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NTERNATODNALASPECTS OF PUBLT NFRASTRUCTURE

NVESTMENT

1. htroduction

A central questbn nh the empital liemture on hfiastmucture has been
whether exsting stocks of publc capial are sub-optinal. W hik the hnidal
estin ates ofDavi Aschauer (1989a, 1989b, 1989¢c), whith phces the rate of
retum of publc capial h the US at armund 60% per annum , have been
questbned by subsequent lterature’, the debate on whether there & under—
hvesment h hfastmucture ® far fiom settkd. Even though some
nvestators have found neglgblk, or even negative, effects ofpublic capial
on prvate productvty €g. Evans and Kamnas, 1994, Holz-Eakh, 1994),
others have found posiie effects e g.Nadird and M amuneas, 1994, Lynde
and Rihmond, 1992 and 1993, Bemdtand Hansson, 1992), whih 1 som e
cases suggest that there may be an undersupply of publc capial eg.

M omrson and Schwartz,1996,Dem etrbdes and M am uneas, 2000).

I this paper we provie a theoretral exphnaton why publc nfrastructure
m ay be undersuppled by expbring the htematibnalaspects of hvestm ent i
public nfrastructure. Our starthg pont B the observaton that a hrge
com ponentofpublc hffastmicture nvestm ent s devoted © the extensin and
upgradng of tmansport and communiatons networks, whih reduces
transport costs and faciliates ttade ofgoods both wihh and across natonal
borders. Thus, any hvestn ent h nffasttucture by the dom estic economy
Ikel to benefitnotonl dom estic butako foreign producers and consum ers.
Forexamplk, f Brieh were to Inprove is mwad and rmilnetwork, ths & Ikely
to benefit French producers, as twould m ake itcheaperto getFrench goods
o smal owns throughout Brain. Sinibrl, hfiastucture hvestm ents n
France are kel to benefit Britsh producers. This coull hoH for nfrastucture
hvestm ent hh any country, as bng as it has trade Inks wih the estof the
wortl. hftrasttucture, therefore, has chamcterstics of an htematonal publc

good, whih suggests that is provisin m ay be sub®ctto an htemationalco-

! See Gram Irth (1994) foran extensive revew ofthe litermture.



ordiatbn probkm .

W hik the Ink between transportcosts and ttrade & comm onphce n the trade
ltermture?, the dea that hfiastucture m ghtaffecttrade & a m ore recentone.
The surwey by Casas (1983) touches on itwhike Bougheas, Dem etrades and
M orgenroth (1999) provide a fulkranalsks h a symm etric two-country m odel
whih exam hes the effects of hfrasttucture on specialisaton and the volm e
of tade. The symm etrc nature of their m odel, however, does not albw the
authors to address co-ordhaton Bsues such as the queston ofhow countres
m ght share the cost of nhfiasttucture proviebn, whith gies rice t© the
possbilty of undernvesm ent. &k B preckel these Bsues whih are the

focus ofthe cunentpaper.

O ur theoretical apprmach nhvolres constmuctng a sin pk generml equilbriim

wo country - wo good m odel n whih hfiastucture hvestm ent nhfliences
dom estic and htematbnal ttade by reduchg transport costs®. W e assume
that dom estic transport costs are country specific, varyhg hversel wih
dom estr hfrastructure, whilk htematonal tansport costs are common,
varwyhg hversely wih the sum of the wo countries’ hfiastucture. For
exampk, t B rasonabk t argue that if Brimnh nproves is motoway
network, thik & Ikel t© reduce the costof ttansporthg goods between Briaih
and France as wellas the costof ttansportng goods w ithh Brimh. In provig
Brsh motomways I, however, unlkel t© reduce the cost of tansporthg

goods w ihn France.

Ourm ethod ofsolving for the equilbriim ofthe m odelapples the conceptof
volinary-contrbutbn (see Laflont, 1988) for findhg the nhfastucture
hvestm ents by the wo socihl phnners whike the wo goods are traded n

com petitive m arkets®. Specifrally, we assum e that the two sochlphnners

* See brexam pk the chsst references by Sam uelkon (1954) and M undelIl (1957).

’ Cc brda and Findhy (1994),and Chii (1997) devebp trade m odel w ih publc hvestm ent
w thout focusihg specifically on transport hfrastructure and transportcosts.Bond (1997)
constructs a partalequilorum m odeloftrade wih transportcosts and exam nhes trade polcy
issues.

* Figherand M im an (1992),Datta (1997) and M im an and Datta 2000) use the sam e
approach to study dynam i extemalibes.



behave stategially, albcathg thelr endowm ent between producton and
nvestm ent h nffasttucture wkng as given the polcy of the otherphnner and
recogniihg the effect of ther decksibn on the equilbriim price m echanim .
The com petitize m arketm echanism subsequently detemm hes the albcation of
consum pton between the two goods. W e exam he the effciency of the
equilbrum by com parng tto the case where the two socihlphnners behave
co-operatirel. This solitbn comesponds to the outtome whith would be

proposed by a ‘gbbal’ socialphnner.

W e subpkctour theoreticalm odel to rgorous em pircal testhg t© exam he is
em pitral rekvance. Specifirally, we construct an econom etrc m odelwhih
captures allthe in portantekm ents of the theoreticalm odeland estimn ate by
sin ulaneous m ethods usihg data from 16 European countris over the perbd
1987-95. Our em pial resuls accord wellwih our theoretical predtions.
Inporantly, the hntematbnal stategic nature of publc hfastucture
hvestm ent & strongl supported by the evidence, suggesting that our
theoretical exphnatbn of the possbilty of under-nvestm ent & a phusbk

one.

The paper B omansed as lows. Secton 2 puts bHrward the theoretral
m odel, provides the equilbriim and exam hes is effcincy aspects. Secton 3
fom uktes the econom etrc m odel, descrbes the data used brestm aton and

presents the em pircalresuls.Fhally, secton 4 sum m arises and conclides.

