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Abstract

This paper studies the impact of liberalization of capital market on the performance
of foreign aid (FA). I consider two cases where FA is transferred to the households and
where it is used to finance public investment. Two sources of endogenous productiv-
ity growth is considered: (i) public investment (ii) Learning-by-doing generated by
tradable sector. Saving is endogenous. I compare two recipient economies with closed
and open capital market. I show that transferred-aid reduces productivity and growth
through de-industrialization if the capital market is liberalized. In the case of closed
capital market transferred-aid can improve the growth (through improving the accu-
mulation of capital) if LBD effect and consumption intensity to N-sector are small. On
the contrary, the effect of invested-aid on growth is positive only if the quality of aid
is high and the LBD effect and the intensity of public investment to N-sector are low.
In this case, the effect of invested-aid on productivity is higher in the case of closed
capital market. Nevertheless, productive foreign aid crowds out capital accumulation
if capital market is closed while it leads to capital inflow if capital market is open. I
show that the impact of invested-aid on GDP is more important for financially liber-
alized economy if LBD effect is low and private consumption is not very intensive to
the N-sector.
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1 Introduction

The increase in foreign aid and the other forms of unilateral sovereign capital transfers mo-

tivated a large number of studies on the effectiveness of foreign aid during the last forty

years. In the post-World War II era, capital transfers have increasingly taken the form of

development assistance or foreign aid.1 Several U.N. reports and declarations have called for

a dramatic increase in Official Development Assistance (ODA) to achieve the Millennium

Development Goals. Besides, EU has designed and implemented Structural Funds program

to assist below-average per capita incomes and low growth rates member nations to catch up

and transit into the union. Nevertheless, the correlation between foreign aid and economics

growth has been questioned by many economists (See Hansen and Tarp (2000) for a review)

and there has been a large number of discussions about the magnitude and the design of

these assistance.

The case studies on the effectiveness of foreign aid have found different results for different

countries. For example, Levy (2007) finds that Chad by investing on education, infrastruc-

tures and institutions has benefited (in terms of growth) from foreign aid. On the contrary,

Feeny (2005) finds little evidence that aid and its various components have contributed to

economic growth in Papua New Guinea. Michalopoulos and Sukhatme (1989) conclude that

the cross-country evidence is ambiguous.

In a much cited paper, Burnside and Dollar (1997), using panel growth regressions and

using an interaction term between aid and an index of economic policy show that foreign

aid is effective for growth when it is complemented by good economic policy-making by the

recipient governments. This paper, however, has been criticized by several papers, including

Dalgaard and Hansen (2001), Easterly et al. (2003), which show that the results of Burnside

and Dollar (1997) are fragile and data dependent. Finally Boone (1996) which attracted

particular attention, concludes that aid has no effect on growth. In a nutshell, as Chatterjee

and Turnovsky (2005) puts it: “there seems to be no emerging consensus on whether foreign

aid can promote growth in poor countries.”

The shortcoming results in empirical studies about aid-growth relationship is to a large

extent due to the lack of rich and sophisticated theoretical frameworks that would iden-

tify the mechanisms through which aid affects the growth. Without identifying these lines

of causality there is no wonder that the empirical results are not conclusive. The aim of

1See Brakman and Van Marrewijk (1998).
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this paper is to contribute to the enrichment of the theoretical literature in this topic and to

suggest new factors and policies which must be taken into account in the aid-growth analysis.

According to the existing growth literature on aid effectiveness, the most important chan-

nels through which aid affects the growth are: (i) private capital accumulation, (ii) public

investment, (iii) Dutch disease and de-industrialization effect and (iv) political and institu-

tional incentives.2 On the one hand, temporary foreign aid, if transferred to the households

can boost the saving and possibly the accumulation of capital. The first generation of aid-

growth literature focused on this line of causality with sometimes naive conclusions that one

dollar aid will be translated to one dollar of private saving (Rosenstein-Rodan (1961)). In

a more recent paper, Chatterjee and Turnovsky (2005) conclude that the impact of an aid

program on the accumulation of private capital depend on (i) the elasticity of substitution in

production, (ii) whether the aid is permanent or temporary, and (iii) whether the aid is tied

to public investment or not. Tied foreign aid is defined as a foreign aid which is obliged by

donors to be used to finance productivity-enhancing public investment (e.g. infrastructures).

Besides, foreign aid can improve the productivity and growth by financing the govern-

ment’s investment in infrastructures and the other forms of productivity-enhancing public

investments. Between 65% and 75% of official development assistance have been fully or

partially tied to public investment.3 Some papers in aid-growth have focused in this line

of causality (e.g. Dalgaard (2008), Kalaitzidakis and Kalyvitis (2008) and Chatterjee et al.

(2003)). Chatterjee et al. (2003) point out a sharp contrast between the impacts of tied and

untied foreign aids on growth and productivity; arguing that publicly-invested-aid always

work better than transferred-aid since it will increase the productivity of the economy.

On the other hand, foreign aid can be destructive for growth through Dutch disease and

Learning-by-doing (LBD) externality. Dutch disease and its associated LBD effect are the

focal points in natural resource-growth literature and are identified as the most important

economic explanations for the curse of natural resource (See Van der Ploeg (2011) for a

review). Similarly, the literature working on aid-growth relationship, have identified Dutch

disease as one of the sources through which aid may not be effective to boost the growth.

(see Rajan and Subramanian (2005), McKinley (2009), Rajan and Subramanian (2011),

Prati and Tressel (2006) and Bevan and Adam (2004) ).

2The last channel is not the focus of this paper. See Adam and O’Connell (1999) and Svensson (2000) as
some examples in this line of study.

3World Bank (1994).
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Foreign aid, similar to natural resource revenue, provides the economy with some wind-

fall revenue which lead to Dutch disease characterized by (i) real appreciation of currency

(at least in short term) and (ii) de-industrialization: The reallocation of resources from

the tradable sector (henceforth the T-sector) to the non-tradable sector (henceforth the

N-sector).4 Empirical and theoretical papers in natural resource curse have identified T-

sector (exporting and specially manufacturing sector) as the source of LBD and endogenous

technological progress (see Sachs and Warner (1995), Van Wijnbergen (1984)). Therefore,

de-industrialization influences negatively the productivity of the economy through diminish-

ing the technological progress. If there is no LBD externality, Dutch disease will not have

any long term impact in long run. But, in the presence of LBD externality, Dutch disease

can deteriorate the long-run growth.

Knowing these mechanisms, some crucial questions must be addressed: Does invested-

aid has always positive effect on productivity and growth? If not, under which conditions

invested-aid can boost growth? Does liberalization of capital market plays a role in aid-

growth relation? Does invested-aid always perform better than transferred-aid? Is it possible

that for some given aid, turning invested-aid to transferred-aid leads to an improvement in

growth? This paper by establishing a two-sector and two-period model, answers to these

questions and identify some factors which are crucial in addressing to these questions.

I account for two sources of endogenous productivity growth: (i) public investment and

(ii) LBD effect generated by the T-sector. Moreover, the model allows for endogenous saving

and capital accumulation. This enables us to investigate the interactions between these three

channels. By comparing the two cases of perfectly open capital market and closed capital

market, I contrast impacts of the two types of the aid (transferred-aid and invested aid) in

economies with different level of capital openness. I show that the efficiency of each type

of aid and the best allocation of aid between these two types depend on the openness of

financial market.

To the best of my knowledge, there has been no paper considering these three channels

at the same time. For example, Chatterjee et al. (2003), Chatterjee and Turnovsky (2005)

and Agénor et al. (2008) do not take into the account LBD externality. Ignoring the external

LBD effect made them to conclude that, as long as labor supply is inelastic, transferred-aid

has no long run impact on growth. This result can not be supported by empirical studies

4See Rajan and Subramanian (2005) for some empirical evidences of Dutch disease impact of aid.
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which have shown the possibility of negative effect of foreign aid on growth.

However, Adam and Bevan (2006), considering both public investment effect and LBD

effect of aid, finds that the impact of enhanced aid on growth is less straightforward than

the simple models of aid suggest. This result seems more compatible with empirical results.

Adam and Bevan (2006) focus on the possibility of sector-specific bias in productivity gen-

erated by public investment. Nevertheless, they take the private saving and, hence, private

capital accumulation as exogenous. Therefore, they do not take into account the effects that

foreign aid can have on capital accumulation through LBD extenality and public investment.

Besides, assuming exogenous saving abstracts the role that financial liberalization can play

otherwise.

Another important contribution of this paper is investigating the influence of financial

liberalization on the macro impacts of foreign aid. The influence of the liberalization of

financial market on aid-growth has not been studied by previous literature, even though,

as this paper will suggest, it can play important role in aid-growth relationship through its

influence on the accumulation of capital. The impact of liberalizing of capital market, when

the economy is facing windfall income, has been studied by Ismail (2010). In that study,

the channel through which the openness of financial market plays role is different capital in-

tensity of T-sector and N-sector: if the T-sector is relatively more capital intensive, windfall

income leads to out flow of capital. Therefore, Ismail (2010) concludes that closed capital

market operates better when an economy receives windfall income.

Even though the source of windfall income in that paper is natural resource, the same

mechanism can play role when the economy receives windfall income from foreign aid. Nev-

ertheless, the static paper of Ismail (2010) does not consider the interaction of financial

liberalization with possible supply effects of windfall income through public investment and

Dutch disease. In this paper the mechanism is through the impact of financial liberalization

on the accumulation of private capital when foreign aid alters the productivity of the econ-

omy through public investment and LBD externality. Hence, no wonder that, contrary to

Ismail (2010), this paper suggests that liberalization of financial market can impact positively

the effectiveness of aid. More precisely, this paper suggests that financial liberalization can

have positive effect on growth if the aid is invested in public productive goods. For example

if invested-aid succeeds to boost the productivity, the economy will be more attractive for

foreign investors. Therefore, if capital market is open, invested-aid leads to more capital in-

flow. On the contrary, if the capital market is closed, invested-aid discourages private saving
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through inter-temporal substitution effect. Therefore, in the case of closed capital mar-

ket, productive foreign aid deteriorates the accumulation of private capital. Consequently,

invested-aid can be more effective if the capital market is open.

