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Abstract

International assistance plays a significant role in economic development,
with its annual worldwide budget exceeding US$50 billion. Despite its
enormous scale, however, there have been continual debates amongst
economists and policymakers as to whether international assistance
effectively contributes to the welfare of the recipient countries. Through
three stylised analyses, this thesis attempts to contribute to the better
understanding of the economic characteristics of foreign aid.

Development as unfreedom shows through both theoretical and empirical
investigations that restrictive aid, including in-kind aid and tied aid, can
have better welfare effects than unrestrictive aid of equal value. A
diagrammatical analysis of the recipient's consumption possibility frontier,
with a newly devised analytical tool 'aid triangle' demonstrates that strong
conditions are required for unrestrictive aid to be strictly welfare superior. A
microeconomic analysis with the hyperbolic discount function also supports
this finding, showing the significant need for restrictive aid in the early
stages of economic development. An empirical test with Chinese household
data reveals that food aid has a high shadow value in the country's lessdeveloped areas. All results indicate the important role aid should play in
education and information sectors. Developing these sectors would build
countries' capacity to enjoy the freedom unrestrictive aid would give them.
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Aid-growth nexus reconsidered examines the growth effect of foreign aid

on recipient countries. Following the revelation of a theoretical weakness in
the popularly used aid-growth regression, the study also demonstrates that
the endogenous growth models are unable to replicate the world with
foreign aid. Following these findings, the growth effect of foreign aid is
measured theoretically under neoclassical assumptions. The result reveals
that the donor's misallocation of aid resources can significantly slow down
development in the recipient country. An empirical test supports the
employment of neoclassical assumptions, verifying the plausibility of the
theoretical findings.

Eligible donor contest constructs a new index number to evaluate donors'

international resource allocation in foreign aid programs. The new index is
different from the existing indices in three aspects. First, it has only one
criterion, the productivity of the donor, in order to avoid any difficulty in its
interpretation. Second, it judges donors by the recipient's predicted output
gain, as opposed to nominal equality of budget allocation, challenging the
input-based assessment of financial contributors. Third, a purpose-built
structural model is behind the index, reducing the scope for problems
caused by arbitrariness in its design. The scores are calculated for OECD
countries with the new indexing scheme, and then compared with those
obtained from an equity-oriented scheme. The results suggest that while an
equity-efficiency trade-off does exist, it is not impossible for a donor to

V

achieve both equality and productivity simultaneously.

Based on the criticism levelled against the previous aid literature for its ad
hoc nature, all three works are intended to improve the understanding of the

mechanism through which foreign aid contributes to the recipient countries'
economic development.
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1
Introduction

Foreign aid has played a significant role in the recent history of economic development.
According to Organisation for Economic Co-operation and Development (OECD, 2003),
a statistic bulletin compiled by the world's donor countries, more than $US50 billion
have flowed from industrial countries to developing countries each year for the last
decade. These funds have helped many developing countries combat famine, invest in
necessary infrastructure and ultimately tackle poverty.

Nonetheless, economists and policymakers around the world have not been able to form
a common view about the function of foreign aid. The dispute has a long history, but its
central question has always been to what extent, if any, can aid facilitate economic
development. Offering a universally acceptable answer to this question is a challenging
task because of the numerous, sometimes conflicting, methods of gauging a country' s
development. Even if agreement has been reached on a particular measure of
development, for example, the growth rate of per capita income, it is a taxing mission to
transform the usually unobservable growth effects of foreign aid into a visible form
such as statistics.

Since the 1960s, numerous studies have been devoted to exammmg the effects of

foreign aid. In early years of the burgeoning discipline, aid studies were mainly
conducted by national and international aid agencies in the form of cost-benefit
analysis: investigating the impact of a single aid project in a single recipient country.
Mason and Asher (1973) describe this evaluative technique as working favourably.
Forty years on, the same approach to the assessment of foreign aid is still being
employed, but at different levels of variance. For example, Cassen and Associates
(1994) criticise the method for its ad hoc nature, pointing out that even within the same
aid agency practice can vary considerably between similar projects.

Assessing individual aid projects is an important exercise, because it can demonstrate to
external stakeholders who cannot witness the actual project, such as taxpayers in the
donor country, that the project in question was indeed necessary. There are times,
however, when it is necessary to have information about a characteristic of foreign aid
that is more universal than the cost and benefit of a single aid project. Austin and
Wallerstein (1979) list seven pieces of general information that must be gathered before
high-quality aid can be delivered:

1. What should be the goal of aid?
2. Who should receive aid?
3. How much should be given?
4. What should be given?
5. Under what terms should it be given?
6. How should it be distributed?
7. How should the efforts be organised?
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Even the best analysis of a single project cannot answer these questions, for project
analysis is unable to consider all potential, and hence invisible, alternatives to the
project in question. This is when stylised analyses of foreign aid are called for; by
employing a stylised analysis that develops an economic theory and then tests its
validity in an applied sense, we can scientifically deduce a general pattern about the
characteristics of foreign aid. Then, from that pattern, or a theorem, we can draw
lessons that can be applied to policy making.

It is not suggested that single project assessments are inferior to stylised analyses. In
fact, the application of flawed deductive reasoning can be dangerous, especially when
we do not know how widely a lesson can be applied. For example, if a theory has been
built on axioms that are applicable to the Oceania region, the lessons from that theory
should not unconditionally be applied to a project in Africa. Unless it has been
explicitly specified when and where a theory should be applied in practice, there is a
risk that research findings will be inapplicable and misleading.

Yet, stylised analyses are beneficial practices that assist understanding of the universal
characteristics of international assistance. General theories derived from those analyses
have the potential to help recipient countries build better-structured policies for their
long-term development, as well as donor countries improve efficiency in their budget
use. In addition, rigorous economic analysis of foreign aid is meaningful from an
academic perspective. A unique characteristic of aid that it is a one-way transaction
makes its recipient economy a fitting 'laborator y', where the impact of monetary
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injection can be measured in various economic methods.

This thesis undertakes three stylised analyses involving the assessment of foreign aid.
Each study has its own perspective, and can be categorised as a work of
microeconomics, macroeconomics and statistics, respectively. Nonetheless, these
studies will all contribute to a better understanding of the nature of foreign aid, and
especially, its economic effects on the recipient country.

Chapter 2, Development as unfreedom, questions the prevailing belief that restrictive aid
programs, such as tied aid programs and in-kind aid programs, have smaller welfare
effects than unrestrictive aid programs. First, through simple diagrammatic analysis, it
is shown that under a set of necessary conditions that are likely to be satisfied in the
early state of economic development, the welfare effects of restrictive aid can be larger
than those of unrestrictive aid of equal value. The finding is then tested empirically by
estimating the shadow values of food and monetary aid.

Chapter 3, Aid-growth nexus reconsidered, measures the macroeconomic impact of
foreign aid on the recipient country's economic growth. Motivated by the virtual nonexistence of theoretical works in this area of the literature, this chapter first exposes a
theoretical flaw in the popularly used aid-growth regression. Following this proposition,
a study of an augmented growth model leads to the important finding that the donor's
misallocation of aid resources could defer the recipient country's development to a
significant degree. Assumptions employed in the theoretical model are then tested in
order to verify the plausibility of the theoretical results.
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Chapter 4, Eligible donor contest, evaluates each donor's effectiveness in foreign aid
programs through the construction of an index number. Based on criticism against the
existing indices that have the same purpose, three problems are corrected in the
proposed index. First, the new index assesses donors by only one criterion, their
productivity in foreign aid, thereby eliminating unnecessary complexity in its
interpretation. Second, it judges donors by the recipient country's predicted output gain
by aid, disputing the customary input-based assessment of contributors. Third, its
weighting scheme is derived from a comprehensive structural model, reducing the
degree of arbitrariness in its composition. The actual scores are calculated for all OECD
countries, and then compared with scores by the popular equity-oriented McGillivray
index. The results suggest that, while an equity-efficiency trade-off does exist, it is not
impossible for a donor to achieve both equity and efficiency simultaneously.

The principal goal of the thesis is to reinterpret the vast pool of empirical literature on
foreign aid, and then to enhance it with theoretical backbone. In this regard, the
strongest message of the thesis is intrinsic in the fact that the three studies use different
research methodologies; regardless of its analytical framework, all economic work
should be conducted as scientifically as possible. Hopefully, the studies constitute a
convincing antithesis to the ad hoc empirical studies in existing aid literature, which
have been accepted without demur for a long time.
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2
Dev elop men t as unfr eedo m

Restrictive aid, including in-kind aid and tied aid, can have better welfare effects than
unrestrictive aid of equal value. This chapter shows such a possibilit y through
theoretical and empirical analysis. In a diagramm atical analysis of the recipient' s
consumpt ion possibilit y frontier, a newly devised analytical tool called the 'aid triangle'
helps to demonstrate that strong conditions are required for umestrict ive aid to be
strictly welfare superior. An empirical analysis of income elasticities of nutritiona l
intake reveals a high shadow value of food aid in less-deve loped areas. The chapter also
introduces the concept of hyperbolic discount functions to aid literature, which helps us
understan d the need for restrictive aid at early states of economic developm ent. Results
indicate the importanc e of foreign aid on education and informati on sectors; the
development of such sectors creates a better environm ent in recipient economie s to fully
utilise umestrict ive aid.

Key words: Food aid, Welfare, Nutrition
JEL Classification Numbers: D81 , D91, F35, 138
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2.1 Objectives

Restrictions on foreign aid are a double-ed ged sword. On the one hand, they can help
the recipient economy follow a pre-arranged, and hence safer, developm ent path. On the
other, they preclude the aid beneficiaries from making their own decisions, leaving
them immune to competitive markets even after the country's economic capacity has
grown beyond the poverty line. It is a challengi ng task, therefore, to determine whether
restrictive aid, such as tied aid and in-kind aid, is a good device to promote the recipient
economy 's long-term development. Yet the question is imperativ e for all parties
involved in aid programs , particular ly because the cost of restrictive aid for its donor
can be significantly smaller than that of unrestrict ive aid. In other words, restrictive aid
has a potential to be a Pareto-su perior alternative to unrestrictive aid, provided that one
dollar of the former realises at least as much benefit as one dollar of the latter.

Advocates of unrestrictive aid argue that the impositio n of restrictions reduces the
recipient' s freedom. They point out that what a recipient receives under a restrictive aid
project is always available from an unrestrictive aid project of equal value, by simply
purchasin g the same good from the same source. And if the recipient needs a different
good instead, it can opt for that good, too. Restrictive aid does not allow its recipient
country such flexibility, as the good it receives is usually predeterm ined by the donor
nation. Using the famous definition by Sen (1985), unrestrictive aid gives its recipient
more capability.

Supporters of restrictive aid believe that unrestrictive aid is open to be practised less
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rigorously. Officials from the donor country would spend less time in the planning and
operation of the project, and this lack of commitment could result in the misallocation
or inefficient use of resources. Without solid knowledge about investment, officials
from the recipient country could potentially manage the suddenly topped-up budget
poorly, which could, in some cases, lead to corruption.

The restrictive-unrestrictive debate is not unique to the field of foreign aid; similar
phenomena can be observed in a variety of situations from daily life. While it is
traditional in the West to present a wedding gift, monetary gratuity is more common in
Eastern nuptials. Remuneration in most industrialised countries is paid in the form of a
salary package that includes non-cash payments, but a typical firm in developing
countries only offers hourly wages. Some governments use food stamps to help the poor,
whereas others simply redistribute money to subsidise them. In all of these examples, it
is not easy to find one's clear superiority over another.

Neither is this able to be done in the case of foreign aid. Only a limited number of
studies have tackled the restrictive-unrestrictive problem theoretically, and yet the
results have so far been mixed. Comparing the welfare effects of tied aid (an example of
restrictive aid) and untied aid (an example of unrestrictive aid), Michael and van
Marrewijk (1998) find untied aid to be welfare-superior in their two-country trade
model. Lahiri and Raimondos (1995) and Lahiri et al. (2002) insist otherwise, however,
by showing the Pareto-efficiency of tied aid thanks to its ability to mitigate the
international trade distortion. Weighing up in-kind aid (restrictive) and in-cash aid
(unrestrictive), Bhagwati (1985) supports monetary aid for its ability to give the
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recipient country a greater degree of capability, while Srinivasan (1989) shows that inkind aid can improve the overall welfare of both the donor and the recipient, although it
is noted that wealthy people in the recipient country can lose some utilities due to the
diminution of their relative purchasin g power.

A common feature of these previous studies is that they have analysed the topic within
macroeco nomic frameworks. While macroeco nomic research does have significance in
predicting the overall outcomes of foreign aid programs , the informati on obtained
through this method tends to be confined to the economy 's general trend. Consequently,
precise conditions under which restrictive aid is superior to unrestrict ive aid for a person
of certain characteristics, for example, are not given in any study mentione d above.

This chapter examines the welfare of each intended beneficia ry of a foreign aid project
by employin g both theoretical and empirical approaches. It is hoped that this will help
to develop new methods of identifying when and where unrestrictive aid is superior to
restrictive aid, and vice versa. The analyses are focused on the welfare comparis on
between actual food aid and hypotheti cal monetary aid of equal value; however, the
policy implications of the study will be applicable to other restrictiv e-unrestri ctive
problems.

The structure of the reminder of the chapter is as follows. Section 2.2 opens with a
diagrammatic model of a recipient economy, which demonstrates that, under certain
conditions, a food aid project can have a better welfare impact than a hypotheti cal incash aid project of equal value. The section also introduces the use of a hyperbolic
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function to the aid literature, and shows that in the early stages of economic
development, when individuals are still under-educated and under-informed, the welfare
effect of restrictive aid can be greater than that of unrestrictive aid. Section 2.3
empirically tests this claim through the investigation of people's demand for food and
their nutritional needs in Chinese provinces. It will be shown that food aid indeed has a
higher shadow value than monetary aid when the economy is underdeveloped, but that
the value decreases as the economy grows-results that are consistent with earlier
theoretical findings. Section 2.4 concludes with suggestions for future studies.

2.2 Theoretical models

Underdevelopment of human capital due, for example, to a lack of education and
information resources can lead to the superiority of restrictive aid over unrestrictive aid.

Imagine a recipient economy that consists of two industries: agriculture and
manufacture. Each industry produces only one good, and, for the moment, the country is
assumed not to be engaged in any international trade. With no foreign aid, the country's
production, and hence the consumption possibility frontier (CPF), can be shown as
M 0 /4 (Figure 2-1 ). When the country receives food aid of amount /4A1 , the CPF

extends to M 0 A1 • This new CPF is derived by adding food consumption equal to /4A1
from each point along M 0 /4; food aid has no effect on the economy's capacity to
produce the manufacturing good.
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The situation becomes more complex when monetary aid of the same value is given to
the economy instead. In this case, as shown in Figure 2-2, the country's new CPF will
be the locus of the outermos t contour of the shaded 'aid triangle' when its bottom-le ft
vertex travels along the original CPF. The triangle has the base with length ~A1 and
the slope equal to the international relative price of the manufact uring good against food.
The economy can choose anywhere inside this triangle as its consumpt ion pair of the
two goods because, unlike in-kind aid, in-cash aid can be used for both types of
commodities. Once the triangle has complete d its travel along M 0 ~

,

the new CPF will

take the form of curve M 1A1 (Figure 2-3).

From this simple diagramm atical analysis, we can derive the following proposition.

Proposition 2-1:
A necessary condition for a monetary aid project to be strictly preferred over a food aid
project of equal value is that the economy 's optimal consumpt ion point after monetary

aid is given is located within the segment M 1X of the CPR (Figure 2-3).

Proposition 2-1 has an important implicatio n for unrestrictive aid: if people in the
recipient country have a preferenc e for the good that restrictive aid would supply them
with, unrestrictive aid has no welfare superiority over restrictive aid. If, for example, a
country is suffering from famine, and food is bought with any additional cash income
brought in as foreign aid, food aid would do just as well as monetary assistance.

The analysis so far has implicitly assumed that there is no uncertain ty regarding
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people's economic behaviour. Unrestrictive aid is not always welfare superior even in a
perfect world without uncertainty. The power of unrestrictive aid is weakened further
when one accounts for the dearth of education and information resources that plagues
many intended beneficiaries of foreign aid.

Suppose the economy 's optimal

consumption plan in the world without uncertainty was point O (Figure 2-4). The word
'optimal' here indicates that today's consumption at point O is in accord with the
maximisation of the country's long-term utility. Point O is located inside segment M 1X,
and hence in-cash aid is preferred to food aid in this economy. If we introduce the
assumption that the intended beneficiaries are not necessarily capable of making the
right decision about their long-term development (just like people in the industrialised
world, but for different reasons) due to being under-educated and under-informed, this
optimal point can no longer necessarily be realised; the intended beneficiaries may
instead make misguided decisions regarding what they should buy with the topped-up
cash.

A simple way to examine th'.is situation is to assume that the recipient can now choose
any point inside the semicircle around O with a positive possibility. With this new rule,
Proposition 2-1 will be amended as follows.

Proposition 2-2:
A necessary condition for a monetary aid project to be strictly preferred to a food aid
project of equal value when there is uncertainty about people's rationality due to undereducation and under-information is that, after the lottery of people's decision, the
economy chooses to be located within region M 1XM0 (Figure 2-4). In addition, when
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the economy chooses a point inside curve M 0 A1 , in-kind aid is strictly preferred.

Propositions 2-1 and 2-2 suggest that the capability-based justification of unrestrictive
aid is valid only if the intended beneficiaries oppose the restrictions imposed and are
educated and informed enough to make apposite decisions about their consumption.
Clearly, these necessary conditions are often unsatisfied in reality.

In fact, these propositions are further strengthened by mathematical analysis. With a

hyperbolic discount function in the beneficiaries utility structure, it can be shown that,
in the early stages of economic development when aid beneficiaries are still undereducated and under-informed, there is a high likelihood that restrictive aid is welfaresuperior to unrestrictive aid. The result is summarised in Appendix 2A.

We can posit from Propositions 2-1 and 2-2 that restrictive aid is necessary in the early
stages of development. However, we will reserve the final judgment until the end of
next section.

2.3 Empirical tests

Objectives. In this section, the findings from the previous section (as well as Appendix
2A) are tested using the real-life data. Constructed from Propositions 2-1 , 2-2 and 2A-1 ,
the empirically hypothesis to be tested is as follows:
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Hypothes is 2-1:

During the early stages of economic development, the recipient country has a great need
for restrictive aid. Such a need decreases as the economy develops.

Hypothesis 2-1 is tested through the examination of the shadow value of food aid. The
hypothesis is accepted if the shadow value of food aid is large at the beginning of
economic development and decreases as the economy develops. If either of the
conditions is not satisfied, the hypothesis is rejected, and unrestrictive aid is shown to
be welfare-superior regardless of the recipient' s stage in its economic development.

Backgrou nd. Until the 1980s, it had been a common understanding amongst academics

and policymakers that economic development uniformly reduces poverty. Based on this
assumption, governments and international institutions in the industrialised world
promoted foreign aid as an effective device that helps people in developing countries
achieve a better standard of living. According to Maxwell and Singer (1979), food aid
has been one of the most important branches of international assistance, and had
accounted for more than 10 per cent of the world's total aid budget. Still keeping a 3 per
cent share of the world's aid budget, as estimated by OECD (2003), food aid has been
generally regarded as a powerful tool that helps its recipient obtain better nutritional
status. Moreover , good nutrition was believed to help people subsequently earn a better
income, and a better income, in tum, was believed to help consolidate people ' s higher
nutritional status. There has been a general belief that once an economy manages to be a
part of this income-nutrition chain, the development of that economy will follow.
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However, this 'common sense' was challenged by Behrman and Deolalikar (1987), who
surprised the world with their famous case-study of South India. They showed that
people's income elasticities of nutritional intake--of calories, protein, calcium, iron,
carotene, thiamine, riboflavin, niacin and ascorbic acid-were almost zero despite that
their income elasticities of food expenditure-for grains, sugar, pulses, vegetables, milk
and meat-being close to one. With the argument further supported by Ravallion (1990),
Bouis and Haddad (1992) and Bouis (1994 ), their findings raised the possibility that
economic development does not reduce poverty.

Behrman and Deolalikar' s claim has not met with unanimous agreement; Subramanian
and Deaton (1996) and Dawson (1997) show in their separate studies that an increase in
income level does contribute to additional calorie consumption. According to
Subramanian and Deaton's case-study of India, the income elasticity of calorie intake
ranges from 0.3 to 0.5, which, in their words, is in accord with 'conventional wisdom'.

Even today it remains a mystery whether the income-nutrition nexus exists or not, and
hence whether economic development facilitates the reduction of poverty. This section
tries to solve the puzzle of the previous conflicting results by showing a new logic about
a consumption shift that comes with the rise of income. The research is conducted
through an analysis of nutritional intake in China, with rigorous application of modern
econometrics.

Economic and econometric models. According to Behrman and Deolalikar (1987), the

income effect of a person's nutritional status can be explained in the following manner.
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First, the total consumption of a nutrient can be expressed as
n=

LkJ;,

(2.1)

where n is the total amount of the nutrient consumed, ki the average amount of this
nutrient included in a unit of food i, and

J; the units of food consumed within a given

time period. Amongst the terms appearing in Equation 2.1,

J; is obtained from the

individual's utility maximisation problem that yields the demand function for each i. By
totally differentiating both sides of Equation 2.1, the income elasticity of the
consumption of this nutrient can be written as
an E = a(LkJ) E
8E n
8E
n

= L kJ; 8J; E + L kiJ; 8ki E
=

(L

n 8E f

n 8E ki

J L kJ; Ok; E '

kJ; 8Ei E _ L kJ 8P; E +
n 8E Ei
n 8E P;

(2.2)

n 8E ki

_ "'
kJ
8Ei
E
"'
kJ
8qi
E
L.J---- L.J--n 8E Ei
n 8E qi

where P; is the average unit cost of food group i, E; = pJ the person's total
expenditure on the ith food group, E = L Ei the total income and qi = p i I k; the
average cost of the nutrient when it is obtained from food group i . Here, the term
'income' is used somewhat interchangeably with total expenditure. The rationale for
this treatment is the separability assumption that holds that one's income can be
decomposed unconditionally into the current expenditure and the savings for the future.
See Deaton and Muellbauer (1980) for a detailed justification for this method.

The last term in Equation 2.2 implies that if the per unit price of a nutrient rises
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significantly as income increases, such an increase in the average cost can offset the
income effect that contributes to the additional consumption of the nutrient. Such a
phenomenon can be observed worldwide where many people opt for tastier food of
lower nutritional quality as their income increases. When this is the case, the perso n's
nutritional condition does not improve simply because of the growth in income.

The consumer's demand function for each nutrient can be estimated in the following
equation
1n nt

= /Jo + /31 1n Et + I, /Jkxtk + u,

(2.3)

k ?:. 2

where nt is the nutritional intake at time t, Et the perso n's income, and xtk is the other
control variables that affect a perso n's nutritional intake but were not explained in
Equation 2.2. While the term 'dem and function' is not comm only used in relation to
peop le's nutritional intake, as people are not generally aware of the exact quantity of
each nutrient they consume, this conventional terminology is maintained for
convenience. Taking the partial derivative of the left hand side with respect to income,
Equation 2.3 yields

81nn
a1n l = /31.

(2.4)

t

As the left hand side of Equation 2.4 is approximately equal to the left hand side of
Equation 2.2, with a small change Equation 2.3 can be used to measure the cons umer 's
income elasticity of nutritional intake. Serendipitously, the logarithmic form of income
in Equation 2.3 also allows us to accommodate the law of diminishing utility.

