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Abstract

Most of the current literature finds that there is no positive rela-
tionship between foreign aid and GDP per capita growth. This pa-
per shows that this finding is to be expected. Based on a dynamic
stochastic general equilibrium (DSGE) model we demonstrate that
only a temporary change in aid has positive effects on output growth.
In fact, the income effect created from a permanent increase in aid
may produce a negative association between aid and growth. Second,
the response of output to an aid shock is small in comparison to other
aggregate shocks which makes the detection of effects of aid on growth
difficult. When analyzing the aid data, we find that there is a positive
and significant relationship between the temporary component of aid
and growth, but these effects are weaker in countries where aid shocks
are more persistent. We find no such relationship for the permanent
component of aid.
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1 Introduction

An important reason for giving foreign aid is that it may help to foster eco-
nomic development in the recipient country. Less developed countries are
characterized by low income, and this results in low levels of savings and
investments. Wealthy countries may therefore be able to help the poorer
countries by providing financial assistance, that is, funds to make capital
investments. But will foreign aid really be used for investments? And will it
help countries grow? There is already a large empirical literature on the im-
pact of foreign aid on growth, and although some of the initial work provided
evidence in support of a positive relationship between aid and growth, these
results were overturned or qualified in subsequent papers. In fact, the results
obtained from some of the more recent papers in the empirical literature
support the view that there is virtually no aggregate relationship between
aid and growth across countries:

“. . . at best there appears to be a small, positive, but insignificant,
impact of aid on growth.” (Bourguignon and Sundberg, 2007)

“. . . we find little robust evidence of a positive (or negative) re-
lationship between aid inflows into a country and its economic
growth.” (Rajan and Subramanian, 2008)

Aid does not appear to be very effective at the aggregate level. The question,
of course, is why?

In the aid effectiveness literature the conventional approach applied to
study the relationship between aid and growth is regression analysis. Al-
though this paper has an empirical component, it departs from convention,
in that the main tool used to quantify the effectiveness of aid is a dynamic
stochastic general equilibrium (DSGE) model — specifically the Real Busi-
ness Cycle (RBC) model. The simulation results from this study are intended
to complement the econometric work on the effectiveness of foreign aid, since
they help to explain why no strong relationship between aid and growth is
observable in the data. The RBC model is useful because it predicts how
agents will respond to exogenous aggregate shocks, which is what foreign aid
can be classified as. Furthermore, RBC theory is very good at explaining how
consumption and savings decisions are made, and this is particularly useful
because in order for aid to be effective — in the sense of affecting growth
rates — it must be invested.
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RBC theory assumes that there are two general types of tradeoffs that
utility maximizing individuals face: (i) individuals decide how to allocate
their income between consumption and savings, and (ii) individuals decide
how to allocate their time between labor and leisure. In the baseline RBC
model there is a single aggregate shock, a productivity shock, which affects
individual decisions because it alters relative prices (wages and interest rates)
and the profile of income across time. In this paper, we augment the baseline
model by incorporating a foreign aid shock, which takes the form of an untied
transfer of wealth. Unlike productivity shocks, aid shocks do not directly
affect relative prices. However, aid shocks do generate income effects, and
therefore they will affect the savings and time allocation decisions in the
model. In the model there will be an economic response to an aid shock, and
throughout this paper we will attempt to account for why that response is
difficult to detect in the data.

In that the theoretical component of this paper uses calibration and sim-
ulation as a tool to evaluate the effectiveness of foreign aid, it is related to
work by Arellano, Buĺı̌r, Lane, and Lipschitz (2009); Agenor, Bayraktar, and
Aynaoui (2008); Chatterjee and Turnovsky (2007, 2005); and Chatterjee,
Sakoulis, and Turnovsky (2003). A common feature in most of the other
papers is that their main focus is on transfers that are tied to public infras-
tructure projects; whereas the current papers focuses exclusively on untied
transfers.1 Furthermore, the papers by Chatterjee and Turnovsky (2007) and
Agenor, Bayraktar, and Aynaoui (2008) consider only permanent changes in
the flow of aid, whereas in this paper we show that distinguishing between
permanent and temporary changes in aid matters. The papers by Arellano,
Buĺı̌r, Lane, and Lipschitz (2009), Chatterjee and Turnovsky (2005), and
Chatterjee, Sakoulis, and Turnovsky (2003) also study the effects of tempo-
rary changes in aid, but there are two important differences with the current
paper. First, labor supply in their papers is inelastic, whereas in this paper
households alter their labor supply decisions optimally in response to both
aid and productivity shocks. With elastic labor supply, a positive aid shock
generates an income effect that will initially lower both employment and out-
put. Second, in these other papers the permanency of the aid shock is set

1Aid funds that are intended to help finance specific activities, like infrastructure, may
be fungible; which means that these funds merely substitute for spending that recipient
governments would have undertaken anyway. The aid literature claims that fungibility
may render most aid distinctions meaningless. See, for example, Devarajan and Swaroop
(1998).
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somewhat arbitrarily. For example, Chatterjee and Turnovsky (2005), and
Chatterjee, Sakoulis, and Turnovsky (2003) study the effects of a temporary
change in aid that lasts for exactly 10 years; whereas Arellano, Buĺı̌r, Lane,
and Lipschitz (2009) assume that aid shocks follows a first-order autoregres-
sive process AR(1), but they fix the autocorrelation coefficient to 0.90, to
match the persistence of their productivity shocks. In the current paper, we
follow Arellano, Buĺı̌r, Lane, and Lipschitz (2009), in that the temporary
component of aid is restricted to follow an AR(1) process, but we estimate
it to determine the persistence of aid shocks for each aid recipient country in
our sample.