The rest of paper will be as follows: section 2 introduces the general features of the model

and defines the equilibrium for two cases of open and closed capital markets. Section 3 con-

siders the aid that is entirely transferred to the households (transferred-aid). The impact

of transferred-aid on productivity, growth, capital accumulation and size of the T-sector is

studied and compared for two similar economies with open and closed capital markets. It

is shown that in both cases transferred-aid leads to a shrinkage in the T-sector and to the

deterioration of productivity. These effect are higher if capital market is closed. Moreover,

transferred-aid will decline domestic capital and GDP if capital market is open. Transferred-

aid, however, encourages the accumulation of capital if the financial market is closed. It is

shown that the impact of transferred-aid in the two economies, on GDP depends on the

importance of LBD effect and intensity of private consumption with respect to N-sector.

In section 4, I contrast the previous results with the impacts of invested-aid. I show

that invested-aid leads to de-industrialization. Nevertheless, the impact of invested-aid on

productivity is likely to be positive if the quality of public investment is high, LBD effect is

relatively small and public investment is not very intensive to N-sector final goods. For the

case in which this impact is positive (defined as effective invested-aid), de-industrialization

is more pronounced if the capital market is open. Therefore, invested-aid is less effective to

enhance the productivity if capital market is open. On the other hand, if capital market is

closed, the effective invested-aid crowds out the private capital accumulation while it leads to

capital inflow if capital market is open. Therefore, it remains ambiguous if liberalization of

financial market enforces the positive impact of effective invested-aid on GDP growth. I will

show that opening the capital market has favorable impact if LBD effect is relatively small

and intensity of private consumption with respect to N-sector is low. In section 5, I discuss

the optimal (in terms of growth) allocation of aid between invested-aid and transferred-aid

for two cases of open and closed capital market. Section 6 discusses some of the assumptions

of the model. Finally, section 7 concludes.
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2 The General Model

In this section, I introduce the general features of the model. I establish a two-period model

with two sectors: T-sector and N-sector. I assume a small open economy. Basket of con-

sumption consists of the final goods produced in these two sectors. In the first period, the

government receives windfall foreign aid.5 The government can allocate this windfall revenue

between non-productive expenditure (transfer to households) and productive public invest-

ment (e.g. investment on infrastructures and R&D). Firms in each sector operate in perfect

competition market and produce by hiring private capital and inelastic labor provided by

the households. The productivity/technology is subject to endogenous progress originated

from public investment and Learning-by-doing generated by the T-sector. I consider and

compare two economies with open and closed capital market.

2.1 Households

I assume a continuum of homogeneous households normalized to one. Households live for two

periods. The utility of the representative household depends on the basket of consumption.

For simplicity, I assume that the household’s utility is logarithmic and time separable:

U(C̄1, C̄2) = Log(C̄1) + βLog(C̄2) (1)

Where C̄t is basket of private consumption at time t and β is discount rate. Note that the

government expenditure (G) is not directly in the utility function of the households. In

fact government expenditure can have two different forms: (i) public goods/services and (ii)

public investment. By definition, while the former has direct impact on individual utility,

the latter influences the productivity and not directly the household utility. Assuming no

asymmetry of information and homogeneity among the households, agents are indifferent to

enjoy public services/goods or to receive direct transfer which enables them to buy the same

services from private market. Therefore, we can assume that the government privatizes all

its non-productive services and compensate households with some direct transfers. By doing

so, I eliminate utility-based public services from the model. Thus, in the rest of the model,

public investment is the only form of government expenditure and it does not have a direct

impact on households utility.

The household can save or dissave in the first period to maximize his inter-temporal util-

5windfall income can be from natural resource revenue as well.
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ity. One unit of saving is transformed to one unit of private investment and, thus, one unit

of private capital if the capital market is closed (for simplicity I assume no depreciation of

capital). If the capital market is open, however, this equality will not hold any more. In this

case, the gap between net private saving and net accumulation of domestic capital represents

the net non-sovereign capital outflow. Therefore, in the case of open capital market, one

must distinguish between the capital owned by domestic households (K̃) and the capital

which is used inside the economy (K).

At time t, the representative household’s revenue consists of the wage in the return to his

inelastic labor supply (wt), the the return to the private capital owned by him (rtK̃t) and

the net transfer (TRt) from the government (lump-sum tax if TR < 0). The gap between

his revenue and his consumption expenditure is his net saving: K̃t+1 − K̃t:

P̄C̄,tC̄t + K̃t+1 = (1 + rt)K̃t + wt + TRt (2)

where P̄C,t represents the price level of the private basket of consumption at time t. To-

tal endowment of capital in the first period (K̃1) is given. The representative household

maximizes his inter-temporal utility subject to his budget constraint:6

max
{C̄1,C̄2,K̃2}

{
U(C̄1, C̄2) = Log(C̄1) + βLog(C̄2)

}
subject to

P̄C̄,1C̄1 + K̃2 = (1 + r1)K̃1 + w1 + TR1

P̄C̄,2C̄2 = (1 + r2)K̃2 + w2 + TR2

This maximization problem leads to the standard consumption smoothing rule represented

in the following equation:

C̄2 = β(1 + r2)
P̄1

P̄2

C̄1 (3)

If households have perfect access to the international financial market, then r2 is equal to

the exogenous international interest rate r?. On the contrary, if the capital market is closed,

r2 will be determined by the productivity of domestic capital in period 2. Ceteris paribus,

an increase in interest rate of the second period leads to a decline in the the first period

consumption through inter-temporal substitution effect. To make the comparison between

6In this maximization problem wage and interest rate are given to the households. As it will be shown
later, the total consumption in t affects the economic productivity in t + 1 through LBD effect. Since the
households are atomistic, they don not internalize this effect in their inter-temporal maximization problem.
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the cases of open and closed capital market meaningful, the first period interest rate for the

closed capital market is set to be equal to international interest rate, r?.

Private basket of consumption consists of the T-sector and N-sector final goods with a

Cobb-Douglas functional form:

C̄t(cN,t, cT,t) = cγcT,tc
1−γc
N,t

Subscripts N and T refer to N-sector and T-sector respectively. γc represents the intensity

of consumption with respect to the T-sector. Setting the price of the T-sector products as

numeraire (PT,t = 1), the price of the N-sector final goods represents the real exchange rate

(RXR =
PN,t
PT,t

= PN,t). For a given relative price (real exchange rate), the household allocates

his consumption expenditure between the T-sector and N-sector final goods to minimize his

cost for a given consumption level (C̄):

min
{cN,t,cT,t}

{PN,tcN,t + cT,t}

subject to: C̄t (cN,t, cT,t) = cγcT,tc
1−γc
N,t

This minimization problem leads to the following results:

cN,t =

(
γc

1− γc

)−γc
P−γcN,t C̄t (4)

cT,t =

(
γc

1− γc

)1−γc
P 1−γc
N,t C̄t (5)

P̄C,t =
1

γγcc (1− γc)1−γcP
1−γc
N,t (6)

With other things constant, if the total private demand increases, the demand in both

sectors will increase. Moreover, an increase in the real exchange rate implies an increase

in the relative demand for T-sector goods and vice versa. Finally, an appreciation of real

exchange rate leads to the higher consumption price level (in terms of the T-sector final

goods). This equations also can show an important source of externality in this model. An

increase in the demand for the N-sector goods leads to de-industrialization which has adverse

effect on productivity. Households, while deciding about their basket of consumption, do

not internalize this effect.
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2.2 Production

In each sector, firms hire labor and capital to produce final goods. I will assume a Cobb

Douglas production function in both sectors:

F j(Kj,t, Lj,t) = aj,tK
αj
j,tL

1−αj
j,t j ∈ {N, T} (7)

at ,Kj,t andLj,t represent respectively technology-level (or productivity level), private capital

and labor employed in sector j at time t. αj is the capital intensity of sector j. Note that in

the case of open capital market, Kj,t can be partially or entirely foreign investment in the

domestic economy. Moreover, following Lartey (2008), I assume that a unit of T-sector good

can be costlessly transformed into a unit of private capital. Consequently, the T-sector good

is either consumed, or used for private and public capital formation or exported, whereas,

the N-sector good is used only for consumption purposes or for public investment.

I assume that each household supplies inelastically one unit of labor in each period,

LT,t + LN,t = 1. The representative firm’s profit maximization problem implies that in

equilibrium:

wt =
∂F T

∂LT,t
= PN,t

∂FN

∂LN,t
(8)

rt =
∂F T

∂KT,t

= PN,t
∂F T

∂KN,t

(9)

To make the model theoretically traceable and to focus on the mechanisms of our interest, I

assume that the both sectors have the same capital intensity (αT = αN).7 This assumption

has two important implications which make the model much simpler and theoretically trace-

able: (i) both sectors have the same capital intensity which is equal to the capital intensity

of the economy. (ii) Real exchange rate and, thus aggregate price level, depend only on the

ratio between the sectoral technology levels and it is independent from the foreign aid. This

results is consistent with Torvik (2001) which argues that beyond very short term, when

capital and labor are reallocated the impact of windfall income (here, foreign aid) on real

exchange rate is negligible.8 Formally:

7Inter-sectoral difference in capital intensity has important consequence specially when one compare the
effect of capital market openness (See Ismail K. (2010) as an example). The implications of inter-sectoral
heterogeneity in capital intensity is explained in Discussion.

8Note that the aim of this paper is the impact of aid on long-term growth. The impact of real exchange
rate matters only in short-run. Therefore, abstracting variations in real exchange rate does not bear cost on
the aim of this paper.

10



Assumption 1. I assume that the two sectors have the same capital intensity (αT = αN).

This assumption implies that:

KT,t

LT,t
=
KN,t

LN,t
= Kt (10)

PN,t =
aT,t
aN,t

(11)

2.3 Technological progress

Technology/productivity, aj,t, is subject to endogenous progress due to both public invest-

ment and LBD effect. Public investment boost the technological/productivity progress by

improving infrastructures (namely, energy, roads, water supply and telecommunication) or

promoting R&D. Contrary to Agénor et al. (2008) and similar to Adam and Bevan (2006),

in this model, public investment boosts the productivity of the economy and it is not a

factor of production. For the sake of simplicity and to focus on the objective of this paper,

I assume that public investment has no sectoral bias.9

Following the studies in the Dutch disease and the LBD externality, the T-sector is

assumed to be the engine of technological progress. In fact the main source of endoge-

nous technological progress is manufacturing sector (see for example McMillan and Rodrik

(2011), Sachs and Warner (1995), Van Wijnbergen (1984)). The impact of manufacturing

and modern export sectors on growth is also mentioned in the literature on undervaluing

the currency-growth relationship. For example, Rodrik (2008) argues that undervaluation of

currency has positive impact on growth by expanding the T-sector. Sachs and Williamson

(1985) after examining the different outcomes in Latin America and East Asia conclude that

the more important differences between the two set of countries are exchange rate and trade

regimes which expand the tradable sector in East Asia. Dollar (1992) and Balassa (1978) also

demonstrate that managing real exchange rate to encourage export and outward-oriented

policies can foster growth. Consequently, in this model, de-industrialization leads to lower

technological progress. To focus on the mechanisms of interest, I assume also that the LBD

effect is fully spilled-over from T-sector to N-sector and, hence, the firms in both sectors

will experience the same technological progress induced by LBD externality.10 Therefore,

9In discussion I will explain how the effect of public investment may change if its impact on productivity
is biased. See also Adam and Bevan (2006).

