weighted sum  this depends on num ber of contiguous countries. 

For exam ple, Austria has just three neighbours so a one-percent increase in 

one of these countries’ incom e would result in an increase in the contiguity 

weighted foreign incom e of one third of a percent. For the other two spatially 

lagged foreign incom e variables the im pact of an increase of the per capita 

GDP of one country on the investm ent decision in another, depends on the 

weight it is given in the spatial weights m atrix. This in turn depends on either 

the distance between the two countries or the trade shade. 

To see how the spatial weights m atrix determ ines the effect of the incom e in 

one country on the investm ent decision in another it is instructive to take an 
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exam ple. Take the investm ent decision of Belgium  and the incom e of France 

and Finland. Since Finland is not a neighbour of Belgium  it has a zero weight 

in the contiguity m atrix, while France is one of the four neighbours of Belgium  

and thus has a weight of one quarter.  However, since the per capita GDP of 

France is slightly higher than the average for the four neighbouring countries

of Belgium , a one percent increase in French per capita G DP will result in an 

increase of just over one quarter of a percent in the contiguity weighted

foreign GDP of Belgium . Turning to the trade and distance weighted foreign 

G DP’s the weights for France are 0.2242 and 0.155341 respectively, while 

those for Finland are 0.0082 and 0.024261 respectively. These im ply that a 

one percent increase in the per capita GDP of France results in a 0.23%

increase in the trade weighted foreign incom e and 0.16%  increase in the 

inverse distance weighted sum  of foreign incom e of Belgium . A sim ilar

increase in the per capita GDP of Finland gives rise to an increase of 0.01%  

and 0.02%  of the spatially weighted foreign incom e m easures respectively. 

This exam ple highlights that the three spatial weights give substantially

different im portance to individual countries. 

These differences in the weighting schem es also explain the differences in the 

size of the param eter. This is easily dem onstrated by a sim ple exam ple that

results in a one percent increase in the weighted foreign incom e variable. 

Again, taking the case of Belgium  for 1995, a one percent increase in the 

G DP of all other countries would result in a one percent increase of the trade 

and distance weighted sum s of foreign incom e. However, a one percent

increase in the per capita GDP of just four countries, nam ely France,

Germ any, the Netherlands and the UK would yield a one percent increase of 

sum  of the contiguity weighted foreign incom e. In the form er case this would 

am ount to a total increase of $2936.15 while the latter would be achieved 

through an increase of just $818.99. Thus, apart from  attributing contrasting 

im portance to individual countries the particular weighting schem e also im ply 

differences regarding the absolute size of a change in foreign incom e needed 

to achieve a certain change in the weighted sum s. If the incom e of Belgium ’s 

four neighbouring countries were to increase by $2936.15 which is equivalent 

to a one percent increase in the incom e of all countries, the im pact of such a 
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change would be 3.6 tim es larger than the im pact of a one percent increase of 

the incom e of these four countries alone. Given the param eter estim ates the 

im pact from  this would be sim ilar to the im pact of a one percent increase in all 

foreign countries using the trade and distance weighted foreign incom e.

Overall our em pirical results endorse our theoretical priors that infrastructure 

investm ent in any econom y has an im portant international dim ension.

Specifically, we find evidence which indicates that infrastructure investm ent is 

a strategic decision that can not be exam ined in isolation of the investm ent 

decisions of a country’s trading partners. O ur findings also suggest that this 

strategic behaviour arises from  the spillovers across national boundaries

created by infrastructure investm ents, which are an im portant determ inant of 

international transport costs. 

4. Conclusion

In a recent related paper Bougheas, Dem etriades and M orgenroth (1999)

exam ine the effect of infrastructure on specialisation and the volum e of trade 

within a Ricardian fram ework. W hile explicitly considering the resource cost of 

infrastructure and m odelling its influence on transport costs, the sym m etric 

structure of that m odel restricts both the theoretical and the em pirical analysis 

to countries with sim ilar endowm ents. This paper addresses the im portant 

question of how countries would share the cost of providing international

transport services. M ost im portantly, it addresses the question of whether the 

equilibrium  level of infrastructure would be optim al. The answer to this

question not only has significant im plications for international policy co-

ordination but also fills an im portant gap in the existing literature on

infrastructure which has not, so far, provided theoretical m odels to explain 

why public infrastructure m ay be supplied at sub-optim al levels.  Furtherm ore, 

the generalised nature of the m odel, particularly the relaxation of sym m etry, 

provides better scope for em pirical testing.

