


 

Abstract 

 
This paper explores the relationship between foreign aid and public investment in the context of 
intertemporal growth. The static models in the existing development literature have predominantly 
neglected the intertemporal behavior of savings and investment in response to aid flows, and their 
consequent impact on growth and transitional dynamics.  On the other hand, the macroeconomics 
literature has generally neglected the issue of external financing of public investment from official 
sources such as foreign aid and capital transfers. Moreover, an over-riding assumption in both 
strands of literature is that of a Cobb-Douglas production function that has the characteristic that the 
intratemporal elasticity of substitution between inputs is unity.  Recent empirical evidence, however, 
points toward the CES production function as a better approximation for production structures in 
growing economies. This paper examines the dynamic consequences of financing public investment 
by foreign aid or capital transfers in an intertemporal optimizing growth framework by employing a 
CES production structure.  We conduct a numerical analysis of the transitional dynamics of such an 
economy and characterize the trade-off between the degree of substitutability between public and 
private capital, cost of investment, and intertemporal welfare in response to both tied and untied aid 
programs. 
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1. Introduction  

Public investment is widely accepted as being a crucial determinant of economic growth.  

Interest in the impact of public capital on private capital accumulation and economic growth 

originated with the seminal theoretical work of Arrow and Kurz (1970) and the more recent 

empirical research of Aschauer (1989a, 1989b).1  Most of the subsequent literature has focused on 

closed economies, using both the Ramsey model and the AK endogenous growth framework; see 

e.g. Futagami, Morita, and Shibata (1993), Glomm and Ravikumar (1994), Baxter and King (1993), 

Fisher and Turnovsky (1998).  Turnovsky (1997a) extends Futagami et al. to a small open economy 

and introduces various forms of distortionary taxation, as well as the possibility of both external and 

internal debt financing.  Devarajan, Xie, and Zou (1998) address the issue of whether public capital 

should be provided through taxation or through granting subsidies to private providers.2 

A critical issue, especially in poor, resource-constrained developing countries, concerns how 

the new investment in infrastructure is financed.  One significant source for funding such investment 

is external financing.  This may be in the form of borrowing from abroad, through bilateral or 

multilateral loans, or through unilateral capital transfers, in the form of tied grants or official 

development assistance, as recently observed in the European Union.  Faced with below average per-

capita incomes and low growth rates among some of its joining members, the EU introduced pre-

accession aid programs to assist these and other potential member nations in their transition into the 

union3. This process of “catching up” began in 1989 with a program of unilateral capital transfers 

from the EU through the Structural Funds program, and subsequent programs were introduced in 

1993 and in 2000.  These assistance programs tied the capital transfers (or grants) to the 

accumulation of public capital, and were aimed at building up infrastructure in the recipient nation.  

The objective of these aid programs was for the recipient economy to attain strong positive growth 

                                                 
1See Gramlich (1994) for a comprehensive survey of the recent empirical literature. 
2 The efficient use of infrastructure is a further important issue.  For example, Hulten (1996) shows that inefficient use of 
infrastructure accounts for more than 40 percent of the growth differential between high and low growth countries. 
3 Greece, Ireland, Spain, and Portugal were recipients of unilateral capital transfers tied to public investment projects 
under the Structural Funds Program between 1989-1993 and 1993-1999.  A similar tied transfer program, called Agenda 
2000, has been initiated for eleven aspiring member nations (Central Eastern European Countries), and is expected to 
continue until 2006; see European Union (1998a, 1998b). 

 3



differentials relative to the EU average in the short run, and thereby achieve higher and sustainable 

living standards in alignment with EU standards, and ultimately to gain accession to EU 

membership.  

In a recent paper, Chatterjee, Sakoulis, and Turnovsky (2001) have analyzed the process of 

developmental assistance in the form of tied-capital transfers to a small growing open economy.  

One critical assumption adopted in that analysis is that the underlying production function is of the 

Cobb-Douglas form in private and public capital.  While this functional form is prevalent throughout 

much of the recent endogenous growth literature, it is of course restrictive; see Lucas (1988), Barro 

(1990), Futagami et al. (1993), Bond, Wang, and Yip (1996), and Turnovsky (1997a).  In particular, 

it suffers from the serious shortcoming that the resulting impact of the transfer on the growth 

performance is predicated on the intratemporal elasticity of substitution between these two forms of 

capital being assumed to be unity.  Intuitively, one would expect the impact of a tied transfer to be 

highly sensitive to the degree of intratemporal substitution between these two types of capital inputs.  