10In discussion, I will explain how the effect of aid may change if the LBD effect is sectoral-biased. See
also Torvik (2001) for a review on LBD externality and its spill-over between the sectors.
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technological progress follows the following form:

aj,2
aj,1

= H(LT,1,
g1

Y 1
) j ∈ {T,N} (12)

Where H ′LT > 0, H ′g > 0.

H ′g represents the quality of public investment and H ′LT is the importance of the LBD ef-

fect. The magnitude of H ′g depends on the efficiency of public sector in managing the windfall

revenue. The magnitude of H ′LT depends on to what extend the tradeable sector is the source

of endogenous growth. It is important to clarify that if the T-sector share of manufacturing

is higher (compared to handicrafts and agriculture for example), H ′LT is higher. As it is

shown later, Y1 (GDP in the first period) in equation (12) is a constant number and does not

have any effect on the results. However, it can simplify the analytical resolution of the model.

Full spillover of the LBD effect and public investment implies that both sectors will realize

the same technological change
aT,t
aN,t

= aT
aN

. This assumption together with the assumption

that both sectors have the same capital intensity lead to the following important result:

relative prices and, hence, the real exchange rate will not vary with time (PN,t = P̄N = aT
aN

).

Thus, the price level of basket of consumption is constant and depends only on sectoral

consumption intensity P̄C = 1
γγcc (1−γc)1−γc

P 1−γc
N . Constant and exogenous real exchange rate

significantly simplifies the model and makes it analytically traceable. The implications of

this assumption are embodied in the following lemma:

Lemma 1. Assuming full inter-sectoral spillover of technological progress, together with the

assumption of the same inter-sectoral capital intensity imply that:

• Real exchange rate is constant: PN,t = PN =
aT,t
aN,t

.

• Production value (in terms of T-sector price level) depends only on internal capital and

economy productivity level and not on the market share of the sectors.

Yt := GDPt = PNaN,tK
α
N,tL

1−α
N,t + aT,tK

α
T,tL

1−α
T,t = aT,tK

α
t = PNaN,tK

α
t (13)

• wage depends only on the aggregate capital in the economy and on the economy tech-

nology level. More precisely, the wage will not depend on the economic share of each

sector:

wt = (1− α)aT,tK
α
t = (1− α)PNaN,tK

α
t = (1− α)Yt (14)
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• In the case of closed capital market, interest rate depends only on aggregate capital and

the T-sector technology level and it is independent from the sectoral market shares.

rt = (α)aT,tK
α−1
t = (α)PNaN,tK

α−1
t = (α)

Yt
Kt

(15)

• In the case of open capital market, the internal capital depends on the T-sector tech-

nology level and it is independent from sectoral market shares.

Kt = (
αaT,t
r?

)
1

1−α (16)

Proof. All the proofs are resulted directly from equations (9), (8) and the implications of

the assumptions that PNaN,t = aT,t and αT = αN = α.

2.4 The government

The government receives foreign aid in the first period. As discussed earlier, I assume that the

government privatizes all its services and compensates agents by direct transfer. Therefore,

the government can allocate its windfall revenue from foreign aid (At) between transfer to the

households (TRt) and public investment (gt). Therefore, the government’s budget constraint

is:

TR1 + Pg,1g1 = A1 (17)

Pg,1 is the price level of the basket of public good. Note that the possibility of public in-

vestment in foreign assets and smoothing the aid, is not considered in this model. There are

two reasons for excluding this policy dimension. First, the focus of this paper is on growth

and the model includes only two periods. Associating the aid to the second period does not

have any impact on growth and so it is not interesting for the aim of this paper. Second, the

recipient governments usually do not have the option of saving the aid on foreign reserves.

Nevertheless, donors can take to account this policy and choose the optimal time-pattern of

aid allocation. Matsen and Torvik (2005) considering infinite horizon model and taking to

account the LBD effect and Dutch disease impact of windfall income, address this question.

They conclude that ”the optimal share of windfall income consumed in each period needs to

be adjusted down. However, a positive fraction of the resource wealth should be consumed

in each period: some Dutch disease is always optimal” (Matsen and Torvik (2005)). Even

though this policy is not the focus of this paper, it is worth mentioning that always donors

can optimize the performance of the aid by looking at the the optimal time allocation of
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the aid. Such time-allocation can internalize the externality arisen by the LBD effect. This

policy dimension is not the focus of the paper but it can be an interesting extension for the

framework suggested by this paper.

To build one unit of technology-enhancing public good, the government must combine

costlessly final goods from the T-sector and the N-sector. I assume that the basket of

expenditure has Cobb-Douglas functional form: gt = g
γg
T,tg

1−γg
N,t . γg represents the intensity of

public good provision with respect to T-sector final goods. Thus, for the given inter-sectoral

relative prices, the government allocates its resource between final goods from the T-sector

and the N-sector to minimize the cost of providing a given amount of public investment (gt):

min
{gN,t,gT,t}

{PN,tgN,t + gT,t} (18)

subject to: gt = g
γg
T,t g

1−γg
N,t (19)

This static minimization problem results in:

gT,t =

(
γg

1− γg

)1−γg
P

1−γg
N,t gt (20)

gN,t =

(
γg

1− γg

)−γg
P
−γg
N,t gt (21)

P̄ g,t =
1

γ
γg
g (1− γg)1−γg P

1−γg
N,t (22)

Since PN,t = aT
aN

is constant, P̄g,t will not vary in time and will depend only on γg and the

initial relative technology level: P̄g,t = P̄g = 1
γ
γg
g (1−γg)1−γg

P̄
1−γg
N .

2.5 Market Clearing:

Market clearing implies that total expenditure (private consumption and public investment)

plus private saving equal to GNP plus foreign aid. Note that private saving is K̃t+1 − K̃t.

Assuming perfect competition, GNP is rtK̃t + wt. Thus, market clearing implies:

P̄C,tCt + P̄G,tgt + (K̃t+1 − K̃t) = rtK̃t + wt + At (23)

Note that a unit of private capital is transformation of a unit of T-sector good. There-

fore, the price of capital equals to the price of T-sector which is the numeraire. Moreover,
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in the case of open capital market, the more capital is invested by foreigners in the econ-

omy (more positive capital account), the more is the trade deficit (since more capital good

should be imported). In fact ∆Kt+1 −∆K̃t+1 is the net inflow of non-sovereign capital. In

liberalized capital market, K̃t can be negative which implies that the households at time t

are indebted to the rest of the world and they must repay their debts in the following periods.

By definition, total (private and public) expenditure from the N-sector equals to the total

production in the same sector:

cN,t + gN,t =
YN,t
PN

Where YN,t is the production value in the N-sector. On the one hand, by substituting

CN,t and gN,t from equation (4) and (20), and on the other hand, knowing that: YN,t =

PNaN,tLN,t(
KN,t
LN,t

)α = aT,tLN,tKt
α, we have:

ηcCt + ηggt =
aT,tLN,tKt

α

PN
=
LN,tYt
PN

where ηi =
(

1−γi
γ1

)γi
P−γiN , for i ∈ {g, c}. Therefore:

LT,t = 1− PN(ηcCt + ηggt)

Yt
(24)

Equation (24) implies that, for a given value of production, an increase in aggregate con-

sumption (by foreign aid or other types of windfall income) leads to de-industrialization:

reallocation of capital and labor to the N-sector. This de-industrialization will mitigates the

technological progress as long as the T-sector is the engine of LBD.

2.6 Equilibrium

In this subsection, I will introduce the equilibrium of the model for two cases of closed and

open capital market.

2.6.1 Equilibrium for the case of closed capital market

If the capital market is closed, K̃t = Kt. Therefore, from equation (13), GDP in the first

period is given (Y1 = aT,1K
α
1 ) and the second period GDP depends on households saving in
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the first period and technology level in the second period:

Y2 = aT,2K
α
2 (25)

From equation (15), since a1 and K1 are given, interest rate in the first period is given

as (r1 = aT,1αK
α−1
1 ). The interest rate in the second period depends, however, on the

productivity level in the second period as well as on the households saving in the first

period.

r2 = aT,2αK
α−1
2 = α

Y2

K2

(26)

Equation (14) implies that the wage in the first period is given (w1 = aT,1(1− α)Kα−1
1 )

and the wage in the second period depends on technological level and capital in the second

period:

w2 = (1− α)aT,2K
α
2 = (1− α)Y2 (27)

Using the saving rule (equation (3)) and the household’s inter-temporal budget constraint,

we have:

C1 =
1

P̄C(1 + β)

(
(1 + r1)K1 + w1 + TR1 +

w2

1 + r2

)
(28)

Finally, using the households budget constraint (equation (2))in the first period we find

K2:

K2 = (1 + r1)K1 + w1 + TR1 − P̄CC1 (29)

Now we can define the equilibrium for the closed capital economy.

Definition 1. Equilibrium in the economy with closed capital market.

For a given foreign aid in the first period {A1} and given the government’s policies {g1, TR1},
and predetermined variables {K̃1, aT,1, aN,1}, the unique general equilibrium for the closed

capital market economy is characterized by the vector of wage and interest rate in the second

period {r2, w2}, Consumption and the labor share of the T-sector in the first period {C1, LT,1}
and aggregate domestic capital, technology level and GDP in the second period {K2, aT,2, Y2}
such that:

(i) Firms allocate their resources to maximize their profits (equations (26) and (27) hold).

(ii) The households decide about consumption and saving in the first period (equations (28)

and (29) hold).
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(iii) Market clearing in N-sector holds (equation (24) holds).

(iv) Technology evolves according to public investment and labor share of the T-sector

(equation (12) holds). (v) GDP in terms of T-sector (Y − 2) price is determined by

technology level and domestic capital (equation (25) holds).

This leads to six equations and six endogenous variables ({r2, w2, LT,1, C1, K2, aT,2, Y2}).
Once C1 and r2 are determined, C2 can be easily found by saving rule (equation (3)).