Our paper has the following main results: First, our simulation results
that we obtain by calibrating the theoretical model reveal that the response
of output to an aid shock is found to be small in comparison to other aggre-
gate shocks — like productivity shocks. This may explain why it is difficult
to detect a relationship between aid and growth in the data as observed in
the current literature on aid effectiveness.2 Second, the model predicts that
temporary aid positively affects growth rates while a permanent increase
of aid does not. The magnitude and the lags of a positive growth impact
of a temporary change in aid depends on the aid persistence as measured
by the autocorrelation coefficient in the AR(1) process. A higher degree of
persistence delays (and also reduces) the growth impact of aid shocks. In
countries with a low (high) persistence, aid shocks increase the output level
fast (slowly) and the effect washes out fairly quickly (slowly). Our econo-
metric results are consistent with these predictions: We find a positive and
significant relationship between the temporary component of aid and income
per capita growth. This finding is robust to a range of changes in our econo-
metric analysis. In addition, we find that aid persistence is country specific.
If we add aid persistence interacted with temporary aid into our regression
analysis, then we find that aid and growth are significantly correlated pro-
vided that the autocorrelation coefficient is below .78. In contrast, there is a
significant relation between lagged aid and income growth provided that the
autocorrelation coefficient is above .7. These correlations are consistent with
our theoretical predictions and our simulation results obtained when cali-
brating the model. And finally, the simulation analysis shows that whether
or not donors condition their aid flows on the economic conditions in recipi-

2For a survey and critical assessment of the empirical literature see Roodman (2007),
Rajan and Subramanian (2008), or Dalgaard and Hansen (2010).
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ent countries will not affect how recipient countries spend aid in equilibrium.
This means that any cyclical relationship between aid and output that we
create in the model by altering when aid is received does not reveal anything
about a causal effect of aid on output. It simply indicates that aid levels are
responding to the same variable that is causing output fluctuations. This
also suggests that aid is equally effective (or equally ineffective) when given
in good or bad times.

The rest of the paper is organized as follows. Section 2 outlines the model.
Sections 3 describes the economic response to a change in the flow of aid in a
simplified deterministic version of the model. Section 4 describes the model
calibration and simulations. Section 5 presents and discusses our econometric
results. Finally, Section 6 concludes.

2 The model

The RBC framework developed by Kydland and Prescott (1982) provides a
laboratory for investigating the economic effects of aggregate shocks, such as
fluctuations in total factor productivity and foreign aid levels. The artificial
economy outlined below has the basic structure of the standard RBC model,
except for one thing: it has been modified to incorporate stochastic foreign
aid shocks.3 The notation throughout the paper is to use upper case letters
to denote per capita variables, lower case letters to denote variables that have
been made stationary by dividing by the deterministic trend in the model,
and a star superscript (?) to denote a steady state value. Time is discrete
and indexed by t = 0, ...,∞.

The economy is populated by a large number of identical infinitely lived
agents. The expected lifetime utility, U , of the representative agent is defined
as

U = E0

∞∑
t=0

βt
[
Cω
t L

1−ω
t

]1−γ
1− γ

, (1)

where β, ω, γ > 0, Ct represents consumption and Lt leisure. Individuals
are endowed with one unit of time each period, which can be split between
leisure, Lt, and work, Nt. The time constraint is given by

Lt +Nt = 1. (2)

3For a detailed description of the standard RBC model and methodology see Prescott
(1986), Cooley and Prescott (1995), or King and Rebelo (1999).
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Output, Yt, is produced using inputs of capital, Kt, and labor, Nt, subject
to a constant returns to scale technology with the Cobb-Douglas form,

Yt = ztK
α
t (XtNt)

1−α , (3)

where α ∈ (0, 1) is capital’s share parameter, zt is a random productivity
shock, and Xt denotes the deterministic trend in the productivity series.4

The stochastic component of productivity is assumed to be governed by an
AR(1) process,

ln zt = (1− ρz) ln z? + ρz ln zt−1 + εt, (4)

where | ρz |< 1 and ε ∼ iidN(0, σ2
ε). The deterministic trend component of

productivity is assumed to grow at a constant rate g, and therefore

Xt = (1 + g)Xt−1. (5)

Disposable income in the economy may be allocated to consumption or
investment, It. Since the economy being modeled is assumed to be a recipient
of foreign aid, At, the appropriate resource constraint is given by

Yt + At = Ct + It. (6)

The resource constraint reveals that aid takes the form of a wealth transfer.
The transfer is not tied to any particular activity, such as infrastructure; and
it does not involve a transfer of knowledge, which would be the case if we
were modeling aid in the form of technical assistance.

