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Abstract

In the context of asmall open economy where producer services sector operates under conditions of
monopolistic competition andthe level of foreign investment isendogenously determined, thispaper examines
the impact of changes in the supply of publicinfrastructure on various economic variables. Thepublic
infrastructure, which also enters consumer utility function in the form of a pure public good, reduces the fixed
cost associated with the production of the services sector. It isshown that anincreasein the supply of public
infrastructure increases wage-rental ratio, decreases foreign investment and decreases the degree of monopoly

power inthe services sector.
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1. Introduction

Theend of the cold war and rgpid improvement in communication technology during
the1980s has resulted in asignificant increase in capita flows across international boundaries. Itis
wadl-known that dmost 50% of the US foreign investment takes place in Europe and vice versa
(See Appleyard and Field, 2003). During the last two decades there has been asgnificant increase
inforeign investment in developing countries. Since the Asan financid crigs of 1997-98, China has
become the mgor recipient of foreign investment. Rapid economic growth experienced by countries
such as Maaysia and Thailand before 1997-98 can be attributed to rgpid capitd inflows. It has
been argued that anumber of Southeast Asian economies were successful in attracting sgnificant
amount of foreign investment because of, among other things, the availability of modern production
infrastructure (see Czinkota, 2002 and Hill, 2003). Production infrastructure can be viewed as a
public input that reduces the cost of production. A number of available studies have attempted to
measure the productivity of the public infrastructure. These studies include Aschauer (1989), Otto
and Voss (1994), Holtz-Eakin and Lovely (1996) and Lau and Sin (1997).

This paper focuses on the link between the supply of the public infrastructure and foreign
invesment. Din (1996) has considered the impact of development policy on capitd inflow in the
context of asmdl open economy but the model does not include a public sector. Holtz- Eakin and
Lovdy (1996) have developed atheoretica modd thet is suitable for an examination of the impact
of changesin the supply of public infrastructure on various economic variables but their modd does

not include foreign investment. Markusen and Venables (1999) have considered the role of foreign

! For an excellent review of the related literature see Gramlich (1994). It is also worth mentioning that Abe (1990)
has shown that changes in the supply of apublic input can influence the pattern of trade whereas Casellaand
Feinstein (2002) have examined the role of public goodsin facilitating trade among jurisdictions within the
context of economic integration. Recent notable enpirical studies involving publicinfrastructure include
Morrison and Schwartz (1996) and Paul (2003).



investment in economic development but their framework does not include a public sector. This
paper combines dements of Din (1996), Holtz- Eakin and Lovely (1996) and Markusen and
Venables (1999). The modd isrdevant to anewly indudtridised such as Hong Kongand
Singapore or a high-income developing country such as Mdaysia and Thailand where some sectors
operate under condition of monopolistic competition and unemployment is not a serious problem
This paper devel ops aframework that allows one to examine the impact of changesin the

supply of publicinfrastructure on various economic variablesincluding foreign investment.
Specificaly, the paper considers a smdl open economy that produces one industria, one agriculturd
and one public good. Theindustrid good is produced by means of foreign capital, domestic labour
and alarge number of varigties of an intermediate good. The intermediate good sector can be
considered asthe services sector. Varieties of the intermediate good are produced by means of
foreign capital and domestic labour. The public and the agriculturd goods are produced by means
of domestic capitd and domestic labour. In other words, foreign investment takes place only in the
sarvices and the industrial good sectors. The public good is available to al consumer aswell as
producers of the intermediate good. In thisregard the model resembles Claridaand Findlay (1992).
From the point of view of producers, the public good is akin to public infrastructure that reduces the
fixed cost associated with the production of the intermediate good. This aspect of the modd is
borrowed from Holtz-Eakin and Lovely (1996). Because of the presence of fixed cods, the
production of each variety of the intermediate good is subject to interna economies of scale which
givesrise to monopoligtic competition. The presence of interna economies in the services sector
gives rise to speciaisation-based externd economies in the production of the industria good.