2. TheoreticalM odeland Predictions
There are wo countries: the ‘home” country H ) and the “oren” country

(F ); the Btter can be thought of as representing the rest of the wortd. Each

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

The agents of each country derive utlty firom consum pton of both goods,

hence there & ttrade.Each country I endowed w ih a capialgood.Let z, and
z, denote the endowm entof H and F , respectivel.Each untofthe capial

good can pmduce one uniofthe dom estic good.



The endowm ents can alko be used for the devebpm ent of nfiasttucture
whih reduces tmansport costs whth, hh tm, hfluence domestc and
htematonaltrade. Folbw hg Samuekon'’s “teberg” m odel (see Sam uekon,
1954),we assum e thatonl a fracton ofthe goods shipped anrve atthelr fnal
desthaton. Let g denote the firactobn of exports consumed. W e further
assum e thatthe consum pton of dom estrally produced goods B alo subgct

to transportcosts’.Let g, and g, denote the conespondng fractions.Notce

thatwhik dom estic transportcosts are country specific, nhtematonal tansport
costs are comm on. Tmnsport costs are endogenous and depend on the
qualty of public hfrasttucture. W ihout conthuous inprovem ent through
addibnal nhvesm ent, the exsthg stock of publc hfastucture, ie. mad
networks, tlcom m untatons etc.wildeterorate and consequently transport
costs willbe hgh. Let z,, and z, denote the vestm entih nfimastucture of

H and F , respectively. Then, the transportcosttechnobgis are given by:
@) gy =9y (2e )
@) g, = gF(ZFG)

8) g=d(ze + %)

where 0<g, .9,.9<1, z,, <7z , 2z, <z and all the functons are sticty

hcreashg and concave. Notce thatany hvestm ent h hffastucture willaffect
both domestc and nhtematbnal transport costs. Furthem ore, the two
hvest ents are perfect substiutes h the htematinal technobgy. Perfect
substiutabilty B onl assumed for simplcity. As bng as there ¥ some
substiutabilty the equilbriim kvel of hfiastucture wil, generally, be sub-
optm al

Ih this model there 8 a wo-kvel decksbn makhg i each country. The

° M arth and Rogers (1995) hh a m odelof hdustral bcation ako considerboth types of
transportcosts.



albcatobn of the capial good between producton and hfastucture
nvestm ent 8 decided by a sochlphnner. Aflerwards, a com petitve m arket
decies the albcatin ofconsum pton between the wo goods.W e capture the
ttadhg process wih a price takng, uthty m axin 5hg, representative agent
who takes the socihlphnners deckbn as gien.M arket ckarng detem hes
the equilbrium prices which depend on the decisions ofboth socialphnners.
W hie agents behave competiiel, the two sockl phknners behave
strategitally. Each phnner makes a decksbn, ttkihg nto account the

equilbrum prie m echanism , gien the othersocilphnner’s decsbn.

Let ¢ (i: H,F;j= h,f) denote the consum pton of the representative agent

T country 1 ofgood - .Preferences i each country are specified as olbws:

(4)Ui(ch,cjf)zthogch+qu]ogcjf, i=H F

W ih the above functbnal form we can get cbsed fom solitbns wihout
in postg any further restrictons on the hfiastucture technobges® . How ever,
the analyss ofNashC oumoteqgquilbra n publc goods gam es by C omes and
Sandkr (1996) suggests that our resuls are mbust © mor genemrmal
specifratons. O urm ethod of solitbn & as Plbws. The fiststep & t© sole
each representative agents m axin isatbon prmobkm . Each agent takes prices,

r, and p;,and hs hcome, y, =z —z,, as gien. Notce that the hcom e

Evek depend on the sochalphnners decsbn. The solitbn ofthese problm s

will express consumptbn albcatbns as a functbn of rhtve prices

(p = p; /pn) and ncom e.Ushg these solitbns togetherw ih the two m arket

ckarng condibns we can express the rehtive prre as a functon of the two
hcome Ekvek. The next step k¥ to substiute the above solitons n the
preference functons and derive the hdirectutly functons for each agent
Each socilphlnnermaxm ses the corresponding ndrrect utlty functon by

chooshg hik country’s hvestment h hfmastucture and twkhg the other

® See ako the discussbn 1 the Hlbw g secton.



phnners decikbn as gven. The solitbn of these probkm s willyeH the wo
reacton functons whrh wil determ he the equilbriim hvesments n

hftastmicture by the two socialpknners.

2 1.Volintary C ontrbutions
The Plbwhg program descrbes the utlty maxin saton probkm of the

representative agentofcountry H :

Max g, 0g9C,, + gy 0gCy;

: Cy
sub®cto: pn&+ pf—f = DYy
g g

H
The solitbn i given by:

Qn t Qe g tge P

6) G
Because of the Dbgarihm  specifitaton the demand for each good =
proportonal to hcome met of any hiastmcture hvesment). The
proportbnalty factor depends on how strong preferences are for the lome
good rehtre to the foregn good and on rehktire prices which depend on
transport costs. The equilbrim albcatbns must ako satsfy the
correspondig soliton orcountry F and the olow hg feasibility constrants:

Sin . Sm

6) 7, —z,, >2n T
Zy e a. g

G Gys

(7) —Z 22— t+—
Zg G 9. g

The Pkfthand sile of each expressbbon I equal to the producton of the
dom estic good whith & ako equalto hcom e. The rght hand side shows the



albcatbn of productbn between dom estic consum pton and exports. The

equilbrum relhtive price (em s oftrade) & given by:

_ Cpy, /9 _ qu(qFf +th) Zp T Zpg

@)
Cus /g th(th +qu) Zy T Zyg

Because of the bgarithm & preferences the am ountthateach country spends
on each good I proportobnalt is ncome. h addibn, because ntematonal
transport costs are comm on, they do not enter directly hto the equilbriim

condibn. How ever, transport costs, both dom estic and nhtematbnal, affect
hdiectly the equilbriim price because they affect the albcatbns of the two

sochlphnners whih determ ne the kvelk ofhcom e.