The primary interest of the analysis is the magnitude of

/31for each nutrient. A small
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/31 would

support Behrman and Deolalikar (1987), who insist that there is no income

effect on people's nutritional intake. Conversely, a close-to-one

/31

would support

Subramanian and Deaton (1996) and Dawson (1997), with evidence that income growth
indeed leads to better nutrition.

Data. A dataset collected and constructed by Carolina Population Center (2001) was

used for the econometric test of Equation 2.3. The original objective of this survey was
to investigate health-related environments in China, with a focus on the country's
sanitary and medical conditions. It covers eight provinces that vary in geographical
characteristics, ethnic distribution, the degree of economic development and culinary
culture, so that the sample mirrors the spread of the entire country. The survey was
conducted three times-in 1989, 1991 and 1993-fo r continual observations of the
same sample.

A questionnaire-based survey was carried out in each survey year, and every food item
eaten by the sample during a three day period, along with the physical weight of each of
food item, were recorded. From this information, the nutritionist team at CPC estimated
the amount of nutrients -calories , protein and fat-tha t the sample consumed in that
time-frame.

CPC also constructed the income variable for each sample household. The variable
recognises the household income from all sources, in-cash or in-kind, with in-kind
income converted into its monetary value at the relevant market price. Self-wage was
not considered for the construction of the variable.
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For the present test, the published data were further filtered to produce a balanced panel
data of three survey years, leaving 5,130 individuals in the final dataset. As in Behrman
and Deolalika r (1987), each household income was deflated to the real value then
divided by the number of household members to yield the per capita income.

Results. Two specification tests were conducted prior to the final estimation. Both tests
originated from Hausman (1978); the purpose of the first test was to examine whether
endogeneity exists in the model 2.3. The test was necessary because there was a
reasonable chance not only that a better income leads to better nutritional status but also
that better nutritional status leads to a better income. The latter could happen through
the person's better physical condition, which could result in higher productivity.

Table 2-1 summarises the results of the test. For two of the three nutrients -protein and
fat-we have no evidence that there is an endogene ity problem. The only nutrient that
shows slight evidence of endogene ity is calorie, but its

z

2

value is only marginall y

above the critical value. Given these findings, the results of estimations without
instrumental variables will be reported in the remainde r of this section. While all
estimations were also conducted with instrumental variables for comparison, the results
did not differ noticeably.

The second specification test was carried out to determine the appropria te estimation
method for the present panel data, and the results are presented in the first row of Table
2-2. Similar to the first test, two of the three nutrients -protein and fat-exhib it the

19

same characteristic, this time suggesting that the fixed effect estimation 1s more
appropriate than the random effect estimation. For calorie, the random effect estimation
is chosen as the suitable technique. Again, estimations using both methods were
conducted for all three nutrients, but the results were not significantly different from
each other.

The rest of Table 2-2 reproduces the results by the preferred estimation method for each
nutrient. The results show without ambiguity that the income elasticities of nutritiona l
intake are all significantly positive: the richer a person is, the more nutrition is
consumed.

Needless to say, more is not necessari ly better in the case of the consumpt ion of
nutrients. For example, the over-cons umption of fat has been a major concern in many
industrialised countries as the risk of heart disease is significantly increased by it. Such
a possibility is of minimal concern in the present case, however, with half the sample
not reaching the recomme nded daily intake of protein (5 5g) defined by National Health
and Medical Research Council (1991 ). The likelihood of excessive consumpt ion
eliminated, the results of the estimations can be summaris ed as follows.

Propositi on 2-3:

During the early stages of economic development, where over-cons umption of food is
not observed, people's nutritional status unambigu ously improves as the economy
grows.
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Whil e Proposition 2-3 is on its own an interesting result that challenges Behr man and
Deolalikar (1987), Ravallion (1990), Bouis and Hadd ad (1992) and Boui s (1994), the
mech anism throu gh whic h the prop ositio n stands is another subject of interest. We can
observe such a mech anism by comb ining the above estimation results with Tabl e 2-3.
The table shows the income elasticities of food cons umpt ion by weight. That is, the
regressor of interest is (the logar ithm of) the cons umpt ion of each food group meas ured
in grams. This meth od has a significant adva ntage over the conv entio nal estim ation of
the mone tary value of food: while the latter increases for all food groups, as one's
income grows the former does not show a simil ar tende ncy beca use the cons umer 's
dema nd for food quantity beco mes satiated well befor e the dema nd for food quality
does. Therefore the weig ht meth od makes the estimation more loyal to the original
equation 2.2.

Some care should be taken with the interpretation of Table 2-3. As the samp le size of
the estimation is smal ler than that of the early estim ation due to the unav ailab ility of
some samp le's data on food consumption, the comp ariso n betw een Tabl e 2-2 and Table
2-3 is not straightforward. Nor can Table 2-3 be comp ared easil y with the results of
previous studies including Behr man and Deol alika r (1987) and Daw son (1997) beca use
the regressand of the prese nt estim ation -foo d cons umpt ion meas ured by weig ht-is
different from that of most stud ies-f ood cons umpt ion meas ured in dollars.

The difficulties in interpretation notwithstanding, Tabl e 2-3 gives us an insight into
Prop ositio n 2-3. The results there show no clear evidence that highe r incom e leads to
higher levels of food consumption. Four out of the five food groups have negative
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income elasticities, although significance of demand for melon is trivial. On the other
hand, the non-vegetable group shows a significantly positive elasticity, leading us to an
intriguing inference; people shift their consumption from vegetables to non-vegetables,
and improve their nutritional status at the same time. This theory is consistent with the
finding from Table 2-2 that income elasticity of fat intake is higher than those of other
two nutrients.

Proposition 2-4:
During the early stages of economic development where over-consumption of food is
not observed, people shift their consumption from vegetables to non-vegetables as the
economy grows. This shift unambiguously improves peo ple 's nutritional status.

Proposition 2-4 is a result unique to this study. As previous studies have measured
peo ple 's food consumption by its monetary value, it has been impossible to determine
whether, as their income grows, people increase their food consumption or switch to
more luxurious food. Thanks to the introduction of the new regressand, food
consumption by weight, the ambiguity is no longer present.

Once Proposition 2-4 has been established, the acceptance of Hypothesis 2-1 is
straightforward. Proposition 2-4 suggests that poor people are suffering from
malnutrition. While their nutrition improves endogenously as their income grows, such
income growth cannot be achieved in the short run. Therefore, appropriate nutritional
assistance is necessary while the recipients are struggling to improve their income. This
is especially the case if they are engaged in physically demanding industries such as
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agriculture and hand manufacturing because, without enough energy, it is difficult to
improve the productivity in the first place.

Theoretically, such assistance could be offered in-cash aid, too, as the beneficiaries
could buy necessary food with the money given. Ye t food aid retains its edge for two
reasons.

First, there are ma ny regions in recipient countries where the food market is no t as
perfect as that of the industrial world, primarily because of the lack of transportation
systems and good mediators. In those areas, supply of nutritious non-vegetables such as
meat and fish does no t necessarily match their demand unless they are brought m
independently of the market mechanism. Hence the need for food aid arises.

Second, Proposition 2-4 does not necessarily suggest that po ore r people cannot afford
nutritious food; we cannot rule out the possibility that they choose not to. This could be
the case if, for example, Proposition 2A-1 proves true in reality. One interpretation of
Proposition 2A-1 is that if people are under-educated or under-informed, there is a high
probability that they will choose to consume commodities that do not contribute to their
income growth bu t are more pleasurable in the short run. While this view cannot be
tested statistically, seemingly high levels of consumption of cigarettes and alcoholic
beverages by the same sample gives empirical support to the argument.

In addition, Ha us ma n's endogeneity tests for the income-food group estimation showed

that consumption of cereals and non-vegetables could lead to higher income whereas
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other food groups do not hold such a possibility. This fact suggests that once consumers
get onto the 'fa st track', where higher income leads to better nutrition and better
nutrition leads to higher income and so forth, their income growth paths can be
endogenously sustainable. This implies that we could help the recipients find such
stable growth paths by enforcing their better nutritional intake in the early stages of
development.

As a result of the above discussion, the following proposition is given to accept
Hypothesis 2-1.

Proposition 2-5:
During the early stages of the economic development, there is a great need for food aid.
The need decreases as the economy develops.

2.4 Conclusions

Through theoretical and empirical analyses, this chapter has shown the possibility that
restrictive aid can be as effective as, or even superior to, unrestrictive aid of equal value,
especially in the early stages of economic development. With this nascent area of
research still undeveloped, there are several ways to enhance the present study.

The most important of them is the methodology used to evaluate the shadow value of
restrictive aid. Restrictive aid was evaluated by comparing its welfare effect with
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hypothetical unrestrictive aid of equal value, wit hou t the use of real-life variables for
the amount of aid given. Wh at was me asu red in this instance was the sha dow value of
food aid, an ex ante indicator of how effective an aid pro gra m wo uld be. Wh ile the ex
ante evaluation is an essential process in gau gin g the value of restrictive aid, its results
can be tenuous because of their arbitrary nature. It wo uld be preferable, therefore, if the
finding of the pre sen t study could be tested directly wit h the ex pos t statistics of food
aid. However, data availability often prevents us from carrying out this double-checking
practice.

The lack of data notwithstanding, this chapter has ope ned up a uni que per spe ctiv e on
aid studies, showing the strength of restrictive aid, wh ich has traditionally bee n
considered as an inferior tool for the recipient cou ntry 's lon g-te rm development.
Theoretical discussions in Section 2.2 devised a new analytical tool, the aid triangle,
wit h which we can compare the welfare effects of restrictive aid and unrestrictive aid of
equal value. The chapter also introduced to the existing literature the not ion . of a
hyperbolic discount function, wh ich allows the rec ipie nt's acc um ula tion of hum an
capital to be represented in a stylised manner.

The empirical research in Section 2.3 not only just ifie d the theoretical findings in
Section 2.2, but also independently sho wed som e new results regarding the inc om enutrition relationship. The analysis of food weight, as opp ose d to food expenditure, was
the first of its kin d to appear in the studies of food demand, and this new me tho d
contributed to the construction of the proposition that, as an eco nom y grows, people
shift their food consumption pattern wit hou t increasing the total vol um e of food
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consumed. The research was also amongst the first to study demand for food and
nutrients in China, the wo rld' s largest and fastest-growing food market; hence the
results have various policy implications as well.

Above all, the most important revelation of the chapter was that restrictive aid is not as
ineffective as it first loo ks- nor is it as ineffective as ma ny previous studies sug ges tespecially up to the point when the recipient country has accumulated adequate social
capital stocks. The results therefore call for more foreign aid to be devoted to education
and information sectors from an early stage of the rec ipie nt's economic development,
because the development of hum an capital will lead to the cou ntry 's ability to utilise
effectively the monetary assistance it receives. Needless to say, such accumulation of
capital also increases the cou ntry 's freedom and capability.

Ho w should donor countries enhance capital in recipient economies? The nex t chapter
tackles this problem with the aid of macroeconomic theories.
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Table 2-1

En do ge ne ity be tw een inc om e and nutrition:
results of Ha us ma n Specification Te st

Nu tri en t
3

2

X value ( )
4
)

Re sul t (

Notes:

(1)

Calorie

Pro tei n

Fa t

3.96

1.64

1.11

IV

FE

FE

Th e test was co nd uc ted as a co mp ari son be tw ee n the fixedeffect IV estimation an d no rm al fixed eff ect estimation.

(2)

Th e ins tru me nta l va ria ble use d for this tes t was 'ho w mu ch
wo uld the ren t be if yo ur ho use we re to be let ?', wh ich wa s
hig hly correlated wi th an ind ivi du al' s inc om e (the sim ple
OLS be tw een the tw o variables yie lde d t-v alu e lar ge r tha n
16) bu t un lik ely co rre lat ed wi th the error ter m of Eq ua tio n
2.3.

(3)

W ith one degree of freedom, the critical va lue at 5 pe r cen t
level is 3.84.

(4)

IV: Th e nu ll hypothesis tha t the dif fer en ce be tw ee n the
coefficients in the two mo de ls is no t systematic, is rejected.
FE: Th e hypothesis is no t rejected.
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Table 2-2 Income elasticity of nutritional intake:
results of the estimation of Equation 2.3

Method: Fixed Effect Estimation or Random Effect Estimation
Regressand: Nutrient
Nutrient

Calorie

Protein

Fat

RE

FE

FE

0.014
(0.003)

0.026
(0.004)

0.041
(0.007)

Observations

5127

5127

5127

Within R-squared

n.a.

0.004

0.004

0.000

0.000

0.000

2

Hausman Specification Test ( )
Elasticity

3

P-value for Joint Test ( )
Notes:

(1)

Numbers in parentheses are the standard errors.

(2)

RE:

The null hypothesis that random effects are

uncorrected with regressors is no t rejected. FE: The null
hypothesis is rejected.
(3)

x

2

-test for random effect estimations; F-test for fixed

effect estimations.
(4)

Control variables x's (see Equation 2.2) are: the logarithm
of the household size, sex of the interviewee and the
dummy variable for urban residents.
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Ta ble 2-3

In co me elasticity of food consumption:
results of the estimation of Eq ua tio n 2.3

Me tho d: Fix ed Ef fec t Es tim ati on or Ra nd om Ef fec t Es tim ati on
Regressand: Fo od co nsu mp tio n in we igh t

Le gu me s

Me lon s

Le afy
vegetables

FE

FE*

RE

-0.046
(0.021)

-0.037
(0.021)

-0.045
(0.015)

933

933

933

W ith in R- squ are d

0.003

n.a.

n.a.

P-v alu e for Joi nt Te st

0.031

0.000

0.000

Cereals

No nve ge tab les

FE*

RE

-0.018
(0.009)

0.026
(0.004)

Observations

933

933

W ith in R- squ are d

n.a.

n.a.

0.000

0.000

Fo od group
Ha usm an Specification Te st
Ela sti cit y

Ob ser va tio ns

Fo od group
Ha usm an Specification Te st
Ela sti cit y

P-v alu e for Joi nt Te st

2
()
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Notes:

(1)

Numbers in parentheses are the standard errors.

(2)

RE: The null hypothesis that random effects are uncorrected
with regressors is not rejected. FE: The null hypothesis is
rejected. FE with an asterisk indicates that the corresponding
fixed effect estimation was joi ntl y insignificant at 5 pe r cent
level. In those cases, the results of the ran do m effect estimation
are reported instead.

(3)

x

2

-test for random effect estimations; F-test for fixed effect

estimations.
(4)

Control variables x's (see Equation 2.2) are: the logarithm of the
household size, sex of the interviewee and the du mm y variable
for urban residents.
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Figure 2-1 Consumption possibility frontier with and without food aid
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Figure 2-2 Locus of aid triangle for in-cash aid
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Figure 2-3 Consumption possibility prontier with in-cash aid

Manufacture

Ml

Mo
X

Ao

Al

Agriculture

33

Figure 2-4 Foreign aid to recipients with insufficient human capital
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Appendix 2A Derivation of optimal consumption paths

This appendix attempts to co nfi rm Propositions 2-1 an d 2-2 mathematically.

Suppose an individual in the rec ipi en t co un try faces a sim ple de cis ion -m ak ing pro ble m
to allocate the inc om e be tw een co nsu mp tio n of two sets of co mm od itie s, x an d y. He re,
x is an ass em bly of no rm al goods tha t give im me dia te sat isf ica tio n wh ere as y is a ba ske t

of inv est me nt goods tha t enhance future happiness.

Several interpretations of co mm od ity ba ske t y are possible. Fo r example, it co uld be
un de rst oo d as savings at a financial institution tha t wo uld inc rea se future inc om e
through interest. Or, it co uld be self-investment on a small cra ft factory tha t will earn
additional inc om e from the ne xt ye ar on. Th e settings of the vo lun tar y co ntr ibu tio n
ga me , studied since Mo rri son (1978), are also sim ila r to the pre sen t scenario. Eit he r
wa y, the im po rta nt ass um pti on here is tha t the co nsu mp tio n of y does no t im me dia tel y
provide the level of satiety tha t the co nsu mp tio n of x does , bu t in the long run, y has a
greater likelihood to enrich life.

Mathematically, this pro ble m can be represented as follows:
Ma x U

= LUt(x i)p (t)

,

s.t xt + Pyt = l/Y t-1 ) ,

(2A.1)

(2A.2)

where xt an d Yt are the co nsu mp tio n of x an d y at time t, res pe cti ve ly, p (t) subjectiv e
discount rate of the utility tha t can be enjoyed at tim e t, P the relati ve pri ce of go od y
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against good x, an d 11 (y t-I) inc om e at time t wh ich is affected by sequential
consumptions of go od y up to the pre vio us time period.

To invoke the essence of the earlier dia gra mm ati cal analysis, we ne ed to inc orp ora te the
im po rta nt ass um pti on em plo ye d there; in the ear ly stages of eco no mi c de ve lop me nt
wh en individuals ten d to be un de r-e du cat ed an d un de r-i nfo rm ed , there is a hig he r
po ssi bil ity tha t the y can no t ma ke optimal decisions ab ou t the ir ow n co nsu mp tio n in
terms of their lon g-t erm development. Ma the ma tic all y, this ass um pti on ca n be ref lec ted
in the hyperbolic dis co un t function:
/J

p( t) = (l+atr-;;-,

wh ere a is the me asu re of co nsi ste nc y ab ou t on e's ch oic e an d

(2A.3)

/J

sub jec tiv e rate of

time preference. Fir st found by Ha rve y (1986) an d later sum ma ris ed by Lo ew en ste in
an d Prelec (1992), the function explains pe op le' s irrational dis co un tin g me ch an ism
wh en the y sw itc h the ir pre fer en ces ov er time. Th ale r (1981) offers a sim ple bu t
convincing ex am ple of suc h behaviours; a pe rso n wh o pre fer s on e apple tod ay to tw o
apples tom orr ow mi gh t also pre fer two apples in 51 days to on e apple in 50 days.

A pe rso n's be ha vio ur ba sed on Eq ua tio n 2A.3 is irrational in tha t it is inc on sis ten t ov er
time. Un lik e the usu al ex po ne nti al dis co un t function Pe(t) = e-rt, of wh ich an nu al
discount rate is co nst an t at y , p( t) does no t ge ne ral ly gro w at an y fixed rate. Th e
hyperbolic function 2A.3 pro vid es a good rep res en tat ion of a de ve lop ing ec on om y
wh ere individuals do no t ye t ha ve kn ow led ge or inf orm ati on ab ou t the ir ow n inv est me nt
potential. Fo llo wi ng this observation, the ab ov e ass um pti on finds a mo re fon na l

36

description below.

Assumption 2A-1:

As an economy develops, people receive more education and information about the
characteristics of their potential consumption bundle. This helps the m form more
strategic consumption paths that consistently maximise the sum of present-value utility.
In other words, a in Equation 2A.3 decreases as the economy develops. In addition, a

tends to O as the economy approaches its steady state.

The last sentence of Assumption 2A-1 stems from the fact that Equation 2A.3 coincides
with normal exponential discounting function Pe(t) wh en a = 0.

Under this assumption, we investigate the consumption paths of an individual who faces
the utility maximisation problem 2A.1 subject to 2A.2. Fo r mathematical convenience,
two simplifications are established before solving the problem. First, a special form of
hyperbolic discount function is no w employed for the analysis. First proposed b
Herrnstein (1981 ), it assumes a= J3, or
1
p( t) = l+ at '

(2A.4)

where the discount rate unambiguously decreases as a increases. Equation 2A.4 better
suits the present analysis in the sense that it allows us to recreate Assumption 3-1 in the
mo st faithful way. That is, 2A.4 guarantees that education and information give people
more opportunities to invest for the future. Second, the whole utility maximisation
problem will be reduced to a two-period model with a Cobb-Douglas utility function:
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l
Ma x U = x1 + x 2 - - ,
l- a

(2A.5)

= I , and

(2A.6)

a

x1 + PYJ

s. t

X2

a

= (l+VYJ)I,

(2A.7)

where v is an ex og en ou sly giv en pa ram ete r to rep res en t the eff ici en cy of the
co ns um er' s inv est me nt in y. W ith this pa ram ete r, co nst rai nt 2A .7 represents the oth er
aspect of ou r assumption; the co ns um er' s inc om e in the sec on d pe rio d de pe nd s on the
inv est me nt ma de in the first period.

Solving this ma xim isa tio n pro ble m is straightforward. A La gra ng ean function for this
pro ble m is
L

where

1
-- ~
l- a

= x; + x ;-

~

{x1 + Py1 -I }- ~ {x2 -(1 + vy1 )I},

(2A.8)

an d /42 are La gra ng e multipliers of the pro ble m. Th e first-order ne ces sar y

conditions are

oL
- - = ax
0X1

- c1 - a) _

1

8L
- o - a)
~= ap x2
ax2

1
/1

_

= O,

A2

= 0,

8L =- ~P +~ lv =O ,
0yl

8L

BA,

= -{ x1

+ Py1 - I} = 0 ,

(2A.9)

(2A.10)

(2A.11)

(2A.12)

8L

8A, = -{ x, - (1 + V Ji) I} = 0 '

(2A.13)
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where p =_ I_ is a hyperbolic discount rate. Equations 2A.12 and 2A.13 are binding
I- a

because of the non-satiating characteristic of the current-value utility function.

Equations 2A.9-2A.13 constitute a system of five equations with five un kn ow ns -x ,
1
x2 , y , ~

and /42 -h en ce we know that a unique set of solutions can be obtained.

By substituting 2A.9 and 2A.10 into 2A.11, we can eliminate Langangean multipliers
~

and /42 :
aP x-(hi)
1

= ap ul x-( l-a) or
2

'

Xi = Ax 2'

(2A.14)

where new parameter A is defined as

A=t;T~".

(2A.15)

for notational simplicity.

After substituting 2A.14 into 2A.12, we have a system of two equations (2A.12 and
2A.13) with two unknowns (x 2 an dy ). The solution for this system is
J(P + ul ) and
x2 = Au l +P ,

y=

I(I -A )
Au l+ P

.

(2A.16)

(2A.17)

Finally, substituting 2A.16 ba ck into 2A.14 gives
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AI( P+ ul)
X =---1
Au l +P .

(2A.18)
1

In these solutions, parameters hav e been summarised as

A={ p~/Ji-a , in which

1

P= 1-a ·

Equations 2A .16 -2A .18 offer an important lesson regarding the consequence of undereducation and under-information. Taking the partial derivatives of 2A .16 -2A .18 with
respect to A, we have
8x1

_

I(P + ul) (Au l + P)- uID AI( P + ul)

8A -

(Au l +P)2
(2A.19)

= PI( P+ ul) > O
(Au l +P)2
ayl - -]( Au l +P )-u HJI (l- A)
8A (Au l +P)2
I(P +u l)
(Au l +P )
8x2

2

<

O

, and

= a I(P +u l) < O.

8A

8A Au l +P

(2A.20)

(2A.21)

Then, because aA < 0 and ap < 0, the following inequalities hold
ap
aa

_ axl = axl aA ap < O
8a 8A 8p 8a
'

- 8.Y1 = 8yl aA ap > 0 and
aa
_ 8x2
aa

8A 8p aa

'

= 8x2 8A ap > O .
8A 8p aa

(2A.22)

(2A.23)

(2A.24)

40

From Equations 2A .2 2- 2A .2 4, we can derive the following statement.

Proposition 2A-1:
As an economy develops with the penetration of education and information, consumers
invest more money in their future happiness.

Proposition 2A-1 supports the earlier findings of Propositions 2-1 and 2-2: during the
early stages of economic development when consumers remain under-educated and
under-informed, there is a high likelihood that they will misallocate their resources over
time periods. This result is attributed to the characteristics of the discount function 2A.4,
and, while not all hyperbolic functions yield the same consumption paths, Proposition
2A-1 can be derived from most classes of the function family.