Because of the presence of congtant returns to scae, the industrid, the agriculturd and the public



goods are produced under conditions of perfect competition. The paper shows that an exogenous
increase in the supply of public infrastructure can decrease foreign investment and the degree of
monopoly power in the services sector.

The rest of the paper is organised asfollows. A smple mode of asmall operteconomy is
developed in section two. Theimpact of changes in the supply of publicinfrastructure on foreign
invesment, production, prices and the degree of monopoly power is examinedin section three

wheresas the last section offers some concluding remarks.

2. A Simple Modd

Consider asmdl openteconomy that produces two traded goods (Y and Z) and one non
traded public good (G). Yisanindustria good whereas Z isan agricultura good. Theindudtrid
good is produced by means of foreign capital, domestic labour and alarge number of varieties
producer services. Each variety of the nontraded intermediate good (i.e., producer services) is
produced by means of foreign capital and domestic labour. The agricultural and the public goods
are produced by means of domestic capital and domestic labour. In other words, capitd is sector
specific- domestic capitd is utilised in the production of the public and the agriculturd goods
wheress the foreign capitd is utilised in the production of the industria and the intermediate goods.”
This paper assumes that foreign investment takes place in industrial sector only. Thisisnot an
unregligtic assumption since the industriad sectorsattract most of the foreign investment. The

production functionsforY, Z and G areasfollows:

% For mathematical simplicity this paper assumes that the domestic supply of capital utilised in production of the
industrial and the intermediate goods is zero. It can be easily confirmed that the results presented in this paper
would be unaffected if the domestic supply of the relevant capital was not zero, see Din (1996).
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Wherea, b, g,f and d are parametersintherange[0,1]; X; isthe output of thei-th
variety produced by industry X; nisthe number of varieties produced; L, L, and L4 respectively
are labour used in the production of Y, Zand G; Ky, K; and Kq respectively are capital used in the
productionof Y, Z and G.

Because of the presence of congtant returns to scae, the average cost of production of each
of the public, the agricultural and the indugtrid goodsisfixed. On the other hand, dueto the
presence of fixed cogt, the production of each variety of the intermediate good is subject to internd
economies of scale. Because of the presence of internal economies of scale, monopoalistic
competition prevails in the non traded intermediate good sector whereas dl other goods are
produced under conditions of perfect competition. The public good is primarily utilised by the
consumers. However, from the point of view of the producers of the services sector, the public
good is akin to public infrastructure that serves to reduce the fixed cost associated with the
production of each variety.

Thereare many firmsin producer services sector, each alittle monopolist producing a
distinct product with a technology that exhibits internal economies of scde. Examples of producer
services conaulting, auditing, engineering, architecturd, legd services, etc. These services are

primarily utilised by the industrial good producers and therefore they do not enter as input in the



production of other goods. Thetotda production cost of each variety of the non-traded producer

savicescongsts of fixed and variable cost as follows:
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Where I and w respectively are the price of foreign capital and the wagerate; 9 and S
are parametersintherange (0, 1); and | and nr are postive constants. 1 isdetermined in the
international market and the industria good isthe numéraire. Thefirgt expression on the right hand
sde of theabove equation is the fixed cost whereas the second expression isthe variable cost. It is
clear that an increase in the supply of public infrastructure decreasesthefixed cost. Anincreasein
the supply of production infrastructure islikely to atract foreign capitd. It is obvious that the public
infrastructure can be incorporated in the present mode in anumber of ways. For example one can
argue that the public infrastructure aso affects the variable cost in X-industry and it can be beneficia
to the producersof Z. It ispossible to incorporate these congderationsin this mode but the net
effect would be that the mathematics would become too complicated with little additiona insight.
This paper attempts to examine the implications of changesin the supply of public infrastructure ina
most Smple setting.