Similar to the productivity variable, foreign aid is assumed to have both
a stationary stochastic component, at, and deterministic trend component,
Xt:

At = atXt. (7)

The law of motion for the stochastic component of foreign aid is given by

ln at = (1− ρa) ln a? + ρa ln at−1 + θεt + υt, (8)

where | ρa |< 1, θ Q 0 and υ ∼ iidN(0, σ2
υ). The parameter θ is included

to capture the relationship that may exist between aid levels and the state
of economic conditions in the recipient country. If θ is negative, then the

4The assumptions made regarding the specification of technology and preferences are
consistent with balanced growth.
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recipient country will receive a boost in aid when economic conditions are
relatively bad (ε < 0). This would be the case if aid amounts from donor
countries are based primarily on need. However, θ may also be positive,
and in this case the economy will receive relatively more aid during periods
where productivity and output are high (ε > 0). In the empirical literature
on aid effectiveness it has been suggested that aid may be more effective at
raising savings and investment levels when given to countries that have more
favorable economic conditions (see for example Burnside and Dollar, 2000).
Using the current model, we can evaluate this hypothesis by determining
whether the allocation of aid between consumption and investment depends
on the sign of θ.

Finally, the law of motion for capital is given by

Kt+1 = It + (1− δ)Kt, (9)

where δ denotes the depreciation rate of capital.
Since there are no externalities and other market imperfections, the com-

petitive equilibrium in this economy can be calculated as the solution to
the appropriate social planning problem. The social planner seeks to max-
imize the lifetime utility of the representative agent by choosing the opti-
mal sequences for consumption {Ct}∞t=0, labor {Nt}∞t=0, and the capital stock
{Kt+1}∞t=0, subject to a series of time and resource constraints, the law of
motion for capital, the production technology, the stochastic processes, and
the initial endowments. The economy is assumed to start off with an initial
capital stock K0 > 0, an initial productivity trend level X0 > 0, and initial
shocks ln z0, ln a0 ∈ (−1, 1). No analytical solution exists to the Planner’s
dynamic optimization problem, and therefore the model will be simulated
numerically following standard methodology.5

3 The non-stochastic steady state

Before proceeding to the simulations, the effects of foreign aid will be studied
in a simplified deterministic version of the model. The model is simplified in
two ways: First, the non-stochastic components are removed, that is, at each
date zt = z? and at = a?. Second, the period utility function will be restricted

5The solution method we follow is described in detail by King, Plosser, and Rebelo
(1988).
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to depend only on consumption (ω = 1), and therefore u(Ct, Lt) = C1−γ
t /(1−

γ). Since the agents do not value leisure, labor is supplied inelastically to
production, and therefore at each date Nt = 1. With these restrictions
the model can be reduced to a system of two difference equations and two
unknowns (c and k). We can then use two dimensional phase diagrams
to display our analysis. Given these restrictions, the Euler equation and
resource constraint are given by:

β

(1 + g)1+γ

(
ct
ct+1

)1+γ

(αz?kα−1
t + 1− δ) = 1 (10)

ct + (1 + g)kt+1 = z?kαt + (1− δ)kt + a?. (11)

In equations (10) and (11) all variables were made stationary by dividing by
the model’s deterministic trend, Xt. With the exception of the aid parameter,
the dynamic system (10) and (11) is the standard neoclassical growth model
written in discrete time.6 Since the general properties of this model are
well known, the analysis below will focus only on describing the dynamics
that follow a change in the value of the aid parameter. To assist with the
analysis a phase diagram will be constructed in (c, k) space. The loci of points
that satisfy the Euler equation, the resource constraint, and the steady state
restrictions (ct = ct+1, and kt = kt+1) are given by:

ct = ct+1 : k?α−1 =
1

αz?

(
(1 + g)1+γ

β
− 1 + δ

)
(12)

kt = kt+1 : c? = z?k?α − (δ + g)k? + a?. (13)

In Figure 1 the steady state loci are drawn for two cases: (i) a? = 0
and (ii) a? > 0. To analyze the macroeconomic implications of a change
in foreign aid levels, suppose the economy receives no aid initially and is in
the long-run equilibrium at E. Now suppose that there is an unanticipated
inflow of foreign aid that is expected to be permanent. The inflow of aid
will affect the resource constraint, and will shift the kt = kt+1 locus up
by the aid amount received each period. However, the Euler equation is
invariant to aid, and therefore the ct = ct+1 locus is unaffected by the change.
Once the aid arrives, the economy optimally jumps to the new saddle path,
and in doing so it moves instantaneously to its new long-run equilibrium

6The optimal time paths for c and k that solve the system must also satisfy a transver-
sality condition, limt→∞ {βtX1−γ

t c−γt kt} = 0.

8



Figure 1  

(a)  A Permanent Increase in the Flow of Aid 
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Figure 1: A Permanent Increase in the Flow of Aid

at E ′. The new equilibrium has a higher level of consumption, but the
same level of capital compared to the original equilibrium. The explanation
follows standard macroeconomic intuition based on the permanent income
hypothesis - agents want to maintain a smooth consumption profile, and in
response to a permanent change in income this can be achieved by consuming
all of the aid received each period and saving nothing. Since the savings rate
applied to a permanent change in the aid amount is zero, it will not be
effective at raising GDP per capita.