The most important implication from Proposition 2A-1 is that one needs to understand
the characteristics of the commodities offered in the market in order to be able to
maximise on e's long-run utilities by making appropriate investment decisions. This
statement is empirically tested in Section 2.3.
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3

A id - g r o w t h nexus reconsidered

This chapter investigates the growth effects of foreign aid on the recipient co un try 's
economy. In this area of aid studies, which has been dominated by empirical
investigation, the literature is yet to find a solid economic model that explains the
mechanism through which a do no r's assistance is transformed into the re ci pi en t's longterm growth. The chapter first reveals a theoretical flaw in the popular m et ho d of ai dgrowth regression, calling for an analysis with a comprehensive structural model.
Following this finding, an augmented neoclassical growth model for foreign aid is
developed. The analysis of the model shows that the do no r's resource misallocation can
significantly slow down the recipient ec on om y's development. The result m ay
contribute to the ongoing debate on whether the growth effect of foreign aid is
contingent on good economic policies.

Key words: Foreign aid, Neoclassical growth model, First-order approximation
JEL Classification Numbers: C21, F3 5, 01 1
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3.1 Objectives

The cost of foreign aid incurred by donor countries is not low. According to OECD
(2003), industrial countries are spending more than US$50 billion every year on the
development of other countries. This leads to criticism of international aid , such as that
posited by Hughes (2003), that resources in industrial countries should rather be
invested in their domestic projects if aid m on ey cannot fulfil its purpose in the
recipient's economy.

To determine if it can, economists have long been trying to measure the effect of
foreign aid on the recipient co un try 's economic growth. However, while the literature
seems to have formed a consensus that foreign aid has a generally positive effect , the
agreement is almost entirely dependent on empirical evidence. O n the empirical level ,
what remains elusive is whether such a positive effect is contingent on certain
conditions, especially, on the sound economic policies of the recipient country.

Perhaps the excessive reliance on econometrics is inevitable, given the great diversity of
donors, recipients and projects. Nevertheless, it is unfortunate that m os t works in the
ai d- gr ow th literature are confined to unscientific m et ho do lo gy -tr yi ng to measure the
growth effect of foreign aid with 're du ce d form' regressions, which, more often than not,
have no structural model behind them. In those studies, foreign aid is typically assumed
to affect the recipient's economic development, somehow: through a black box with
unexplained contents. Under this tenuous and unconvincing assumption, the source of
differing results could merely be the difference in the datasets or the specifications of ad
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hoc models.

For ai d- gr ow th research to overcome this extemporised nature, it seems essential for us
to develop theories that can clearly explain the role of foreign aid in economic growth.
As a contribution to the development of such theories, this chapter tries to elucidate the
theoretical reasons for the m ix ed results in the previous empirical works, through the
use of simple augmented neoclassical growth models.

The structure of the reminder of the chapter is as follows. Section 3.2 outlines the pa st
ai d- gr ow th debate, with a focus on the popular 're du ce d- fo rm ' regression. Ba se d on
this investigation, Section 3 .3 discusses the type of appropriate models us ed to explain
the effect of foreign aid, leading to the conclusion that neoclassical models of economic
development are suitable for this purpose. Following this proposition, the section
integrates foreign aid into the growth model, and seeks possible theoretical reasons for
the mixed views in the literature about the ai d- gr ow th relationship. Section 3 .4 tests
econometrically the neoclassical growth m od el for foreign aid, validating the po we r of
the analyses conducted in the previous chapters. Section 3.5 concludes the chapter by
offering some possible ways to enhance future ai d- gr ow th studies.

3 .2 Previous studies

Until the late 1990s, the literature was divided about the effectiveness of foreign aid on
its recipient ec on om y's growth. Some found universally positive effects , others either
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zero or negative effects, in terms of the growth in gross domestic product pe r capita.

Amongst those who believed in the po we r of aid, White (1992b) concluded, after
extensively examining then-previous studies on the aid -gr ow th relationship, that the
dominant be lie f that there was no aid effect on the recipient's economic growth did no t
have a strong theoretical basis. Following this, Snyder (1993) showed that the earlier
method of empirical estimations did no t provide an unbiased estimator due to the
variation of the recipients' size, and demonstrated econometrically that a significant
aid -gr ow th relationship did exist if the bias was corrected. Bowen (1995) confirmed
Snyder's theory using a model that accounted for the inter-relationship between aid and
other detenninants of economic growth into the model, then agreed that the strength of
the relationship depended on the degree of economic development each recipient ha d
achieved. Most and Va n den Berg (1996) compared the effectiveness of foreign aid on
economic growth by examining domestic capital formation as well as foreign direct
investment. They found that, while all effects seemed positive, it was not possible to
rank the sources of finance in order of effectiveness. Lensink (1993) discovered a
negative effect of foreign aid due to excessive expenditure by the recipient governments
after aid, bu t still found the ne t effect of foreign aid to be positive.

In contrast, Boone (1996) argued that foreign aid, when given in cash, did not

statistically significantly increase investment in the economy. Supporting this view,
Franco-Rodriguez et al. (1998) found a disincentive effect of foreign aid with respect to
the recipient's tax effort. Dawson and Tiffin (1999) showed, from the results of un it
root tests, that a long-run relationship between aid and development did not exist,
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questioning the role of foreign aid in economic development. Finally, Feyzioglu et al.
(1998) emphasised the danger of aid money being used in unintended sectors, such as
the military, based on their observations of the fungibility of foreign aid.

With no further evidence to refute the growth effect, the literature seems to have settled
on the notion that aid plays a positive role in economic development. An important
question is yet to be solved. In a study then thought to be a historic breakthrough,
Burnside and Dollar (2000) argued, from their estimations for 56 developing countries
over the period 19 70 -93 , that the effect of foreign aid is positive on the rec ipi en t's
economic growth conditional on that country having good fiscal, monetary and trade
policies. Since the publication of this work, the focus of the literature has shifted from
the existence of the upright effect to the conditionality of the growth effect. The theory
did not win unanimous approval. Hansen and Tarp (2000 and 2001 ), using data of the
same country-time combination, found that aid increases the growth rate in all
likelihood, not conditional on good policies. Easterly et al. (2003) and Roodman (2004)
also support Hansen and Ta rp' s findings, showing that Burnside and Do lla r's result is
not robust enough to support the expansion of the dataset. Therefore, it is still premature
to deem Burnside and Do lla r's new proposition as having be en confirmed or rejected.

The aid -gr ow th literature has made substantial progress on the economic front since the
1990s. Use of panel data, endogenisation of the amount of aid, adoption of more
comprehensively specified equation systems and the application of a range of modern
diagnostic tests are a few examples of technical improvements. As interesting as such
techniques are, however, most of these studies fail to specify any structural-form
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equation on wh ich the ir em pir ica lly est im ate d equations sta nd ; ev en the oft -ci ted wo rks
by Bu rns ide an d Do lla r (2000) an d Ha nse n an d Tarp (2001) fail in this regard.

In the ab sen ce of suc h structural mo de ls it is un cle ar thr ou gh wh at me ch an ism the

rec ipi en t's eco no mi c gro wt h can, or can no t, be en ha nc ed wi th foreign aid. To see this
po int mo re clearly, an eq ua tio n est im ate d in pre vio us studies offers a go od example.
Isl am (1992) an d Mb ak u (1993), inv est iga te the aid -gr ow th eff ect in Ba ng lad esh an d
Cameroon, respectively, ap ply ing the ord ina ry lea st squ are d me tho d (O LS ) to tim eseries data
GR OW TH =

/30 + /31 (SA VI NG )+ /32 (A ID )+ /33 (P OP GR OW ) + c,

(3.1)

wh ere the gro wt h rat e of the rec ipi en t co un try 's pe r cap ita inc om e (G RO WT H) , in the ir
hypothesis, is ex pla ine d lin ear ly by the rec ipi en t's do me sti c sav ing rat e (SA VE) , the
share of foreign aid in the co un try 's gross do me sti c pro du ct (AID) an d the rat e of
po pu lat ion gro wt h (P OP GR OW ).

W hil e these studies do no t ex pli cit ly spe cif y the the ore tic al mo de l fro m wh ich Eq ua tio n
3 .1 wa s derived, sup po se for the mo me nt tha t the y ass um ed the sim ple st ne oc las sic al
gro wt h model. Th at is, the ag gre ga te pro du cti on functions for Ba ng lad esh an d
Ca me roo n tak e the Co bb -D ou gla s form

Y= K aLl -a'

(3.2)

wh ere Y is the co un try 's GDP, K the lev el of capital an d L the am ou nt of lab ou r inp ut to
the production. Further, sup po se tha t the tec hn olo gy in this co un try is ex og en ou sly
given an d constant. No te tha t the im po sit ion of this ass um pti on is co nsi stent wi th the
fact tha t Eq ua tio n 3 .1 does no t inc lud e terms to ex pla in tec hn olo gie s. Th en , from
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Eq ua tio n 3 .2, GD P pe r cap ita is wr itte n as
_Y _K aLl -a -( K )a = a
y=----- -k '
L
L
L

(3.3)

wh ere y an d k are GD P an d capital, respectively, in pe r cap ita term. Ta kin g the tim ederivative of the first an d the las t ter m gives
.
k
a-l
k.
y= a

.

(3.4)

Af ter div idi ng bo th sides of Eq ua tio n 3 .4 by pe r cap ita GD P, it follows tha t
y
y

aka -lfc

le

= --=
a
ka

k.

(3.5)

Th e first ter m of Eq ua tio n 3.5 is the rate of gro wt h of GD P pe r capita, wh ich is ex act ly
wh at Eq ua tio n 3.1 tries to estimate. Th ere for e, Eq ua tio n 3.5 can be rew rit ten as
k

a- = /30 + /31 (SA VI NG )+ /32 (A ID )+ /33 (P OP GR OW ), or
k

k = { /J0 + /J, (SA VI NG )+ /J2 ~I D) + /J3 (P OP GR OW )} k.

(3.6)

Eq ua tio n 3.6 contradicts rea lity be cau se the ev olu tio n of cap ita l sho uld be ex pla ine d, at
least in part, by the pro du ct of the sav ing rat e an d the output, no t the cap ita l itself. In
oth er words, the ter m ki n the rig ht ha nd side of Eq ua tio n 3.6 sho uld be po we red by the
capital elasticity of the output, a , or the eq ua tio n can no t rep res en t the rea l wo rld
accurately.

This finding sho ws the po ten tia l ten uo usn ess of 're du ce d-f orm ' equations, suc h as
Eq ua tio n 3 .1, tha t do no t ha ve an ex pli cit structural form de riv ed from an eco no mi c
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theory. Casually known as ad hoc regressions, regressions of those equations cannot tell
us the significance of foreign aid in economic growth be yo nd its ex po st message. Th at
is, the be st explanation that Equation 3 .1 can offer is that a statistically significant
coefficient on the foreign aid term

/31 might

suggest the existence of some invisible

mechanism inside the 'bl ac k bo x' that makes aid wo rk in favour of the rec ipi en t's
economic development. The regression of Equation 3 .1, which should be a statistical
test to reject or to no t reject an economic theory, is trying to give a verdict on its ow ndespite the misspecification of the equation.

The black box explanation about the effect of aid is unsatisfying from a po lic ym ak er' s
perspective, too, because it lacks any persuasive explanation as to wh y a significant aid growth effect exists, or does no t exist, in reality. Moreover, the assumption about the
black bo x is self-denying; it implies that factors other than SA VE and PO PG RO W exist
inside the black bo x and affect the speed of economic growth. This means Equation 3 .1
suffers from the omitted variable problem, hence the OLS estimator is biased.

This example gives an important lesson about ad hoc regressions: no matter ho w
reasonable the econometric model looks, there is always a danger that we are
unintentionally testing a hypothesis significantly different from the proposed one. W hil e
econometric progress in the aid -gr ow th literature has made the estimation results more
reliable, it is still possible that critical inconsistency is pre sen t be tw ee n the studies '
descriptive hypotheses and the models actually estimated. In fact, Hansen and Tarp
(2001: 54 7) themselves stress "the need for more theoretical work before this kind of
cross-country regression is used for policy pu rpo ses '.
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The primary purpose of the rest of this study is to construct, and then test, a theory
explaining the mechanism through which foreign aid contributes to the recipient's
development. Over the course of the investigation, it will become clear that foreign aid
cannot contribute to the recipient co un try 's development, at least in the short run, if the
donor selects an unsuitable sector to assist the country with. Before integrating foreign
aid into a theoretical framework, however, it is necessary to outline existing theories of
economic development that do not account for foreign aid. This task will set a
benchmark to measure the aid effect later.

3.3 Theoretical models

Choice of model type. There is a consensus in the literature that theoretical models

explaining the mechanism of economic growth can be divided into two subclasses:
neoclassical growth models and endogenous growth models.

Neoclassical models, which originate from Solow (1956) and Swan (1956), assume that
the law of diminishing returns is satisfied with respect to each factor of production. The
most important implication of this assumption is that both physical capital and human
capital exhibit decreasing returns to scale wh en other production factors are held
constant. This characteristic of capital leads to the critical prediction of neoclassical
models, which holds that the accumulation of capital does no t induce long-term growth
in the ec on om y's per capita income. Ultimately, wh en either the size or type of capital

50

become infinitely large, there is no return from the ne xt unit of the input of that capital.

Endogenous growth models, the mo de m conception of which was introduced by Lucas
(1988) and Romer (1990), postulate instead that an ec on om y's growth rate is governed
by some country-specific variable, such as the investment rate of human capital, and the
law of diminishing returns does not hold with all factors of production. With this
hypothesis, the group of 'ta len ted ' countries will always grow faster than 'un tal en ted '
countries; hence the disparity between rich and po or countries grows larger and larger.

With the two schools of growth theory offering such different predictions, ma ny studies
have tried to identify which better represents the reality. The question cannot generally
be answered by further theoretical re se ar ch -o r in other words, within a closed system
of ax io ms -a s both subclasses of models are correct in a mathematical sense. Hence the
debate is not about theories but about empirics; the crux of the problem is the need to
determine the appropriate assumption on which the growth theory should be created.

However, there are certain cases where further theoretical consideration should be given
to the choice of the suitable subclass, and the analysis of foreign aid proves to be one
such case. If foreign aid aims at, then succeeds in, narrowing the income gap between
industrial countries and developing countries in the long term, that world has to be
explained by neoclassical models rather than endogenous models.

To see this point more clearly, we use the example of an economy with two countries, a
donor and a recipient, whose productions are both represented by the AK model.
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Invented by von Neumann (1945), the AK model is one of the most important variation
of endogenous growth models. There, each economy consists of a representativ e
producer-consumer, whose production function given by

Yi = AiK i,

(3.7)

where Y is the country's GDP, K the level of capital and A a constant characterising the
level of the technology, with the superscript i = d, r standing for either donor or
recipient. Knight (1944) offers a popular interpretation of Equation 3.7: K represents the
capital of a 'br oa d concept' that includes human capital, and hence does not show the
diminishing returns to scale. Whether or not K ni gh t's interpretation is correct, the
evolution of the capital without foreign aid can be written as

k_ i = 5 iy i _ 6 ;Ki
where

s

(3.8)

'

and J are the rates of saving and depreciation, respectively. Both are assumed

to be exogenously given.

For the moment, both the saving rate and the depreciation rate are assumed to be same
across the two countries. Furthermore, the level of technology, A, is also set to be
identical in the two countries. These two assumptions suggest that the only source of the
income dispersion is the initial level of capital

Kg

and

K;

as other elements of

production and investment are the same for both countries. Note that this assumption
will lead to a conservative estimate of the cost of foreign aid because if the donor is
using more advanced technology than the recipient, as in reality, the former would have
to offer greater assistance to the latter with its technological growth as well.

Suppose now that a donor assists the recipient economy in the form of capital transfer.

52

This donor, as su m ed to be benevolent, tries at ea ch pe rio d of time to na rro w th e gap
be tw ee n its ow n pe r capita GDP and the re ci pi en t's pe r capita GD P by , say, 10 0a per
cent. Mathematically,
a= a( Yd -r )= a (A dK d -A rK r )

(3.9)

of the do no r's capital is transferred to the re ci pi en t for foreign aid.

Af te r incorporating this foreign ai d scheme, th e ev ol ut io n of k for the tw o parti es
be co m es , respectively,
i( d = (s A- c5 )K d -a (Y d

_yr)

= (s A- c5 )K d -a (A K d -A K ,.) , an d

(3.10)

= {(s - a) A - c5} K d + a AK r
i( r = (s A- c5 )K r + a( Yd

-r)

= (s A- c5 )K r + a( AK d -A K ,.) .

(3 .11)

= aA K d + {( s- a )A-c5} K r

Equations 3 .10 and 3 .11 constitute a sy ste m of tw o linear, ho m og en ou s, first-order
differential equations an d the solution to this type of sy ste m is wi de ly know n. Th e
growth paths of the capital are gi ve n by

K
Kd=
+
1
2

Kr

K
Kr=
+
1
2

Kr

d
O

d
O

O

e (sA -o) t

+

Kd

O -

Kr
O

i sA -o- 2a A)t

2
O

e (sA -o) t _

Kd Kr
O
-

O

e (sA-o-2aA)t

2

(3.12)

(3. 13 )

Ap pe nd ix 3A gives the derivation of Equations 3 .12 an d 3 .13.

Eq ua tio n 3 .9 shows the annual co st in cu rre d to the donor co un try if it choo ses to en gage
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in this foreign aid scheme. Using Equations 3 .12 and 3 .13, it can be rewritten as
at = a A (Kt -K; )

(3.14)

= aA ( K t - K ; ) e(sA-5-2aA) t
Then, taking the time derivatives of both sides yields
at = a A (Ktd -K; )
2
= {sA -8 -2 a A } aA ( K t -K ;) e(sA-J - aA)t

, and

(3.15)

at = aA (K td -K :- )

= {sA -8 - 2a A } 2 aA ( K t -K ;) i sA-5 -2aA)t > 0

(3 .16)

The sign of first derivative 3.15 coincides with that of sA -8 -2 a A , w hi ch is positive
for a small a . In addition, the positivity of the second derivative given in Equation 3 .16
means that the cost of foreign aid is a convex function with respect to time. Therefore,
unless the donor country is overly generous and sets A to satisfy sA - 8 < 2a A , the cost
of foreign aid grows exponentially. Such cost cannot be borne by the donor in the long
run because, as it can be derived from Equation 3. 7, the donor country only exhibits the
constant rate of GDP growth, represented by

y _ A K = sA -8 .
y - AK

(3 .17)

Hence , the scheme eventually collapses. Thus, foreign aid cannot be an effectiv e
developmental tool under the endogenous model set here.

Proposition 3-1:
In the world represented by an endogenous growth model , foreign aid fails to reduce th e

income gap between donors and recipients.
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Proposition 3-1 has a strong punch line that can be attributed to the absence of the
catch-up in the endogenous model: if a model predicts that some 'ta le nt ed ' countries
will forever grow faster than less talented countries, then the income transfer from the
former to the latter cannot contract the gap between the two groups. The argument is not
a pr oo f that neoclassical models are good representations of the real economy; it merely
says that endogenous models cannot be a good replica of the world with foreign aid. Pu t
differently, those who believe in the po w er of foreign aid are likely to subscribe to
neoclassical models too. If endogenous models were proven to be an accurate
representation of the world, this would mean that both the po w er of foreign aid and the
feasibility of neoclassical models had be en refuted.

The reason w hy Proposition 3-1 should have a significant influence on the choice of
model type is that, without long term viability, international aid programs cannot
narrow the gap between the w or ld 's 'h av es ' and 'ha ve -n ot s'. The aspiration of longterm development therefore leads to the necessary scrutiny of the structure of
neoclassical growth models. If empirical evidence refutes neoclassical assumptions , all
one can do is grieve.

Classic model with one type of capital. The basic model by Solow and Swan has be en

adapted and modified in various ways. Am on gs t them, the version adopted by M an ki w
et al. (1992) is one of the most widely used. As this model will be the benchmark for
our discussion in the next section, it is worthwhile to replicate it here briefly. In this
model, the ec on om y's final product at time tis determined by a Cobb-Douglas function
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~ = K / ( A1L1

t a,

(3.18)

where Y is output, K capital, L labour and A the level of technology , with a being the
economy's output elasticity of capital that can take any value between zero and one.

The model assumes the rates of saving, population growth and technological growth to
be exogenous. Therefore, the time paths for La nd A can be expressed, respectively,
L1

= L 0 en and

(3 .19)

A/

= _,,11~ eg '

(3.20)

1

1

where n and g are the relevant rates of growth. In addition, because of the constant rate
of saving assumption, the ec on om y's stock of capital, K, has evolution

1( = s~ -5 K1 ,

(3.21)

where 5 is the rate of depreciation. ·

The m od el 's central attention is placed on the evolution of the economy' s income for
each effective labour, AL. If we define the ec on om y's level of capital pe r effective
labour, k = K , and income pe r effective labour, y = ~ , the evolution of k is given
AL
AL
by

k = sk/ - (n + g + 5) k
1

1

(3.22)

•

Superscripts are omitted for notational simplicity, as time is unambiguous in the
equation.

Differential equation 3 .22 has the steady state when

k = 0 . Solving this
1

gives the lev el
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of capital pe r effective labour wh en the economy is at the steady state:

k'

=(n+;+O

r

(3.23)

Equation 3 .23 is the culmination of the Solow-Swan model, which says that the steadystate level of capital is governed by four exogenous va ria bl es -th e rates of saving ,
population growth, technological growth and depreciation. An d while the saving rate
has a positive impact on k *, the other three have negative effects.

In order to test the plausibility of the model empirically, Mankiw et al. (1992) pretended

that all countries were at the steady state. Under this unrealistic, bu t technically
convenient, assumption, the output pe r effective labour can be written as

y' =

k'a (n+ ;+Of
=

(3.24)

Taking the logarithm of the both sides and combining the results with Equation 3 .20, we
have
Y
a
a
ln_L = lnAa + g t+ -l n s -- ln (n + g+ c5 ).
L1
I- a
I- a

(3.25)

The strength of this method is in Equation 3 .25, which can straightforwardly be
estimated with common econometric methods. However, the counterfactual assumption
that countries are all at the steady state is particularly problematic wh en the subject of
the study is developing countries, because those countries are observed to be far from
being stationary. In fact, this is the very reason wh y foreign aid is necessary in the first
place.
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Another estimation method proposed by Mankiw et al. can partially fix the problem. B y
Taylor series expansion, the ec on om y' s speed of convergence ca n be derived from
Equation 3.25 as

ln ~ = (1-e- t) [ ~ 1 n s - ~ ln ( n + g + 8 )- ln y0 ] ,
1

Yo

1 -a

1 -a

(3.26)

where y 0 is the initial value of the GDP pe r effective labour. Equation 3.26 is testable
with non-linear estimations.

The necessary condition for this approximation method to be valid is that the country is
in 'th e vicinity' of the steady state. This presents a difficult empirical problem: ju st how
close is close enough to be qualified as in the vicinity? R om er (2001) justified this
approximation method after his simulated analysis showed only a small distance
between to da y' s world and the predicted steady state.