Ushg (), B8), and the preferences of the representative agentof H ,we can
derive the conrespondhng hdirect uthty finctin. The sochlphnner of H

m axin ses this utlty by chooshg nvesm ent h nhfimstucture, z,. , t8kng as

gien the nvestm entofcountry F , 7, :

V(2 2, 20 1% ) = Max Gy, 099, (2 )+ G (7, — 2,0

+ Qg ]ogg(zHG + Zp )+qu ]og(zF — Zee )+ constant
The solitbn ofthe above probkm yeHds the olbw hg reacton functon:

o a1 .. mJ%J+q 32 + 7))
o %4~ Zue o gH(ZHG) ° g(ZHG + ZFG)

where prin es denote the first dervatives. By mulplhg both sies of the
above equalty by z,, we find thatthe optm alpolcy requies thatthe mto of

the hvestm ent h hfastmcture t© producton should be hiher the morw

responsie the transportcostfunctons are to the fom er.



Lemmal:

The reactbn functon has a negative sbpe wih an absolite valie kss than
one.

Proof:

Forsimplciywe setg,=1 for i=H F ;:=h,f .

1
Let A=———>0

=
I
A
o

By ol differentatng ©), the hom e country’s reacton functon,we get:

— Adz, + Adz,, =Cdz,, +Edz,, +Edz

FG
The sbpe & given by:

T2 - E
Iz, C+E-A

and 0<

- |I<
C+E-A

The socalphnnerof F faces a sin ibr optin saton probkm which yiels a
conespondig reacton functbn. The folbw hg conditbons hold at the unijue
CoumotNash equilbruim , und by the htersecton of the two macton

finctons.



10) oo ana o, sg=HF S% -
az, az.

J

hvestm ent h hflastucture h both countries & hcreasihg n thelr own
endowm entbut decreasihg n the other country’s endowm ent. i usefulto
compare this aspect of the nonco-opermtive solitbn t the co-operatie

outcom e.

2 2.G bbalSochIE firiency

h the co-opermtie case, we choose the hvesment kEvek h the two
countres, (ZHG ,zFG) , and the Evek of consumpton, (cHh,CHf,ch ,th), o

maxin e the sum of uthtes subgct to the wo feasbilty constants. This
solitbn & Pareto optin aland cornesponds to the case where the utltes are

equaly weghted.Fom ally the optim Zaton probkem B the olow hg:

Max q,, Iogcy,, + ¢ bogcy; + g, logc,; + ., bgc,,

sub®ctto 6)and (7).

Lemma2:

The solitbn ofthe co-operative case yviUs the folbw hg two condibons:

oy, TGy, _ g% (Z—IG) g(ZHG + ZFG)
a1) Z, — Z = dm gH(%{G) +(qu+th) 9<ZHG +ZFG)
Geta:  9i(z) 9 (2 + %)
(12) 7. — 7., =Qps gF(ZFG) +(qu +th) g( . + ZFG)
Proof: See Appendix 1. [

Equatbns (1) and (12) Pphtly detem he the co-opermtve soliton for
nvestn ent n hfastucture by the two countries. Next, we compare these
solitbns w ih the racton finctbn, ©).W ihout bss ofgenermly, we in pose
the ©lbow hg restricton :



Assumpton l:

Qn v =% +q, =1 Monotonic Transfom aton).

G ven the bgarihm  specifcaton and the above restricton g represents the

fracton of is net ncome (zi—zﬁ) that country 1 spends on the good

produced by country - .

Sice the solitbns for the wo countries are symm etric, we concentrate on

(11) and 0), the solitbn r the hom e country. The difference & the term g,

whih appears n the num emmtorofthe kft-hand side and the num eratorof the
second tem of the rghthand sile of the co-opermative soluton. Let us

exam he these term sm ore cbsely.

The kftthand side captures the m arghalcostof hfiastmucture nhvestm ent. An
crease h nfrasttucture hvestm entby one unitreduces the am ountavaibblke
for consum pton by one unit. The socialpbnnerof H takes nto accountthat
hom e consumptbon ¥ onl reduced by a fracton g, , whie for the gbbal
optmum we need to ke hto account the conesponding reducton n the
utlity of the orepn country’s representative agent. The tem g, appears n
the co-opermtive solitbn because i represents the fracton of s hcom e that
the Poren country spends on the hom e good. Therefore, the socalpbnnerof

H underestim ates the m arghalcostof nfrastructure hvestm ent, which kads

o over-nvestm ent

The second tem of the rghthand sile captures the m arghal benefis of
hffastucture hvestm ent from the reductbn h the htematinal tansportcost
fincton . W hike the sochlpbnnerof H t@akes nto accountonly the benefis for
country H , the gbbalsociklphnner ako consiers the benefis for country
F .Thi eflect Bads to underinvestm ent.

Let * denote the ron-co-operative solutons. A fler subtractng ©) from (11),

we anie atthe ©lbw hg resul:

10



Proposion 1:

(7 +7) 1
g(éG-i_Z:“G) ZH_%G

¥ g >0

then there w illbe under-nvestm enth nfrastucture.