Now suppose that there is an unanticipated increase in aid, but this time
assume it is expected to be only temporary. In addition, assume that the
terminal date (T ) for the aid payments is known with certainty. The dashed
line in Figure 2 shows the time path for consumption and capital during for
dates in which aid is received. Once again, the behavior that is consistent
with the maximization of lifetime utility requires that the consumption profile
remains relatively smooth, and therefore agents must optimally invest some
of the aid funds they receive. By building up capital the economy will be able
to generate more income internally, and therefore it will be able to maintain
consumption at higher levels when the flow of aid stops. The consumption
profile will remain relatively smooth, except for the initial period after the
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Figure 2: A Temporary Increase in the Flow of Aid

shock. Since the increase in the flow of aid was unanticipated, there will be
an initial jump in consumption to point A. The size of this jump will depend
on how temporary the aid flow is expected to be. If aid is only anticipated
to last a few periods then consumption will not change much initially, and
most of the aid will be saved. On the other hand, if aid is expected to flow
for many periods, then the initial jump in consumption will be large, and
the propensity to save out of the aid will be low. The economy will remain
off the saddle path until the terminal date of the aid flow approaches. Since
the terminal date is known, the levels of consumption and capital must lie
very close to the saddle path at this date (near point B); otherwise we would
observe a (non-optimal) discontinuous drop in the level of consumption.

To better quantify the effects that temporary changes in aid have on
macroeconomic performance, it will now be convenient to revert back to the
stochastic version of the model. In the stochastic version the autocorrelation
coefficient in the aid process can be set to match the observed persistence in
the temporary component of the aid flow, and it is expected that this will
be an important parameter in determining the magnitude of the economic
response to an aid shock.
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4 Calibration and simulation

4.1 Calibration

Before simulating the model, values must be assigned to its parameters:
Preferences: β, γ, ω
Technology: δ, α, g, X0, z

?, ρz, σε
Foreign Aid: a?, ρa, θ, συ

The calibration follows the standard procedure of setting values using evi-
dence from the relevant literature, to achieve certain average annual values
observed in the data, and to satisfy the restrictions imposed by the structure
of the model.

The following values were selected on the basis of a priori information:
Following Kocherlakota (1996), the coefficient of relative risk aversion γ is
set equal to 3. Following Prescott (1986), capital’s share of income α is set
to 0.36; the depreciation rate δ is set to 10% per annum; and the value of the
autocorrelation coefficient in the technology process ρz is set equal to 0.81,
which is the annual equivalent to 0.95, used for quarterly series by Prescott
and many others in the RBC literature. Next, the initial productivity level
X0 and the steady state value of the productivity shock z? only effect the
scale of the economy and can therefore be normalized to 1. In the aid process
a sensitivity analysis will be performed on the parameters θ and ρa, however,
for the baseline calibration θ is set to zero and ρa to 0.58. By setting θ to
zero we are assuming initially that the reason for giving aid is unrelated to
the state of economic conditions in the poor countries. The value applied
to ρa represents the median value estimated from our sample of recipient
countries.7

The remaining parameter values are set so that the model’s properties
match certain averages. For example, the share parameter in the utility
function ω is set to 0.2998; so that in the model the average time spent
working N? is 25%. In the RBC literature estimates for average hours worked
varies between 1/5 and 1/3, and the value we applied of 1/4 was chosen
because it lies somewhere in the middle of this range. The discount factor
β is set to 0.9664, and implies an average annual real interest rate of 6.5%.

7Our largest sample of aid recipients we use in the econometric analysis consists of 105
countries. Our regression results for the autocorrelation coefficient in the aid process has
a sample mean value of .58, a minimum value of -.26, a maximum value of .95, and a
standard deviation of .23.
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The average rate of productivity growth g is set to 1.8%, which coincides
with the average annual growth rate of GDP per capita in our sample of
countries. The steady state value in the stochastic process for aid a? is set to
0.0310, and this implies an average aid-GDP ratio of 8%. This ratio is lower
than the average reported by Pallage and Robe (2001) for African countries
(12%), but higher than the average ratio that they reported for non-African
countries (4%).

The two remaining parameters are the standard deviations of the innova-
tions in the stochastic processes: σε and συ. Pallage and Robe (2001) report
that for aid recipient countries GDP per capita has an average standard devi-
ation of 13%, which is roughly 6 times higher than the U.S. level; and foreign
aid is twice as volatile output. To match these observations in our simulated
series we set the standard deviations of the productivity shock and the aid
shock to 0.092 and 0.242, respectively.8

4.2 Permanent changes in the flow of aid

Table 1 reports the effects of permanent changes in the aid-GDP ratio. The
results reveal that this version of the model exhibits some similarities and
some differences with the analysis discussed for the simplified version pre-
sented in Section 3. Like before, when aid increases, the investment rate
remains the same, and the propensity to consume rises one percentage point
for each percentage point increase in the aid-GDP ratio; which implies that
permanent increases in aid are consumed rather than invested. However,
when households value leisure, changes in aid levels also affect the optimal
allocation of time. An increase in aid produces a positive income effect, and
since leisure is now a normal good it rises and hours worked falls. The fall
in hours worked causes a reduction in the levels of output, investment and
capital. In the model, each one percentage point increase in the long-run
aid-GDP ratio reduces GDP per capita in the long-run by approximately
1%. Furthermore, the net impact of aid on disposable income (GDP plus
aid) is very small. For example, an increase in the aid-GDP ratio from 0%
to 12% increases disposable income by less than 0.2%. Consumption is the
only variable in the model to experience much of an increase in response to