Despite its practical strength, this method, too, demonstrates some weaknesses. For
example, Dowrick and Rogers (2002) challenged the assumption behind Equation 3.26
that technology is common across countries and exogenously given. Pointing out that
the approximation by Mankiw et al. is over-identified, they proposed a new method of
estimation that utilises capital stock data in a manner of growth accounting. Unlike the
estimation method proposed by Mankiw et al. (1992), which uses data on capital flow,
this new method requires no approximation process. However, the statistics about an
ec on om y' s stock is difficult to obtain, especially w he n the focus of the study is on
developing countries; hence conducting this empirical test is not straightforward.
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Barro and Sala-i-Martin (1995) proved that one can derive the exact growth paths of
capital and output, kr and Yr , denying the necessity of the first-order approximation in
the first place. Using the Bernoulli transformation, they showed that the evolution of
income can be shown, without any approximation, as
1-a

J

S

Yr = { ( Yo a

e

-lt

}l
~a
+ n+ g+ c5
S

(3.27)

While the empirical test of Equation 3 .27 is more involved than that of Equation 3 .26 ,
Dowrick (2003) demonstrated that it is possible to carry out one.

Classic model with two types of capital. The importance in economic growth of the

second variety of st oc k- hu m an ca pi ta l- ha s be en mentioned in the literature since the
1970s. Early studies on this topic include Kendrick (1976) who showed the importance
of human capital empirically, and Lucas (1988) who incorporated this claim into a
growth theory. Later, Azariadis and Drazen (1990) and Rauch (1993) bo th found that ,
without sufficient human capital, the economy would not grow as fast because of its
characteristic as an essential 'public good' of the economy.

An empirically testable model with human capital was firmly established by , agam ,

Mankiw et al. (1992). In their version of the neoclassical growth model, the economy' s
production is represented by

Y = K aH fJ (A L
t
t

t

t

) l-a -f]
t

'

(3.28 )

where the new variable H is the stock of human capital. The output elasticities of capital ,

a and

/3 , can take any value between zero and one given that the sum of the two does
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not exceed the unity. The use of the aggregate production function is consistent with the
observation by Azariadis and Drazen (1990), and Rauch (1993) that human-capital can
be interpreted as a public good.

In this model, the evolution of the two types of capital per effective labour are given,

respectively, by
·
_
kt

a
/J
s kkt ht

·_

a

-

(n

-

+g

)
+5

kt ,

(3.29)

ht - s hkt ht - n + g + 5 ht .

(3.30)

/J

(

)

where proportion sk of the ec on om y's output is reinvested into physical capital and sh
into human capital. Fo r simplicity, both types of stocks are assumed to have the same
depreciation rate. Following Equations 3.29 and 3.30, the steady-state level of the
capitals and GDP per effective labour are given by
k* = (

s/-/J s/ J1-~-/J
n+ g+ 5

h

*

(3.31)

'

(S
a
1-a
_
l
= k sh Jl-a-/J
n+ g+ 5

, and

(3.32)

1

y

(n+s;:~rp r -P
a

*

={

/J

(3.33)

Unlike the previous case that ha d only one type of capital, this model does no t yield an
exact growth path due to a technical reason. That is, the system of non-linear
differential equations with the forms 3 .29 and 3 .30 has no t been solved for explicit
solutions. We need to rely on the first-order approximation around the steady state in
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order to analyse the growth of the economy.

Becau~e of the complexity of the differential equations, however, traditionally on ly the
growth pa th of GDP has be en studied carefully. Equations 3. 29 -3 .3 3 produce, in a
similar m an ne r in wh ic h Equation 3 .26 was derived,

In 1'L = (1- e-At
Yo

)Il1 -aa - /3 Ins + 1 -a/3- j3 Ins
k

h -

a + /3 In ( n + g + 5 )- In y O]

1 -a - j3

,

(3.34)
and this can be empirically tested in a relatively straightforward manner.

Capital growth premium: a new finding. W hi le Eq ua tio n 3.34 tells us the evolution
of the co un try 's income, it does no t offer direct information ab ou t ho w the ec on om y
accumulates its capital. As one of the m os t important roles of foreign aid is to assist its
recipient with the accumulation of capital, such in fo rm at io n ca n help us un de rs ta nd the
m ec ha ni sm through wh ic h aid pr og ra m s contribute to ec on om ic growth. This section
investigates the evolution of the two types of capital, ph ys ic al capital an d hu m an capital,
compares th ei r growth paths with and wi th ou t foreign aid, and shows the po ss ib le cause
of the m ix ed results. To date, no attempt has be en m ad e in the literature to demonstrate
the capital growth paths in the two-capital model.

Recall Equations 3.29 an d 3.30, wh ic h showed the evolution of ph ys ic al an d hu m an
capital, respectively, for each effective labour. Th ey we re

k= sk kah/J -( n+ g+ Sk )k , and

h = shkah/J -( n + g + Sh)h.
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Let the steady-state values of k and h be k * and h *, respectively. Then the first-order
approximations of

k and h around the steady state are

. . .
ak
*
ak
*
k= kl k=k· + (k -k )+ -1
(h -h ), an d
h=h· ak k=k·
ah k=k·
· 1

.

h=I /

h=h•

aiz
I
*
aiz
I
*
h= hk=k· + (k -k )+ (h -h ).
h=h· ak k=k·
ah k=k·
.

(3 .3 5)

.

1

h=h•

(3 .3 6)

h=h•

Equalities are us ed instead of approximate equalities for notational simplicity.

As

k and h are zero at the steady state, Equations 3.35 and 3.36 can be reduced to
.
k =ak-l
(k -k *)+ak-l
(h -h * ), an d
ak k=k.
ah k=k·
h=h•
h=h•
h= ai zl
(k -k *)+aizl
(h -h *) .
ak k=k.
ah k=k·
h=h•
h=h•

(3.37)

(3.38)

Amongst the terms appearing in Equations 3.37 and 3.38, the partial derivatives of the
evolution of capital with respect to each capital stock can be obtained from Equations
3 .29 and 3 .30 as

ak
a-l
/J
-- sk fk (k ,h )- (n + g+ 5k )- sk ak h -( n+ g+ 5k ),
ak

(3.39)

ak
ah = sJ ',/ k, h) = sJ Jk a h/J -l '

(3.40)

ah
ak = s, Jk (k ,h ) =s ha ka-l h/J

(3.41)

'
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ah
- -s h fh( k, h) -( n + g + 5h) ah

a

sJ Jk h

/J- l

-( n+ g+ 5h),

(3.42)

where ftc and J; are the first derivatives of the production function
1

Y = f( k, h) = k ah/J,

(3 .43)

with respect to the relevant subscripts. Also, using the steady-state values of k and h,
which were already derived in Equations 3 .31 and 3 .32, we have the steady-state level
of income per effective labour
a
S

y* =
(

k

1- /J S /3 Jl -a - /J (
h

n+ g+ 5k

S

a
S l-a
k
h

/3
Jl -a -/J

n+ g+ 517
1

=

1

(

n+g

+

6J

1-a-/J

(3.44)

_a
/3
Sk l-a -/J S h l-a-/J

Finally, substituting 3. 39 -3 .4 2 into 3. 37 and 3.38 yields

le = {ska k *a-lh*/3 -

(n + g

h = (s ha k *a-l h */3) ( k -

+ 5k)} ( k - k *) + ( sJJ k *ah*/J- l) ( h - h *) , and

k *) + { s JJ k *ah* /J - l - ( n + g + 617 )} ( h - h *) .

(3.45)
(3.46)

k * and h* in Equations 3 .45 and 3 .46 are the steady-state values of the respective

capital; hence they are constants. This implies that Equations 3 .45 and 3 .46 can be
simplified to a system of two differential equations with a general fo nn

le= a 1i+ a12 h+ b1 , and

(3.47)

h = a2 i + a 22 h + b2 •

(3.48)

where a11 , a 12 , a 21 , a22 , b1 , b2 are all constant parameters. The solution to this system
is widely known, and hence it is possible to obtain the approximate growth paths of
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both physical and human capital. It turns out that the solution to the system is

1
K
I
H
J
/J
k = · - - - + -- · - ske
(
1

a - fJ sk

-N t

fJ - a sh

, and

HJ

(3 .49)

a
K
/J
+ - - - - + __ . - ske -N (l- a-f J)t + k*
( f] -a sk a- /J sh

HJ

l
K
1
-N
t
h, = - - - + - - - ashe
( a- /J sk /J -a sh

J.

(3.50)

a
K
/J
H.
-N
(l-a
-/J )t + h* '
+ ( - - - + - - - she
fJ -a sk a- /J sh
where new variables K an d H represent the entire distances of capital development from
the initial values to the steady-state values
K = k* -k0 ,

(3.51)

= h* -h0 ,

(3.52)

H

Appendix 3B shows detailed solutions to this system.

Capital growth paths (3.49 and 3.50) offer a basis for analysing the effect of foreign aid.
Suppose, as in reality, donor countries set their budget on foreign aid according to the
income level of each recipient country. This practice can be represented mathematically
by
FA, =a y, ,

(3.53)

where FA1 is the amount of foreign aid each effective labour receives in this country,
and a is the 'm ar k- up ' level of foreign aid decided by donors according to factors such
as the recipient co un try 's economic situation, political stability and historical ties with
each donor. While a is assumed to be exogenously given in this model, the mechanism
behind the allocation of the aid budget is investigated and evaluated in Chapter 4.
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The mark-up rate a can be decomposed into various types of assistance. Fo r example, it
can be disintegrated into one group of aid that assists the recipient country with
economic infrastructure such as transportation, energy and communication development,
and the other group of aid that contributes to the recipient's social infrastructure such as
education, health and sanitation development. Under this condition, the right ha nd side
of Equation 3.53 can be broken down to
a= ak +a h,

(3.54)

where ak and ah are the mark-up rates for economic and social aid, respectively.
Equation 3.54 is a more realistic portrayal of practice in foreign aid projects, where the
distinction between 'h ar d' aid and so ft' aid is clear. Such a distinction is supplied by
OE CD (2003).

A serendipitous benefit of this configuration is that the capital growth paths derived as
3.49 and 3.50 do not change significantly when the presence of foreign aid is
incorporated. With 3.53 and 3.54, the evolution of capital is now given as
k = sk y- (n + g+ 5k )k + ak y

= (sk + ak ) y- (n + g + 5k )k
h

, and

(3.55)

= sh y- (n + g + 5h )h + ah y
=( sh + ah )y -( n+ g+ 5h )h ·

(3.56)

Therefore, the incorporation of foreign aid can be seen as an increase in reinvestment.
Mathematically, this means that we can deal with a change in ak and ah in the same
manner as we do with an exogenous change in domestic saving rates.
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Once we establish assumptions 3.55 and 3.56, we can derive the growth effect of
foreign aid. The partial derivatives of 3.49 and 3.50 with respect to ak and ah are given,
respectively, by

/3
H
-Nt
/3
H
- N(l-a-/J)t ak*
-=-=---e +---e
+aak
ask
/3 - a Sh
a - /3 Sh
ask '

(3.57)

akt
akt
/3
H
sk -Nt
-=-=----e
aah
ash
a- /3 Sh Sh

/3
H sk - N(l-a-/J) t ak *
+----e
+/3-a Sh Sh
ash '

(3.58)

aht
aht
a
K
sh -Nt
-=-=----e
aak
ask
/3 - a Sk Sk

a
K sh -N(l-a-/J)t ah*
+----e
+-

(3.59)

akt

akt

a - /3 Sk Sk

ask '

a
K -Nt
a
K
-N(l-a-/J)t ah*
-=-=---e +---e
+aht

aht

aah

ash

a - /3 Sk

/3 - a Sk

ash '

(3.60)

where N = ( n + g + t5) and the changes in the steady-state levels of capitals, due to the
instantaneous increase in foreign aid, as given from 3.31 and 3.32 as
1

1-/
3
(
-=--ak *

1- a -

ask

/3

Sa s/J
k

h

Jl -a-/J

n+ g +6

>0

(3.61)

'
1

ak *

=

ash

/J
1- a -

[ s: S;(l-a-/J)+/J Jl-a-/J

/3

> 0,

n+ g + 6

(3.62)

1

*
ah
-=
ask

a
1- a -

[

/3

-(l-a-/J)+a /J. Jl-a-/J
sk
sh
>0

n+ g + 6

'

(3.63)

1

ah*
ash

1- a

(

Sa S/J
k

h

1- a-/ J n+ g+ t5

Jl-a-/J

> 0.

(3.64)

The fact that all four derivatives are positive is consistent with one of the main
predictions of the neoclassical models: the higher the reinvestment rates, the higher the
steady-state levels of capital.
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The speed of capital evolution is also affected by the introduction of foreign aid.
Equations 3 .49 and 3 .50 yield the time derivatives of the level of physical and human
capital as

fc, = -N (_a_f-!_
K
/3
H
J
/3 --;;+ /3-a--;: ske- N'
(3.65)

-N (l -a -/ 3) ( _a
- K + -j3 -H J S e- N(l-a-f])t , and
as
k
a - /3 sh k
/3
.
_
h, --

N(

a
K
a
H
J
- - - + - - - she -N ,
a- /J sk /3 -a sh

-N (l - a - /3)

(-a-

(3.66)

J

K + __ f! _ H. she-N(l-a-f3)t
/3 -a sk a- /J sh

Using these terms, we have the effect of foreign aid on the speed of capital evolution as

aict = aict = -N __ f! _ H e- Nt -N (l -a - /3)___!!_ H e- N(l-a-f])t'
aa k

/3 - a

as k

Sh

a -

/3

Sh

aict = aict = -N __ f! _ H !..!i_e-Nt -N (l -a - /3)___!!_ H !..!i_e-N(l-a-f])t'
aa h

a -

as h

/3

Sh Sh

(3.67)

/3 - a

(3.68)

Sh Sh

aht = aht = -N -a _ K !.!!...e-Nt -N (l -a -/ 3 )- a _ K 2 e- N(l -a-f3 )t,
aa k
as k
/3 - a Sk Sk
a - /3 Sk Sk

(3.69)

aht

(3.70)

aa h

=

aht
as h

=

-N -a _ K e- Nt -N (l -a - /3 )- a _ K e- N(l -a-/J)t.
a - /3 Sk
/3 - a Sk

Equations 3. 57 -3 .6 0 and 3. 67 -3 .7 0 offer a significant new finding about the role of (or
the lack thereof) foreign aid in economic growth. If the physical capital elasticity of
production, a , is larger than the human capital elasticity of production, j3 , a on e- of f
foreign aid program on physical infrastructure, ak , has positive growth effects on the
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stock levels of both physical and human capital even net of the permanent growth effect
attributed to the increase in the steady-state level of capital. Conversely, the foreign aid
program on social infrastructure, ah , shows negative effects on both types of capital
stocks once the permanent effect has been materialised in the economy. The situation is
the opposite when j3 > a . Figures 3-2 and 3-3 show this point diagrammatically.

While these temporary effects will eventually converge to zero, the importance of such
effects should not be underestimated: not only do they contribute to the short-term
welfare of the recipient country, they also affect the growth rate of the economy in the
short run. In other words, aid programs that enhance one type of capital have strictly
superior short-term effects than those that enhance the other type of capital, without
compromising any long-term effect.

Proposition 3-2:
In the neoclassical world with two types of capital stock, foreign aid used to enhance

one type of capital has a larger short-term effect than the other on the growth of both
types of capital. Which type of capital shows the larger effect depends on the ratio of
the capitals' output elasticities.

This result has a critical policy implication; the effect that foreign aid has on economic
growth can be negligible, or even negative, if donors allocate their resources with
insufficient knowledge about the recipient's economy and particularly their production
mechanism. In addition, the result gives a possible explanation of the disagreement in
the empirical literature; if the sample recipient country of an empirical study receives
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foreign aid in an inadequate form, the likelihood is that the statistical test does no t show
a significant effect as a result of foreign aid.

3.4 Test of neoclassical assumptions

The finding in the last section that the growth effect of foreign aid can vary significantly
depending on the ec on om y's characteristics has critical academic and policy
implications. N ot only does it offer a possible reason for the mixed results in the ad hoc
empirical literature about the 'sensitivity' of aid on economic growth, it warns us that
the effectiveness of foreign aid is critically weakened if donors misjudge the need of the
recipient's economy.

Most importantly, the finding teaches us that aid donors should pa y careful attention to
the recipient country's production structure, or, to be more specific, the shape of the
production function, if they are interested in the recipient co un try 's long-term growth.
This is because the ec on om y's marginal productivity of one type of capital depends on
the absolute level of the other type of capital and vice versa, so that to achieve the
fastest possible growth requires the optimum combination of the two types of capital.
The finding also reaffirms the importance of inter-donor coordination. Without such
coordination, recipient countries that receive assistance from multiple donors cannot
achieve well-balanced capital growth paths.

However, these conclusions are valid only if the theoretical model depicted in the last
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section is built on the correct axioms. If the neoclassical as su m pt io ns -le d by the theory
of co nv er ge nc e- do not accurately reflect reality, the finding from the last section
cannot be applied to the real economy. To validate the relevance of the theoretical
finding and its attendant policy implications, this section tests the plausibility of the
neoclassical assumptions. Unlike the objective in the mainstream ai d- gr ow th literature ,
the primary purpose of this test is not to observe the growth effect of foreign aid
quantitatively: it is only to confirm the relavance of the theoretical settings prepared for
the analysis in the last section. Remember, the neoclassical assumptions are critical for
the long-term survival of international aid programs.

The test is conducted against Equation 3.34, proposed by M an ki w et al. (1992 ), the
most widely used test of the neoclassical growth model, bu t differs in its consideration
of foreign aid. A cross sectional dataset of 44 recipient countries were prepared from
World Bank (2003) and OECD (2003) for the year 2001, with the initial value set in
1981. For variables to be considered exogenous and constant under neoclassical
assumptions, such as the rate of saving and the rate of population growth, a 20-year
average (1 98 1- 20 00 ) was worked out. The sample is smaller than the whole set of of
aid recipients due to data availability, bu t includes the majority of large-scale recipients
in the world. Countries in the sample are listed in Table 3-1.

Table 3-2 presents the results of the estimation. The hypothesis that the neoclassical
models accurately reflects reality is not rejected for the most part. Reinvestment in the
recipient co un try 's physical capital, when supplemented by foreign aid on economic
infrastructure, is shown to be a critical ingredient for economic development.
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Population growth has a significantly negative effect on growth, confirming one of the
main findings by neoclassicalists that development cannot catch up to too-rapid
population growth.

Reinvestment in human capital, when supplemented by foreign aid on social
infrastructure, shows no significance. Two explanations are possible for this
counterintuitive result. First, as Mincer (1993) points out in his extensive review on
human capital, it is one of the m os t difficult concepts to define and measure. The
variable used in the present specification might not have be en the precise measure of the
human capital saving rate. Second, human capital takes a longer time th an physical
capital to affect an ec on om y's production; hence the present time-frame of 20 years
may not have been long enough to observe the fruits of reinvestment. Specifying human
capital is an intricate task, and the model needs further investigation in this regard.

Table 3-2 also implies that the developing countries show some conditional
convergence from w ith in -a fact implied by the negative sign of

/34 . While the result is

not statistically significant in this test, the presence of conditional convergence·becomes
much more evident when we exclude the human capital variable. Table 3-3, which
reproduces the results of that estimation not only indicates the strong likelihood of the
presence of conditional convergence bu t also shows cogent overall support for
neoclassical

assumptions.

The

ambiguity about

the

role

of hu m an

capital

notwithstanding, it would be fair to conclude that the hypothesis test did no t reject the
neoclassical model as a replica of the world with foreign aid. Consequently, the validity
of the qualitative analysis under the neoclassical assumptions in the last section has also
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been maintained.

3.5 Conclusions

This chapter has shown four important results regarding the macroeconomic effect of
foreign aid. First, in Section 3 .2, the popularly us ed method of reduced-form regression
was shown to be biased, and hence unable to measure the effect of foreign aid
ac cu ra te ly -a finding that led to a call for further theoretical study. Second, in Section
3.3, it was derived that endogenous growth models are unable to reflect the wo rld with
foreign ai d- a proposition that implies the necessity to scrutinise neoclassical growth
models. Third, also in Section 3 .3, the effect of foreign aid was qualitatively studied
under neoclassical assumptions, with the results revealing that the do no r's misallocation
of resources could prevent the recipient country from developing quickly. Finally, in
Section 3 .4, the neoclassical assumptions themselves were empirically tested and then
accepted, verifying the theoretical results in the previous sections. All findings
combined, the chapter has demonstrated the immeasurable importance for donor
countries to understand the production structure of the recipient country.

If the production structure influences the effectiveness of aid programs, then donors

should be monitored and assessed ba se d on their understandings of the recipient
co un try 's capacity for further development. Bu t is the current ev aluation system
designed to accommodate this? The next chapter investigates the answer to this question.
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Table 3-1 Countries in the sample

Bangladesh

Jamaica

Botswana

Kenya

Burkina Faso

Lesotho

Burundi

Malawi

Cameroon

Mali

China

Mauritius

Colombia

Morocco

Congo D em Rep

Mozambique

Congo Rep

Nepal

Costa Rica

Niger

Cote d'Ivoire

Pakistan

Dominica

Peru

Ecuador

Philippines

Egypt

Rwanda

Gabon

Senegal

Gambia

Sri Lanka

Ghana

Thailand

Guatemala

Togo

Guinea-Bissau

Tunisia

Honduras

Turkey

India

Zambia

Indonesia

Zimbabwe
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Table 3-2 Neoclassical model with foreign aid:

results of estimation with human capital

Method: Ordinary Least Squared
Regressand: GDP growth
Physical capital reinvestment
including ph ysi cal foreign aid

0.841
(0.212)

Hu ma n capital reinvestment
including social foreign aid

-0.275
(0.167)

n + g + c5

-1.768
(0.557)

(4)

Initial value of GDP

Observations

-0.0000558
(0.0000559)

44

R-squared

0.554

Adjusted R- squ are d

0.508

P-value for F-test

0.000
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Notes:
(1)

Est ima tion is bas ed on Equ atio n 3 .34 , wh ich is ide ntic al to

1n Yi -In Yo = /J11n (sk + ak) + /J21n (sh + ah)+ /J3ln ( n + g + 5) + /J4ln Yo,
whe re

/J1=( l-e -

/J3 = (1-

(2)

11

)

/J2=( l-e 1- a- /J

e _,, ) a + fJ

1- a- /J

a

and

,

11

)~

1- a- /J

,

/J4 = 1- e_,, .

The var iab les ak and ah are bas ed, resp ecti vel y, on bila tera l OD A
com mit men ts for 'eco nom ic infr astr uct ure and serv ices ' and ' soc ial
infr astr uct ure and serv ices ' sup plie d by OE CD (20 03) . The se num ber s
are div ide d by the cou ntry 's GD P sup plie d by Wo rld Ban k (20 03) ,
wh ich is mea sur ed in con stan t US dollars.

(3)

Nu mb ers in par ent hes es are the stan dar d erro rs of the coe ffic ient .