kB usefil o exam ne the extent to whrh undernvestm ent 5 lkely ushg the
above resul. The first erm 1h the parenthesk represents the difference
between the m arghalnatbnal benefis from the m argnal gbbalbenefits of
hfmastucture hvesmm ent.  captures the spillout benefis of nfiasttucture
nvestm ent and the stronger it &, the more Ilkely that there will be under-
hvestm ent. The second tem captures the gbbal cost of nhfrastucture
nvestm entand & probably overstated by the preference specifraton. Under
bgarithm © preferences the fiacton of hcom e that each country spends on
each good & constant, as a resuktofwhih the tem s of tade are equalto the
rmtb of hcomes (for symm etrtc pJ:eél’ences)7 . As one country hcreases is
hffastucture hvestm ent, thus reducihg is netihcom e, It in proves is tem s of
ttade. W hik ths reduces the am ountof is own good avaibbk for tade, i
does not affect the am ount that i mports fiom abmwad. Thik refects the
absence of price substtuton, whih & a pecularty of the bgarihm © uthty
functon. The bgarthm i specifictaton was adopted because it albws fora
cbsed-fom solitbn. Under m ore phusbk specifratons, a change n the
tem s of tade willako nduce a substton eflectwhith woull weaken the

strength ofthe second t&em 8,

3. Econom etric M odeland Results

I orer to test the predrtons of our theory we constuct a simpk
econom etric m odelof hffasticture hvestm entwhich & specified n percapia
term s. Ths specifraton & constentw ih the theoretral resuls shce these

are derived h the context of a representative agent m odel and ako hels

! By symm etrc preferences we mean that G, = Q¢ and Qu¢ = Qpy, -

*ha recentpaper, Bond (1997), devebps a partalequilbrum m odelwhich effectvely
elin nates the effectof hfrastructure nvestm ents on the outputofthe wo goods.Under the
sam e conditons, ourm odelckarl suggests thatthere w illbe under-nvestm ent n
hffastucture.

11



reduce the effect of the sze heterogeneiy between the countries n ourdat@a
set. Our specifiraton albws us t© test som e of the m an preditons of our
model, for exampk that hcrases nh Preign hcome reduce dom estc
nflasttucture hvestm ent, whith & the resulk of the stategt nteracton
between nhtematonal policym akers. h oxder to move fiom a two-country
m odelto the realties of a m uldcountry setthg, we adopt the conventon that
the ‘Yorepn country’ represents all the tradihg partmers of the dom estic

economy.

3.1 .M odelSpecifitation
Our model of nflastructure hvestm ent & specified n bg-lhear form and
rehtes the bgarithm of per capia hfasttucture hvestm entofa country i,

denoted i, to percapia hcom e h thatcountry, v, percapia hcome n other
countres, fy,, and a number of varebks that capture the chamcteristes of
the country nn queston, x, .S ce the m odelw illbe estin ated ushg paneldata

all varebkes are further subscrpted to hdicate a specific tm e perbd. The
estin atbn equatbn therefore wkes the ©low g fom :

13) i =a.+by,+b,fy, +bx +u,

where i hdexes countries and i=1....n, and hdexes t tin e perbds where

t=1....0 T .

On first nspecton this specifitration appears to be sin ibr to thatadopted by
Case etal (1993). However, ©lbwhg the resuls of our theoreticalm odel the
spilbver  our em pital m odel arses through foren ncom e mather than
Poren expendiure. Furthem ore, our m odel focuses on hvestm ent rmther
than talexpendiure’. Thi specifratbn ako sinplifes estin atbn shee the

regn ncome varBbk can be treated sin ibrly to any other exphnatory

° The proporton of otalexpendiure that s albcated to hvestm entvares sgnificantly
between countries. For those countres orwhicth data & avaibblk for hvestm entand

m ahtenance the proporton thatgoes to nvestm entvares between 38% and 87% oftotal
expendiure.

12



varabk, thus alow hg us t© estin ate the m odelusihg oxdihary kast squares
©OLS), whik the nclisbn of oregn nfrastucture hvesm entwoull requie

m axin um Ikelhood estin aton M L)lO .

3 2 .Specifitation offoreign ncom e
Sihice ouramm B testthe effectof foreign incom e on dom estic hfrastructure
hvestm ent, the specificaton of the Poreiin hcome varebk ¥k partcubrly
In portant. S hce countries can observe m ore than one neighbourata tn e the
com e of every oregn country shoull be estin ated sepamtely. However,
this wouldl Impl a sinifitant bss of degrees of firedom that renders this
approach mpossblk n cross-secton estim aton. Furthem ore, the estin aton
of n-1 oregn hcome coeffrents & kel © htroduce mulbicolhearty. T
order to overcom e these probkm s i i customary to In pose som e structure
on the specifitaton of the forein varabk thatresuls h the estin aton ofony
one param eter. This & achkved through the use of a spathl wephts or
connectvity matrix, w , whith has to be specified by the researher. Thi

weghtsm atrix conssts of nddualelm ents w ;; such thatthe foregn ncom e

varablk i specified as a weghted sum :

14) vy = Zwijyjt
+1

ori vector form foreach cross-secton,wih w, =0

FY =WY,

Thi specifraton albws us © rehte the nfrasttucture hvestm entatone pont
n space t© the hcom e n otherponts n space, and we refer to the foregn
icom e as the spathl g of hcom e’ . An in portant Esue & the chotre of the

webhts, wy. One of the most wiely used specificaton of these spatal

weghts & based on the conceptofconnectiviy whith i m easured as a bhary

varabk whith & equalto one fcountries i and j have a comm on borderand

1% see Anseh 1988, orHanmng, 1990.

" The tem spathllg refers © the factthatthe obserwatons are neghbours i space mather
than 1 tin e as would be the case n tin e series analysis where the hg woul referto the
valie ofa varablk i the previbus tin e perbd.

13



zero if they do not have a common border. This mmples that such a
specifratbn assum es thatonl neghbourhg countries have an effecton the
hvestm ent decisbn of the hom e country. Another w el used specification
utilises the dstance or hverse distance between two countres, whicth m ples
a distance decay of the effectof breIgn countries. O f course the theoretical
model ako suggests a specifitaton of the spathl weights, nam ely trade
weibhts mpkhg that orein countries wih whith the hom e country trades

m ore have a hrger in pact.

As I custom ary we scak the weights so thatthey sum to one such that:

x5) wy= 2

This renders the spathl webhts matrk nonsymm etrc but faciiates the
htempreaton of the resuls shce this Inposes the estricton thatthe sum of
the neighbours ofeach country are treated equally.