8The results to be presented shortly will show that output is not particularly sensitive
to aid shocks. As a result, there was only one combination of values found for σε and συ
that will generate the required amount of volatility for output and aid.
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Table 1: Permanent Changes in the Aid-GDP Ratio

Aid-GDP Ratio
Steady State Value 0% 4% 8% 12%
Cons.-GDP (c*/y*) .7422 .7822 .8222 .8622
Inv.-GDP (i*/y*) .2578 .2578 .2578 .2578
Output (y*) .4182 .4024 .3877 .3740
Consumption (c*) .3104 .3147 .3188 .3225
Investment (i*) .1078 .1037 .1000 .0964
Hours Worked (N*) .2695 .2594 .2500 .2412
Income (y*+a*) .4182 .4185 .4187 .4189

additional aid. For each one percentage point increase in the aid-GDP ratio,
the level of consumption rises by about 0.3%.

4.3 Temporary changes in the flow of aid

Table 2 reports annual business cycle statistics for the artificial economy
with and without foreign aid shocks. The model produces more volatility
than would typically be seen in a paper from the RBC literature, but this is
because the model has been calibrated to match the high output volatility
observed in general among aid recipients. However, the other properties
are what you would expect: investment, consumption and hours worked are
all strongly procyclical, investment is much more volatile than output and
consumption is less volatile. For the present analysis the main feature about
Table 2 is that the statistics for the non-aid variables are similar with or
without the aid shocks. Virtually all of the volatility in the non-aid variables
are explained by the productivity shock. If aid shocks are having an effect
on output, then those effects are not detectable in Table 2 because they are
being drowned out by the productivity variable.

The relative strength of the productivity shock also explains why aid is
acyclical in the model. In comparison, Pallage and Robe (2001) report that
aid is procyclical in 60% of recipient countries, acycliclal in 30%, and coun-
tercyclical in 10%. In order for our model to match the cyclicality of aid
in individual countries, it will be necessary to alter the parameter θ, which
describes how aid flows respond to productivity shocks. In the baseline cali-
bration θ equals zero: aid was assumed not to be related to the productivity

13



Table 2: Model Economy Business Cycle Statisticsa

Productivity & Aid Shocks Productivity Shocks Only
Variable (x) % S.D. CORR(x,y) % S.D. CORR(x,y)
Output (y) 13.00 1.00 12.97 1.00
Consumption (c) 6.26 0.96 6.23 0.96
Investment (i) 31.91 0.97 31.62 0.99
Hours (N) 5.42 0.98 5.42 0.97
Foreign Aid (a) 26.00 -0.03 0.00 0.00

aIn the artificial economy, 1 period corresponds to 1 year. Before statistics were reported
each simulated series was detrended using the Hodrick-Prescott (HP) filter. The
smoothing parameter in the HP filter was set to 100.

shock. However, if θ were positive then more aid would be given during
periods when productivity and output are high, and this would make aid a
procyclical variable; whereas if θ were negative then aid would be counter-
cyclical. We find, however, that how aid is spent by the recipient does not
depend on the sign of θ. For example, if a technology disturbance (ε 6= 0)
were to raise aid levels by say 1%, the savings rate applied to those funds
would be the same, regardless of whether the technology disturbance was
in a high or low state. Therefore, any cyclical relationship between aid and
output that we create in the model by changing the sign of θ does not reveal
anything about a causal effect of aid on output. It simply indicates that aid
levels are responding to the same variable that is causing output fluctuations.
Furthermore, the fact that the allocation of aid is invariant to θ suggests that
aid will be equally effective (or equally ineffective) when given in good or bad
economic times.9

One benefit of the calibration and simulation approach to measuring the
effectiveness of aid is that we can isolate the economic impact of a temporary
change in aid by analyzing the impulse responses in the model to this type
of a shock. The impulse responses of consumption, investment, output and
hours to a positive one percent deviation from trend in the aid level are
illustrated in Figure 3. As expected, the magnitude of the response depends
on the persistence of the shock (ρa). As persistence falls, investment is more
responsive and consumption is less responsive. The income effect from the
positive aid shock causes hours worked to fall, and this explains the initial

9Following the literature, the criterion used to judge the effectiveness of foreign aid is
its impact on GDP per capita growth.
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drop in output. However, the rise in investment has a positive effect on
output in the future. The more temporary the shock is, the sooner it will
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Figure 3: Impulse Responses to a +1-Percent Aid Shock

be that output rises above its trend. For example, when ρa = 0.08, output
experiences its maximum deviation above trend of 0.008%, and this happens
three years after the shock. In comparison, when ρa = 0.58, the maximum
deviation above trend for output is again 0.008%, but this occurs in year
six. When ρa = 0.88, it takes 18 years for output to rise above trend,
and even then it never experiences more than a positive 0.001% deviation.
These effects are small, regardless of the value chosen for ρa. To put this in
perspective, a comparably sized productivity shock (1% increase) would rise
output by a maximum of 1.3% above trend, and this happens in the first year.
These result confirm the findings from the empirical literature, that financial
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aid is not going to be very effective at raising output. Based on these results,
the only type of aid that could be effective is aid that is designed to improve
productivity levels in recipient countries; such as technical assistance, or
possibly aid for public infrastructure projects.10

5 Aid effectiveness: new econometric evidence

Our analysis has identified several reasons why it is difficult to establish a
positive relationship between foreign aid and GDP per capita growth. First,
only temporary increases in aid where found to have positive effects on in-
vestment and output. In fact, the income effect created from a permanent
increase in aid could actually produce a negative association between aid and
output. Second, although output responds positively to a temporary change
in aid, the response happens with a lag. However, this lag is larger, the
higher the persistence of an aid shock, ρA. Third, the response of output to
an aid shock is small in comparison to other aggregate shocks, and this will
make detecting the effects of aid difficult. Furthermore, even if a positive
relationship between aid and output is detectable, it may not be clear if the
direction of causality runs from aid to output, or visa versa.