2.6.2 Equilibrium for the case of open capital market

If the capital market is open, the domestically used capital (Kt) and wage rate (wt), depend

only on exogenous interest rate (r?) and technology level (aT,t). Since technology in the

first period is given, by equations (15) and (14), wage and domestically used capital in the

first period are given (K1 = (
aT,1α

r?
)

1
1−α and w1 = aT,1(1− α)Kα−1

1 ). The capital, production

and wage in the second period depend on technical progress which is resulted from the

government investment and labor share of T-sector in the first period:

Y2 = aT,2K
α
2 (30)

K2 = (
aT,2α

r?
)

1
1−α (31)

w2 = aT,2(1− α)Kα
2 = (1− α)Y2 (32)

Notice that in this case, the wage and domestically used capital in the second period do

not depend on households saving in the first periods. More precisely, wage depends on

the the second period technology level and capital which itself depends on the technology

level. Thus, if the capital market is open, a higher technology level in the second period

leads to higher wage and capital in that period for whatever level of saving in the first period.

Similar to the case with closed capital market, consumption in the first period can be

found by using the saving rule (equation (3)) and the household’s inter-temporal budget

constraint:

C1 =
1

P̄C(1 + β)

(
(1 + r?)K̃1 + w1 + TR1 +

w2

1 + r?

)
(33)

Notice that in this case, interest rate is always exogenous and equal to international interest

rate. Thus, C2

C1
is exogenous and constant (from (equation (3)). Using the household’s budget

constraint (equation (2))in the first period we find K̃2:

K̃2 = (1 + r?)K̃1 + w1 + TR1 − P̄C̄C̄1 (34)
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Therefore, using the technological progress rule, and sectoral labor share rule we can define

the equilibrium for the economy with open capital market:

Definition 2. Equilibrium in the economy with open capital market.

For a given foreign aid in the first period {A1} and given the government’s policies, {g1, TR1},
and predetermined variables {K̃1, aT,1, aN,1}, the unique general equilibrium for the economy

is characterized by the vector of wage , domestically owned capital, domestically used capital,

technology level in the second period {w2, K̃2, K2, aT,2}, Consumption and labor share of the

T-sector in the first period {C1, LT,1} such that:

(i)Firms allocate their resources to maximize their profits (equations (31) and (31) hold).

(ii)The households optimize their inter-temporal utility (equations (33) and (34) hold).

(iii)Market clearing in the N-sector holds (equation (24) holds).

(iv)Technology evolves according to public investment and labor share of the T-sector

(equation (12) holds). (v) GDP in terms of T-sector (Y − 2) price is determined by

technology level and domestic capital (equation (30) holds).

This leads to six equations and six endogenous variables: {w2, LT,1, C1, K2, K̃2, aT,2}.
Once C1 is determined, C2 can be easily found as: C2 = β(1 + r?)C1.

3 The macroeconomic impacts of transferred-aid

In this section I focus on the macroeconomic impacts of transferred-aid in two cases of open

and closed capital market. To do so, I assume that initial aid received by the economy is

A1. s(< 1) is the share of initial aid used for financing public technology-enhancing public

goods and 1− s(< 1) is the share transferred to the households. The economy receives the

extra positive aid (dA) whose value in percentage of initial aid is Â1(> 0). In this sub-

section I assume that all this extra aid is transferred to households: transferred-aid. Thus:

(ĝ1 = 0 and TR1T̂R1 = A1Â1). In this case, the windfall income from the extra foreign

aid has no direct impact on the technology since it is used for non-productive expenditures.

However, I will show that indirectly and through the Dutch disease phenomenon, it leads

to a shrinkage of the T-sector and, hence, through the LBD externality, it leads to a lower

technological level in the second period. The mechanism is as follows:

Windfall income from the foreign aid which is transferred to households increases the to-

tal demand for consumption (equation (23)): the demand in both sectors will increase. The
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excess demand in the T-sector leads to more import from the rest of the world. However, by

definition, it is not possible to import N-sector final goods. Thus, in short run the price in

the N-sector will increase. Consequently, the marginal productivity and, hence, the return

to labor and capital will increase in the N-sector. The production factors will be reallocated

from the T-sector to the N-sector till, in the equilibrium, the sectoral relative prices remain

unchanged. Thus, the first period share of capital and labor in the T-sector will decrease

(equation (24)). As long as the T-sector is the engine of technical progress, technology level

in the second period will be deteriorated (equation (12)). In the two following subsections,

I explain how the macroeconomic impacts of transferred-aid can be different depending on

whether the capital market is closed or open.

3.1 The macroeconomic impacts of transferred-aid in an open cap-

ital market economy

As explained before, transferred-aid decreases the technological progress through the Dutch

disease and the LBD externality. The decline in technology level of the second period re-

duces the return to capital. If the capital market is open, the lower return to capital leads

to capital outflow to keep the return to capital equal to international interest rate. Thus,

GDP and wage in the second period will fall through (i) the decline in technology and (ii)

through the outflow of capital. Households expecting a lower wage in the second period

and receiving some transfers from government in the first period, will save more. Therefore,

private saving will increase, even though, the domestic capital shrinks. Notice that, since

interest rate is fixed internationally, Co2
Co1

remains constant.11 Therefore, consumption in

both period will increase. Consequently, the impact on welfare is always positive in this case

even though the effect on growth is negative. Proposition 1 summarize formally these results.

Proposition 1. When extra aid is untied (ĝ1 = 0 and TR1T̂R1 = A1Â1 > 0), and the

capital market is open, then:

Ĉo,u
1 > 0, K̂o,u

2 < 0, L̂o,uT,1 < 0, âo,uT,2 = âo,uN,2 < 0, Ŷ o,u
2 = ŵ2 < 0 (35)

Proof. See Appendix A.1.

11Superscripts o and c represent open and closed capital markets respectively.
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3.2 The macroeconomic impacts of transferred-aid in a closed cap-

ital market economy

Similarly, once the capital market is closed, the decline in the market share of the T-sector, in-

duced by the Dutch disease impact of transferred-aid, leads to a lower technological progress.

At the same time, the households will increase their saving to smooth their consumption.

Therefore, contrary to the case of open capital market, the surge in private saving accel-

erates the accumulation of domestic capital. Consequently, the interest rate in the second

period will decrease because of both higher accumulation of capital and lower technological

progress. The decline in the second period interest rate intensifies the increase in the first

period consumption, through inter-temporal substitution effect. Thus, Cc2
Cc1

declines. Conse-

quently, the private consumption in the first period will increase through (i) income revenue

(more transfer from the government) and (ii) through inter-temporal substitution effect (by

the decline in the second period interest rate).

In the case of closed capital market, while the impact of transferred-aid on technological

progress is always negative, its impact on GDP is ambiguous. The reason is that transferred-

aid leads to a higher accumulation of capital. If the LBD effect is not very important (H ′LT is

low), 1−γc is small enough (consumption share of N-sector is small) and/or private capital is

low and α is high (so the return to private capital is high), then the positive impact through

the accumulation of capital dominates. Proposition 2 summarize these results.

Proposition 2. When foreign aid is to be spent on non-productive expenditures (A1 = Au =

TR1) and capital market is closed, then:

Ĉc,u
1 > 0, K̂c,u

2 > 0, L̂c,uT,1 < 0, âc,uT,2 = âc,uN,2 < 0, (36)

and

Ŷ2 =
r2

K2

αβ − σ(1− ζ)K2

(1 + β − ζ)r2 + σζK2 + αζ
A1Â1 > 0⇔ σ ≡

(1− γc)H ′LT
aT,2Y1

<
αβ

(1− ζ)K2

(37)

where ζ = (1−α)Y2r2
(1+r2)2K2

.

Proof. See Appendix B.1.

Moreover, in this case, the impact of transferred-aid on welfare can be negative even

though its impact on the first period consumption is always positive. That would be the

case where the negative impact of transferred-aid on productivity is very large. In this case,
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Figure 1: Impact of increase in transferred-aid

the negative impact of aid on productivity discourages households savings. That diminishes

even more the second period production and hence, consumption. If this negative impact on

second period consumption is very high, households will lose from welfare even though their

first period has increased.

In summary, for both cases of open and closed capital market economies, transferred-

aid leads to higher consumption (fig.(1,a)) and saving (fig.(1,g)) in the first period. The

increase in private consumption, financed by windfall income, leads to de-industrialization,

(fig.(1,d)), which hinders the technological progress (fig.(1,e)). This impact is more pro-

nounced when the capital market is closed. Therefore, the impact of transferred-aid on

technological progress is more dreadful in this case. Nevertheless, transferred-aid leads to

more domestic capital accumulation if capital market is closed, while it leads to capital out-

flow and so lower accumulation of domestic capital if the capital market is open (fig.(1,f)).

Accordingly, if the capital market is open, the impact of transferred-aid on GDP is de-

structive through (i) deterioration of technical progress and (ii) through outflow of capital.

Hence, GNP will be always more than GDP while the impact of transferred-aid on the latter

is always negative and on the former can be positive or negative. In a nutshell, transferred-
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aid pushes the economy with an open capital market to treat as rentiers. For the case of

closed capital market, however, the impact of transferred-aid on GDP (= GNP) can be pos-

itive if the LBD effect is small, the private consumption is not very intensive to the N-sector

final foods and the return ot private capital is high.

4 The macroeconomic impacts of invested-aid

In this section, I study the macroeconomic impacts of invested-aid for two economies with

open and closed capital market. Similar to the previous section, I assume that the initial aid

received by the economy is A1. s(< 1) is the share of initial aid which is used for financing

public technology-enhancing public goods and 1 − s(< 1) is the share transferred to the

households. The economy receives the extra positive aid (dA) whose value in percentage of

initial aid is Â1(> 0). In this subsection, I assume that the extra aid is entirely invested

in productive public goods: invested-aid. Thus: ĝ1g1 = A1Â1

P̄g
and T̂R1 = 0. Since Â1 is

entirely tied to public investment, it has no effect on the first period budget constraint of

households, however, it alters their second period budget through its influence on the second

period productivity.

Â1, when invested in productivity-enhancing public goods, can influence the technologi-

cal progress through two different channels. On the one hand, public investment can directly

boost technological progress by improving infrastructures. H ′g represents the quality of these

pubic investments. On the other hand, an increase in public investment (when it is financed

by foreign resources) can indirectly have a negative impact on technological progress through

the Dutch disease phenomenon and the LBD effect. The fact that which impact dominates

depends, on the one hand, on the efficiency and quality of the public investments (H ′g) and,

on the other hand, on the magnitude of de-industrialization represented by the intensity of

public goods to the N-sector (PNηg) and the importance of the LBD effect (H ′LT ). The follow-

ing proposition represents mathematically the condition for which the first impact dominates.