O ur results have im portant policy im plications, particularly for trading blocks 

such as the European Union.  According to our m odel, such blocks are likely 
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to be better off by addressing the co-ordination problem  associated with the 

provision of trade-prom oting public infrastructure. W hile the European

Structural Funds are aim ed at econom ic growth and recovery of regions which 

are underdeveloped by com parison with the Com m unity average, they are not 

specifically designed to address co-ordination failures of this type19. Yet they 

are particularly well suited for this purpose since optim al provision of public 

capital is also likely to raise the rate of return of public capital, thereby

increasing econom ic growth20. Given that the current regulations for the

Funds will expire in 2006, future reform s offer the opportunity to explicitly take 

into account co-ordination failures of this type. 

The need to centralise public infrastructure provision is, in fact, widely

recognised within federal system s. For exam ple, highway construction and 

m aintenance in Germ any is the responsibility of the federal authorities.

Sim ilarly, in the US, while this is carried out by the state authorities that are 

legally the owners of highways, it is m ostly funded by the federal governm ent. 

The view that whenever public goods or services have spill-out effects or 

externalities beyond the jurisdictions that supply them  m ay result in under-

provision is, of course, well founded in the literature on fiscal federalism  and 

has its roots in Pigou’s externality theorem  (Oates, 1991; Quigley, 1997). If we 

re-interpret our m odel as representing two trading federal states in a closed 

econom y context, our under-provision result would becom e consistent with 

the predictions of this literature. The novelty of our paper rem ains, however, 

that we have shown, both theoretically and em pirically, that under-provision of 

public infrastructure could also be the result of international co-ordination

failures in an international trade fram ework. The policy relevance of our result 

cannot, therefore, be over-em phasised.  W hile federal states custom arily

address spill-outs or externalities across their jurisdictions, either through a 

system  of inter-governm ental transfers or by centralising decisions regarding 

19
 This is O bjective 1 of the Structural Funds.  O ther objectives are aim ed at the creation of 

em ploym ent and re-structuring of labour m arkets.
20
 G oybet and Bertoldi (1994) argue along sim ilar lines. The theoretical relationship between 

infrastructure and econom ic growth is explored in Bougheas, Dem etriades and M am uneas 
(2000).
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public goods, this is clearly very rarely the case for independent nations that 

trade with each other.
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Appendix 1: Derivation of the co-operative solution

Let l1 and l2 denote the Lagrangean m ultipliers which correspond to the 

constraints (6) and (7), respectively. Then the first order conditions of this
optim ization problem  are:
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(A6) − + + + =l l l l2 2 2 2 2 1 2 0c
g

g
c

g

g
c

g

gFf
F

F
Hf Fh

' ' '

Using (6), (A1) and (A4), we get:

(A7) ( )c g z zHh
Hh

Hh Fh
H H HG=

+
−

q

q q
 and ( )c g z zFh

Fh

Hh Fh
H HG= + −

q

q q

Using (7), (A2), and (A3), we get:

(A8) ( )c g z zFf

Ff

Ff Hf
F F FG=

+
−

q

q q
 and ( )c g z zHf

Hf

Ff Hf
F FG=

+
−

q

q q

From  (A2) and (A4), we get:

(A9)
l

l

q

q
2

1

= Hf

Fh

Fh

Hf

c

c

Substituting (A7) and (A9) in A(5) yields equation (11).  Equation (12) is
obtained from  A(8), A(9) and A(6). 
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Table 5. Contiguities used for the contiguity w eights

Hom e Country Contiguous Countries

Austria Germ any, Italy, Switzerland

Belgium /Luxem bourg France, Germ any, Netherlands United 

Kingdom

Denm ark G erm any, Norway and Sweden

Finland Norway and Sweden

France Belgium /Luxem bourg,Germ any, Italy, 

Spain, Switzerland, United Kingdom

Germ any Austria, Belgium /Luxem bourg, 

Denm ark, France, Netherlands, 

Switzerland

Greece Italy

Ireland United Kingdom

Italy Austria, France, Greece, Switzerland

Netherlands Belgium /Luxem bourg, Germ any

Norway Denm ark, Finland, Sweden

Portugal Spain

Spain France, Portugal

Sweden Denm ark, Finland, Norway

Switzerland Austria, France, Germ any, Italy

United Kingdom Belgium /Luxem bourg, France, Ireland 