In this section we use the DSGE approach as our tool to guide a regression
analysis as it is typically done in the aid effectiveness literature. We will use
the insights generated in the previous sections to analyze the aid-growth
relationship in the data. In the model, per capita aid is assumed to affect
the resource constraint of an economy. Some forms of aid affect the economy
through other channels than the resource constraint, as for example technical
assistance. For this reason, the aid measure used here excludes technical
assistance. We also exclude other forms of aid that are not directly intended
to foster development, such as humanitarian and food aid. Furthermore,
following Roodman (2006), we focus on current and actual transfers.11 Thus,
aid refers to current and actual transfers flowing into a developing country
net of technical assistance, food aid, and humanitarian aid. We obtain the aid

10See Annen and Kosempel (2009) for a discussion of the importance to distinguish
between aid in the form of technical and non-technical assistance. The model presented
there, identifies different channels of how technical and non-technical assistance affect
income growth rates. Our earlier paper, also provides econometric evidence that technical
assistance is effective when it is not too highly fragmented.

11The aid measure is derived as follows: Grants plus ODA gross loans minus debt
forgiveness, technical assistance, food aid, humanitarian aid, and rescheduled debt.
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measures from the aggregate aid statistics provided by the OECD as actual
disbursements in current dollars between 1970 and 2009, and converted them
into PPP adjusted dollars. Finally, we divide the measure by the population
in order to obtain a per capita aid measure.12

The previous sections have shown that when analyzing the association
of aid and income per capita growth, the distinction between the temporary
component and the permanent component of aid is important. For that
reason we will distinguish between the temporary and permanent component
of foreign aid and analyze how these components relate to economic growth.
Equation (7) shows how aid can be decomposed into a stochastic part and a
deterministic part. Taking logs, and recognizing that Xt = (1+g)tX0, where
X0 is some initial value of technology, we estimate for each recipient country
i the following regression model:

lnAit = φ+ δit+ uit,

where φ ≡ ln(Xi0a
∗
i ), δi ≡ ln(1 + gi), and uit ≡ ρa ln at−1 + θεit + vit. The

error term uit is the demeaned part of the stochastic component of aid,
ln(at/a

∗), as defined in (8). Thus, we regress aid, lnAit, on a time trend,
where the permanent component of aid is given by the predicted value of
aid φ̂i + δ̂it, and the temporary component is equal to the residual given by
ûit = lnAit − (φ̂i + δ̂it).

Having derived the permanent and temporary components of aid for each
recipient, we can determine how the two components of aid are associated
with per capita income growth. Our approach is to run growth regressions
as they are common in the aid effectiveness literature, with the difference
that we run separate regressions for the two components of aid. Note that
we use a specification that is similar to specifications used in the typical aid
effectiveness literature, as for example in Rajan and Subramanian (2008).
However, one noteworthy difference is that we include the investment share as
a control because it constitutes an important control for the steady-state of an
economy.13 Another noteworthy difference is that we do not include a control

12Data for Real GDP per capita, investment share, and openness comes from the Penn
World Tables 7 (2011). Data for budget surplus comes from the World Bank Indicators
(2011) complemented by data from the International Financial Statistics for years previous
to 1990. Data for M2 and Life Expectancy come from the World Bank Indicators (2011).
Data for Legislative Effectiveness, Revolutions, and Ethnic fractionalization is from Arthur
S. Banks.

13In equations (12) and (13) the preference parameters are shown to have an effect on the
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for “Institutional Quality.” However, the “Investment Share” can be seen as
a proxy variable for institutional quality. Including controls for institutional
quality will reduce the sample quite dramatically,14 and it is not clear to
us that commonly used measures, as for example the International Country
Risk Guide (ICRG), measure institutions as formal constraints (i.e. North,
1990). A high ICRG rating seems to be more reflective of good policies
chosen by governments irrespective of how constrained these governments
are.15 Finally, we divide our observations into 4-year periods, and calculate
the averages in these periods between 1970 and 2009. Thus, there can be at
most 10 periods for a country. This procedure is done in order to account
for some business-cycle movements.