Proposition 3. invested-aid has positive (negative) impact on technological progress, if and

only if:

âT,2 > 0⇔ H ′g > H ′LTPNηg (38)

Proof. See Appendix A.2 and Appendix B.2.
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In proposition 3, PNηg is the magnitude of direct de-industrialization induced by an

increase in externally-financed public goods.12 This proposition let us to define effective and

ineffective invested-aids as follows:

Definition 3. Effective and ineffective invested-aids are defined as:

(i) Invested foreign aid is effective if and only if:

âT,2 > 0⇔ H ′g > H ′LT ηgPN

(ii) Invested foreign aid is ineffective if and only if:

âT,2 < 0⇔ H ′g < H ′LT ηgPN

If ηg = 0, the provision of public investment is only through the T-sector final goods and,

hence, it does not directly induce de-industrialization. Therefore, the impact of invested-aid

on the technological progress is non-negative (positive if H ′g > 0). In reality, however, to pro-

vide public investment, the government must employ N-sector final goods. The higher is ηg,

the more likely is that invested-aid becomes ineffective. Moreover, the lower is the relative

technology level of the N-sector (the higher is aT
aN

= PN ), the more is the de-industrialization

impact of invested-aid and, hence, the more likely is that the invested-aid becomes ineffective.

Note that whether or not the invested-aid is effective does not depend on the intensity

of private consumption with respect to the N-sector and it does not depend on the openness

of capital market. If H ′g = H ′LT ηgPN , the Dutch disease effect induced by invested-aid can-

cels out the positive impact of public investment on technological progress. Consequently,

the productivity of economy remains unchanged. As a result, there would be no impact on

private inter-temporal budget constraint. Correspondingly, there would be no effect on con-

sumption, saving and capital accumulation. In this case, the only macro effect of original aid

is de-industrialization: more production in the N-sector and less production in the T-sector.

Less production in the T-sector will be compensated by import which is financed by foreign

aid.

However, if H ′g 6= H ′LT ηgPN , the invested-aid affects the second period budget constraint

and so the first period consumption and saving. Consumption response to the second period

12I will show that this direct effect can influence the private consumption. The change in consumption
can agitate or mitigate the de-industrialization as well.
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productivity affects the productivity itself through the Dutch disease and the LBD effect.

For example, if invested-aid is effective (H ′g > H ′LT ηgPN), households expecting higher rev-

enue in the next period will increase their consumption by decreasing their saving. Higher

consumption implies higher demand for the N-sector final goods which incites a reallocation

of resources from the T-sector to the N-sector. The induced de-industrialization mitigates

the positive effect of invested-aid on growth. The opposite holds when invested-aid is inef-

fective (H ′g < H ′LT ηgPN). In this case, households will decline their consumption. A lower

consumption leads to a lower de-industrialization which moderates the negative impact of

inefficient invested-aid on productivity. Mathematically, using equations (24) and (12), we

can find:

daT,2
dAT

=
1

P̄g

H ′g − PNηgH ′LT
1 + PNηc

dC1

daT,2
H ′LT

(39)

As it is shown in Appendix A.2 and Appendix B.2, dC1

daT,2
is always positive. Equation (39)

implies that the more responsive is the private consumption to the next period productivity

( dC1

daT,2
), the higher is the consumption share of the N-sector final goods (ηc), the lower is the

relative productivity in the N-sector (the higher is aT
aN

= PN ) and the more important is the

LBD externality (H ′LT ), the less effective is the invested-aid to boost productivity. While

the impact of invested-aid on productivity follows the similar mechanisms in the two cases

of open and closed capital markets, the impacts on growth are different since the response

of the accumulation of domestic capital accumulation and that of private consumption with

respect to invested-aid are different in the two cases of closed and open capital market. These

distinctive responses are clarified in the following three subsections.

4.1 Impact of invested-aid in an open capital market economy

If capital market is open, private investment and, hence, accumulation of private capital do

not depend on private saving; but they depend on the productivity of economy. Thus, effec-

tive foreign aid attracts foreign investment which accelerates the accumulation of domestic

capital. Thus, foreign investment (capital inflow) intensifies the positive impact of invested-

aid on growth. Thus, effective invested-aid boosts the GDP growth through improving the

productivity of economy and, at the same time, through attracting the foreign investment.

The opposite holds when invested-aid is ineffective: ineffective aid deteriorates GDP growth

through (i) weakening the technological progress and by (ii) discouraging foreign investment.

Moreover, if invested-aid is effective (H ′g > H ′LT ηgPN) and it boosts the GDP growth,
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households, expecting higher wages in the following years, increase their first period consump-

tion by reducing their saving. Since C2

C1
is constant in this case, the effect of effective invested-

aid on welfare is positive. On the contrary, if invested-aid is ineffective (H ′g < H ′LT ηgPN),

households, expecting lower revenue in the next period, reduce their consumption and save

more. In this case, consumptions in both periods, welfare and the accumulation of capital

decline These results are encapsulated in the following proposition.

Proposition 4. If capital market is open and foreign aid is tied to public investment (T̂R1 =

0 and g1ĝ1 = A1Â1), then:

• invested-aid has positive impact on growth if and only if it is effective.

Ŷ o,T
2 =

1

1− α
âo,TT,2 > 0⇔ H ′g > H ′LT ηgPN (40)

• invested-aid leads to an increase in private consumption if and only if it is effective.

Ĉo,T
1 = Ĉo,T

2 > 0⇔ H ′g > H ′LT ηgPN (41)

• invested-aid leads to an increase in households welfare if and only if it is effective.

ˆWelfare
o,T

> 0⇔ H ′g > H ′LT ηgPN (42)

• invested-aid improves the accumulation of capital if and only if it is effective.

K̂o,T
2 =

1

1− α
âo,TT,2 > 0⇔ H ′g > H ′LT ηgPN (43)

• invested-aid always lead to de-industrialization whether or not it is effective.

L̂o,TT,1 < 0 (44)

Proof. See Appendix A.2.

1
1−α in equation (45) indicates the fact that complementarity between technological

progress and accumulation of domestic capital (in the case of open capital market) intensifies

the impact of invested-aid on growth. In the next subsection, I show that there is negative

relation between expected technological progress and accumulation of private capital if the

capital market is closed. This negative relation moderates the impact of invested-aid on

GDP growth for the closed capital market economy.
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4.2 Macroeconomic impacts of invested-aid in closed capital mar-

ket economy

If invested-aid is effective (H ′g > H ′LT ηgPN), the higher technology in the second period raises

GDP (=GNP) and so total revenue in the second period. The increase in the inter-temporal

budget of households motivates them to increase their consumption in both periods. Since

the revenue in the first period is not affected by aid, the rise in the first period consumption

deteriorates private saving. In the case of closed capital market the accumulation of capital

depends on private saving. Therefore, higher consumption in the first period deteriorates the

accumulation of private capital. Consequently, in the case of closed capital market, contrary

to the case of open capital market economy, there is a negative relation between expectation

of technological progress and accumulation of private capital. In other words, if the capital

market is closed, an increase in public investment financed by effective invested-aid, crowds

out the accumulation of private capital. The opposite holds if invested-aid is ineffective

(H ′g < H ′LT ηgPN).

Moreover, higher technology level and less accumulation of capital imply a higher inter-

est rate in the second period. Therefore, the inter-temporal relative consumption (C2

C1
) will

increase due to the effective invested-aid. In other words, the inter-temporal substitution

effect crowds out partially the surge in the first period consumption and implies less de-

industrialization. These results are summarized formally in the following proposition:

Proposition 5. If the capital market is closed and foreign aid is tied to public investment

(T̂R1 = 0 and g1ĝ1 = A1Â1), then:

• invested-aid has positive impact on growth if and only if it is effective.

Ŷ c,T
2 =

(
H′g

aT,2Y1P̄g
− σχ)(1 + β − ζ)r2

(1 + β + ζ)r2 + σζK2 + αζ
A1Â1 > 0⇔ H ′g > H ′LT ηgPN (45)

where: σ ≡
(1− γc)H ′LT

aT,2Y1

(46)

• invested-aid leads to an increase in private consumptions if and only if it is effective.

Ĉc,T
2 > Ĉc,T

1 > 0⇔ H ′g > H ′LT ηgPN (47)
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• invested-aid leads to an increase in households welfare if and only if it is effective.

ˆWelfare
c,T

> 0⇔ H ′g > H ′LT ηgPN (48)

• invested-aid improves the accumulation of capital if and only if it is ineffective.

K̂c,T
2 < 0⇔ H ′g > H ′LT ηgPN (49)

• invested-aid always lead to de-industrialization whether or not it is effective.

L̂c,TT,1 < 0 (50)

Proof. See Appendix B.2.

Figure 2: Impact of an increase in effective tied-to-investment Foreign Aid
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4.3 Comparison between growth impacts of invested-aid in closed

and open capital market economies

Now we can focus on the comparison between the growth impact of effective invested-aids in

two identical economies: one with open capital market and the other one with closed capital

market. To make the comparison more meaningful, I assume that initially the two economies

are identical in terms of technology levels, capital, consumption and other macro variables.

In the case of open capital market, effective invested-aid attracts foreign investment, while

in the case of closed capital market, effective invested-aid deteriorates the accumulation of

private capital (fig.(2,f)). From this channel, invested-aid is more useful to boost the GDP

growth if the capital market is open.

However, the negative LBD externality is more harmful if the capital market is open.

The reason is that while interest rate is constant for open capital market economy, the in-

terest rate in close capital market will increase as a response to effective invested-aid due

to higher productivity and lower accumulation of capital. Correspondingly, inter-temporal

substitution effect mitigates the increase in the first period consumption. Thus, the increase

in the first period consumption is more important if the capital market is open (fig.(2,a)).

Consequently, the de-industrialization and adverse LBD effect is more pronounced in the

case of open capital market (fig.(2,d)). Therefore, effective invested-aid is more effective to

boost technological progress if the capital market is closed (fig.(2,e)). From this channel,

invested-aid is more effective to boost the GDP growth if the capital market is closed. These

qualitative results are summarized in proposition 6

Proposition 6. If foreign aid is invested in productivity-enhancing public goods (T̂R1 = 0

and g1ĝ1 = A1Â1) and it is effective, then:

• First period consumption increases more if the capital market is open.

Ĉo
1 > Ĉc

1 > 0 (51)

• De-industrialization induced by invested-aid is more important if the capital market is

open.

L̂oT,1 < L̂cT,1 < 0 (52)
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• invested-aid improves the technological progress more if the capital market is closed.