(4)

Sum of the actu al rate of pop ula tion gro wth and the ima gin ary rate
(0.0 5) tha t acc oun ts for bot h tech nol ogi cal gro wth and dep rec iati on.
The val ue 0.05 foll ows tha t use d by Ma nki w et al.
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Table 3-3 Neo cla ssic al mo del with foreign aid:
results of estimation wit hou t hum an capital

Method: Ordinary Least Squared
Regressand: GDP growth
Physical capital reinvestment
including physical foreign aid

0.747
(0.209)

n +g +6

-1.658
(0.565)

(2)

Initial value of GDP

Observations

-0.000087
(0.0000538)

44

R-squared

0.523

Adjusted R-squared

0.487

P-value for F-test

0.000

Notes: See notes for Table 3-2.
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Figure 3-1 Capital growth premium: aid effect on capital sto ck
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and are constant. - - - > 0 for a> fJ, and from
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a - /J Sh

Equation 3. 61, ak * > 0 as well. Therefore, once the economy enjoys the
ask
permanent effect of foreign aid on k due to the change in its steady-state level
i.e. ak*
(
ask

J, the magnitude of the other effect, or the growth premium due to

the 'cor rec t' allocation of aid resource, is proportional to e-N(l-a -/J)t - e-Nt
irrespective of the coefficient

_! !_ H
a - fJ sh

. The situation is exactly the same for

ak , and exactly the opposite (the negative effect of the same absolute value)
aah

ah

ah

.

the for and . N 1s assumed to be 0.05.
aak
aah
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Figure 3-2 Capital growth premium: aid effect on capital formation
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aa k
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0.05 an d 0.8 , respectively.
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Appendix 3A Derivation of the cost of foreign aid

Equations 3 .10 and 3 .11 constituted a system of two linear, autonomous, first-order
differential equations. They were

i<_d = {( s- a) A- c5 }K d +a AK r,

(3A.1)

f<_r =aAKd +{ (s -a )A -c 5} Kr '

(3A.2)

or in the matrix form,

[

i<_
d]
[K
d]
f<_r = B Kr
=

[b

1
2

11

h 21

b

h 22

][K:J

(3A.3)

K

= j( s- a) A- 5
aA
aA
(s -a )A -5

l

l[Kd]

J Kr

The solution to this type of system is widely known and is summarised, for example, in
Hoy et al. (2001). The system has a solution

d]
K =C 1J1 e'1t +C2J 2e 2 '
rt

[ K,.

(3A.4)

where vector J; is, in tum, a solution to equation
[B -1t l] Ji = 0.

(3A.5)

Here, 't, for i = l, 2, is an eigenvalue of matrix A and I is an identity matrix.

The characteristic equation of matrix B is
r

2
-

tr(B) + !Bl = 0, where

(3A.6)
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tr(B) = b11 + b22

(3A.7)

=2{ (s-a )A-5 }'

IBI = bl

I b 22 - h1 2 h 21

(3A.8)

={( s-a) A-5 }2-( aA) 2.
Then the characteristic roots, or the eigenvalues, of matrix B is given by

r=

2{(s-a )A -5} ±,J4{ (s-a ) A-5}2 -4{ (s-a )A-5}2 + 4( aA}2
2

(3A.9)

=(s -a)A -5± aA
It follows that the distinct roots of the characteristic equations are

= sA - 5 , and

(3A.10)

r2 = sA-5 - 2aA .

(3A. ll)

"i

If the rate of depreciation, 5, and the dono r's target of foreign aid, a , are sufficiently

small, 3A.10 and 3A.11 suggest that both characteristic roots are positive. This means
the system of differential equations, 3A.3, has the unstable node with Kd and Kr
diverging. This is in fact one of the main findings of the endogenous growth model,
hence 3A.10 and 3A.11 are consistent with the mod el's implication.

With "i, Equation 3A.5 becomes

-aA
aA
[ aA -aA

][!1]
h

=0,

(3A.12)

which shows the linear relationship betw een }1 and } 2 . It follows that

i1 = i2•

(3A.13)
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Similarly, with r2 , Equation 3A.5 becomes

IaA
laA

aA]
aA

I J= 0 ,
lh

(3A.14)

~1

which yields the linear relationship

i1 = -J2·

(3A.15)

Using the results in 3A.13 and 3A.15, Equation 3A.4 becomes

J
=C
[ Kr
Kt

I

t

ll]
1

e(sA-o)t

+C
2

l-lJ
1

e(sA-o+2aA)t .

(3A.16)

For Equation 3A.16 to be a universal solution to system 3A.3, it has to hold at any given
time, including when t = 0. Therefore, the following equation has to be true

[!}c{~J+c2l~1].
cl= Kt+ K;

It follows that

(3A.17)

and C2 -- Kt -Kr
0

2

2

The complete solution to the system of first-order differential equations, 3A.4, is

Kr
Kd
K
r
d
Ko
+
o
(sA-o)t
o
O (sA-8-2aA)t
d
K = --''- ---- e
+ ----e
. an
d

2

t

2

K
r
K
Kr= O +
d

O

t

2

e(sA-o)t

K d Kr
O -

O

e(sA-8-2aA)t

2

(3A.18)

(3A.19)

These are identical to Equations 3 .12 and 3. 13.
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Appendix 3B Derivation of the capital growth paths

Equations 3 .45 and 3 .46 showed the evolution of physical and hum an capital ,
respectively, by first-order approximation. The y were

k = {skak *a-l h */J -

+ 5k)} (k - k *) + ( sJJ k *a h*/J-l) ( h - h *) ,

(3B.1)

k*) + { s h/Jk *ah */J-l - (n + g + 5h)} (h - h *) .

(3B.2)

(n + g

h = (sha k *a-lh */J ) (k -

Both k * and h* are the steady-state value of the corresponding capital, hence they are
constants. This means that Equations 3B.1 and 3B.2 can be simplified into a system of
two differential equations
k= a1l +a 1 2h+b1,

(3B.3)

h = a2 l

(3B.4)

+ a22 h + b2 •

where a 11 , a12 , a21, a22 , b1, b2 are all constant parameters. In the matrix form, the
above system can be written as

m=tl+b
I
l a21

= a11

Ikl I
l l

l

(3B.5)

a1 21
+ b1
a22 h
b2

The solution to the system of linear, autonomous, first-order differential equations with
form 3B.5 is widely known. As we already saw in Appendix 2A, this system has a
homogenous solution

kl
l

,,t
h - J 1e + J e'2t
2
'

(3B.6)
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where vector J i is a solution to equation
[ A - 7;1] Ji

=0.

(3B.7)

Here, 7;, for i = l, 2, is an eigenvalue of matrix A and I is a unit matrix.

The a 11 term in Equation 3B.3 is the coefficient on kin 3B.1. It follows that
a11 -

k
*a-l
h*
/J
ska

-

(n + g

s:
)
+ uk

(3B.8)

Equations 3.31 and 3.32 gave the steady-state values of capitals. The y wer e

k*

=(

s/-Ps/

J1-Lp

n+ g+ 6k)

h*

a

=
(

la

(3B.9)

'
-

I

sk sh - 11-a -/J
n+ g+ 6h)

(3B.10)

Substituting these into Equation 3B.8 gives

a 11

= sk a
=a

S
k

(

a-1
1-/J S 11 /J Jl -a-/J (

n+ g+ 5k

(n + g

fJ
S
k

a S 11 1-a . Jl- a-/J

-

n+ g+ 511

1-a
+ <)k )1-a -/J ( n + g

/J
+<)hr 1-a-/J - (n

(n + g + 5k )

(3B .ll)

+ g + <)k)

As Mankiw et al. (1992) have stated, there is no real-life evidence that the depreciation
rates of physical capital and hum an capital are different from each other. This
observation allows us to define 5 = 5k

= 5h, which is simply the depreciation rate of any

capital in the economy. Equation 3B.11 then becomes:
a11

= a ( n + g + 5) - ( n + g + 5)
=- N( l-a )

(3B.12)

where N = ( n + g + 5) . Similarly, the other terms are derived as
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a1 2

= /Js kk *a h*/3-l
-jJ
-I
N
- sks h

(3B.13)

'

a21 = as k *a-lh*/3
h
=a sk - 1Sh N
a 22

(3B.14)

'

-- /J sh k *a h*/3-l = -N (l - /3)

(n

+ g + 8h)

(3B.15)

Be cau se 0 < a < l an d 0 < /J < 1, it follows tha t
all

<0 ,

(3B.16)

al 2

> 0,

(3B.17)

a 21

> 0,

(3B.18)

a 22

< 0.

(3B .19 )

Th e characteristic eq ua tio n of ma tri x A is ex pre sse d as
2

r -tr (A )+ IA I

= 0,

(3B.20)

wh ere

tr(A)

= a 11 + a22
= -N (l -a )- N (l - /3),
= -N (2 -a - /3)

a11 a22 -a1 2a 21

(3B.21)

= IAI
2

= N (1 -a )(l - JJ )-a /JN

2

(3B.22)

.

2

= N (1 - a - /3)
Th en the characteristic roots, or the eigenvalues, of the ma tri x is giv en by
2

2

2

-N (2 -a -/ J) Lj N (2 -a -J J) -4 N (l- a- JJ )
r=-----~---------.
2

(3B.23)
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Inside the square root of the right hand side of Equation 3B.23 can be simplified as
2

2

N (2-a -f3) 2-4 N (I-a -/J)

2
= N (a + 2a/J + /3 )
= N 2(a + /3)2
2

2

(3B.24)

Therefore , 3B.23 is reduced to
-N( 2-a -/J) ±N( a+ /3)
r=-------2

(3B.25)

= -N (2-a - /3) +(a+ /J)
2

It follows that the distinct roots of the characteristic equations are
'i = - N (1- a -

/3) and

(3B.26)

r2 =-N .

(3B.27)

fJ > 0 and

Because 1- a -

N = n + g + 8 > 0, the two roots have relationship

0 > 'i > r2 ·

(3B.28)

Extrapolating from the fact that the two roots are both negative, it is concluded that the
system of differential equations, 3B.5, has the stable node. That is, the steady-state
solutions k * and h * are asymptotically stable.

The next step is to solve the system of equations , 3B.7, for 'i and r2 . System 3B.7 is
equivalent to
all [

a 2l

~

a l2

an -~

Therefore, for 'i

]Ji=

0.

= -N( l- a - /3), the eigenvector

(3B.29)

J 1 has to be a solution of
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1

-N( l-a) + N(.1 -a - /3)

/3sksh- N
]
Jl
-N( l- /3) + N(l- a - /3)

1

[

ask - shN

=

N[

-/3
ask - 1sh

/Jsksh - l]Jl

(3B.30)

-a

=0
As N > 0, Equation 3B.30 can be simplified to

-~
/Jsk
s/][i
1:]
=
[
ask sh

-_a

0.

(3B.31)

J1

This is the linear relationship between }1 and } 2 . Solving Equation 3B.3 l yields
•2

·1

Skjl = Shjl ·

(3B.32)

Similarly, for r2 = -N, the eigenvector J 2 has to be a solution of
1

-N( l-a) +N
/3sksh- N ]
1
J2
[ ask - shN
-N( l- /3) + N
=N [

a
-1

ask sh

/Js{]J,

(3B.33)

=0

Then, solving Equation 3B.33 yields

·2
· 1
/3 skh = ashh ·

(3B.34)

Finally, from 3B.32 and 3B.34, the homogenous solution for system 3B.5 is derived.
That is,

ktj
= cl [skje -N(l-a -/J )t + c2[/Jsk je- Nt.
[h
sh
ash

(3B.35)

1

The general solution of a system of differential equations is given by the sum of its
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homogenous solution and particular solution. The particular solution for system 3B.5 is
the values of kt and ht when they are at the steady state. And in fact, they have already
been given as k * and h* in 3B.9 and 3B.10. Recall that they were
k* =(

s/-/J s/ J1-L/J

ln+ g+Sk

'

=( ns:a;h:~JLfi

h•

Hence, the general solution to system 3B.5 is

[::] = c1 [

1
J -N( -a-fi) + c
1

2 [ :;:

]e-N' + [ : : ] .

(3B.36)

The remaining task is to impose the initial conditions about k and h on 3B.36 and
eliminate the constant terms C1 and C2 . Suppose, at time zero, k

= k 0 and h = h0 • Then

the necessary condition for 3B.36 to be a correct solution at time zero is

ko]
=
c
[sk]
+
c
[/Jsk.]
+
[k:],
1
2
[
a~
h
~

~

(3B.37)

which can be rewritten as

c1[sk.]+ c2[/Jsk] =
sh

ash

-[k:-ko
].
h -h

(3B.38)

0

Now, we define the distance between the initial value and the steady-state value of each
capital as
K

= k* -k0 ,

(3B.39)

H

= h* -h0 ,

(3B.40)
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then Equation 3B.38 can further be simplified as

cl

sk
]
[j]sk
.
J-[-K]
+c2
,
[sh ash -H

(3B.41)

which, again, is a system of two equations with two unknowns. Note that Kand Hare
exogenous in this model as both the initial values and the steady-state values are
exogenously given.

Solving the system gives the solution

a K
/3 H
Cl=---+---,
/3-a sk a-/3 sh
l

K

l

(3B.42)

H

C2= - - - + - - - .
a-j]s k /3-as h

(3B.43)

Therefore the complete solution of the system of differential equations , 3B.5, is written
as

Ik = [-a K+ _f!_ HJ Isk]
1
.]

lht

/3 - a sk

a - /3 sh

lsh

e - N (l-a-/J ) t

[
/3
s
k
]
+ [ - 1- -K+ -l - HJ
a-j]sk /3-ash ash

e - Nt

+

lkh*J

(3B.44)

*

In a separate term, the growth paths of physical and human capital by the first-order

approximation are, respectively,

HJ

1
K
l
/3
-Nt
k = - - - + - - - ske
[
t
a-j] sk /3-ash

a
K
/3
HJ
- N (l -a -/J )t + k*'
+ [ - - - + - - - ske
j3 - a s k a - /3 s11

(3B.45)
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1
K
1
HJ
h = - - - + - - - ashe
(
1

a-/J sk

- Nr

/3-a sh

HJ

a
K
/3
-N(l-a -/J) t + h *
+ ( - - - + - - - she
/3-a sk a-/J sh
·

(3B.46)
These are identical to Equations 3.49 and 3.50.

From 3B.45 and 3B.46, the optimal growth path of the income per effective labour by
first-order approximation can also be derived. That is,
k
a h /3
Yi - t t

HJ

-{(
1
K
I
HJ/3
Nt
/3 - - ske - N(l-a- /J)t + k * } a
- - - - + - - - ske + ( -a- -K+ a-jJ sk

/3-a sh

1
K
I
HJ
+
ashe
{(
a-/J sk

/3-a sk

-Nt

/3-a sh

a-/J sh

HJ

a
K
/3
-N(l- a-/J)t
h*}/3
+ - - - + - - - she
+
(

/3-a sk

a-/J sh

(3B.47)
Taking the logarithm of both sides yields
1n Yt = a 1n kt + /3

ln ht
J

J

_
1n
1 -K+ -I - H.
/3
Nt
(
/3 - H.
-N(l
a-/J)t
-a {( - - ske + -a- -K+ - ske
+k *
a-/J sk

/3-a sh

1
J
+/Jln{( - - -K+ -I- H.
- ashe
a-/J sk

/3-a sh

/3-a sk

-Nt

a-/J sh

HJ

a
K
/3 - - she -N(l- a-/J)t +
+ ---+(

/3-a s k

a-/J sh

h*}

(3B.48)
Note that this is an empirically testable equation regarding the growth of national
income of the country, provided that the data on the absolute level of capitals, Kan d H ,
are available. Such a luxury cannot be enjoyed in most work on developing economies,
including the present one; hence, the estimation using the reinvestment rates was
conducted in Section 3.4.
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4
Eligible donor contest

This chapter constructs a new index to evaluate donors' international resource allocation
across aid programs. Based on the criticism levelled at the previous indices, the new
index, dubbed Productivity Index, has three virtues. First, it is specialised in only one
criterion -the productivity of the donor-av oiding any difficulty in its interpretation.
Second, it judges donors by the recipient country's output that would not have been
achieved without aid, questioning the widely used input-based assessment of
contributors. Third, the index has a comprehensive structural model behind it, reducing
the degree of arbitrariness in its design. Following theoretical discussions to verify the
strength of the Productivity Index, the actual score is computed for each OECD donor,
and then compared with the score based on the nominal equity-oriented McGillivray
Index. The results suggest that, while an equity-efficiency trade-off does exist, it is not
impossible for a donor to achieve both equality and productivity simultaneously.

Key words: Index number, Foreign aid, Neoclassical growth model
JEL Classification Numbers: C30, C43 , F35,O11
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4.1 Objectives

No one would challenge the importanc e of evaluatin g the effectiveness of foreign aid.
As foreign aid takes more than US$50 billion out of donor countries ' national budgets
each year, we need to make sure that the money is being used fruitfully for the sake of
the recipient countries ' economic developm ent.

What is disputable, however, is the effectiven ess of foreign aid itself. While the
literature seems to have come to a consensus in the late 1990s that aid generally has
some positive impact on the recipient' s economic growth, the controver sy remains as to
whether such an impact is contingen t on other economic conditions.

The results of the analyses in the last chapter suggested strongly that this would be the
case, and, more importantly, that such condition s are not necessari ly confined to the
policy factors suggested by Burnside and Dollar (2000). Inspired by this important
finding, this study examines donor countries ' performa nce in their inter-reci pient budget
distribution.

In Chapter 1, we reviewed Austin and Wallerste in' s (1979) 'seven questions ' to be
asked about foreign aid, all of which have to be answered if aid programs are to be
delivered efficiently. If there was a perfect measure for evaluatin g a donor's
effectiveness in foreign aid, that measure should include, at a minimum , answers to all
these questions. In reality, however, obstacles prevent us from having such a perfect
measure.

91

The biggest hindrance is the normative characteristic of the seven questions that makes
any measure of aid effectiveness also normative. This is not to say that it is always bad
practice to measure how well a donor country is performing according to a normative
criterion. However, users of a measure derived from a normative criterion should be
aware that there are hundreds of other measures that could potentially be constructed
from other normative criteria; hence the y nee d to make their ow n value jud gm ent on
whether the measure in front of the m is the mo st appropriate one to achieve their
purpose.

In addition, if we want to gauge a don or's performance in a scaler, we have to integrate

ma ny factors that represent performance to construct a single index number. In Austin
and Wallerstein's example, this means the amalgamation of seven factors into one
number. Clearly this operation requires another value jud gm ent about the importance of
each factor, which is, again, normative.

The benefit of having ma ny factors incorporated into a single index number is often
undone by the cost of having them, as we will discover in Section 4.4. Wh en this is the
case, we should instead rely on a 'spe cial ity ana lysi s', in wh ich all but one criterion are
assumed to be held unchanged. In the seven questions' case, this means one out of
seven notions of effectiveness will be assessed by an index number specialised in
evaluating donors' achievement in that particular notion, with the other six assumed to
be indifferent across all donors.
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Where once we believe in the philosophy of the speciality index, we have to note the
several different stages of decision making involved in a foreign aid program. Suppose
each dono r's foreign aid budget is inelastic at, for example, 0.5 per cent of its annual
governmental budget. Then this dono r's first decision centres on how to distribute that
amount of money across its prospective recipient countries. It would be more efficient if
a number of potential recipients competed for a single grant on a merit basis, but such a
practice does not seem common in reality.

Either way, the dono r's inter-recipient budg et distribution is followed by the second
stage of decision making, which is sometimes done joint ly with the recip ient's
government, when the now-fixed amount of aid budget to each recipient is divided
inside the country. The division can be across industries, across geographical areas or a
combination of both. For instance, some donors woul d prefer agricultural aid while
others might prefer IT projects, with such preferences most likely reflecting the current
industrial structure of the donor economy. Also, some donors concentrate their
resources on a recip ient's northern end while others would work on development in a
southern region, possibly mirroring the dono r's historic tie with the area or its current
regional policies. In any case, each sectoral or geographical budg et is subsequently
divided into more concrete foreign aid projects and used, hopefully, for the benefit of
the recipient coun try's economic development.

This study deals with the first stage of the dono r's decision-making process,
endeavouring to construct a new index to evaluate a dono r's inter-recipient budget
distribution. Donors are evaluated by Austin and Wall erste in's second crite rion- Who
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shou ld receive aid? -in terms of their international resource redistribution.

By no means is this the first attempt to build up an index to evaluate dono rs' aid budget
allocation. However, assumptions and practices employed in earlier studies are not the
best possible ones for three reasons.

First, many previous indices are intended to be 'gene ral indices' that rank donor
countries according to their 'over all perfo rman ce', rather than a single purpose-built
criterion. While many woul d be interested in who is at the top, or sometimes who is at
the bottom, on the 'good country' table -just as they would in the medal tally in the
Olympic Gam es-p olicy implications that can be derived from such a table are limited.
It is the simplicity of interpretation that makes an index number useful, and all-round

indices do not offer that virtue.

Second, many indices are input-based, constructed solely from how much mone y is
distributed to each recipient. A typical example is the nominal equity-based index that
gives high marks to donors that help poor countries. For some, this might be the 'righ t'
way to evaluate donors' fairness. However, the recip ient's ability to utilise foreign aid
varies considerably across countries so that the nominally equal distribution does not
achieve good resource allocation. In addition, because a recipient is poorer does not
necessarily mean it needs more assistance; demand for foreign aid also depends on the
inability of a country to self-finance investment. If we can construct an output-based
index that rewards donors that help countries that use aid efficiently, the index will be
better at evaluating the dono r's performance, at least from the perspective of those who
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believe in efficiency. Man y taxpayers in donor countries would likely classify
themselves as being in this category.

Finally, most indices fail to predict the recip ient's future. With no theoretical model
behind them, these indices reward some donors with high marks, and penalise others
with low marks, without acknowledging what those marks actually mean. Two subtypes
of indices are categorised here. One is those that do not assume a relationship between
foreign aid and economic development, and the other is those with extremely unrealistic
assumptions. An example of the latter includes the standard 'dollar-to-dollar'
assumption in which a dollar of foreign aid is assumed to contribute to a dollar increase
in the recipient's GDP. Of course, this assumption is remote from both reality and a
prediction made by any economic model.

With the three critical drawbacks taken into account, the necessity to construct an
alternative index is imminent. This is the primary objective of this chapter.

The structure of the remainder of the chapter is as follows. Section 4.2 provides a
critical overview of the previous indices that measure donor performance whilst
categorising them according to the assumptions about the recip ient's development.
Section 4.3 constructs a new version of the output-based index, name d the Productivity
Index. Section 4.4 shows the superiority of speciality indices over all-round indices to
justif y our focus on production efficiency of foreign aid. Section 4.5 constructs an
augmented growth model and obtains from it the prediction about the effect of foreign
aid on each recipient's economic growth. Using this information Section 4.6 computes
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the actual index numbers for OECD countries and multinational donors, then compares
the results with a previous input-based index. This section also offers suggestions about
how the practice of donor evaluation can be further enhanced.

4.2 Previous studies

Donor countries' performance in foreign aid programs can be evaluated in two
distinctively different ways: how well the donor has realised its own objectives; and
how much the donor has contributed to the recipient coun try's welfare. Examples of the
former include Eggleston (1987) and Ball and Johnson (1996) who econometrically
analysed the extent to which the United Sates is achieving its objectives at its Public
Law 480-based food aid projects. The objectives of aid considered in their models
include: humanitarian assistance, acquisition of political influence over the Soviet
Union/the Russian Federation, disposal of surplus agricultural commodities, and
establishment of new export markets.

From a political point of view, it is also an important practice to measure the donor ' s
accomplishments in its international strategies. Yet the prim ary objective of foreign aid
is to assist recipient countries with their economic development. This principle is more
formally documented by OECD (2000: 11-2), which defines official development
assistance, along with other criteria, as 'flow s to [developing] countries' that are
'administered with the promotion of the economic development and welfare of
developing countries as its main objective'. Given this, it is fair to say that a dono r's
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effectiveness in foreign aid should be measured by how well its aid programs promote
the recipient coun try's economic development and welfare.

As an extensive survey on the index theory by Diewert and Naka mura (1993) suggested,
there are hundreds of potential indices that can be used to evaluate a dono r's
performance in foreign aid. This means that the particular form an index should take
depends on the objective of the analysis.

Of those potential indices, several have actually been constructed for donor evaluation.
However, many such cont ribut ions- inclu ding the correlation coefficient of aid and
growth, the growth regre ssion 's coefficient on aid, the change in Gini coefficient
attributed to aid, and the improvement in poverty level computed by the head-count
meth od-s uffer from theoretical drawbacks such as biasedness, inefficiency and
arbitrariness, as demonstrated by White and McGillivray (1995) in their review of the
donor index literature.