Table 3 reports OLS results, when regressing growth on aid when con-
trolling for policy and other variables such as revolutions, ethnic fractional-
ization, and continent dummy variables. Inspecting this table reveals that
the estimates on the control variables are as expected. We have some weak
evidence of convergence, the estimate of the investment share is large and
highly significant, there is a significant negative correlation between infla-
tion and economic growth, and there is a significant negative correlation
between revolutions and ethnic fractionalization and income growth. With
respect to our variable of interest, Table 3 reveals that there is essentially
no correlation between growth and total aid per capita (Column (I)). This
finding is consistent with the general consensus that there is “little robust
evidence of a positive (or negative) relationship between aid inflows into a
country and its economic growth.” (Rajan and Subramanian, 2008) But once
we divide aid into a temporary and permanent component, Table 3 reveals a
positive and significant correlation between the temporary component of aid
and income per capita growth (Column (II)). The point estimate of 0.78 is
significant at the 1% level. In contrast, there is a negative but insignificant
correlation between the permanent component of aid and per capita income

steady-state levels of consumption and capital, and this happens because they affect the
investment rate. Although we cannot directly measure their values, we can still control for
heterogeneity in their levels by including the investment rate as an explanatory variable.

14For example, using ICRG data, we would loose about 100 observations.
15See Glaeser, La Porta, Lopez-de Silanes, and Shleifer (2004) for an insightful discussion

of the measures on institutions typically used in the literature. Note that all our results are
robust to the inclusion of an ICRG measure into the regression. Including such a measure
reduces the point estimate and the significance of the Investment Share, which suggest
that the Investment Share indeed captures elements of institutional quality as measured
by the ICGR.
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Table 3: Permanent vs. Temporary Aid: OLS Regressions

Dependent Variable: Income Growth (I) (II) (III) (IV) (V)

Initial Real GDP per capita (log) -0.416 -0.399 -0.518∗ -0.473 -0.505
(0.312) (0.305) (0.311) (0.305) (0.308)

Investment Share (log) 1.123∗∗∗ 1.223∗∗∗ 1.204∗∗∗ 1.164∗∗∗ 1.196∗∗∗
(0.414) (0.422) (0.415) (0.418) (0.415)

Openness 0.001 0.001 0.002 0.002 0.002
(0.003) (0.003) (0.003) (0.003) (0.003)

Budget Surplus 0.000 0.000 0.000 0.000 0.000
(0.000) (0.000) (0.000) (0.000) (0.000)

Inflation -0.002∗∗∗ -0.002∗∗∗ -0.002∗∗∗ -0.002∗∗∗ -0.002∗∗∗
(0.000) (0.000) (0.000) (0.000) (0.000)

M2 -0.001 -0.001 -0.001 -0.001 -0.001
(0.001) (0.001) (0.001) (0.001) (0.001)

Life Expectancy 0.028 0.015 0.027 0.022 0.027
(0.036) (0.036) (0.036) (0.035) (0.036)

Revolutions -0.459∗ -0.427 -0.487∗ -0.478∗ -0.485∗
(0.276) (0.278) (0.275) (0.274) (0.275)

Ethnic fractionalization -1.919∗∗∗ -1.943∗∗∗ -1.908∗∗∗ -1.947∗∗∗ -1.909∗∗∗
(0.577) (0.569) (0.576) (0.577) (0.577)

Total Aid per capita (log) 0.122
(0.122)

Temporary Component 0.781∗∗∗
(0.269)

Permanent Component -0.067
(0.145)

Lagged Temporary Component 0.459∗
(0.267)

Lagged Permanent Component -0.053
(0.148)

R-squared 0.24 0.25 0.24 0.25 0.24
F statistic 9.28 9.21 9.50 8.93 9.52
N 621 621 621 621 621

Dependent Variable in all equations is the average growth rate of real GDP per capita. Significance levels
: ∗ : 10 ∗∗ : 5% ∗ ∗ ∗ : 1%. Robust standard errors are in parenthesis. Constant term, continent
– and time fixed effects are not reported.

growth (Column (III)). These, correlations seem to be consistent with the
theory proposed earlier. Columns (IV) and (V) use lagged aid instead of
contemporaneous aid, and there is a similar result: We find a positive corre-
lation between the lagged temporary component and economic growth and a
negative correlation for the lagged permanent component. However, lagged
temporary aid is significant at the 10% level only.

Our simulation results have shown that the time lag of the impact of an
aid shock on growth depends on the autocorrelation coefficient ρA. We can
calculate this coefficient for each recipient country by estimating a regression
equation as specified in (8). We find that this coefficient varies substantially
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across countries. Table 4 reports OLS results when including ρA and ρA
interacted with aid in our growth regressions. In Table 4 the coefficients on

Table 4: Speed of Aid Impact: OLS Regressions

Dependent Variable: Income Growth (I) (II) (III)

Total Aid per capita (log) 0.43
(0.32)

ρA * Total Aid -0.51
(0.46)

Temporary Component 2.08∗∗
(1.01)

ρA * Temporary Component -1.92
(1.43)

Lagged Temporary Component -0.88
(0.94)

ρA * Lagged Temporary Component 2.02
(1.38)

ρA 1.64 0.58 0.46
(1.39) (0.73) (0.75)

R-squared 0.24 0.26 0.25
F statistic 8.59 8.81 8.29
N 621 621 621

Dependent Variable in all equations is the average growth rate of real GDP per capita. Significance levels
: ∗ : 10 ∗∗ : 5% ∗ ∗ ∗ : 1%. Robust standard errors are in parenthesis. The regressions include
the same controls than in Table 3, which are not reported here.