33.Daa
Our data set consists of annual observatons for the perbd 1987 to 1995

coverng 16 Eumwpean countres, namel Austra, Belyim Luxem boury,
Denm ark, Fihlhnd, France, Gem any, Grece, Irhnd Ialy, Netherbnds,
Noway, Portugal, Span, Sweden, Sw izerbnd and the Unied Kigdom . The
chote ofcountries was determ hed by the avaibbilty ofroad nvestm entdata.
T order to account for the specifc characteristics of each country we nclide
a setofaddibnalvarabks, x,,whih are further outlned n ths secton. h

order o take accountofscak effects we nclide sze of the populkton, p, .

Sihce countres wih a hith popubton densiy can achikve a gien mwad
sewte kvelw ih fewerwads than countries thathave a scattered bw -densiy

popuktbn we hclide popuktbn densiy, pd, 1 our specifcaton. Another

I porant varbbk I the existhg stock of mwads shce countres that have

aleady compkted a mad network willneed kss additonal hvestm ent than

2 M ommn (1948) and G eary (1954) firstproposed bihary contguily between spatalunis n
therpineerng papers on m easures of spatihaldependence.
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countres that are stillbuidhg up a mad network. W e therefore hclide the
densiy of the existhg mad stock, =den,.However, as this was ound o be
hihl collhear wih populkton densiy, this varBblk & hclided n a
specifcaton thatexclides popubton densiy” . Furthem ore, fnanchg ssues
m ay ako be in porantdetem hants of hvestm ent. Thus, countries w ih a high
kbvelof debt are kel to reduce thelr nvesmm ent n order to inprove their
fiscal posibon. To capture thik effect we hclide the govemm ent debt
expressed as a percentage of GDP, de, . Furthem ore, hterest mtes that
In pacton the willngness to borrow for nvestm entare ako lkely t© phy an

Inportant mk, and we hnclide the bng+un hnterest mte, & H our

e
specifitaton. As our sam pk conskts of European countres, som e of which
have been recevhg brge transfers from the EU Comm issin as partof the
StmucturalFunds n orderto m prove ther hfrastructure . To wke this effectnto
accountwe nclide a dummy varebk, coh, whih & equalto one, from 1988
onw axds, orthose 1 the countries thatreceired the buk ofEU ai.Thus,we

speciy two hifastucture hvestm entequatons thatare defined as olows:

@ae) i,=a,+by,+b, & +bp, +b,pd,+bde + b +b,coh, +u,

a7) i,=a,+by,+hb,f +b,p, +b,rden + b.de, + b,I;+ b,coh, +u,

These are estin ated usihg three different specifitations of the oreign ncom e
varabk, nam ely one ushg bhary contuily wephts, one ushg ttade weghts
and one ushg nhverse ditance wephts. Ovemll we attach partcubr

inportance on b, h equatbns 13 and 14, whih we expect to be negative,

reflecting the strategic nature ofdom estic hftastmucture hvestm entdecsbns.

Specifcally the data were drawn from the olbw ing sources.G mss Ivestm ent
I Roads n constant1995 ECU was obtahed fom the reportofthe European
Conference ofM nkters of Transport (1999) enttled “hvestm ent i Transport

himstructure 1985-1995: C ountry Studies”. This was converted t US Dolhrs

3 The use ofthe mad densiy varebk ako resuls f a reducton of the num berof
obserwatibns sice rad kength could notbe obtahed for Portugal
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usihg the ECUA exchange mte from the OECD Econom & Outbok.
Popukbktbn, the bng+un nterestrate and GDP n constant1995 US Dolars,
PPP adjisted, were ako obtahed fiom the OECD Econom & Outbok. I the
case of Greece the bng mn hterest mte could not be obtaned from the
OECD, MF or Eumwstat, and hence the shortmun nterest mte was used

hstead.

The spathlweghts used are the bhary contguly weghts'*, distance weghts

and tade weghts. The mwad Ekngth was obtanhed from the htematonalR oad
Federmton W ord Road Statistics Year Books. The contijuous countres for
each country are outlhed n the appendix. The dstance wephts refer to great
cicke ditance between the centre of each country™”, and thi was cakubkted
ushg the SpaceSatprogramme (see Anseln, 1995) n conjncton wih the

ArxView G5 package.The trade weights are derved ushg ttaltade, that &

Inports plis exports between country pals, where the trade data was
obtaned from UN htematobnal Trade Statstcs. T orer t obtanh a
reasonablk sam pk size orestin atbn allthe observations are pookd, yeldng

a sam pk 0fl144 observatons.

3 4 .Estin aton and Resuls
As was outlhed above the fact thatwe use the spatal Bg of oreign hcom e
rather than oregn mwad nvesment albws us t© use OLS for estimaton.
However, ourm odelm ay be sub®ctto spatibldependence n the enor tem
whith coull resuk n hconsktent estin ates of the standard enors of the
param eters. The standard approach h the regbnal science lermture & to
eiher apply Feasbk Genemlsed Least Squares FGLS) or Maxinum
Lkelhood ML) that wke account of the spathl dependence of the enor

1
tem6

. To Impkment these methods i & necessary to Inpose stong
param etrt restrictons on the rehitonshp between the resduak. Ths &

ach®ved through the use ofa spatalweihts m atrix sin ibr to those used t©

ﬁ The contguides are shown n @bk 5 n the appendix.

Alematiel the distances between capialcides could ako be used.How ever, the use of
Elese distances does notaler the resuls synificantly.

Anseln, 1988 contais a detaikd revew ofthk remture.
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define the Preiin hcom e varabk descrbed above such that the enor tem

breach cross secton s writen as:

18) wu, =Iwu, +e

where e, represents an hdependentand dentically dstrbuted enortem , 1,

represents the spatalautocorrehton coeffrientand w , represents a spatal
wephts m atrix. However, these m ethods are concemed wih sinpk cross-
secton modek and are sensiive t© other m Bsspecifratons such as

heteroskedasticiy.