Four major indices without these drawbacks are further examined here. They are
ordered by the underlying assumption on the relationship betw een foreign aid and
economic development.

Suits Inde x-no postulates. The Suits Index, originally invented by Suits (1977) to
measure the progressiveness of tax policies, was first applied by Clark (1992) to
evaluate donors' allocation of their foreign aid budget. This index is a modified version
of the well known Gini Coefficient. If we rank the recipient countries on the horizontal
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axis in ascending order according to their per capita GDP, and then plot on the vertical
axis the accu mula ted share of official deve lopm ent assistance (ODA) recei pt by, and up
to, each corresponding country, we obtain an augm ented Lore ntz curve (show n in
Figure 4-1 ). The Suits Index is then defined as the ratio of the area inside the curve and
the diagonal line ( OCB ) to the triangle (OAB ).

Mathematically, this can be expressed as

x -L

L

1

r100

Is= ~= 1- K = 1- K k T(y) dy,

(4.1)

where, following Suits 's original notations, K and L are the areas OAB and OCB ,
respectively, and T(y) is the cumu lative distribution function of foreign aid that takes
account of coun try y and all other recipients that are poor er than y. Note that, unlik e the
original Gini coefficient, Is can take both posit ive and nega tive values up to unity in
absolute value, with a smal ler numb er sugg estin g that the dono r in question is
distributing more of its aid budg et towa rds poor er countries.

In practice, only a limited numb er of recipients receive assistance from any donor.
Therefore, Equa tion 4.1 has to be used in the discrete form:
Is =1- ~lt(T(i)-T(i-l))CW(i)l

(4.2)

where T(i) is the cumulative share of foreign aid up to and inclu ding coun try i, and
W(i) the relative size of that coun try in terms of population.

This index is highl y value d by Whit e and McG illivr ay (1995), who label it as one of the
two best indices to evaluate dono rs' international resource allocation. They argue that
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the Suits Index satisfies three of the four criteria they set to evaluate the quality of
indicators. The criteria the Suits Index satisfies are: (1) it never produces a higher score
when a regressive allocation of the foreign aid budget is made; (2) it does not hold anticoncentration bias; and (3) it is neutral to the scale of the aid program. Only one
criterion is viol ated -(4) it is maximised by the donor giving all aid to a single recipient.
The other index White and McGillivray highly regard in their study is the Adjusted
McGillivray Index, which is discussed below.

The Suits Index certainly possesses these merits, but one of its weaknesses migh t be
strong enough to offset them. The indicator is computed solely with the distribution of
the aid budget over the recipients, having no postulate about the effect of aid on the
recipient coun try's economic growth.

Moreover, the Suits Index fails to satisfy two of the three good index criteria outlined in
Section 4.1. The index is input-based, relying only on the nominal-equity. It does not
have any structural mode l behin d it, leaving it unclear as to how high marks from
donors would lead to better development in the recipient countries. These characteristics
are summarised in Table 4-1.

Whe n an index is input-based and without a structural model, the formation of the index
is path-independent. In other words, indices of this type can be created from a snap shot
of the economy, with no need to refer to the recipient coun try's history, or prospect, of
economic development.
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Any index number has included at least one normative criterion in itself. Therefore , it is
not always correct to say that path-independent indices are more arbitrary than those
with economic models behin d them. Nevertheless, there is a significant difference
between the two types of indices: whereas indices with economic models behind them
can be statistically tested for the assumptions they impose on themselves, pathindependent indices do not have such opportunities. In all likelihood, this leads to larger
subjectivity of the indices.

McGillivray Inde x-In vari ance Postulate. The donor coun try's allocation of its aid
budget has also been evaluated in a group of studies since McGillivray (1989). In the
original paper, McGillivray constructed a donor index, whic h can range from zero to
100, to measure the aid-giving performance by each mem ber country of the OEC D's
Development Assistance Committee (DAC). The series of indices has a general form
universal across indices
l c =Lw1s; ,

(4.3)

j

in which donor i's performance is measured in the weighted sum, over its recip ient} , of
the product of the selectivity weight for each recipient that ranges from zero to 100, and
the recip ient's share in the dono r's total foreign aid that ranges from zero to one. Here,
w1 is large for recipients that should receive much assistance according to the value

judg ment by the creator of the index. With this weighting scheme, index I c becomes
larger as the dono r's budget allocation becomes more desirable. The connotations of the
word 'desi rable ' varies for each index.

McGillivray (1989) used each recip ient's relative poverty level in the weighting scheme.
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His selectivity weig ht for recipient j is calculated as
Ymax - Y; xlOO

M

wJ

(4.4)

,

Ymax - Ymin

where y 1 is GDP per capita of recipient j, and Ymax and Yrrun are, respectively, the
highe st and lowe st level of income of all recip ient countries in the world. Equa tion 4.4
can be rewritten as

WM
1

=(

Ymax
lYmax - Ymin

Yj
Ymax - Ymin

J 100 '

(4.5)

X

of whic h the first term in the brack et is constant. This mean s that

w7 is larger for

poor er countries. This is what McG illivr ay belie ves to be a desirable resource
allocation: the poor er countries should receive more aid.

Like the Suits Index, the McG illivr ay Index is path- indep ende nt. With a slightly
different view, Rao ( 1994) interprets that the index posse sses the Invar iance Postulate,
implicitly assum ing that foreign aid has no effec t on the recip ient's income. Eithe r way,
dono rs' high mark s in the McG illivr ay Index do not guara ntee the recip ient's future
development. Neve rthel ess, McG illivr ay's value judg ment appeals to many peop le's
comm on sense, and this is why nomi nal equit y shou ld be not be underestimated: unless
you can establish that a different meth od of resou rce allocation achieves a more
desirable

result,

the nomi nal

equity will

rema in the

most conv incin g and

comp rehen sible criterion to taxpayers. In this regard, the McG illivr ay Index has a stron g
virtue of a speciality index.

One technical issue shou ld be noted here regar ding indices that take the form 4.3.
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McG illivr ay originally used for the s1 term the recip ient j's share of per capit a aid over
all recipients assisted by this donor. As Whit e (1992a) point ed out, this meth od results
in bias in favour of small countries. To illustrate this point, suppose recipients m and n
have different populations, Nm and Nn . If the dono r of these two countries shifts one
dollar of aid from m ton, the change in the index is as follows

1
a1M =L~ [w
AjN ]
8A"
j 8A" j ~(A )Nj )

~ WmAm/Nm +~ wnAn/Nn
aAn L( A1/N1)
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beca use terms for other recip ient's , j, will not be affected by this shift. Notin g that

Am= -An, we have
1

81M

( Wn

W 111

]

aAn = L(A )Nj ) Nn - Nm '

(4.7)

j

Therefore, even if recip ient m, who has lost a porti on of aid, is poor er than n, the index
can be impr oved by this shift if Nm is sufficiently large.

Fortunately, this is a mino r problem. As McG illivr ay (1992) shows, the bias does not
harm the actual indexation unless the dono r relocates a significant amou nt of aid from a
very large, very poor coun try to a very small, very rich country. In addition, Rao (1994)
shows that the bias can be corrected by repla cing the original s with the share of the
1
total aid flow originating from i, after whic h the transfer from a poor er recip ient to a
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richer counterpart always lowers the don or's score. In Section 4.4 , we will follow Rao 's
method to calculate sJ. so that the index will always be unbiased.

Adjusted

McGillivray

Ind ex- Ad dit ivit y

Postulate.

Mc Gil livr ay's

original

contribution is criticised by Rao (1994 and 1997) for its Invariance Postulate, an
implicit assumption that the index does not recognise the effect of foreign aid on the
recipient cou ntry 's income level. He argued that the postulate is particularly
unsatisfactory because the main purpose of international aid is indeed to improve the
recipient cou ntry 's income level.

As a substitute for Invariance Postulate, Rao pro pos ed the Additivity Postulate, which
hypothesises that one dollar of foreign aid increases the rec ipie nt's concurrent GDP by
exactly one dollar. Du bbe d the 'dollar-to-dollar ass um ptio n', the postulate recognises
the growth effect of aid in the simplest manner.

Rao further assumed that no single donor country is large enough to raise the recipient
cou ntry 's income level, but the entire group of donor countries are. Un der this
assumption, the rec ipie nt's selectivity wei ght is given by
R
WJ

X

max

-X .
J

l
OO
X
,

(4.8)

x max - x min

where xis the rec ipie nt's per capita GDP net of aid from i but inclusive of aid from all
other donors. Note that y J. = x J. +aJ. must hold for a ., which is j's per capita aid receipt
J
from all donors but i.

103

In contrast to the Suits Index and the McGillivray Index, this index has a prediction
about the growth effect of foreign aid. If the entire aid is use d to help the recipient
country with household consumption, it certainly increases the concurrent national
income by that exact amount. However, this postulate is neither in accordance with the
spirit of aid nor a good reflection of the reality; international aid is conducted for the
recipient cou ntry 's permanent economic development and, to realise this goal, ma ny aid
programs take the form of capital investment.

In addition to being unrealistic, the Additivity Postulate brings two technical problems.
First, the index with weighting scheme (Equation 4.8) is insensitive to the aid given by j
to i. If foreign aid from other donors increases the rec ipie nt's income exactly by that
amount, that should also be the case for aid from donor i. However, Equation 4.8 does
not support this principle, and hence the donor can obtain high marks by simply
concentrating its resources on the poorest countries even if, by virtue of such intensive
assistance, those countries immediately cease to be the poorest.

Second, as a1 is unique to each donor, the selectivity wei ght for a recipient country
varies across donors as well. This results in a strange situation. For instance, donor A
should give more aid to recipient 1 than to recipient 2, but donor B should give more aid
to recipient 2 than to recipient 1. This kind of 'pre jud ice d' environment makes it
difficult to perform an inter-donor comparison of the performance in foreign aid despite
it being one of the principal purposes of the indexation.

Fixing these problems is an involved process. For the first problem, Rao (1994) showed
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that there is a weighting schem e that can overc ome the index 's insensitivity to aid from
i to}:

wAA

=

[ma+ +~J+j+~Jl

1
[

ma+j+ ~Jl

,

(4.9)

where Nj is the recip ient coun try's population, Aj the total aid recei ved by recip ient}

A.1
and a . = that in per capita term. By takin g the partial derivative simil ar to
; N.
J

Equations 4.6 and 4.7 it can be show n that, with this cumb ersom e weig hting scheme,
the index score improves only when resources are reallo cated from a riche r recip ient to
a poor er recipient. As for the secon d prob lem, each dono r can be meas ured by how
much it achieves relative to the maxi mum score it can theoretically attain. This
operation changes the index from evalu ating how well a dono r is doing acco rding to one
criterion to evaluating how well a dono r is doing for itself; this shifts the persp ectiv e of
the research with it.

A comp lex index is not nece ssari ly a bad index, beca use it can conta in rich infor matio n
in one scaler. As we will see in Section 4.4, however, the more comp lex an index is, the
more difficult it is to interpret, and the abov e modi ficat ion of the simple McG illivr ay
Index is no exception. Give n the fact that all modifications abov e were nece ssary so that
the index could work prop erly unde r the tenuous Addi tivity Postulate, the impo sition of
that postulate migh t not be the best solution to create a good dono r index.

Roodman Inde x-ap prox imat ed Productivity Postulate. Easte rly (2002) and
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Rood man (2003) were amon gst the first to recog nise the difference in recip ient
coun tries' ability to utilise foreign aid. This index adopts neith er the Invar iance
Postu late nor the Addi tivity Postulate. This index does not follow McG illivr ay' s gene ral
formulae (Equ ation 4.3) either. It carries this uniqu e form

~=

L~~
1

Y;

xIOO,

(4.10)

wher e w1 is the selec tivity weig ht for recip ient} that range s from 0.5 to 1, NA 'net aid
1
value ' from dono r i to recip ient j, and

Y; gross domestic prod uct of the dono r country.

Here, net aid value is defin ed as follows
Net Aid Valu e = Aid Rece ipt
- Tyin g Pena lty- Repa ymen t on Previ ous Loan s '

(4.11)

with the tying pena lty comp rising 10 per cent of parti ally tied aid and 20 per cent of
whol ly tied aid. This net aid value from i to j for each recip ient is further pena lised by
the selec tivity weig ht base d on the recip ient's GDP per capit a and on the gove rnanc e
indic ator creat ed by Kauf man et al. (2002).

Rood man (2003) calls the nume rator of the fract ion in Equa tion 4.10 'qual ity-a djust ed
aid value '. With this term inolo gy, the index can be unde rstoo d as the share of the
dono r's aid budget, in terms of the quali ty-ad juste d aid value, in their own GDP.
Loos ely put, the index show s what perce ntage of the dono r's GDP is effic iently spen t
on international assistance .

As we saw in Chap ter 2, restrictive aid does not nece ssari ly lowe r the bene fits of
foreign aid, and this make s Easte rly and Rood man' s autom atic pena lisati on again st tied
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aid questionable. Notwithstanding, Easterly and Roodman were amongst the first in the
donor index literature to recognise the diversity across recipient countries in the ability
to utilise foreign aid for economic development. This contribution should not be
underestimated: with this detection, the index finally bec am e output-based, not
necessarily rewarding donors that simply give assistance to nominally poo r countries.
This important characteristic of the Roo dm an Index is reflected in Table 4-1.

Table 4-1 also suggests, however, that the Roo dm an Index does not satisfy the other
two criteria examined there. First, the index is not specialised, marking donors
according to their overall performance rather than in a specific field. On one the hand,
the index tries to be selective about the quality of aid by penalising tied aid, aid given to
rich recipients and aid given to recipient countries with poo r governance. On the other
hand, it tries to screen donors by the quantity of aid, giving high scores to those that
spend a greater proportion of their GDP on aid programs. While bot h quality and
quantity of aid are undoubtedly important, it is not always valuable to assess donors
with a combined measure of the two because doing so inevitably involves another value
jud gm ent about the relative importance bet wee n them. This matter will be further
discussed in Section 4.4.

Second , Roodman used the Kaufman-Kraay-Zoido-Lobat6n Governance Index (KKZ)
as a proxy for the recipient cou ntry 's ability to utilise foreign aid efficiently. The use of
KKZ implies the existence of an economic model behind the index; with the help of aid ,
recipient countries with a better governed economy grow faster than those with a poorly
managed economy. Unless KK Z is exactly proportionate to each recipient country ' s
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ability to utilise foreign aid, such an assumption results in Equation 4.10 being biased.

More importantly, Roo dm an' s assumption that good policies tend to induce a good use
of foreign aid is not necessarily the consensus in the literature. The statement has bee n
tested by Burnside and Dollar (2000) and Hansen and Tarp (2001), with conflicting
results. While Burnside and Dollar found that the positive effect of foreign aid on the
rec ipie nt's economic development was conditional on good domestic policies, Han sen
and Tarp insisted that the positive effect was unconditional. Later, Roo dm an him self
conceded the lack of robustness in the assumption in Easterly, Levine and Roo dm an
(2003), casting doubt on the popular Burnside-Dollar theory.

If Hansen and Tar p's conclusion is supported by future studies, it wo uld me an that KK Z

does not provide much insight into the rec ipie nt's productivity in the use of foreign aid.
As the Roodman Index is 'ahe ad of tim e' using an unconfirmed assumption, we have to
wait until the end of the debate to decide the validity of the index.

4.3 Ind ex

As was demonstrated in the last section, one of the three shortfalls in previous indices
was their input-based nature: mo st indices do not take into account how mo ney is spent
after it is disbursed to its recipient country.

Input-based evaluation of donors can be misleading for two reasons. First, it is not fair
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to the residents of the recipient countries because disbursement of mone y itself does not
guarantee that the money is used efficiently for the sake of economic development.
These indices reward donor countries simply because they are contributing a large
amount of money, without a concern about the consequences of the aid.

Second, the evaluation method is not fair to the taxpayers of the donor countries either.
The majority of them would likely think that their mone y should be spen t on effective
welfare programs rather than ineffective international aid programs. The input-based
scheme, which does not penalise donors for ineffective use of their aid budget, does not
recognise that there are other ways to spend the money.

The new index to be constructed in this study evaluates each donor ' s performance in
foreign aid based on how productively the aid mone y is used. Dubb ed the Productivity
Index, it takes the same general form as the McGillivray Index and its successors
(Equation 4.3):
l a =Lw1s; ,
j

where w1 is the selectivity weight for each recipient that ranges from zero to 100 and s
1
is the recipient's share in the dono r's total foreign aid that ranges from zero to one.

For the Productivity Index, the selectivity weig ht in Equation 4.3 is called the
Productivity Weight and takes the following form that is similar to Equation 4.4
p

wJ

½- pmin
Pmax -Pmm.

X 100

,

(4.12)

where ~ - is the Productivity Measure, or the ability to utilise foreign aid, of recipient
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country j.

½ is 100 for the most productive recipient in the world and zero for the least

productive recipient.

With this selectivity scheme, the Prod uctiv ity Index meas ures the dono r's perfo rman ce
in terms of productivity. The index gives a high numb er to donors assisting recipients
with high ability to use foreign aid effectively and a low numb er to those givin g much
of its budg et to countries with lowe r ability to use the money. This is the case even if
those recipients with low ability are poor beca use the index is a speciality index.

Whil e the exact P.J will be deriv ed from a structural mode l in Secti on 4.5, an impo rtant
element of the Prod uctiv ity Index can be obse rved solel y from Equa tions 4.3 and 4.12.
If the dono r shifts one dollar of their foreign aid budg et from recip ient m to recip ient n,

the index will change by

a1p =
aAn

1
L ~ [w;A ]
j

aAn
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(4.13)
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=
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j

where A1 is the total aid from donor i to recip ient j. The secon d equality follows the
fact that neither the i's total aid budg et nor allocation to countries other than m and n are
affected by this shift. In addition, the forth equality came from dAm = -dAn .
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Equation 4.13 suggests that the Productivity Index is improved by the resource shift
from recipient m to recipient n only when n is more productive than m. Of course that is
not the case if the change in A1 affects the recipient's productivity, w , but such an
1
effect can be reasonably ruled out in the short run. As both Rao (1994) and White and
McGillivray (1995) noted, this is an important characteristic for any good performance
index.

Proposition 4-1:
The necessary and sufficient condition for the Productivity Index to improve the score
when and only when the don or's resource is transferred from a less productive recipient
to a more productive recipient, is that foreign aid does not improve an eco nom y's
productivity in the short run.

4.4 Choice of variables

The form of the Productivity Index has been determined. The nex t task is to compute
the Productivity Weight w~ for each recipient country.

The Productivity Index is an alternative to general indices that cover all aspects of the
donors' decision-making processes as well as their activities. While such an
amalgamation of evaluation criteria might make the index more informative , it also
makes it more difficult to understand. In other words, an index that is specialised in
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mea sur ing the don or's ach iev eme nt in one crit erio n is ofte n mo re use ful tha n the allrou nd ind ex tha t evaluates the don or's per form anc e from mu ltip le perspectives.

This section tries to bui ld a sim ple but formal the ory tha t tells us wh en and wh y the
'ph ilos oph y of the spe cial ity ind ex' stands. Alt hou gh don or ind ices are use d thro ugh out
the section as an exa mp le of the app lica tion of the theory, the results are uni ver sal for
any ind ex number. The results wil l late r be use d as a ben chm ark at the cho ice of
variables to con stru ct the Pro duc tivi ty Ind ex with.

Ind exa tion is a pro ces s emp loy ed to red uce the dim ens ion alit y of a dat ase t thro ugh
mat hem atic al operations, from mu lti- dim ens ion al to uni dim ens ion al. The virtue of the
resu ltin g ind ex is its sim plic ity as a scaler. As the num ber of dim ens ion s in the orig ina l
dat a increases, so does the vol um e of info rma tion inc lud ed in the con seq uen t index.
Unfortunately, the re is also a neg ativ e effe ct tha t follows suc h an inc rea se in the orig ina l
dimensions: a larger deg ree of com ple xity in inte rpre ting the index.

Sup pos e we are tryi ng to con stru ct an ind ex from a dat ase t of n var iab les for m
countries. In the don or index, m is the num ber of rec ipie nt cou ntri es the don or in
que stio n is giv ing ass ista nce to, and n is the num ber of var iab les exp ress ing a par ticu lar
facet of the rec ipie nts' nat ure tha t wil l be con side red in the eva lua tion of the don or's
per form anc e. Then, the pro ces s of the ind exa tion can be exp ress ed as
I= T(X ),

(4.14)

whe re I is the index, Tis a mat hem atic al tran sfo rma tion from X E D m+n to I ED , wit h
X defined as
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Xll

=
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I= [xi

X2

XN].

(4.15)

XMN

XMl

Here,

Xi N

is the mth var iab le of the nth country.

The net value of ind ex I is nam ed Zan d def ine d as
Z

= ma xf( x1 ,x 2 ,· · · ,xN)-C (N )
f

(4.16)

= V(x 1 ,x 2 ,· · · ,xN)-C (N )

whe re f is a function des crib ing the gross val ue of the info rma tion we can inc orp ora te
from X into I by som e mat hem atic al operation, V is the val ue function sho win g the
gross val ue from the bes t ope rati on of all, and C a function des crib ing the cos t of the
ind ex's com ple xity wh en we inte rpre t any ind ex com pos ed from N variables. Ass um ing
Z is wel l-be hav ed, we hav e

V(x i, x 2 ,

· ·,

xN, xN+ i) ~ V(x i, x 2 ,

· ·,

xN) + V(x N+i)

> V(Xi,X2, · · ,XN)

(4.17)

This can be sim plif ied to
V(x i,x 2 , .. ·,xN)-C (N ) > V(x i,x 2 ,

..

,xN,xN+i)+ C( N +1) .

(4.18)

The n from Equ atio ns 4.17 and 4.18, we obt ain
C(N + 1)- C(N ) > V(x i, x 2 ,

.. ,

xN, xN+ 1)-V (xi , x 2 , .. ·, xN)

~ {V(x 1 ,x 2 ,· · · ,xN)-V (xN+i)} -V (x1 , x 2 , · · ·, xN) .

(4.19)

= V(x N+i)

Am ong st all pot ent ial indices wit h N factors, we define the ind ex wit h val ue V(x N) as
the loc ally -be st index. We define further tha t the bes t val ued ind ex ove r all n as the
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universally-best index. Then from Equation 4.19, the following statement is derived.

Proposition 4-2:

A necessary condition for the locally-best index constructed from set of variables
(xi, x 2 ,- · ·, x N) to be globally-best, is that the marginal cost of adding the ne xt most-

informative variable X N +I' C( N + 1) -C (N ), is smaller than the gross stand-alone value
of the n+ Ith variable, V( xN+i) .

The punch line of this proposition is no t weak: wh en we decide whether to add one
more variable embedded into an index number, all we have to compare is the marginal
cost of such an action and the ma xim um value of the sole variable we are contemplating
adding. There is no need to evaluate the potential total value of the index after a variable
has been added.

It is worthwhile repeating that no matter ho w objective we are, the construction of any

index number always involves some arbitrary value judgment. In the present context,
this means that Proposition 4-2 does no t give us either a value function or a cost
function automatically. Nevertheless, it does reduce the magnitude of the despotism and
makes our choice of variables easier, because with this proposition as a navigator, we
do no t have to see further than the self-contained value and cost of the additional
variable. In this sense, Proposition 4-2 should be considered more of a convenient
'gu ide lin e' than a strict rule.

In addition, Proposition 4-2 has another implication for the construction of an index. If
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we are given two indices, it is always possible to construct a new index that takes both
of them into account. For example, the Productivity Index can be me rge d with the
McGillivray Index, with the resulting index showing the don or's combined performance
in productivity and equity. Starting from the simple arithmetic mean of two scalers,
there are an infinite num ber of potential indices we can think of. The important question
here is whether we should conduct such an integration.