To analyze this, one needs to employ a more flexible production specification, such as the constant 

elasticity of substitution (CES) production function, which accommodates alternative degrees of 

substitution.  This is the task undertaken in the present paper.  Indeed, as our analysis will confirm, 

the elasticity of substitution is an important determinant of both the dynamic adjustment paths 

generated by a program of tied-transfers and their welfare implications. 

The CES production function has a long history, being initially introduced by Pitchford 

(1960), and Arrow, Chenery, Minhas, and Solow (1961).  The original specification was in terms of 

capital and raw labor, and extensive empirical evidence on the elasticity of substitution between 

these two inputs was produced during the 1960’s and 1970’s.  Berndt (1976) provides a 

reconciliation between alternative estimates for the aggregate production function, concluding that 

estimates generally range between around 0.8 and 1.2.  In a recent panel study of 82 countries over a 

28-year period, Duffy and Papageorgiou (2000) find that they can reject the Cobb-Douglas 

specification for the entire sample in favor of the more general CES production function.  They also 

report that the degree of substitution between inputs (in their case human and physical capital) may 

vary with the stages of development.  For example, there is a higher degree of substitutability of 
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inputs in rich countries than in poor countries, a feature absent from the Cobb-Douglas specification.  

Empirical evidence on the substitutability of public and private capital is sparse.  Lynde and 

Richmond (1993) introduce public and private capital into a more general translog production 

function for U.K. manufacturing and find that the Cobb-Douglas specification is rejected. 

Factor substitution can occur intratemporally and/or intertemporally.  Whereas the former is 

incorporated by the CES production function, the latter may be captured by the introduction of 

differential costs of adjustment, along the lines associated with Hayashi (1982).  Indeed, the impact 

of foreign aid on the evolution of the economy depends not only on the short-run degree of 

substitutability between the two types of capital, but also on their relative costs of adjustment.   

This paper attempts to bridge the gap between the development literature on the impact of 

foreign aid and the growth literature on the role of public investment, in the context of a growing 

open economy that receives development assistance in the form of foreign aid from the rest of the 

world.  Specifically, our paper contributes to the above branches of literature in two important 

directions.  First, we consider aid in the form of tied unilateral capital transfers, i.e., funds to be used 

by the recipient for the specific purpose of creating public capital.4  As Brakman and van Marrewijk 

(1998) point out, in the post World War II era, unilateral capital transfers have increasingly taken the 

form of development assistance or foreign aid. This is important when one recognizes that between 

two-thirds and three-fourths of official development assistance to infrastructure is fully or partially 

tied.5 On the other hand, most of the existing development literature, which examines the possible 

effects of aid on saving and investment in developing countries, has been based mainly on static 

models6.  In contrast, we embed the aid flow in an intertemporal optimization framework 

characterized by endogenous growth, which enables us to compare both the short-run and the long-

                                                 
4 Bhagwati (1967) points out that tied assistance may take different forms.  The transfer or aid from abroad may be 
linked to a (i) specific investment project, (ii) specific commodity or service, or (iii) to procurement in a specific country.  
We focus our analysis on the first type of tying, i.e. to an investment project. Examples of such tied capital transfers 
include the relocation of German capital equipment at the end of the Second World War to Eastern Europe and the 
Soviet Union, the Marshall Plan in the post-World War II era for the reconstruction of Europe, and more recently, the 
European Union’s pre-accession aid programs for aspiring member nations. 
5 World Bank (1994). 
6 See Cassen (1986), and more recently, Brakman and van Marrewijk (1998) for a survey of this literature.  Two 
exceptions include Djajic, Lahiri, and Raimondos-Moller (1999), and Hatzipanayotou and Michael (2000), who examine 
the effects of transfers in an intertemporal context. 
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run effects of tied and untied aid on the dynamic evolution and growth rate of the economy, and 

ultimately on welfare7.  

                                                

Second, since it is likely that external assistance and borrowing will fail to meet the total 

financial needs for public investment, domestic participation by both the government and the private 

sector is also important. Recently, in a panel study of 56 developing countries and six four-year 

periods (1970-93), Burnside and Dollar (2000) find that foreign aid is most effective when combined 

with a positive policy environment in the recipient economy.  In earlier works, Gang and Khan 

(1991) and Khan and Hoshino (1992) report that most bilateral aid for public investment in LDCs is 

tied and is given on the condition that the recipient government invests certain resources into the 

same project. We specifically characterize the consequences of domestic co-financing of public 

investment and outline the trade-offs faced by a recipient government when it responds optimally to 

a flow of external assistance from abroad.  