An alemative method to deal wih spatal autoconehtibon was devebped
recently by Driscolland Kraay (1998). Theirm ethod notonly deak w ih spatal
autoconebton, butiako albws orthe cakubton of standard enors thatare
mbust o heteroskedastciy and seralconekhton. Thas the furtheradvantage
that trequies no prorknow kdge ofthe form ofspathldependence orserial
conehtbn, and therefore requies no explcitparam eterisaton of the form of
the dependence.Thi m ethod applies the weltknown New eyW estcovarance
matrk (see Newey and W est, 1987) t© the sequence of cross-sectbnal
averages ofthe vectorof functons of the data and param eters that s used n
form g the orthogonality condions for generalised m ethods of m om ents
estin aton.W hik this m ethod applies to hsttum enmlvarabls (IV) estin aton,
OLS estimatbn ¥k carrd outby ushg the regressors as hstrum ents. Shce
the exact form of spathlautoconehton ¥ notofpartcubr nterest this htter
m ethod whth & ako staghtorward o in pkm ent i used here.However, this
procedure requires the num ber of estin ated param eters t© be sm aler than
the num ber of tin e perbds. O ur estin atbn equaton contains 8 param eters
plis 9 param eters or tin e specific effectand we have jist9 tin e perbds it i
necessary o reduce the num ber of param eters. How ever, it straghtorward
to reduce the num ber of param eters by subtracthg the m ean of the series

appropratel’’ .

Y This prevents us from estin athg the param eters for the constantand the tin e specific
effectbut kaves allother coeffrints unaffected. E stin ation w ih country specific effects
proved difftultas the country dumm s were hphl m ulticoIhearw ih the otherrghthand
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T orderto obtan benchm ark resuls aganhstwhich the resuls ofour fullm odel
can be judged, we estin ate the nhfiasttucture hvestm entequations exclidng
the sum of the forepgn hcomes ushg ordnary kast squares estm aton
OLS)*®. The resuls fiom thi estinatbn of the wo base specifcatbns are
shown 1 Tabk 1 and 2, confim thatthe ncom e of the hom e country has a
snifcant posive effect on nfrastucture. Countries w ith a hrger popubton
hvestm ore countres w ih a higherpopubhton densiy nvestlss.A high debt
to GDP mtb decreases hvestm ent as does a hgher bng mn hterest mte.
The Cohesbn Countres, G wrece, fiehnd, Portugaland Spain which receire

high kvek ofStmucturalFunds assistance hvestm ore h nfrastructure.

Tumhg to the estinaton of the fully specified equatbns the resuls are
presented  colimns 2 © 4 and 5 t© 8 ofthe sam e tabks.W e ocbserve thatall
the coeffrients have the predited siins and ar swtstcally synificant
Furthem ore, the nclisbn of the frrign hiastucture varablks adds
spnifcantly t© the exphnatory power of the m odel, partculbrly n the case of
the tade weghted foren nhcom e. Notwmbl the resuls confim thatdom estc
hfmstmucture hvestm ent & hcreasihg h dom estc alGDP and decreasig
n Pregn hcom e, respective of the defnion of the htter. Thus, one of the
centralpredictions of the theoreticalm odelappears t© be strongly supported
by the data.

The standard enors obtahed controllng for heteroskedasticiy and spatial
autoconehton, are consiembl smalker compared to alematires QLS,
W hie and Newey -W est), which suppors the fndihg of Driscoll and Kraay
(1998), thatthis technijue dom hates the alematives even h fnie sam pks.

side varabks. Thus, whik they i proved the fitof the regressions, onl one param eterwas
ound to be statstically different from zero.

% ATlesti atbns were camried outushg TSP versbn 4 4, and the standard enors are derved
usig the TSP code avaibbk from John Drscoll's web sie athtp:/econ pstc brown .edu /A~ d/.
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Table 1.Estim ation Results OLS Including Population Density

1 2 3 4
GDP 138 (0.18) 159 (0.18) 148 (0.18) 149 (014)
Foren GDP
FistO derContiguiy W eights 059 (013)
Trade W eghts 207 056)
D kstance W eghts 349 (0.83)
POP 0.19 (0.02) 0.19 (0.02) 0.19 (0.02) 019 (0.01)
POPDENS 017 (0.01) 018 (0.01) 016 (0.01) 019 (0.01)
LRI 069 (0.09) 0.69 (010) 065 (011) 069 (0.09)
DEBT 035 (0.03) 032 (0.03) 035 (0.03) 029 (0.03)
COH (88) 031 (0.07) 027 (0.06) 026 (0.06) 021 (0.07)
N 144 144 144 144
R 2 076 076 076 077

The standard enors are those obtahed ushg the Driscolland Kraay (1998) m ethod,
controlihg orheteroskedastciy and spatalautoconehtion ofthe resdual

Table 2 .Estin ation Results O LS ncluding Road Density

5 6 7 8
GDP 138 (0.18) 162 (017) 145 0.17) 136 (014)
Foreiin GDP
FirstO rderContguily W eights 117 024)
Trade W eghts 3.05 (0.72)
D kstance W eghts -4 08 (120)
POP 015 (0.02) 013 (0.02) 014 (0.02) 013 (0.02)
ROADENS 023 (0.02) 022 (0.02) 020 (0.02) 021 (0.01)
LRI 0.79 (0.09) 0.73 ©0411) 0.70 (012) 0.72 (010)
DEBT 030 (0.03) 029 (0.03) 032 (0.03) 028 (0.03)
COH @88) 036 (0.09) 025 (0.06) 029 (0.07) 022 (0.09)
N 135 135 135 135
R 2 072 073 073 073

The standard enors are those obtahed ushg the Driscolland Kraay (1998) m ethod,
controllihg orheteroskedastciy and spatalautoconrehton of the resdual
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The OLS estinates presented hh Tabk 1 and 2 inplcil assume that
dom estic ncom e B exogenous. To exam he the rbustess of our resuls t©
this assumptbn, we ako estnate the hfastucture equatbns ushg
hstum entalvarabk (V) estin aton, where dom estic hhcom e & histrum ented
by the Bg ofdom estic hcom e. The resuls from the IV estin atbn are setout
n Tablk 3 and 4. The coeffcents and are very sin ibr to those found ushg
ordnary kastsquares and one can therrefore conclide thatendogeneily & not
a pwbkm . Thus, the resuk that hfiasttucture hvestm ent & negativel rehted
o the sum ofalltradihg parmers’ hicom es s found to be bust. The factthat
the param eter on the oreiin hcome varablks I negatie h each case
despie the differences n the wephts m atrices highlghts the robusmess of

ourresuls.