Dueto identica production functions and an equdisation of factor prices between sectors,
al varieties produced are equally priced. Additiondly, no two firms produce the same variety. Free
entry and exit of firms derives the profit of firms down to zero. This paper consders a symmetric
equilibrium where aggregate output of the services sector equas X = nx. Accordingly, the

production function for theindustrial good can be written as
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From the point of view of eech firmin Y- indugtry, the number of varieties supplied is given.
Accordingly, there are congtant returns at the firm level (i.e., the exponents of K, L, and X add up
to unity) but for the industry as awhole there are economies of scale becausea (1-d)/d is pogtive.
For technica reasonsa (1-d)/d is assumed to be lessthan unity (see Wong, 1995). In other words,
the presence of interna economies of scaein the intermediate good industry leadsto external
economiesof scaein thefina good industry. The externd economies of scaein the industria good
sector are competible with perfect competition. The producer services sector producesalarge

number of differentiated goods. The pricedadticity of demand for each differentiated good is

el o
81- d 5.3 The agriculturd and the public good/infrastructureis aso produced under conditions of

perfect competition Varietiesof producer services are produced under conditions of monopolistic
competition.
The following condition determines the equilibrium output of the indudtrid good industry

where p, isthe price of x.
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The right- hand side of equation (1) isthe unit cost of production whereas the left-hand side

isthe unit price, which has been set equa to unity. The productivity of the industrid good industry is

% A large number of existing studies are based on this and similar assumptions For example see Dixit (1984),
Helpman and Krugman (1985), Rivera-Batiz and Rivera-Batiz (1991), Ethier and Horn (1991), Holtz-Eakin and
Lovely (1996), Rodrik (1996) and Venables (1996).
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affected by the number of varigtiesproduced by the services sector. An increasein the number of
avallable varieties decreases the unit cost of production in theindudtrid good sector.

The presence of economies of scae in the services sector implies that a sngle firm under
monopolistic competition will produce eech variety. If the services sector is active in equilibrium

then the following first order condition must hold
dp, =1 whara @)

Equetion (2) isthe usud profit maximisation condition which shows that margind revenue
equals margind cost. Because of free entry and exit, the price of each variety of the intermediate
good in thelong-run equilibrium will just cover average cost. By making use of the above equation,
the zero profit condition which determines the number of firms in X-industry can be written as
follows: o

(- d)px= g o7 -

The equilibrium output of theagricultura industry is determined by the following condition

where p; isthe price of the agriculturd good which is determined in the international market.
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The smdl open economy under consideration is a price taker and therefore, the price of the

agricultural good is exogenous.

The market dearing condition for labour, which is assumed to be in fixed supply, isas

follows,
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Thefirg, the second, the third termand the fourth terms on the Ieft-hand side of equation
(5), repectively, are the demand for labour inindustry Z, G, Xand Y.

The market clearing condition for domestic capital (K, ), which is assumed to bein fixed

supply, is as follows where the first and the second terms on the left-hand side of equetion (6),
respectively, are the demand for capita inindustry Z and G
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Asindicated earlier, the price of theforeign capitd (1) is determined in the internationa

market. Accordingly the demand for foreign capita determinesits supply (K, ). Theequilibrium

condition is as follows
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Thefirg and the second terms on the left-hand side of equation (7), respectively, are the
demand for capita inindustry X and Y. The market clearing condition for the intermediate good is
asfollows where the left-hand side of the above equation is the demand for the intermediate good in
X-industry and theright hand side is the supply.
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On the demand sde dl consumers are economicaly indiginguisheble. The utility function of

arepresentative consumer is asfollows, where x and | are constartsand C; and C respectively

are the consumption of the industria and the agriculturd goods.

u=c'lc:+ci ]



The above utility function indicates that the entire amount of the public good is available to
each consumer. In other words, G is a pure public good from the view point of the consumers. The
optima supply of the public good which is viewed as the public infrastructure by the producers of
the intermediate good can be determined by utility maximisation subject to appropriate resource
congraints. However, for the pur poses of this paper, theinitid supply of the public
good/infrastructure does not have to be optimal and therefore no attempt has been made to derive
the rdlevant optimaity condition. The cost of the public goodfinfrastructure is financed by non
distortionary taxes. The government in the present study can be considered as a Stackelberg leader.