Proposition 4-2 gives us a useful guideline for this type of question as well. It suggests
that we should combine the two indices to form a new index if the stand-alone value of
the McGillivray Index is larger than the cost of adding it into the Productivity Index.
While solving this problem involves a value jud gm ent , we learnt from bot h Rao (1997)
and Roodman (2003) that there is a large degree of difficulty in interpreting a combined
index. This is especially applicable when, as in the pre sen t case, there is an equityefficiency trad e-o ff because of the normativeness of the problem. It can be conjectured,
therefore, that combining the Productivity Index and the McGillivray Index does not
increase the value of the index. Following this argument, the two indices will be
calculated separately, and their scores will be compared after the computation.

4.5 Structural model

Section 4.3 and Section 4.4 offered possible solutions to two of the three problems held
by previous studies (raised in Section 4.1 and are now summarised in Table 4-1 ). Inputbased indices were transformed into an output-based Productivity Index in Section 4.3 ,
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and the superiority of speciality indices against all-round indices was demonstrated in
Section 4.4.

The remaining problem is that most previous works do not predict the effect of foreign
aid on the recipient coun try's economy. One exception is McGillivray et al. (2002), who
modelled donors' international resource allocation with recipients' commercial and
political value for the donor in addition to their need for aid. The index is then
calculated by penalising donors that deviate from the optimal resource allocation the
model predicted. The work should be recognised as a frontier that built a structural
model behind an index to evaluate aid donors. However, theories that recognise dono rs'
commercial and political concerns is a double-edged sword. On the one hand, they
mirror the reality in a more accurate and sophisticated way. On the other, the scope of
the study shifts away from development of the recipient countries. In this sense, their
work is against the philosophy of specialised indices.

If, unlike McGillivray et al. (2002), an index does not have a theoretical mode l behin d it,
we are not able to predict what the recipient coun try's future will be base d on a dono r
coun try's score in that index. Even if we have a plethora of high scoring donors, we
cannot know in what way recipients will be better off, because we lack a theory to
explain the relationship between the index score and its economic implications. In other
words, such indices 'decl are' the winner without telling the audience what winning
means.

Motivated by the criticism, this section tries to construct a structural model on which the
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Prod uctiv ity Iridex will stand. Usin g a structural mode l, recip ient countries will be
differentiated according to their ability to utilise international aid effectively. On the
computation of productivity, this

'abili ty' of each recip ient coun try will be

param eteris ed and used as the Prod uctiv ity Weig ht,

w;.

It is wort hwhi le recapitulating the four main findings from the last chap ter regar ding the
growth path of an econ omy recei ving foreign aid. First, it was show n that the popu lar
meth od of the ad hoc regression results in a statistically incor rect meas urem ent of the
effect of foreign aid on economic growth; henc e the impo rtanc e of a structural mode l
representing the recip ient's econ omy was confirmed. Second, the preva lent mode ls of
endogenous growth were demonstrated as being unab le to encapsulate the real worl d if
foreign aid has to be acco unted for, leavi ng the neoc lassic al grow th mode l as an
appropriate tool to mode l such a world. Third, throu gh theoretical analysis unde r an
augm ented neoclassical model, it was show n qualitatively that the dono r's misa lloca tion
of resources could deter the recip ient coun try's smoo th development. Finally, the
neoclassical assumptions empl oyed in the analysis were econ omet rical ly tested, and
accepted, justif ying the earlier results from the theoretical studies.

Given these results, an augm ented grow th mode l incor porat ing foreign aid is analy sed
here unde r the neoc lassic al assumption. The princ ipal purp ose of the analysis is to
obtain the Productivity Weight, which, in turn, is used to calculate the Productiv ity
Index.

Suppose recipient j's econ omy has a prod uctio n syste m repre sente d by
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Y = K a ( AL y-a ,

(4.20)

where Y is the econ omy' s overall production, K the level of the composite capital, A the
standard of technology, L the amount of labour and a the capital elasticity of the
econ omy' s production.

Unlike the model we studied in Chapter 3, Equation 4.20 does not have an explicit
notion of human capital. This follows the empirical results demonstrated in Chapter 3
that the effect of human capital on economic growth was not as strong and significant as
the effect of physical capital. This was possibly due to difficulties involved in the
measurement of human capital, and as a large and variant time lag between the
investment in, and the realisation of, human capital. Wha t is noteworthy is that the weak
significance of the effect of human capital came from a large standard error of the
coefficient; while this did not fatally harm the econometric analysis in Chapter 3, it
lowers the accuracy of the Productivity Index considerably: since an index is a nonparametric point estimator, a large error would result in some donors being penalised
with a score lower than it should be, because of our estimation error. Keeping the trivial
human capital variable out of equation, we know the index is based on the structural
model that has been accepted, or more precisely, has not been rejected. Statistical
outliers will still be present, but this only affects the Productivity Measure for those
outlying recipients, each of which accounts, on average, for less than 1 per cent of a
particular donor index.

Note, however, that this k is not to be understood as the physical capital in the economy.
Instead, it is a composite variable of all kinds of capital including, but not necessarily
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limited to, physical and human capital.

The evolution of the composite capital in this economy is
K=s Y-5 K,

where

s

(4.21)

is the exogenously determined saving rate and 5 the rate of depreciation.

Equation 4.21 can also be expressed in per effective labour term as
1
k= --2 {KA L-(A L)K }
(AL)
D

D

= _!5_- (AL) _!5_

(4.22)

AL
AL AL
= (ska -5k) -(n+ g)k

=ska -(n+ g+5 )k

where k is the capital per effective worker and, n and g are the growth rates of
population and technology, respectively. The economy reaches its steady state when the
composite capital per effective worker becomes constant. Setting k

=0

in Equation

4.20, we have the steady-state level of k

k' =(n+;+5

f

(4.23)

This situation is diagrammatised in Figure 4-2. We can observe there that there are two
conflicting forces affecting the econ omy' s capital level: a positive force in the form of
investment into the next year (represented by arc OTS1 ), and a negative force due to
depreciation, population growth and technological growth (depicted by line 0S1 ). After
investment slows down due to the diminishing return in the production sector, the
magnitude of the two forces become identical at S1 •
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Suppose now that the economy receives a constant amount of foreign aid, a , per
effective worker during each time period. Further, suppose that all components of aid
are use d for investment in the recipient country's composite capital as we exclude
emergency aid, which goes directly to peo ple 's income, from the focus of the present
analysis. Equation 4.22 then becomes

k = ska -( n + g + 8) k +a .

(4.24)

This situation is diagrammatised in Figure 4-3, which shows the new steady-state level
of capital k ** on the horizontal axis. From the figure, we can observe that k ** is greater
than the original steady-state level of capital, k *. This is because the negative effect on
capital development due to population growth, technological growth and depreciation is
partly offset by foreign aid. The new level of the negative effect at each time period, or
( n + g + 8) k-a , is represented by AS2 (Figure 4-3).

Despite the virtue of simplicity possessed by the assumption of constant and exogenous
aid, such an assumption is not stylised enough for an economic analysis; such an
assumption is counterfactual as poorer countries generally receive more aid in reality,
and also technically difficult to maintain. Therefore, some modifications are necessary.

To see the technical impossibility of the assumption more clearly, imagine the world
with two types of countries: 'do nor s' and 'rec ipie nts '. Each type of country is defined
by its initial income so that countries of the 'rec ipie nt' type are poo rer than the
'do nor 'type in the early stages of this wo rld' s development. Once all countries of both
types have reached their steady state, the income of the 'rec ipie nt' countries can be
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either highe r or lower than those of 'dono r' countries, depe nding on the countries '
economic characteristics that are assum ed to be exogenous unde r neoc lassic al settings.
With the exogenously deter mine d aid polic y, 'recip ients ' will keep recei ving assistance
from 'dono rs' even after the worl d has arrived at its stationary point.

If such a situation helps 'recip ients ' with their econ omic development, it is an

intuitively strange but econ omic ally acceptable scenario as long as it does not harm the
efficiency of the international economy. As each 'recip ient' has the stead y state, S2 ,
which is a stable equilibrium, however, no matte r how much foreign aid it receives , the
econ omy comes back to S2 again, nullifying the effect of foreign aid on econ omic
growth. Consequently, the assum ption is not only coun terfa ctual but also Paretoinefficient, and henc e shou ld not be empl oyed in our analysis. In other words, an
economic mode l with foreign aid that results in k ** > k * cann ot be a good repre senta tion
of the real economy.

Whil e scholars such as Feen y and McG illivr ay (2002) have right ly point ed out that the
amou nt of foreign aid given is gove rned not only by the level of the recip ient's
economic deve lopm ent but also by various political factors , there is still a negative
relationship, generally, betw een the coun try's per capit a GDP and the amou nt of foreign
aid it receives. To correct the overs impl ificat ion of Equa tion 4.24, there fore, we can
modi fy it into

k = ska -(n+ g+ 5)k+ a(y) ,

(4.25)

where a(y) is a decreasing function of k. As y is a function of k, howe ver, Equa tion
4.25 can be written as
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k = ska -

( n + g + 6) k + a( k) ,

(4.26)

where a(k) is a decreasing function of k, of course. Here, a(k) is assumed to be
continuous and differentiable in its entirety.

To avoid the Pareto inefficiency, any country at its steady state should not receive any
aid from another country. Mathematically, this is realised by the imposition of the
following condition
a(k)

= 0 for all k :2: k*.

(4.27)

Note that k * is identical to the steady-state level of the composite capital in the
economy without foreign aid. The results can be sum me d up as below.

Pro pos itio n 4-3:

Necessary conditions for foreign aid to be internationally Pareto-efficient are that the
amount of aid each recipient receives is endogenous of its ow n income level and that no
recipient receives any aid once it reaches the steady state.

There are two special forms of a(k) that satisfy the conditions summarised in
Proposition 4-3. Figure 4-4 depicts the first case in which donors concentrate their
resources on poo r countries. The amount of foreign aid the recipient receives is the
difference between arc DU SI and arc DTSI for given k, which decreases significantly
as the economy develops. The eco nom y's investment is mo ved up from its original
level, represented by arc DTSI to arc DU SI , effectively increasing the concavity of the
production function. This results in a rapid growth in the early stages of economic
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development followed by slow growth at the end, helping the recipient to get out of
poverty earlier than if there was no aid.

The second case, diagrammatised in Figure 4-5, recreates the case where donors decide
the amount of foreign aid for each recipient, a(k ), as a linear function of k. Un der this
scheme, the recipient receives an amount bet wee n OSI and ASI for given k, which
decreases proportionally to the eco nom y's infrastructure level. In both cases, the
conditions in Proposition 4-3 are fully me t with no recipient given aid once it reaches
the steady state.

Wh ich case represents the reality more accurately is an empirical pro ble m that is
difficult to answer. Fro m the viewpoint of poverty reduction, the first setting shown in
Figure 4-4 is probably more desirable. However, the scheme is also more difficult to
execute from the don ors ' perspective because, until mo st recipients raise their income
level above the lowest rung, their aid budget could be mu ch hig her tha n the second
scheme. In addition, policymakers would have to make yet another value jud gm ent with
the first scheme in determining how convex each rec ipie nt's investment pattern should
be, while the second scheme is mu ch easier to implement once each rec ipie nt's income
level is observed. For these reasons, out of the two special forms of Equation 4.26 the
linear setting represented in Figure 4-5 is use d in the following analysis.

Wh en a(k) is linear as in Figure 4-5 , the amount of foreign aid given to the recipient is
the difference bet wee n height OSI and height ASI for given k. It can take any value
between zero and a0 , disproportionate to the capital level of the economy. Here, a0 is
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name d 'the stand ard aid' , whic h is the unit to meas ure the generosity of aid prog rams
net of the recip ient's pove rty level. The larger the amou nt of stand ard aid, the more
generous the donors are, regardless of the recip ient coun try's curre nt incom e levels, and
hence we can see in the stand ard aid dono rs' willingness to help the poor.

AS1 has slope ( n + g + 5) + a~ and inter cept -a0 • It follows that the heigh t of AS1 can
k

be expressed as
z = { ( n + g + 5) + :~ } k - a0

(4.28)

Then, the evolution of the comp osite capital with aid is given by

ka= ska -z
= ska -(n+ g + 5)k- {:~ k+ a0 }
Note that

k =0
0

(4.29)

when the econ omy reach es the stead y state.

At the construction of the Prod uctiv ity Weight, our prim ary interest is in the effec t of
foreign aid on the recip ient coun try's econ omic growth rate. Such an effect can be
meas ured by the predi cted change in the econ omy' s grow th rate when one unit of
foreign aid is adde d to the econ omy, or mathematically,

~= a(~
J
aa .
The highe r

(4.30 )

½, the more effectively the recipient can utilise the aid money.

It turns out that this mode l can show the grow th effect on recip ient j by
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p =
1

1

(e-L' y + y')'

e-Lty

T{ (tL -l)y ' -e-LJ Y}
(4.31)

1 e-Lt y

=-- -;,T (tLy' -y)
where L is the rate of convergence of this economy, t the length of observation and
Y = y 0 - y * the difference in per capita income between the initial year of the

observation and when the economy is at the steady state.

½, which is hereafter called

the effect coefficient, shows by how many percentage points the recip ient's economic
growth rate can be raised when donors increase the standard aid by unity. Appendix 4A
gives the detailed mathematical derivation of Equation 4.31.

The actual values of the Productivity Measure,

½, and the Productivity Weight,

w;, for

each recipient were computed, and they are listed in Table 4-2. For the calculation of
the Productivity Measure, data from World Bank (2003) were applied to Equation 4.31.
The generated coefficients were then converted into the weights by formula 4.12. The
details of the data and computation methods are given at the end of the table.

Before we compute the productivity values, a comment should be made about the
derivation of the effect coefficient. As we can see from Equation 4.31, the Productiv ity
Measure,

½, is a predicted value obtained from the structural model discussed abov e.

In other words, they are not the values observed in the real world, but a forecast based
on an economic theory.

The reason we have to use such a prediction is that the variable 'effe ct of foreign aid on
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economic growth' is not directly observable. An attempt to overcome this prob lem can
be found in a series of studies including Islam (1992) and Mba ku (1993), who
conducted a simple linear regression to explain the causes of the recip ient's economic
development, then used the coefficient on the explanatory variable, the amount of
foreign aid, as a prox y to the growth effect. Such an ad hoc regression lacks concrete
structural models behin d it, and hence is not solid enough as a scientific methodology.

Provided that there is a cogent structural mode l behind it, there is another way to
explain econometrically which recipients are able to utilise foreign aid effectively. It is
a variation of the two-step method, in which the effect of foreign aid is estimated in the
first step, and then that estimated effect is used as an explained variable in the second.
From the results of the second regression, we woul d discover what the important
determinants of the effect of foreign aid on the recip ient's economic growth are.
However, there is a technical difficulty in this method; while one can show that the
estimators obtained in the second step are unbiased and consistent, the standard errors
of the estimators are unknown. As an index can only incorporate point estimators, the
use of estimators with unkn own standard errors could result in an unreliable index. For
this reason, the predicted values from the structural form were used in the construction
of the Productivity Weight. As such an attempt has not yet been made in the literature,
the detailed proo f of the estimators' unbiasedness and consistency, together with the
form of their standard errors, are given in Appendix 4B.

Having obtained the Productivity Weight,

w; , we are now ready to compute the

Productivity Index.
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4.6 Results and conclusions

The Productivity Weight obtained in the last section was converted into the Productivity
Index through Equation 4.3, and the results are listed in the right column of Table 4-3.
Data on donors' disbursement of aid to each recipient was taken from OECD (2003), a
comprehensive database of the worl d's bilateral aid programs. In addition to
independent scores for all DAC countries, scores for four grou ps-D AC countries as a
group, other bilateral donors as a group, all multilateral donors as a group, and all
bilateral and multilateral donors combined as a grou p-ar e listed.

For comparison, the McGillivray Index was also calculated from the same dataset, and
the results are displayed next to the productivity score. Remember, the McGillvray
Index is nominal-equity based, but takes exactly the same form (Equation 4.3). This
means that the entire difference between the two indices comes from the difference in
the weighting schemes, or between

wf and w; ,allowing for an easier comparison.

The raw scores of the Productivity Index are considerably lower than those of the
McGillivray Index for all donors. This result is interesting, and may suggest donors'
propensity to follow nominal equity, regardless of the recipients' ability to utilise
foreign aid. In principle, however, the two indices are only ordinal, and hence their
absolute magnitude means little.
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For the better use of the ordinality of the indices, Table 4-3 was transformed into Table
4-4, showing the ranking of the donor countries under the two indexing schemes.
Belgium, France and Greece are the countries with the highest Productive Index, and
Portugal, Australia and Japan the lowest. From the two tables, three interesting findings
can be derived.

First, the countries with low scores in the Productivity Index share a common
characteristic in their relationship with recipient countries. All of the three lowestscoring countries have a small number of recipient countries with which they have a
strong tie. For example, they are Mozambique and Guinea Bissau for Portugal,
Indonesia and Vietnam for Australia, and China and Thailand for Japan. Because the
'chosen' countries where the donors concentrate their resources happen to be
unproductive, there is little chance for the three countries to obtain a high score. In other
words, they privilege political relationships over economic merits of aid, and they are
penalised accordingly in the form of low scores in the Productivity Index.

Second, there is no difference in the quality of aid distribution between bilateral donors
and multilateral donors. Surprisingly, this is the case in both the equity measure and the
productivity measure, with the McGillivray Index (87.1 for bilateral, 87.6 for
multilateral) and the Productivity Index (30.78 for bilateral, 29.54 for multilateral)
showing almost the same scores for both. There has long been a debate about whether
one type of foreign aid is superior to the other, but it can be concluded from these
results that neither has an advantage as far as the international distribution of resources
is concerned.
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Last, although many countries with high McGillivray Index scores yield low scores in
the Productivity Index, it is not impossible to have good scores in both indices. A good
example of this is the Benelux countries (Belgium, Netherlands and Luxembourg); they
are all located in the top half of the DAC countries in both criteria. Belgium is
especially remarkable, ranking first in the Productivity Index and fourth in the
McGillivray Index.

The possibility that one country can score high marks in both categories is also
supported by a statistical comparison of both indices. Table 4-5 shows the result of a
regression that tested the correlation between the two weig hts-M cGil livra y' s weight,

wf , and

the Productivity Weight,

w; . While this is a casual regression with no

structural model, and therefore no strong argument should be derived from the table,
there seems to be some positive correlation between the two weights. The result is
worthy of attention particularly because it goes against the conventional corollary about
equity-efficiency trade-offs; if a prudent donor spends much of its aid budget on poor
recipients that can use aid effectively for economic growth, it is possible for that donor
to obtain high scores under both indexing schmes.

We should not forget that some recipients are not benefited by this findi ng-th ose who
are poor and unpr oduc tive- and how best to address this problem is another important
question. That a donor can be equal and efficient is encouraging for both aid agencies
and economists working on aid effectiveness, however, because this could lead to a
better development policy for both donors and recipients. If future studies approach this
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possibility from a theoretical perspective, this would contribute to a better agenda in
worldwide aid programs.

This chapter has constructed a new index to evaluate donors' performance in their
international resource distribution. Based on three criticisms against the existing
literature, each of the three problems has been carefully corrected on the way to
construct the Productivity Index. However, overcoming those problems has not solved
all problems of donor evaluation. For example, the present Productivity Index does not
take into account the recipient country's political environment, such as quality in budget
management, stability in country governance or resistance to corruption. The decision
not to include those factors in the index followed the fact that the causality between
such political factors and economic development has not been established in the
existing literature. The only way to solve this problem is to build a cogent economic
theory that explains the causality. With a good theory, future Productivity Indices could
become more accurate by incorporating political factors.

Nevertheless, this chapter has contributed by conveying the following two messages to
the literature on donor evaluation.

First, this chapter posited that an index, or any performance assessment program, should
have a clear criterion with which to evaluate the subject of the research. In our case that
criterion was donors' productivity, rather than the conventional nominal equity.
Sometimes, this kind of specialisation is mistakenly criticised for being biased or
making value judgments. Nevertheless, the truth is quite the contrary; it is an objective
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and scientific analysis under a given criterion, and the choice of whether or not to adopt
it is an entirely separate issue. Economists should not be afraid of setting
unconventional criteria. Instead, they should be wary of conducting unscientific
evaluations under a given set of assumptions.

Second, this study insisted on the need of the structural model to explain the
consequences of good and bad scores in the index. Any index without this may be
called 'irresponsible' in the sense that, even if donors aimed at high scores in that index,
they cannot know what the resulting outcomes will be. Policymakers and policy
advisers should be responsible for their evaluation, and the range of that responsibility
must include the consequences arising from their assessment.

Indexation is a methodology that has the potential for a greater amount of arbitrariness
than most other economic analyses. Paradoxically, this is why we should strive to be
even more scientific once the criteria of the index are set.

131

Table 4-1 Characteristics of previous indices

Speciality

Output-based

Structural model

Suits (1977)

Yes

No

None

McGillivray (1987)

Yes

No

None

Rao (1994)

No

No

Dollar to dollar

Roodman (2003)

No

Yes

Policy variable

Takahashi (2004)

Yes

Yes

Growth model
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Table 4-2 Productivity measure and prod uctiv ity weig ht

Productivity
measure
Albania
Algeria
Antigua and Barbuda
Argentina
Armenia
Bangladesh
Barbados
Belize
Benin
Bhutan
Bolivia
Botswana
Brazil
Bulgaria
Burkina Faso
Burundi
Cambodia
Cameroon
Cape Verde
Central African Rep
Chad
Chile
China
Colombia
Comoros
Congo Dem Rep
Congo Rep
Costa Rica
Cote d'Ivoire
Croatia

0.0184
0.0034
0.0025
0.0124
0.0144
-0.0002
0.0119
0.0076
0.0189
-0.0011
0.0332
0.0086
0.0152
0.0194
-0.0041
0.0950
0.0101
0.0432
0.0019
0.1462
0.0735
0.0093
-0.0007
0.0230
0.0229
0.0432
0.0037
0.0266
0.1734
0.0090

Productivity
weight
61.20
11.42
8.32
41.35
47.90
0.00
39.68
25.31
62.84
0.00
100.00
28.54
50.81
64.67
0.00
100.00
33.58
100.00
6.43
100.00
100.00
30.96
0.00
76.78
76.40
100.00
12.24
88.64
100.00
30.11
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Productivity
Measure
Czech Rep
Dominica
Dominican Rep
Ecuador
Egypt
El Salvador
Estonia
Ethiopia
Fiji
Gabon
Gambia
Ghana
Grenada
Guatemala
Guinea
Guinea-Bissau
Guyana
Haiti
Honduras
Hong Kong
Hungary
India
Indonesia
Iran
Israel
Jamaica
Jordan
Kenya
Korea Rep
Kyrgyz Rep

0.0026
0.0025
0.0108
0.0239
0.0237
0.0361
0.0015
-0.0128
0.0499
0.0105
0.0064
0.0000
0.0009
0.0557
0.0165
-0.0036
-0.0004
0.0140
-0.0006
0.0024
0.0053
-0.0014
0.0017
0.0058
-0.0001
0.0033
0.0045
0.0224
0.0029
0.0138

Productivity
Weight
8.76
8.29
36.11
79.80
78.93
100.00
5.15
0.00
100.00
35.13
21.21
0.08
3.16
100.00
55.14
0.00
0.00
46.64
0.00
8.09
17.57
0.00
5.53
19.19
0.00
10.90
15.05
74.69
9.76
45.91
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Productivity
Measure
Latvia
Lebanon
Lesotho
Lithuania
Macao
Macedonia
Madagascar
Malawi
Malaysia
Mali
Malta
Mauritania
Mauritius
Mexico
Moldova
Mongolia
Morocco
Mozambique
Namibia
Nepal
Niger
Nigeria
Pakistan
Panama
Paraguay
Peru
Philippines
Poland
Romania
Russia

0.0026
0.0063
-0.0004
0.0056
0.0037
0.0174
0.0996
-0.0040
0.0024
-0.0033
0.0051
0.0075
0.0048
0.0127
0.0004
-0.0010
0.0114
-0.0059
0.0172
-0.0047
0.4155
-0.0021
0.0129
0.0055
0.0131
0.0163
0.0123
0.0090
0.0025
0.0049

Productivity
Weight
8.71
21.14
0.00
18.70
12.25
58.01
100.00
0.00
8.12
0.00
16.92
25.01
15.84
42.43
1.27
0.00
38.08
0.00
57.32
0.00
100.00
0.00
42.92
18.34
43.75
54.32
40.95
29.99
8.42
16.29
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Productivity
Measure
Rw and a
Sao Tom e and Principe
Saudi Arabia
Senegal
Seychelles
Sierra Leone
Singapore
Slovak Rep
Slovenia
South Afr ica
Sri Lan ka
St Kitts and Nevis
St Lucia
St Vin cen t and the Grenadines
Suriname
Swaziland
Syria
Tajikistan
Tanzania
Thailand
Togo
Trinidad and Tobago
Tun isia
Tur key
Ug and a
Ukraine
Uru gua y
Uzbekistan
Ven ezu ela
Vietnam
Yem en
Zam bia
Zim bab we

0.0225
-0.0009
0.0062
0.0290
0.0047
0.6985
0.0024
0.0027
0.0066
0.0213
0.0007
0.0006
0.0102
0.0028
0.0085
0.0174
0.0056
0.0046
-0.0058
0.0008
0.0205
0.0119
0.0040
0.0094
0.0107
0.0017
0.0190
0.0080
0.0228
-0.0028
-0.0043
0.0620
0.0158

Productivity
We igh t
75.15
0.00
20.79
96.76
15.66
100.00
7.88
9.16
21.87
71.12
2.42
1.91
33.97
9.28
28.33
58.14
18.65
15.40
0.00
2.80
68.44
39.56
13.18
31.47
35.69
5.61
63.44
26.53
76.03
0.00
0.00
100.00
52.59
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Notes:
(1)

Dat a source: dat a on inc om e, pop ula tion , sav ing s is tak en from
Wo rld Ban k (2003).