Table 3.Estn ation Results Vv mcluding Population Density

9 10 11 12
GDP 140 019) 166 020) 153 021) 156 015)
Forepn GDP
FiIstO rderContguly W eghts 062 (012)
Trade W eihts 211 (058)
D ktance W eghts 354 (0.80)
POP 019 0.02) 019 (0.02) 019 0.02) 019 (0.02)
POPDENS 017 001) 018 001) 016 001) -019 (0.01)
LRI 069 010) 067 010) 063 011) -0.67 (0.09)
DEBT 035 (003) 031 (003) -035(003) -029 (0.04)
COH (88) 031 007) 028 (0.07) 028 0.06) 023 (0.07)
N 144 144 144 144
R 2 076 076 076 077

The standard enors are those obtahed usihg the Driscolland Kraay (1998) m ethod,
controlling forheteroskedasticiy and spatalautocornehtion of the residual
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Table 4 .Estim ation Results IV including Road Density

1 2 3 4
GDP 141 (020) 1.71 (0.19) 151 (0.19) 142 (0.15)
Foren GDP
FistO rderContuly W eghts 121 023)
Trade W eghts 3.070.74)
D kstance W eghts 407 @17)
POP 0.15 (0.02) 0.13 (0.02) 014 (0.02) 013 (0.02)
POPDENS 023 (0.02) 022 0.02) 020 (0.02) 021 0.02)
LRI 078 (©10) 071 (012) 069 (012) 071 ©10)
DEBT 030 (0.03) 028 (0.03) 032 (0.03) 027 0.03)
COH (88) 034 (0.09) 027 (0.07) 030 (0.07) 024 (0.09)
N 135 135 135 135
R 2 072 073 073 073

The standard enors are those obtaihed usig the Driscolland Kraay (1998) m ethod,
controlling forheteroskedasticity and spatalautocorrehtion of the residdual

G wen thatthe spatalbg of oregn hicom e was m easured by a weghted sum
som e further comm ents about the htermpretaton of the resuls are n order.
Fistly, i should be noted that a one perent hcrease nh all 15 Porepn
countres’ per capia GDP willresul hh a one percent ncrease h the foregn
variebks, orboth the trade and the distance weihted oren nhcom es. For
the contguiy weighted sum thi depends on num ber of contguous countries.
For exam pk, AustrA has jist three negghbours so a one-percent ncrease n
one of these countries’ hcom e woull resulk hh an hcrease h the contuiy
weghted foregn ncom e of one thid of a percent. For the other wo spataly
bgged Poregn hcom e varablks the inpact of an hcrease of the per capia
GDP of one country on the nvesim ent decsbn n another, depends on the
weght & given nh the spatelweibhts m atrix. Thi h tum depends on eiher
the distance between the two countries orthe trade shade.

To see how the spatblweihts m atrix detem hes the effectof the hcome n

one country on the nvest entdecisbn n another it & nstuctve t© ke an
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exam pk. Take the nvestm entdecksbn of Belyiim and the nhcom e of France
and Fnhlnd. Sihce Fhlnd s nota neghbourofBelimm ithas a zer weight
 the contuiy m atrix, whik France ¥ one ofthe fourneighbours ofBelyiim

and thus has a weghtofone quarter. How ever, shice the percapia GDP of
France & slghtly higher than the avermge for the ourneighbourng countries
ofBelyium , a one percent hcrease h French percapia GDP willresul i an
hcrease of just over one quarer of a perwent nh the contbuly weighted
oren GDP ofBelyim . Tumhg t© the ttade and dktance weighted foreign
GDP'’s the weights br France are 02242 and 0155341 respectively, whike
those for Fnlhnd are 0.0082 and 0.024261 respectively. These mpl thata
one percent ncrease n the per capim GDP of France resuls n a 023%

hcrease h the ttade weighted Poreiin hcome and 0.16% hcrease n the
nverse distance weighted sum of oregn ncome of Belyium . A sinibr
hcrease h the percapia GDP of Fihlnd gires rise t© an hcrease of0.01%

and 0.02% of the spataly weighted foregn ncom e m easures respectively.
This exampk hihlghts that the three spatal weihts gie substntaly

differentin porance t© hdividualcountres.

These differences h the weightihg schem es ako exphi the differences n the
sze of the param eter. This 5 easily dem onstrated by a sinpk exampk that
resuls h a one perment hcrease h the weihted foreiin ihcom e varablk.
Agan, mkng the case of Belyum for 1995, a one percent ncrease n the
GDP ofallothercountries woul resulk i a one percent ncrease of the trade
and distance weghted sum s of foregn hcome. However, a one perent
ncrease n the per capim GDP of jist ur countres, nam el France,
G em any, the Netherbnds and the UK woull yiH a one percent hcrease of
sum of the conthuity weighted oreiin hcome. h the fom er case this woul
amount o a ttal ncrease 0f $2936 15 whik the htter woul be achived
through an nhcrease of 1st$818 .99. Thus, apart from atrbuthg contastng
In porance t© hdiidualcountries the partcubrweihtihhg schem e ako Inpl
differences regardng the absolite sze ofa change n foregn hcom e needed
to achkve a ceran change h the weighted sum s. Ifthe hcom e ofBelyim ‘s
urneighbourng countries were t nhcrease by $2936.15 whith ® equvaknt

to a one percent hcrease h the hcom e ofallcountries, the in pactofsuch a
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change would be 3 6 tin es Brger than the in pactofa one percent hcrease of
the ncom e of these four countries abne. G wen the param eter estin ates the
In pactfrom this woull be sin jbhrto the in pactofa one percent hcrease nh all

oregn countres ushg the tade and distance weighted foregn hcom e.