In other words, the government determines the supply of the public goodinfrastructure and the
private sector makes its decisions by taking the supply of G asgiven. Thiscompletesthe
description of the mode where equations (1) to (8) are eight equilibrium conditionsin eight

endogenous variables, Y, Z, K, , x,n,w,rand p,. G, I, p,, K, andL are exogenous

vaiables,

3. Changesin the Supply of Public Infrastructure and the Private Sector
The existing literature in the area of foreign investment argues that massive capitad inflow into
countries like Singapore and Hong Kong can aso be attributed to the provision of public
infrastructure. Within the context of the present study the impact of exogenous changesin the supply
of public infrastructure on prices production, the degree of monopoly power in producer services

sector and foreign investiment can be examined by differentiating equilibrium conditions (1) to (8)



with respect to G. The impact of a change in the supply of public infrastructure on wage-rentd ratio

and the price of the intermediate good (i.€e., producer services) is as follows:
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It is clear that the Sign of the above derivatives degpendsonthesign of . Thesignaof D

depends on the Size of the externdity, i.e.,a géng aising from internd economiesin the
e a

intermediate good sector. D is unambiguoudy negative as the Sze of this externdity gpproaches
zero. Therest of this paper assumes that the Sze of the externdity is saufficiently smdl sothat D is
negative. Thisassumption ensures that the price-output responses (e.g., the relationship between p,
and Z) arenormd. Also note that {1- b-a)- aq} is podtive.

Equation (9) shows that an increase in the supply of public infrastructure unambiguoudy
increases the wage-rentd ratio as long as the infrastructureis equaly (or more) capitd intendve as
compared to the agricultural good. At firgt this result gppears counter intuitive because an increase
in the supply of public infrastructure crestes a shortage of capita relative to labour which decreases
the wage-rentd ratio in the context of traditiona 2x2 models. However, in the present case, an
increase in the supply of public infragtructure affects wage- rentd ratio through the externdity to the

producers of theindustrid good. Anincrease in the supply of public infrestructure increases the

10



wage-rentd ratio because of its positive effect on the production of the indugtrid good. If varieties
of producer services were perfect subgtitute for each other then the size of externdity would be zero
and hence the wage-renta ratio would not respond to changesin the supply of publicinfrastructure.
Anincrease in the supply of public infrastructure, because of its positiveeffect on the production of
the indugtrid good, increases the equilibrium price of varieties of producer servicesasindicated by
equation (10).

Theinpact of anincreasein the supply of public infrastructure on equilibrium number of

varieties produced is asfollows:
. a8k 0+
A=[i- b@-a)- aq]K,L, - K,L,-s (nLXKZ)]g—iG (1)
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Equation (11) shows that relationship between the supply of publicinfrastructure and the
number of varieties produced is postiveif theinfrastructure isequaly (or more) capitd intensve as
compared to the agriculturd good. As noted earlier, an increase in the supply of public
infragtructure increases the equilibrium price of each variety. By making use of equations (2) and
(3), it can be easly confirmed that there is a negative relationship between the supply of public
infragructure and the production of each variety. This follows from the fact that an increase in the
supply of publicinfrastructure decreases the fixed cost associated with the production of each
variety thereby reducing the extent of the economies of scdle. An increase in the number of varieties
produced is alogica outcome. It can aso be easily confirmed that an increase in the supply of
public infrastructure increases the overdl output of the savices indudtry (i.e,, nx). Equation (11)
aso shows that an increase in the supply of public infrastructure increases the degree of

speciaisation and hence decreases the monopoly power in producer services sector.
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Anincrease in the degree of specidisation increases the externdity enjoyed by the
producers of theindustrial good. Accordingly, an increasein the supply of public infrastructure
leads to alarger increase in the production of the industrial good as shown by equation (12) as

follows

- gl- b(1-a)- aq}+a8é_—d9(1- q)HKgLZ - KLy +s (LK) — % (12)

Theimpeact of an exogenous change in the supply of public infrastructure on production of

the agriculturd good is asfollows:
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It is clear from equation (13) that the impact of any change in the supply of public
infrastructure on the production of the agricultural good does not depend on relative factor
intengties. In fact the relationship between the supply of public infrastructure and the production of
the agricultural good islikely to be negative if the Sze of externdity to the industrid good producers
is sufficiently smdl.