0 < âoT,2 < âcT,2 (53)

• invested-aid improves (deteriorates) the accumulation of capital if the capital market

is open (closed) .

K̂c
2 < 0 < K̂o

2 (54)

Proof. See Appendix B.2.

Whether or not capital market liberalization improves the effectiveness of invested-aid

depends, on the one hand, on the return to capital (the initial capital intensity of the econ-

omy (K2) and output elasticity of capital (α)) and, on the other hand, on the magnitude

of the LBD effect (H ′LT ) and consumption share of the N-sector products (ηc). If the pro-

ductivity of capital is high, the LBD effect generated by the T-sector is not large and the

N-sector constitutes small share of private consumption, invested-aid is more effective in an

economy with open capital market and vice versa.

5 Optimal form of foreign aid

In this section, relying on the findings in the previous sections, I study the optimal form

of foreign aid in two cases of open and closed capital market economies. More precisely, I

discuss which form of aid, invested-aid or transferred-aid, is more effective to boost growth

in the recipient economy. These questions are addressed in this section: (i) is there the pos-

sibility that transferred-aid performs better than invested-aid? (ii) Can be a combination

of the two forms brings about the optimal impact on growth? Again, the assumption is

that all aid is received in the first period and the government can either invest it on growth

enhancing public goods or transfer it to households. If the effect of aid is always negative,

the donor will refuse to give the aid.

Optimal policy in the case of open capital market economy

In the case of open capital market, the transferred-aid is always destructive for growth

due to de-industrialization and due to capital outflow (proposition 1). The invested-aid, as

explained before, can boost the growth if and only if: H ′g > H ′LT ηgPN (proposition 4). Hence,

if H ′g > H ′LT ηgPN , the aid must be given in the form of invested-aid and if this condition

fails to hold, no aid must be attributed to the economy. In other words, for an economy with
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open capital market it is never growth-enhancing to give the aid in the form of transfer to

households. If H ′′gg < 0, there would be a maximum limit of transferred aid which must be

donated. Any extra aid more than this threshold will be destructive for growth whether it

is invested or transferred.

Optimal policy in the case of closed capital market economy

On the contrary, as it is embodied in proposition 2, if the capital market is closed,

transferred-aid can be growth-enhancing since it encourages the accumulation of private

capital. This would be the case if the accumulation of private capital dominates the negative

impact of transferred-aid through de-industrialization. Invested aid can also have positive

impact on growth if its positive impact on technological progress dominates its negative

impact through de-industrialization (H ′g > H ′LT ηgPN). Comparing equations (37) and (45),

we can result that invested-aid is better than transferred-aid for growth if and only if:

Ŷ C,T
2 > Ŷ C,U

2 ⇔ H ′g > δ +H ′LT P̄g
(
(1− γg)−

1 + ζ

1 + β + ζ
(1− γc)

)
(55)

where ζ = (1−α)Y2r2
(1+r2)2K2

and δ =
αβ(aT,2Y1P̄g)

K2(1+β+ζ)
> 0.

Equation (55) implies some important policy suggestion for the structure of aid in an

closed capital market economy: (i) The higher is the return to capital (high α and low K2),

the better is to donate the aid in the form of transfer to household. The intuition behind is

that transferred aid always tends to increase the accumulation of private capital while the

invested-aid always crowds out the accumulation of capital. Moreover, higher effectiveness

of public investment (H ′g), lower share of the N-sector in public good expenditure (1 − γg)
and higher private consumption share of teh N-sector (1− γc) push the trade-off in favor of

the invested-aid. The intuition for the last two is that invested good increases mostly pub-

lic expenditure whereas transferred aid always boosts private consumptions. Therefore the

higher is the public expenditure share of the N-sector the more would be de-industrialization

as a result of invested-aid. For the same reason, if private consumption is highly intensive

to the N-sector, the de-industrialization through transferred-aid is higher. That diminishes

the effectiveness of transferred aid.

Figure 3 represents an numerical example for these analytical results by expressing the

optimal share of invested-aid in total aid (
Pgg∗1
A

) as a function of different parameters. The cal-

ibration of the numerical example is reported in Appendix D appendix. Figure (3,(a)) shows

that the higher is the intensity of public investment in N-sector final goods, less aid must be
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Figure 3: Optimal policy

given in the form of invested-aid. Figure (3,(b)) implies that the higher is the consumption

share of the N-sector, more aid must be attributed in the form of invested-aid. Figure (3,(c))

indicates that when the return to capital is high, higher proportion of aid must be taken the

form of transferred-aid. Finally, figure (3,(d)) shows that if the quality/efficiency of public

investment is high, the hgiher share of aid must be in the form of invested-aid.

In a nutshell, in an open capital market economy, the aid, if effective at all, must be

always in the form of invested-aid. In the case of closed capital market economy, however,

the structure of aid depends on the structure of the recipient economy. It is possible that in

this case a combination of the two forms brings about the best outcome.
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6 Discussion

6.1 Sectoral-bias in capital intensity

In this chapter, I assumed that both sectors have the same capital intensity (αT = αN). I

demonstrated that this assumption implies that: (i) capital intensities of the both sectors are

equal to the capital intensity of the economy and (ii) the real exchange rate and, hence, the

price level depend only on the relative sectoral technology levels. Correspondingly, relaxing

this assumption affects our results from two different channels.

The first channel: If the sectoral capital intensities are heterogeneous, the marginal

productivity of each factor will depend on the economic share of each sector. For exam-

ple, if the T-sector is relatively capital intensive, the productivity of capital (the wage) will

decrease (increase) with de-industrialization of economy. Consequently, as a response to

foreign aid (both tied and transferred-aids), the productivity of capital in the first period

will decline, while the first period wage rate will increase (contrary to our model in which

the first period wage and interest rate were unaffected by aid). Therefore, if the capital

market is open, windfall income leads to capital outflow in the first period. On the contrary,

if the T-sector is relatively labor intensive, foreign aid increases the first period return to

capital and declines the first period wage rate. Hence, we can result that the higher is the

capital intensity of the T-sector, the lower would be the effectiveness of the foreign aid. This

additional channel can affect the comparison between the the effectiveness of aid in the two

cases of open and capital market.

The second channel: If the two sectors have different capital intensities, the inter-

sectoral relative prices will depend also on sectoral economic shares. In this case, contrary to

what was demonstrated in the model, foreign aid affects the 1st period sectoral relative prices

in favor of the N-sector (real appreciation of currency in the first period). Correspondingly,

the 1st period aggregate price level will increase (in terms of the T-sector price level). Thus,

the real value of foreign aid which is in terms of foreign currency will decline. These two

channels are neglected in this chapter for the sake of having an analytical resolution and for

concentrating on the mechanisms of interests.
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6.2 Sectoral-bias in technological progress

In this paper, I assumed that the both sectors follow the same dynamic evolution. This

assumption together with the assumption of symmetric capital intensity across the sectors

lead to important simplifications. If this assumption is relaxed, the second period value

of real exchange rate and, hence, that of the aggregate price level will change with foreign

aid. However, the first period values of aggregate capital, productivity and wage remain still

unaffected by aid. The change in the 2nd period exchange rate affects the the 2nd period

sectoral labor shares which are unaffected by aid in the baseline model.

The change in the second period sectoral share is important if more periods of time are

considered. For example, Let’s assume the same model as presented here. Now we assume

a three period model. Moreover, we assume that LBD effect generated in the T-sector is

not spilled over to the N-sector. In this case, an aid received in the first period induces an

inter-sectoral technology bias in favor of the T-sector. Therefore, in the second period the

labor share of the N-sector will increase. This industrialization deteriorates the technology

level of the third period.

7 Conclusion

The empirical studies on the linkage between aid and growth has been largely inconclu-

sive. As mentioned by Hansen and Tarp (2000) and Chatterjee and Turnovsky (2005), this

shortage is to large extent due to the lack in theoretical frameworks which would iden-

tify the mechanisms through which aid affects the macroeconomic performance of recipient

economies. This paper by allowing for two dimensions of endogenous productivity growth

(i.e. public investment and LBD externality), accounting for endogenous saving and, more-

over, by comparing two cases of open and closed capital market, identifies new parameters

and policies which influence growth-aid linkage. More precisely, this paper shows that the

effectiveness of both tied and transferred-aids depend crucially upon financial market open-

ness, the importance of LBD effect, intensity of private consumption with respect to N-sector,

and, as long as invested-aid is the concern, the intensity of public investment with respect

to N-sector.

Foreign aid, if it is untied and is transferred to households, leads to de-industrialization

and therefore, if T-sector is the engine of LBD effect, to lower productivity growth. If cap-
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ital market is open, lower productivity leads to capital outflow. Consequently, if capital

market is open, transferred-aid slows down the growth of the recipient economy through

de-industrialization and through lower accumulation of private capital. However, if capital

market is closed transferred-aid encourage saving and, hence, accumulation of private cap-

ital. Therefore, the impact of transferred-aid on GDP growth remains ambiguous: If LBD

effect is very important and private consumption is highly intensive with respect to N-sector,

the negative impact through de-industrialization dominates the positive effect through ac-

cumulation of capital. The opposite holds if LBD effect is not important or consumption

is largely intensive to T-sector. The paper also shows that the negative impact of aid on

productivity and inter-sectoral reallocation of resource is more pronounced if capital market

is closed.

The paper also investigates the relation between invested-aid and growth. the results,

similar to Adam and Bevan (2006) and in contrast with Chatterjee and Turnovsky (2005)

and Chatterjee et al. (2003), finds out a condition for the invested-aid to have positive impact

on productivity and growth: According to our results, for given quantity of aid and for given

quality of public investment, invested-aid has positive impact on growth and productivity

if LBD effect of T-sector is relative low and public investment is not highly intensive to N-

sector. Otherwise, invested-aid can influence negatively the productivity and growth of the

recipient economy. Moreover, the results suggest that an effective invested-aid leads to more

de-industrialization and less productivity growth if financial market is liberalized. Neverthe-

less, effective foreign aid encourages (hinders) domestic private capital if capital market is

open (closed). Therefore whether or not financial liberalization must be suggested/enforced

by donors to recipients depends upon the quality of public investment, the importance of

LBD externality and intensity of private consumption with respect to N-sector. If public

investment is efficient enough, LBD effect is relatively small and private consumption is

not too intensive to N-sector, financial liberalization may enhance the effectiveness of the

invested-aid. Otherwise, financial liberalization deterirates the effectiveness of the invested-

aid.