(2)

The ind ex is for the yea r of 200 1, and the initial yea r is set at
1990. The refo re, for the rate of sav ing and the rate of pop ula tion
gro wth , wh ich are ass um ed to be exo gen ous in the stru ctu ral
mo del , the arit hm etic me an of the 10 years was used.

(3)

Fol low ing Ma nki w, Rom er and We il (19 92) , g + 8 was
ass um ed to be 0.05. Als o, a was ass um ed to be 0.7.

(4)

The pre dic ted stea dy- stat e val ue of per cap ital mco me,
a

y*

=(

Ji-a
,
is
n+ g+ 8
s

non -dim ent ion al. Thi s was con ver ted

into the actu al US dol lar term by bei ng mu ltip lied by 1000. Thi s
ope rati on does not cha nge the resu lts ordinally.
(5)

To min imi se the dist urb anc e of cau sed by out lier s, the cut -of f
thre sho lds wer e dra wn to mak e upp er (0.03) and low er (0)
bou nd of the Pro duc tivi ty Me asu re. Som e rec ipie nts hav e
neg ativ e coe ffic ien ts bec aus e the ir cur ren t inc om e lev el is
gre ater tha n the pre dic ted stea dy- stat e value.
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Table 4-3 Th e Productivity Index: results

McGillivray Index

Productivity Index

Australia
Austria
Belgium
Canada
Den ma rk
Finland
France
Germany
Greece
Ireland
Italy
Japan
Luxembourg
Netherlands
New Zealand
No rwa y
Portugal
Spain
Sweden
Switzerland
United Kingdom
United States

90.90
81.31
92.96
84.89
91.25
88.35
85.94
85.07
87.02
95.64
84.76
87.38
89.00
91.55
86.63
89.31
93.08
85.46
89.63
90.28
93.79
84.23

16.89
47.24
58.40
30.44
25.73
28.22
48.31
31.66
47.26
27.73
34.87
18.07
37.93
32.28
29.11
30.72
5.55
46.04
27.93
34.99
23.22
39.99

DA C Donors
Other Bilateral Donors
Multilateral Donors
Grand Total

87.16
86.96
87.63
87.32

30.78
20.88
29.54
30.08
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Table 4-4 Th e Productivity Index: ranking

McGillivray Index
Australia
Austria
Belgium
Canada
Denmark
Finland
France
Germany
Greece
Ireland
Italy
Japan
Luxembourg
Netherlands
New Zealand
Norway
Portugal
Spain
Sweden
Switzerland
United Kingdom
United States

7
22
4
19
6
12
16
18
14
1
20
13
11
5
15
10
3
17
9
8
2
21

Productivity Index
21
4
1
13
18
15
2
11
3
17
9
20
7
10
14
12
22
5
16
8
19
6
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Table 4-5 The relationship between equity and productivity

Method: OLS without intercept
Regressand: McGillivray Weight
The Productivity Weight

1.20
(0.113)

Observations

123

R-squared

0.479

Adjusted R-squared

0.474

P-value for F-test

0.000

Correlation Coefficient

0.204

Note:

The numbers in parentheses are the
standard errors of the coefficient.
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Figure 4-2 Conv entio nal neoclassical grow th mod el
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Figure 4-3 Growth model with fixed amount of foreign aid
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Figure 4-4 Growth mod el with foreign aid that afftects the conv exity of prod uctio n
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Figure 4-5 Growth model with foreign aid linear to capital level
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Appendix 4A Derivation of Productivity Coefficient

This appendix derives the effect of foreign aid on economic growth as shown in
Equation 4.31. First, from Equation 4.20 we can obtain the recipient's income per
effective worker

y=

:L

=K a~t a

=e:r

(4A. l)

=ka.

From this and Equation 4.29, the evolution of income per effective worker can be
written as
.
=
ay
ok
Y
ok ot

= aka- I {ska -(n + O + 5)k- !!._k +
0

k*

a}
(4A.2)

a
= ask a-l -a(n + g+5 )ka - a -* k+a ka-la
k
2

For notational simplicity, the subscript to a is omitted as it is already a constant here.
Taking the partial derivative with respect toy, we have

oy= oy_ I_
oy

ok ay/o k
2

={sa (2a- l)k2 a -a (n+ g+5 )ka- l _a

2

;.

ka-l +a( a-l) ka-l a }•a:a

1

= s(2a -l)ka -i -a(n + g + 5)-a ;. +(a -l)f
(4A.3)

Using 4A.2 and 4A.3, we can derive the first-order approximation of y around the
steady state:
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y= ayl (y- y*)
ay y=y*

= { s(2 a-l )k

*a-1

a
a
}
*
-a (n +g +5 )-a ~+ (a -l) ~ (y- y ),

(4A.4)

= {(a -l) (n+ g+ i:5 )-;. }(y -y' )
where the last equality use d the fact that, at steady state,

k = 0,

ska

= (n + g + 5)k , and

a(k *) = 0.

Equ atio n 4A.4 is the bas e to derive the app rox ima ted gro wth pat h of this rec ipie nt's
economy. Set x = y- y* and we hav e .x =

y. If we define /4 = (l- a)( n + g + 5) and

L =A +~ , the n the evolution of x is exp ress ed as
k

x =-L x.

(4A.5)

Equ atio n 4A.5 is a simple first-order differential equ atio n of wh ich solution is
xt = e

-Lt

x0 .

(4A.6)

This can be translated bac k in terms y as
Yt - Y
Yt = e

*

=e

-Lt (

-Lt (

*

Yo - y ) , or
*

*

Yo - Y ) + Y ·

(4A.7)
(4A.8)

By taking the time derivative, we also hav e the evolution of y in terms of t

.
Yt

L
-u
(
*)
= - e Yo - Y ·

(4A.9)

The principal interest of the analysis is to derive the Pro duc tivi ty We igh t for eac h
recipient. To acc om plis h this, we nee d to mea sur e the effe ct of foreign aid on eco nom ic
growth. Let Y = y 0 - y * be the distance bet wee n the initial level of inc om e and the
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predicted steady-state level of income. Then, using Equations 4A.8 and 4A.9, the
recipient' s rate of economic growth is expressed by

Le-Lt y
e-Lty + y*.

y

y

(4A.10)

The change in this growth rate of the recipient when there is a unit increase in the
standard aid, can be calculated by

~=tJ

(4A.11)

aa .

To obtain the right hand side of Equation 4A.11, we need to rewrite 4A.10 to include a
explicitly. Using the definition of L, we have

( /4 +

)'(a)=

;}-At-f.t y
a

y(a)

e

-J..,t----.t
k

y +y

*

(4A.12)

It follows from Equations 4A.11 and 4A.12, we have

P. = 1

=

l
(e-uY + y')'

Lt

1

(e - y + y' )'

~ y(a)- )'(a/~~)}

{dy(a)

e-Lty

(4A.13)

y {(tL - I) y • _ e- Lt y}

From 4A.7 which implies y

= e-Lty + y*, 4A.13 can be rewritten as

1 e-Lty
*
P.=-- -*-(tLy -y).
J
y2 k

(4A.14)

This is the effect of a unit increase in foreign aid on the recipient' s GDP growth, as
shown in Equation 4.31.

148

The sign condition of the effect parameter Pj should also be examined here. As
Y = y0

-

y * is always negative, the sign of the effect of foreign aid follows that of

f(t) = -(tLy* - y)
=- { tLy * -(y * +e- L

1

Y) }'

(4A.15)

Taking the first time derivative, we have
j(t) = -{Ly* -(-Le-L Y)}
1

= -L(y* + e-LrY)

(4A.16)

=-Ly< 0
In addition, f (t) has the initial value of

f(O)=y 0 >0.

(4A.17)

It follows from Equations 4A.15-4A .17 that the effect of foreign aid on economic

growth is positive until the economy gets very close to its steady state. This is when the
positive effect of foreign aid is offset by the negative effects of depreciation, population
growth and technological growth, all of which have been enhanced by the aid received.
How close is 'very close' depends on factors in Equation 4A.16, but most noticeably, a
large rate of convergence L will lead to an early distinction of the positive aid effect.
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Appendix 4B Characteristics of the two-step estimation

This appendix discusses the characteristics of the two-step estimation method referred
to in Section 4.5. There, this method was considered as an alternative way to evaluate
the recip ient's ability to use foreign aid effectively. However, the contents within this
appendix are universal, and hence applicable to other analytical frameworks also.

In economic analyses, we often deal with unobservable variables. One classic example
of such variables is the effect of an economic polic y on the econ omy' s performance
indicator. In many cases in the economic analysis, the magnitude of such an effect
depends heavily on other economic environments, maki ng it difficult to decompose the
pure effect of the policy from other 'nois es'. To cope with this problem, Pagan (1984)
shows appropriate estimation methods when some of the regressors in the estimated
equation are not directly observable.

In contrast, this appendix constructs an estimator for the case when the regressand in

the equation of the interest is not directly observable. The process takes two steps: the
first-step estimation generates the unobservable variable, then the variable is used as the
regressand in the second-step estimation.

Our primary interest is on the parameters ak of the following equation ('the prim ary
equation', hereafter):

Pk = Za k +µ k,

(4B.1)

N x1
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where Z is a N x L matrix of independent variables, a k L-component vector of
parameters, and µk independently-distributed residuals. We are dealing with the case
when

pk, the dependent variable of the equation, is not directly observable.

One way to estimate

pk is

to do so via another estimation process. If we have the

following equation ('the auxiliary equation' ) in the system along with 4B.1 ,
Yi
T x 1

= X ipi + i/,

(4B.2)

where Y i is the dependent variable of this equation, X i
independent variables and

t i

residuals distributed independently from µk in 4B.1. A

special note should be made regarding

Pk,

T x k matrix of the

pi. While Equation 4B.1

has dependent variable

it is possible that there are multiple independent variables that are explained by Z.

When there are k such variables, each satisfying Equation 4B. l, with k

= I, 2, •••, K ,

they can be jointly expressed as
i=l
/Jk=l

p =I

/J~::

/J i=l
k=2
i=2
/Jk=2

/J i=l
k=K

NxK

/J

i=N
k=l

i=N

/Jk=K

pi=l'
pi=2'

(4B.3 )

pi=N'
=Za+µ

where each prime denotes the transpose of the corresponding matrix.

For each i ,

p; can be estimated through the OLS process:
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pi =(Xi'xir lxi'y i'

(4B.4)

K x1

where the hat denoted an estimator for the real value. Similarly, the unknown for the
auxiliary equation, 4B.2, can be estimated through the OLS process

ak =(Z 'zr z'pk,
1

(4B.5)

Lx1

which can be aggregated over k as

0 = (Z'z rl z'p,

(4B.6)

LxK

with

P = [Pk=I Pk=2 .. · Pk=K ]·
Nx K

In this unobservable regressand estimation, we are unable to obtain the true value for

each component of
estimator for

p . However, it is a natural conjecture is that

p is

the 'best '

p. With this assumption, an estimator for a in 4B.6 can be approximated

by

1
a
=cz
·zr
z'p
LxK
pi=l'

=(Z'zr1z,1 pi=2'

(4B.7)

pi=n'

It is useful to investigate the components of

p at this stage. From 4B .4 and the

characteristics of the transpose matrix, we have
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W' =[c xi'xir l x i'yi ]'
1x k

= y i'xi (Xi'xi r l
= (Xipi +ti )'Xi (Xi'xi rl
= (Xipi)' Xi (Xi'xi rl + t

i' x i

(Xi'xi rl

= {X ; [ (Z;a)' + µ;]}' X; (X;'x;r

(4B.8)
1

+1 /X;(X;'x;r

1

= [ X i(Z ia)'J' X i(Xi'x irl +(X iµi) 'Xi (Xi'xi r l +ti'xi cxi'xi rl
= z iax i'xi (Xi'xi rl + µi'x i'xi (Xi'xi rl + ti'x i(Xi'xi rl
=Z ia+ µi' +ti'xic xi'x irl

Aggregating across i, this becomes
~ i=l'

p

pi=2 '

NxK
~ i=N

1

z i=l(l + µi=l + £ i=l'x i=l cxi=l'xi=lrl
1

z i=2 (l + µi=2 + £i=2 x i=2 cxi =2'x i=2 )-1
1

1

(4B.9)
z i=N

(l + µ i=N ' + £i=N 'xi =N cxi=N' xi=N rl

= Za + µ + £ X( X'x r
1

where

£

1

1

1

X( X'x r aggregates the third terms of N column vectors.

We are now ready to research the characteristics of the primary estimators ii . Using
Equation 4B.9, 4B.7 becomes
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a
=c
z·z
r
z'p
LxK
1

pi=l '
1

=(Z zr z'
1

pi=2 '

pi=N '

= cz·zr Z'Z a + µ + (Z zr Z't'X(X'xr
1

1

1

1

=a +µ + (Z' zr Z't 'X( X'x r

1

.

(4B.10)

1

'z)
-lZ
'
t'X
cx
'xr
l
=a +µ + (z
N N

Taking the expectation, we have

E[O:] =a + E[µ ]+ E[ (Z' zr' Z'i:X(X'xr']
=a + E[µ] + (Z' Z)- Z' · E[ t] · X(X X)1

1

1

.

(4B.11)

=a

Also from 4B.10, we have
plim

a= a+ plim µ + (Z' zr Z'. plim t'X . cx 'xr l
1

N • co

N • co

N•

co

N

N

(4B.12)

=a

Hence the vector of estimators

a is

unbiased and consistent under the following

'no rma l' conditions.

Pro pos itio n 4B-1:

The necessary condition for estimator

a to

be unbiased and consistent is that the

following variation of Gauss-Markov assumptions are satisfied.
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(1)

The error

ti ,

for each i , has an exp ecte d value of zero , giv en any values of the

corresponding ind epe nde nt variables. Similarly, the error µk, for eac h k , has an
expected value of zero, given any values of the cor resp ond ing ind epe ndent
variables.
(2)

1

There exist (X 'xr and (Z' zr

1

Tha t is, there the re are no exa ct linear

.

relationships among the ind epe nde nt variables.

Pro of is ver y similar to tha t for the OLS estimation. See Gre ene (2003).

Unfortunately, there is a dra wb ack in this method. Ma trix 4B.11 has dim ent ion s
1

E [a] = a+ (Z'Z)- Z' · E [ t] ·X(X 'X) LxK

LxK

Lx L

LxK

NxT

1

(4B.13)

T xT KxK

As the dimensions of the two terms tha t san dwi ch E [t] , (Z'Zr1 Z' and X(X'Xr1 , are
different, each com pon ent of Var [a] has ma ny ran dom variables in it. This me ans tha t

a has a complex variance matrix where components cannot be kno wn easily.

Therefore, this estimation me tho d is not suitable to be use d as a wei ght for an ind ex
bec aus e an index is a poi nt estimator tha t sho uld not be dev iate d too far from the actual
value. In addition, we sho uld rem em ber tha t any eco nom etri c me tho d is val id onl y wh en
there is a structural mo del beh ind it. Unfortunately, a the ory tha t leads to the form 4B.1
and 4B.2 has not bee n kno wn yet.
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5
Co nc lu sio n

Three stylised analyses on foreign aid have been undertaken in this thesis. Base d on
criticism levelled against the previous aid literature, all three studies aimed to adhere to
the philosophy that, regardless of the methodology used, economic analyses should be
conducted as scientifically as possible. While the findings and the implications from
three analyses converged to produce the main product, the Productivity Index, many
meaningful by-products were cultivated as well.

Chapter 2 compared the welfare effects produced by restrictive and unrestrictive aid,
and the common belie f about the welfare-inferiority was challenged both theoretically
and empirically. The diagrammatical investigation of the consumption possibility
frontier, the household optimisation problem with a hyperbolic discount function, and
the econometric research on the shadow value of food aid all indicated the same
possibility: a restrictive aid prog ram can bring about a larger welfare effect than an
unrestrictive aid prog ram of equal value, especially in the early stages of economic
development. The result emphasised the important role of foreign aid on huma n capital
accumulation, suggesting that education and information should be enhanced.

In order to further clarify the role of education and information in the recipient
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country's development, Chapter 3 investigated the macroeconomic mechanism of
economic growth. Through a review of the existing literature, a theoretical analysis of
the augmented neoclassical model and its empirical test, the study pro duc ed four
principal results: the popular econometric me tho d of linear aid -gr ow th regression
cannot measure the growth effect of foreign aid correctly; endogenous growth models
are unable to replicate the international economy with foreign aid; the don or's
misallocation of resources could defer the rec ipie nt's development; and neoclassical
assumptions are empirically acceptable when foreign aid is taken into consideration.
Following these findings, a new donor assessment system bas ed on each don or's
efficient resource allocation was called for.

Consequently, Chapter 4 drew attention to don ors ' effectiveness in their international
budget distribution through the construction of a new performance index. There,
corrections were made to existing indices so tha t the new index wo uld follow the
philosophy of the speciality index, be output-based and have a comprehensive structural
model purpose-built for the index. Then, the actual index scores were calculated for
OECD donors with bot h the new indexing scheme and the nominal equity-based
McGillivray indexing scheme. The results were encouraging to policymakers in that,
while equity-efficiency trad e-o ff does exist, it is not impossible for a don or to achieve
both equity and efficiency simultaneously.

In each chapter, existing empirical works were reinterpreted and , bas ed on such

reinterpretation, enhanced with a strong theoretical backbone. It is hop ed that the
findings from each chapter will contribute to the better understanding of the
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characteristics of international assistance, and hence, better policymaking. As with any
other study, however, this thesis is left with a room for improvement. Am ong st all
shortcomings ma jor and minor, two points are worth special attention.

First, the studies in this thesis did not deal with the political factors that play an
important role in the execution of foreign aid to an extensive degree. This strategy was
intentionally employed in order to put a greater emphasis on the importance of the
structural economic model, and to avoid the careless use of assumptions regarding the
relationship between foreign aid and politics. The latter was the reflection of the
ongoing, unsettled dispute in the literature about the role of good economic policies on
the effectiveness of foreign aid originating in Burnside and Dollar (2000) and Hansen
and Tarp (2001 ). With no consensus established on the matter, none of the three studies
made presumptions about policy-effectiveness interactions.

The lack of the consensus does not mean that the political decisions do not affect the
effectiveness of foreign aid programs or that political motivation is not a significant
factor to define the practice of foreign aid. Such truths have bee n recognised as long ago
as Pinstrup-Andersen and Tweeten (1971), and will not likely change in the near future.
For the aid literature to explain the whole mechanism of foreign aid, therefore, we need
to incorporate political factors into the analyses. As Hansen and Tarp (2001) argued ,
this has to be done thorough the construction of solid economic theories rather than
reliance on further empirical studies.

Second, each of the three works in this thesis dealt exclusively with either

15 8

mic roe con om ic (Ch apt er 2) or mac roe con om ic (Chapters 3 and 4) imp lica tion s of
international assistance. Wh ile the rese arc h in Chapters 3 and 4 wer e dire ctly mo tiva ted
by the findings of Cha pte rs 2 and 3, respectively, it was left for future studies to
integrate the mic roe con om ic analyses wit h the mac roe con om ic analyses. Suc h an
atte mp t wo uld mo ve the frontier of the aid literature one step further by elu cid atin g the
mea nin g of eac h mac roe con om ic pol icy in the ind ivid ual aid ben efic iary 's context, and
vic e versa.

Roo m for future enh anc eme nt not wit hsta ndi ng, this thesis has ide ntif ied van ous
unk now n characteristics of foreign aid, as wel l as rese arc h met hod olo gie s to exa min e
them. As an antithesis to the ad hoc emp iric al wor ks, eac h cha pte r con stru cted structural
models, the n the findings of the se mo del s wer e test ed or app lied empirically. The
assumptions ado pte d in the ore tica l mo del s wer e also test ed eco nom ical ly wh ene ver it
was feasible to do so. To rec api tula te the fruits from the thre e wor ks, the pro pos itio ns
tha t hav e form ally bee n pro ven in this thesis are sum ma rise d in Tab le 5-1.

Suc h pai nsta kin g attempts hav e not bee n com mo n in the aid literature whe re ma ny
studies hav e sole ly reli ed on cas ual regressions. In this sense, the thesis contributes by
poi ntin g the dire ctio n to wh ich the aid studies sho uld adv anc e in the fut ure -to wa rds
mo re rigorous and mo re scientific research.
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Table 5-1 List of statements formally pro ven

Chapter 2

• Strong conditions are required for unrestrictive aid to be
strictly welfare-superior to equivalent restrictive aid

• Need for restrictive aid decreases as the recipient economy
develops

• Peo ple 's nutritional status improves as their income grows*

Chapter 3

• The prevalent aid -gr ow th regression is mis-specified
• Endogenous growth models cannot incorporate foreign aid
• Aid should be given to enhance an appropriate capital stock
according to the recipient's production structure

• The neoclassical model correctly represents the world with
foreign aid*

Chapter 4

• The optimal number of variables in an index can be solely
determined by the last variable's net marginal value

• Two-step estimations result in unknown distribution of the
estimators

• Donors

can

achieve

both

efficiency

and

equality

simultaneously*
Note:

Asterisks denote empirical findings.
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