Theleve of foreigninvestmert inthe present study is endogenous. Theimpact of achange

in the supply of public infrastructure on capitd inflow (i.e., foreign investment) is asfollows:

@f1- b(- a)- agfK, (K L, - K,L,)+s (LK, - nK,L )k
e u
. @ ig(1l- q)(K,L )K u Iz 210)
K. =a 9z i —+ 14
f graééng.+ &k K {L +fL +g(nL,)} J, tﬁDg a4
A~ e A .
g 1+ §+(1 £)(K,)K, L, +g(1- q)(nL)i :

12



Equation (14) showsthat an increase in the supply of public infrastructure leads to capita
outflow (i.e., adecrease in foreign investment) if the infrastructure is equaly (or more) capital
intensve as compared to the agricultural good and the indudtria good is equally (or more) capital
intensve as compared to the servicessector. It has been argued that provison of public
infrastructure leas to capitd inflow. However, in the present case an increase in the supply of public
infrastructure can lead to cgpitd inflow only if @ther the infrastiructure, or the industrid good, or both
are rdatively labour intensve. Thisislikely to be the case in developing countries such as Chinaand
India. It isadso worth mentioning that in their early stages of economic growth (i.e., during the
1970s and 1980s), the manufacturing sectors of Hong Kong and Singapore were largdly labour
intendve

The framework of this paper can dso be used to examire the impact of changesinthe
supply of public infragtructure on welfare. In the context of this paper, welfare can be measured by
the disposable income which consists of tota income of domestic capital and labour lessthetota
cogt of public infragtructure. An increase in the supply of public infrastructuretends to decrease
welfare because the cost of infrastructureisfunded by taxation. However, an increase in the supply
of infrasructure aso increases wage-rental ratio. Anincrease in the supply of public infrastructure
can increase welfare only if the increase in wage-rentd ratio more than off sets the negative impact

of tax burden.

4. Concluding Remarks
Massive foreign invesment in Southeast Asian economies such as Hong Kong and

Singapore has been attributed to, among other things, provison of modern production infrastructure.
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This paper examinesthe impact of chengesin the supply of public infrastructurewhich also enters
consumer utility functions in the form of a pure public good. The results presented in this paper are
based on asmple modd of asmal open economy that produces oneindugtrid, one agriculturd and
public infrastructure  The industriad good is produced by means of foreign capital, domestic labour
and alarge number of varieties of producer services. Varieties of producer services are produced
by means of foreign capital and domestic labour. The public infrastructure and the agriculturd goods
are produced by means of domestic capital and domestic labour. The infrastructure can be viewed
as acomposite good which is available to dl consumers and it also servesto reduce the fixed cost
asociated with the production of varieties of producer services. The public infrestiructure and the
vaidiesof producer servicesare norttraded. All goods except the varieties of producer services
are produced under conditions of perfect competition. Due to the presence of internal economies,
vaidiesof producer servicesare produced under Chamberlinian monopolistic competition. The
presence of internd economies in the services sector gives rise to specialisation-based external
economiesinthe industrid good sector.

The paper showsthat an exogenous increase in the supply of public infrastructure increases
the wage rental-rentd ratio and the equilibrium price of varieties of producer servicesif the
infrastructureis equaly (or more) capitd intensive as compared to the agriculturd good. An
increasein the supply of public infrastructure increases the number of varieties of producer services
which reflects a decrease in the degree of monopoly power in the services sector. Anincreasein
the supply of public infrastructureincreases the production of the industrial good but itsimpact on
the production of the agricultural good cannot be unambiguoudy determined. Findly, anincreasein

the supply of public infrastructureleads to a decrease in foreign investment if theindustria good is
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equaly (or more) capita intensive as compared to varieties of producer services and the public
infrastructure is equally (or more) capital intensve as compared to the agricultura good. In other
words, an exogenousincrease in the provison of public infrastructure is likely to increase foreign
investment only if (8) the infrastructureis labour intensive as compared to the agricultural good, or
(b) theindustrid good is labour intensive as compared to varieties of producer services, or () both

the public infragtructure and the industrid goods are relatively labour intensve.
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