Overallour em pical resuls endorse our theoretical prors that hffasttucture
hvestment h any economy has an nporant htematonal dinensibn.
Specifctally, we find evidence whith ndiates that hfiastmucture hvestm entis
a strategt decksbn that can notbe exam nhed n sohkhton of the nvest ent
decisbns ofa country’s tadig parmers. O ur fndings alko suggest that this
strategc behavbur arses from the spilbvers across natonal boundaries
created by hfiastructure hvestm ents, which are an in porant determ hantof

htematonaltransportcosts.

4. Conclusion

I a recent rhted paper Bougheas, Dem etriides and M orgenroth (1999)
exam ne the effect of nfrastructure on spechalsaton and the volm e of tade

wihh a R rardan fram ework.W hik explcily considerng the resource costof
hfastructure and m odeling is hfluence on tansport costs, the symm etric

stmucture of thatm odelrestricts both the theoreticaland the em pircalanalsis

o countries wih sin ibr endowm ents. This paper addresses the i portant
questbn of how countres woull share the cost of providihg htematinal
transport servies.M ost in portantly, taddresses the queston ofwhether the
equilbriim Evel of nfiastmicture would be optinal The answer to this
questbn not only has sinifcrant inplcatons for ntematonal polcy co-
ordnaton but ako filk an mmporant gap nh the exkthg ltemture on
hfiasttucture whith has not, so far, provided theoreticalm odek to exphin

why publrc nhfrastructure m ay be supplied atsub-optim alkvel. Furthem ore,
the genermlised nature of the m odel, partculbrly the relbxatbn of symm etry,

proviles better scope forem piiraltesting.

Our esuls have mporantpolcy inplcatons, partcubrl for tadhg bbcks

such as the European Unbn. Accordig to ourm odel, such bbcks are Hkely
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to be better off by addressihg the co-ordhatbn probkm assochted wih the
provisbn of tadepromothg publc hfmstucture. W hik the European
StucturmlFunds are ain ed ateconom  grow th and recovery ofregbns which
are underdevebped by com parison w ih the C om m uniy average, they are not
speciftally designed to address co-ordhaton failires of this Q/pelg.Yetthey
are partcubrly well suied for this pumpose sihce optin al provisbn of publc
capial & ako kel t© rake the mte of retum of publc capial thereby
hereashg econom © growth?’. G ven that the cument regubtbns Pr the
Funds willexpie n 2006, uture refom s offer the opporuniy t© explcitl wke

hto accountco-ordhation faiures ofthis type.

The need t© centalse publc hfimastucture provebn ¥k, h fact wiely
recognised wihh federal system s. For exam pk, hiphway constructon and
mahtenance h Gemany ¥k the responsbilty of the fedeml authories.
Sin fbrly, h the US, whik this B camred outby the state authorites thatare
kgally the owners ofhhways, i m ostly fuinded by the federalgovemm ent.
The vew that whenever publc goods or serwites have spillout effects or
extemalies beyond the jirisdrtons that supply them may resulk nh under-
provisbn I, of course, well ounded n the ltermture on fiscal federalism and
has is ots h Pou's extemalty theorem Qates, 1991;Quyky, 1997). Twe
re-htempret ourm odelas representihg wo tradihg federmlstates th a cbsed
econom y context, our underprovsbn resul woull becom e consitent wih
the predictons of thik ltermture. The novely of our paper rem ais, how ever,
thatwe have shown, both theoretrally and em piially, thatunderprovision of
publc nfrasttucture couldl ako be the resul of ntematonal co-ordhaton
Biures n an nhtematbnaltrade fram ework. The polcy relkevance ofourresuk
cannot, therefore, be over-em phasised. W hik federal states custom arly
address spillouts or extemalites across thel Juirsdictbns, eiher through a

system of ntergovemm ental tansfers or by centralishg decsbns regardng

Y Thes &0 bective 1 ofthe StucturalFunds. O therobfctives are ain ed atthe creation of
em pbym entand re-structuring of Bbourm arkets.

e oybetand Bertoldi (1994) argue abng sin far Ines. The theoretcal rehtionshp betw een
hfastructure and econom & grow th is expbred  Bougheas, Dem etriades and M am uneas
(2000).
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publc goods, this ¥ ckarly very rarel the case or nhdependentnatons that
trade w ith each other.
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Appendix 1:Derivation ofthe co-operative solution

Let 1, and 1, denote the Lagrangean mulplers whith conespond to the

constranhts 6) and (7), respectively. Then the first order condibns of this
optin Zaton probkm are:

1
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Usng 6), @l)and @4),we get:

th th
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Usihg (7), @2),and @A3),we get:
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From @A2)and @A4),we get:
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Substtuthg A7) and @A9) h A(G) yeHds equaton (11). Equaton (12) ¥

obtanhed from A 8),A (9)and A (6).
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Tabl 5.Contguites used forthe contiguiy weights

Hom e Country

Contiguous Countries

Austra

Belyim fLuxem boury

Denm ark
Fnhlnd

France

G em any

G reece

Tebnd

Tal
Netherbnds
Nomway
Portugal
Span

Sweden

Sw izerbnd
Unied K hgdom

G em any, Ial, Sw izerbnd

France, G em any, N etherbnds Unied
K ihgdom

G em any,Nomw ay and Sweden

Nomw ay and Sweden

Belyim fuxem boury, G em any, Ial,
Span, Sw izerhnd, Unied K hgdom
Austra, Belylm Luxem boury,

Denm ark, France, Netherbhnds,

Sw izerbnd

Taly

Unied K hgdom

Austra, France, G reece, Sw izerbnd
Belyim Luxem boury, G em any
Denm ark, Fnknd, Sweden

Span

France, Portugal

Denm ark, Fihlnd, Noway

Austra, France, G em any, lal

Belyim Luxem boury, France, kFrlnd
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