This paper results in some policy suggestions: Whether aid must be in tied form or in

untied form and whether financial liberalization must be a condition for aid depends, on

the one hand, upon the quality of central government and public sector and, on the other

hand, on the characteristics of the recipient economy. For example, if the public sector is

not efficient, due to corruption, bureaucratic malfunctioning and etc., aid must be in untied

form and it must be given to the recipient country only if the capital market is relatively
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closed. In this case, aid can be effective at least through encouraging the accumulation of

private capital. On the contrary, if the government is operating well, invested-aid can help

better. In this case, financial liberalization must be also suggested by donors if the LBD

effect in T-sector is not very important and consumption is not very intensive to N-sector.
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Appendix A: Open capital market economy

The aim of these appendices is to investigate the macroeconomic impacts of tied and transferred-

aids in two economies with open and closed capital markets. For this aim, I use log-

linearization method to analyze and compare the impact of an increase in aid for two

economies with closed and open capital market and for two cases: (i) when the extra aid is

tied and publicly invested in productivity-enhancing public goods and (ii) when the extra

aid is untied and it is transferred to the households. X̂ represents the change in variables

X as a percentage of its initial value (X). For example, the initial level of foreign aid is A

and Â is the percentage change in the foreign aid. I assume that s is the share of A which

is initially invested in productive public goods and 1 − s is the share of the initial aid that

is transferred to the households. I will show that s has no impact on our results.

In Appendix A, I investigate the macroeconomic impact of aid in an economy with open

capital market. Log-linearization of the system of equations defined in definition 2 leads to

the following system of equations.

K̂2 =
1

1− α
â2 (A.1)

ŵ2 = Ŷ2 (A.2)

Ĉ1 =
1

P̄c(1 + β)C1

(TR1T̂R1 +
w2

1 + r?
ŵ2) (A.3)

Ŷ2 = âT,2 + αK̂2 (A.4)

âT,2 =
H ′LTLT,1

aT,2
L̂T,1 +

H(3)

aT,2Y1

g1ĝ1 (A.5)

L̂T,1 =
−PN
LT,1Y1

(ηcC1Ĉ1 + ηgg1ĝ1) (A.6)

A.1: Impact of transferred-aid in an economy with open capital

market.

In this subsection, I investigate the macroeconomic impact of an increase in transferred-

aid for an economy with open capital market. If the extra aid is entirely transferred to

households, we have:

TR1T̂R1 =A1Â1 (A.7)

g1ĝ1 =0 (A.8)
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Using equations (A.7) and (A.8), and substituting for ŵ2 and K̂2 from equations (A.2) and

(A.1), we have the following system of equations.

Ĉ1 =
1

P̄c(1 + β)C1

(A1Â1 +
(1− α)Y2

1 + r?
Ŷ2) (A.9)

Ŷ2 =
1

1− α
âT,2 (A.10)

âT,2 =
H ′LTLT,1

aT,2
L̂T,1 (A.11)

L̂T,1 =
−PN
LT,1Y1

(ηcC1Ĉ1) (A.12)

Using equations (A.12) and (A.11), and substituting for Ĉ1 from equation (??), we have:

â2 = −
PNH

′
LT
ηc

aT,2Y1P̄c(1 + β)
(A1Â1 +

(1− α)Y2

1 + r?
Ŷ2) (A.13)

Substituting for â2 from this equation into equation (A.10), we find the impact of transferred-

aid on GDP.

Ŷ2 = −
(1 + r?)PNH

′
LT
ηc

(1− α)
(
(1 + r?)aT,2Y1P̄c(1 + β) + PNH ′LT ηcY2

)A1Â1 < 0 (A.14)

Therefore, the effect of transferred-aid on growth is negative if the capital market is

closed. Substituting for Ŷ2from this equation into equation (A.9), we find the variation of

private consumption to the variation in transferred-aid:

Ĉ1 =
1

P̄c(1 + β)C1

(1− 1

1 + µ
)A1Â1 > 0 (A.15)

where µ =
(1+r?)aT,2Y1P̄c(1+β)

PNH
′
LT

ηcY2
> 0. This is the very intuitive result: households receiving

windfall revenue from aid, will increase their consumption in the first period. An increase

in households’ windfall expenditure generates de-industrialization: L̂T,1 < 0 (by equation

(A.12)). De-industrialization implies reallocation of resources from productive sectors to

unproductive ones. Therefore, productivity of the economy declines with aid: âT,2 < 0 (by

equation (A.11)). Lower technology level implies capital outflow: K̂2 < 0 (by equation

(A.1)).

Impact on welfare:
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Households’ welfare is:

U(C1, C2) = Ln(C1) + βLn(C2) (A.16)

Therefore:

UÛ = Ĉ1 + βĈ2 (A.17)

Knowing that C2 = β(1 + r?)C1, we have:

UÛ = (1 + β)Ĉ1 > 0 (A.18)

Therefore, the impact of transferred-aid on households welfare of households in an economy

with open capital market is always positive even though it always reduces growth.

A.2: Impact of invested-aid in an economy with open capital mar-

ket.

In this subsection, similar to the previous one, I consider an economy with open capital mar-

ket. However, I assume that the extra aid is invested in productive public goods: invested-aid.

Thus:

TR1T̂R1 = 0 (A.19)

g1ĝ1 =
A1Â1

P̄g
(A.20)

Using equations (A.19) and (A.20), and substituting for ŵ2 and K̂2 from equations (A.2)

and (A.1), we can rewrite equations ((A.3):(A.6)) as follows.

Ĉ1 =
(1− α)Y2

P̄c(1 + β)C1(1 + r?)
Ŷ2 (A.21)

Ŷ2 =
1

1− α
âT,2 (A.22)

âT,2 =
H ′LTLT,1

aT,2
L̂T,1 +

H ′g
aT,2Y1P̄g

A1Â1 (A.23)

L̂T,1 =
−PN
LT,1Y1

(ηcC1Ĉ1 +
ηg
P̄g
A1Â1) (A.24)

Substituting for Ĉ1 from equation (A.21) into equation (A.24), and then inserting equa-

tion (A.24) into equation (A.23), we car rewrite equation (A.23) as:
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âT,2 = −
H ′LTPNηc(1− α)Y2

aT,2Y1Pc(1 + β)(1 + r?)
Ŷ2 +

H ′g −H ′LTPNηg
aT,2Y1P̄g

A1Â1 (A.25)

Now, by substituting for aT,2 from equation (A.25) into equation (A.22) and solving for

Ŷ2, we can find:

Ŷ2 =
Pc
Pg

(1 + β)(1 + r?)

1− α
H ′g −H ′LTPNηg

aT,2Y1P̄c(1 + β)(1 + r?) +H ′LTPNηcY2

A1Â1 (A.26)

Equation (A.26) implies that as long as the T-sector is the engine of productivity growth

(H ′LT > 0), untied invested-aid has positive impact on growth if and only if H ′g > H ′LTPNηg.

This implies that the positive impact of public investment in technology must dominates the

negative impact of aid through de-industrialization.

From equations (A.21) and (A.22) we can result that:

If: H ′g > (<)H ′LTPNηg ⇒ Ŷ2 > (<)0⇒


Ĉ1 > (<)0 by eq. (A.21)

âT,2 > (<)0 by eq. (A.22)

K̂2 > (<)0 by eq. (A.1)

(A.27)

Proof for L̂T,1 < 0.

We assume L̂T,1 > 0 ⇒ Ĉ1 < 0 (by equ.(A.24) ⇒ Ŷ2 < 0 (by equ. (A.21)) ⇒ âT,2 < 0 (by

equ. (A.22) ⇒ L̂T,1 < 0 (by equ.(A.23) ⇒ Contradiction. Thus, L̂T,1 < 0.

A.3: Comparison between the growth impacts of invested-aid and

transferred-aid in an economy with open capital market.

In appendices appendix A.1 and appendix A.2, we found the GDP response to untied

and invested-aid. Let’s represent the percentage variation of GDP to transferred-aid and

invested-aid in an open capital market economy with Ŷ O,U
2 and Ŷ O,T

2 , respectively. Form

equations (A.26) and (A.14), we can find the condition for which invested-aid works better

than transferred-aid in an economy with open capital market:

Ŷ O,T
2 > Ŷ O,U

2 IFF H ′g > H ′LTPN P̄g(
ηg
P̄g
− 1

1 + β

ηc
P̄c

) (A.28)
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Appendix B: Closed capital market economy

In Appendix B, I investigate the macroeconomic impacts of aid in an economy with closed

capital market. Log-linearization of the system of equations defined in definition 1 leads to

the following system of equations.

r̂2 = Ŷ2 − K̂2 (B.1)

ŵ2 = Ŷ2 (B.2)

Ĉ1 =
1

P̄c(1 + β)C1

(TR1T̂R1 +
w2

1 + r2

ŵ2 −
w2r2

(1 + r2)2
r̂2) (B.3)

K̂2 =
1

K2

(TR1T̂R1 − P̄cC1Ĉ1) (B.4)

Ŷ2 = â2 + αK̂2 (B.5)

âT,2 =
H ′LTLT,1

aT,2
L̂T,1 +

H(3)

aT,2Y1

g1ĝ1 (B.6)

L̂T,1 =
−PN
LT,1Y1

(ηcC1Ĉ1 + ηgg1ĝ1) (B.7)

B.1: Impact of transferred-aid in an economy with closed capital

market.

In this subsection, I investigate the macroeconomic impacts of an increase in transferred-

aid for an economy with closed capital market. If the extra aid is entirely transferred to

households, we have:

TR1T̂R1 =A1Â1 (B.8)

g1ĝ1 =0 (B.9)

Using equations (B.8) and (B.9), and substituting for ŵ2 and r̂2 from equations (B.2) and

(B.1), we can have the following system of equations.
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Ĉ1 =
1

P̄c(1 + β)C1

(A1Â1 +
(1− α)Y2

(1 + r2)2
Ŷ2 +

(1− α)Y2r2

(1 + r2)2
K̂2) (B.10)

Ŷ2 = âT,2 + αK̂2 (B.11)

K̂2 =
1

K2

(A1Â1 − P̄cC1Ĉ1) (B.12)

âT,2 =
H ′LTLT,1

aT,2
L̂T,1 (B.13)

L̂T,1 = − PN
LT,1Y1

(ηcC1Ĉ1) (B.14)

Substituting for K̂2 from equation (B.12) into equation (B.10), we can find:

Ĉ1 =
1

P̄cC1

(
1 + ζ

1 + β + ζ
A1Â1 +

ζK2

(1 + β + ζ)r2

Ŷ2) (B.15)

where ζ = (1−α)Y2r2
(1+r2)2K2

< 1.