In addition to the CES specification of technology, the model we employ has the following 

key characteristics.  First, external assistance is tied to the accumulation of public capital, which is 

therefore an important stimulus for private capital accumulation and growth.  Second, new 

investment in both types of capital is subject to convex costs of installation.  Allowing for 

differential costs of investment for public and private capital raises the issue of how the degree of 

substitutability between the two capital stocks interact with installation costs in determining the 

effect of a tied foreign aid shock.  Third, we assume that public investment in infrastructure is 

financed both by the domestic government, as well as via the flow of international transfers, thereby 

incorporating the important element of domestic co-financing, characteristic of most bilateral aid 

programs that are tied to specific public investment projects. The international transfers are assumed 

to be tied to the scale of the recipient economy and therefore are consistent with maintaining an 

equilibrium of sustained (endogenous) growth in that economy. 

 
7 This issue is also related to the pure “transfer problem”, one of the classic issues in international trade, and dates back 
to Keynes (1929) and Ohlin (1929).  Recent contributions include Bhagwati et. al. (1983), Galor and Polemarchakis 
(1987), Turunen-Red and Woodland (1996), and Djajic et. al. (1999).  For a comprehensive survey of the literature, see 
Brakman and Marrewijk (1998).  Our analysis differs from this literature by focusing on “productive” (tied) transfers, the 
use of which is tied to public investment. 
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We also assume that the small open economy faces restricted access to the world capital 

market in the form of an upward-sloping supply curve of debt, according to which the country’s cost 

of borrowing depends upon its debt position, relative to its total capital stock, the latter serving as a 

measure of its debt-servicing capability.  This assumption is motivated by the large debt burdens of 

most developing countries, which give rise to the potential risk of default on international borrowing. 

Indeed, evidence suggesting that more indebted economies pay a premium on their loans from 

international capital markets to insure against default risk has been provided by Edwards (1984).  An 

interesting question, therefore, is whether barriers to international borrowing have any implications 

for the welfare effects of foreign aid programs. 

The main results of our model are the following.  The effect of an increase in foreign aid 

depends critically on whether it is tied or untied.  An untied aid program does not generate any 

dynamic response, but instead leads to instantaneous increases in consumption and welfare.  On the 

other hand, an aid program that is tied to investment in public capital generates a transitional 

dynamic adjustment in the recipient economy.  The magnitude and the direction of the transitional 

dynamics and long run effects depend crucially upon the elasticity of substitution between the two 

types of capital in the recipient economy.  Our analysis suggests that tied aid is more effective in 

terms of its impact on long-run growth and welfare for countries that have low substitutability 

between factors of production.  This finding has important policy implications, especially in light of 

recent empirical evidence suggesting that less developed or poor countries have elasticities of 

substitution that are significantly below unity.  We find that the welfare gains from a particular type 

of aid program (tied or untied) are sensitive to the costs of installing public capital and capital 

market imperfections, even for small changes in the degree of substitutability between inputs.  

Economies in which the elasticity of substitution between the two types of capital and the 

installation costs are relatively high, are likely to find tied transfers to be welfare-deteriorating.  For 

such economies untied aid will be more appropriate. 

The rest of the paper is organized as follows.  The analytics of the theoretical model are laid 

out in Section 2.  Section 3 presents a numerical analysis of the impact of a foreign aid shock and the 

resulting transitional dynamics.  Section 4 briefly addresses the issue of co-financing, while Section 
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program and the direction of transitional dynamics it generates depend crucially upon the elasticity 

of substitution in production.  Our numerical simulations suggest that tied aid is more effective in 

economies with a low degree of substitution between factors of production.  Moreover, the welfare 

gains from a tied or untied aid shock are sensitive to the substitutability of inputs, capital market 

imperfections, and costs of adjustment.  These findings imply that when donors decide on whether a 

particular aid program should be tied to an investment activity, careful attention must be paid to the 

recipient’s opportunities for substitution in production, its access to world capital markets, and the 

costs of installing the particular type of capital to which the aid will be tied. 
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