Substituting for Ĉ1 from equation (B.15), we can rewrite equation (B.12) as:

K̂2 =
β

(1 + β + ζ)K2

A1Â1 −
ζ

(1 + β + ζ)r2

Ŷ2 (B.16)

Combining equations (B.14) and (B.13) we have:

âT,2 = −
H ′LTPNηcC1

aT,2Y1

Ĉ1 < 0 (B.17)

Therefore, transferred-aid has qualitatively the same impact on technological progress

for closed capital market economy as in an economy with open capital market (âT,2 < 0).

Substituting for Ĉ1 from equation (B.15) into equation (B.17), we can find the percentage

variation of technology as a function of aid and GDP growth:

âT,2 = − σ(1 + ζ)

1 + β + ζ
A1Â1 −

σζK2

(1 + β + ζ)r2

Ŷ2 (B.18)

where σ =
H′LT

(1−γc)
aT,2Y1

> 0.

Finally substituting for âT,2 and K̂2 from equations (B.18) and (B.16) into equation

(B.11), we can find GDP growth as function of the variation in transferred-aid.

Ŷ2 =
r2

K2

αβ − σ(1 + ζ)K2

(1 + β + ζ)r2 + σζK2 + αζ
A1Â1 (B.19)
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This equation implies that:

Ŷ2 > 0⇔ σ ≡
H ′LT (1− γc)

aT,2Y1

<
αβ

(1 + ζ)K2

(B.20)

Proof for K̂2 > 0.

Substituting Ŷ2 from this equation into equation (B.16) we find:

K̂2 =
βr2 + σζK2

K2

(
(1 + β + ζ)r2 + σζK2 + αζ

)A1Â1 > 0 (B.21)

Proof for Ĉ1 > 0.

Substituting Ŷ2 from equation (B.19) into equation (B.15) we find:

Ĉ1 =
1

P̄cC1

(1 + ζ)r2 + αζ

(1 + β + ζ)r2 + σζK2 + αζ
> 0 (B.22)

Proof for r̂2 < 0.

From equation (B.1) and using equations (B.21) and (B.19), we have:

r̂2 = −
(1− α)r2β + σK2

(
ζ + r2(1 + ζ)

)
K2

(
(1 + β + ζ)r2 + σζK2 + αζ

) < 0 (B.23)

Impact on welfare:

Households’ welfare is:

U(C1, C2) = Ln(C1) + βLn(C2) (B.24)

Therefore:

UÛ = Ĉ1 + βĈ2 (B.25)

Knowing that C2 = β(1 + r2)C1, we have:

UÛ = (1 + β)Ĉ1 +
βr2

1 + r2

r̂2 (B.26)

There are two opposite effects on welfare: positive impact through increasing first period

consumption and negative impact through reducing interest rate. Hence, the impact of

transferred-aid on welfare is ambiguous. If the negative impact through productivity is very

large, households expecting very low interest rate will save less. In that case, the impact

on second period consumption can be negative. If this impact dominates the positive effect

on first period consumption, the total impact of transferred-aid on welfare will be negative.
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More precisely, using equations (B.22) and (B.23), we can find:

UÛ =
K2(1 + r2)(1 + β)((1 + ζ)r2 + αζ)− βr2P̄cC1

(
(1− α)r2β + σK2

(
ζ + r2(1 + ζ)

))
P̄cC1K2(1 + r2)

(
(1 + β + ζ)r2 + σζK2 + αζ

)
(B.27)

If σ (which represents the negative impact of transferred-aid on productivity) is very large,

the total impact of transferred-aid can be negative.

B.2: Impact of invested-aid in an economy with closed capital mar-

ket.

In this subsection, similar to the previous one, I consider an economy with closed capi-

tal market. However, I assume that the extra aid is invested in productive public goods:

invested-aid. Thus:

TR1T̂R1 = 0 (B.28)

g1ĝ1 =
A1Â1

P̄g
(B.29)

Using equations (B.28) and (B.29), and substituting for ŵ2 and r̂2 from equations (B.2)

and (B.1), we can rewrite equations ((B.3):(B.7)) as follows.

Ĉ1 =
1

P̄c(1 + β)C1

(
(1− α)Y2

(1 + r2)2
Ŷ2 +

(1− α)Y2r2

(1 + r2)2
K̂2) (B.30)

Ŷ2 = âT,2 + αK̂2 (B.31)

K̂2 = − P̄cC1

K2

Ĉ1 (B.32)

âT,2 =
H ′LTLT,1

aT,2
L̂T,1 +

H ′g
aT,2Y1P̄g

A1Â1 (B.33)

L̂T,1 =
−PN
LT,1Y1

(ηcC1Ĉ1 +
ηg
P̄g
A1Â1) (B.34)

By equations (B.32) and (B.30), we can find:

Ĉ1 =
K2

r2P̄cC1

ζ

1 + β + ζ
Ŷ2 (B.35)
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K̂2 = − ζ

(1 + β + ζ)r2

Ŷ2 (B.36)

Combining equations (B.34) and (B.33) and using equation (B.35), we can find the vari-

ation of technological progress as a function of GDP growth and the change in invested-aid:

âT,2 = − σζK2

(1 + β + ζ)r2

Ŷ2 + (
H ′g

aT,2Y1P̄g
− σχ)A1Â1 (B.37)

where χ = ηc
ηg

P̄c
P̄g

.

We can substitute for K̂2 and âT,2 from the last two equations into equation (B.31) to find

GDP growth as a function of the variation in invested-aid:

Ŷ2 =
(

H′g
aT,2Y1P̄g

− σχ)(1 + β − ζ)r2

(1 + β + ζ)r2 + σζK2 + αζ
A1Â1 (B.38)

This equation implies that:

Ŷ2 > 0⇔
H ′g

aT,2Y1P̄g
> σχ⇔ H ′g > PNηgH

′
LT

(B.39)

equations (B.35) and (B.36) imply that:

H ′g > PNηgH
′
LT
⇔

Ĉ1 > 0

K̂2 < 0
(B.40)

Moreover using equations (B.38) and (B.37) we have:

âT,2 =
(1 + β + ζ)r2 + αζ

(1 + β + ζ)r2 + σζK2 + αζ
(

H ′g
aT,2Y1P̄g

− σχ)A1Â1 (B.41)

Therefore:

âT,2 > 0⇔ Ŷ2 > 0⇔ H ′g > PNηgH
′
LT

(B.42)

Proof for L̂T,1 < 0.

Let’s assume that L̂T,1 > 0. Thus:

If: L̂T,1 > 0⇒

Ĉ1 < 0 (eq. (B.34))⇒ Ŷ2 < 0 (eq. (B.35))⇒ K̂2 > 0 (eq. (B.36)).

âT,2 > 0 (by eq. (B.33)).

(B.43)
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If âT,2 > 0 and K̂2 > 0, equation (B.31) implies that Ŷ2 > 0 ⇒ Ĉ1 > 0 (by eq. (B.35))

⇒ L̂T,1 < 0 (by eq. (B.34)) which is contradiction. Thus: invested-aid always lead to

de-industrialization: L̂T,1 < 0.

B.3: Comparison between the growth impacts of invested-aid and

transferred-aid in an economy with closed capital market.

In appendices appendix B.1 and appendix B.2, we found the GDP growth response to untied

and invested-aid. Let’s represent the GDP growth to transferred-aid and invested-aid in an

closed capital market economy with Ŷ C,U
2 and Ŷ C,T

2 , respectively. Form equations (B.19) and

(B.38), and knowing that ηi
P̄i

= 1−γi
PN

we can find the condition for which invested-aid works

better than transferred-aid in an economy with open capital market:

Ŷ C,T
2 > Ŷ C,U

2 ⇔ H ′g > δ +H ′LT P̄g
(
(1− γg)−

1 + ζ

1 + β + ζ
(1− γc)

)
(B.44)

where δ =
αβ(aT,2Y1P̄g)

K2(1+β+ζ)
> 0.

C: Comparison of the impacts of foreign aid in open and

closed capital market

To be able to compare the impact of invested-aid in two economies with open and closed

capital market, I assume that the economies are initially identical: r2 = r1 = r?, Xc
t = Xo

t

for t ∈ {1, 2} and X ∈ {K, a, LT,C}.

C.1: Comparison of the impacts of invested-aid in open and closed

capital market economies

Comparison of First period consumption.

We assume that Ĉc
1 > Ĉo

1 . Therefore:

If:Ĉc
1 > Ĉo

1 ⇒

 L̂cT,1 < L̂oT,1(by eq. (B.34) (A.24))⇒ âcT,2 < âoT,2(by eq. (B.33) (A.23))

K̂c
2 < 0 < K̂o

2(by eq. (A.1) (B.32))

(C.1)

Thus: Ŷ c
2 < Ŷ o

2 (by equations (B.31) and (A.4)).

For open capital market from equation (33) we have:
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Ĉo
1 =

1

P̄CC1(1 + β)

(1− α)Y2

1 + r?
Ŷ o

2 (C.2)

And for closed capital market, from equation (28)

Ĉo
1 =

1

P̄CC1(1 + β)
(
(1− α)Y2

1 + r2

Ŷ c
2 −

(1− α)Y2r2

(1 + r2)2
r̂2) (C.3)

Knowing that r? = r2 and r̂2 > 0, Ŷ c
2 < Ŷ o

2 implies that Ĉc
1 < Ĉo

1 which contradicts our

assumption. Therefore: Ĉc
1 < Ĉo

1 .

Comparison of De-industrialization and Technological Progress.

If Ĉc
1 < Ĉo

1 , by equations (B.34) and (A.24) we result that L̂cT,1 > L̂oT,1. Thus by equations

(B.33) and (A.23) we have: âcT,2 > âoT,2.

D: Calibration for numerical examples

All the results are shown analytically and therefore the results are not sensitive to calibration

of the model. Nevertheless, in this section I report the calibration that is used in the

numerical examples. The function of technological progress is defined as:

H(g1, LT,1) = (1 + zLLT,1 + zg
g1

Y1

) (D.1)

Table 1: Calibrated parameters

Symbol Value Interpretation

α 0,2 Output elasticity of capital
r∗ 0.055 International interest rate
γg 0.3 public investment elasticity of T-sector final goods
γc 0.8 private consumption elasticity of T-sector final goods
zl 0.1 Importance of LBD effect in technological progress
zg 0.1 Efficiency of public investment
aT,1 1 1st period technology level in T-sector
aN,1 1 1st period technology level in N-sector
β 0,8 Discount factor
K1 8 Initial domestic capital
L1 1 Inelastic labor supply
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