total aid and total aid interacted with the autocorrelation coefficient ρA are
both insignificant. As before, we find a positive and significant relationship
between aid and growth for temporary aid provided that ρA is close to zero as
the estimate on the interaction-term is negative. In contrast, the interaction
effect of lagged aid is positive which suggest that the correlation coefficient
increases in the persistence of an aid shock. With the interaction-term, the
partial impact of an aid measure on growth equals b̂1+b̂2×ρA, where b̂1 and b̂2

are the point estimates for aid alone and aid interacted with ρA respectively.
The standard error of the partial impact of aid on growth now depends on
ρA and is given by

σ̂ ∂growth
∂Aid

=

√
var(b̂1) + ρAvar(b̂1) + 2ρAcov(b̂1, b̂2). (14)

It is important to point out that in case the estimates of b̂1 and b̂2 are
not statistically significant separately, they may nevertheless be significant
jointly, since cov(b̂1, b̂2) can be negative. For that reason Figures 4 and 5 plot
a 5% confidence interval of the estimate b̂1 + b̂2×ρA for values of ρA between
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Figure 4: 95% Confidence-Interval for Partial Impact of Temporary Aid con-
ditional on ρA on Growth

zero and one. Figure 4 shows that for values of ρA smaller than .78, there
is a significant relationship between aid and growth. Figure 5, on the other
hand, states that there is a significant positive relationship between aid and
lagged aid in countries with a persistence level above .7. These correlations
are consistent with the simulation results discussed earlier. The lower ρA,
the more immediate is the impact of aid shock on income growth and the
quicker income growth is again back to trend. A high aid persistence, not
only lowers the impact of aid on growth but it also increases the lags needed
for aid to have a positive impact and be back to trend.

Since the results in Tables 3 and 4 are based on OLS regressions, the
estimates are correlations and may fail to properly identify the impact of aid
on growth because of endogeneity problems. For example, if donors give more
aid to countries with a poor growth performance, then the OLS estimates on
the aid variables will be downward biased. Table 5 reports results when using
instrumental variables and System-GMM to address potential endogeneity
biases. In the 2-Stage-Least-Square (2SLS) estimations, we use the previous
two lags of aid as instruments for current aid. We see that the point estimate
for the temporary component of aid increases substantially, which suggests
that our OLS results suffer from endogeneity bias as for example given by
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Figure 5: 95% Confidence-Interval for Partial Impact of Lagged Temporary
Aid conditional on ρA on Growth

reversed causality (i.e. donors give aid to low performing countries, which
produces a downward bias in the OLS estimations). We use also System-
GMM, which is intended to address endogeneity issues in models like the one
estimated here (Blundell and Bond, 1998; Arellano and Bond, 1991). In the
GMM estimations, we treat aid as an endogenous variable and use lagged
aid observations as instruments. Because System-GMM controls for country
fixed effects by taking differences, we no longer control for variables such as
ethnic fractionalization and geography. Columns (III) and (IV) in Table 5
report these results. They confirm the IV results, suggesting that our OLS
results are indeed downward biased. Table 5 is also in line with the findings
based on OLS, namely that we find a significant positive relationship between
the temporary component of aid and income per capita growth, whereas the
point estimates for the permanent component are negative but insignificant.
Thus, our results are robust to the estimation method and the sample size we
are using, as different estimation methods generate different sample sizes.16

16Note that a first version of the paper used data from the Penn World Tables 6.3 and
World Bank Indicators that were downloaded a year earlier; and this data produced very
similar results, which can be seen as an additional robustness check.
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Table 5: Permanent vs. Temporary Aid: System GMM

Dependent Variable: Income Growth (I) (II) (III) (IV)

2SLS 2SLS GMM GMM

Initial Real GDP per capita (log) -0.152 -0.387 -1.420 -0.288
(0.309) (0.328) (0.999) (0.762)

Investment Share (log) 1.354∗∗∗ 1.304∗∗∗ 3.604∗∗∗ 1.791
(0.440) (0.435) (1.011) (1.253)

Openness -0.001 -0.000 0.001 0.000
(0.003) (0.003) (0.006) (0.007)

Budget Surplus 0.000 0.000∗ 0.000∗∗∗ 0.000∗∗∗
(0.000) (0.000) (0.000) (0.000)

Inflation -0.002∗∗∗ -0.002∗∗∗ -0.001∗∗∗ -0.002∗∗∗
(0.000) (0.000) (0.000) (0.000)

M2 -0.001 -0.001 -0.001∗∗∗ -0.001∗∗∗
(0.001) (0.001) (0.000) (0.000)

Life Expectancy 0.007 0.029 0.089 0.048
(0.038) (0.039) (0.089) (0.074)

Revolutions -0.291 -0.387 -0.283 -0.512
(0.288) (0.277) (0.321) (0.334)

Ethnic fractionalization -1.760∗∗∗ -1.736∗∗∗
(0.552) (0.570)

Sub-Saharan Africa 0.235 0.237
(0.663) (0.696)

South Asia 1.646∗∗∗ 1.504∗∗
(0.603) (0.613)

Latin America and Caribbean 0.509 0.316
(0.480) (0.454)

East and Southeast Asia 2.167∗∗∗ 1.998∗∗∗
(0.560) (0.553)

Temporary Component 1.506∗∗ 1.189∗∗∗
(0.591) (0.429)

Permanent Component -0.096 0.716∗
(0.150) (0.412)

R-squared 0.23 0.24
F statistic 9.42
N 568 568 654 654

Dependent Variable in all equations is the average growth rate of real GDP per capita. Significance levels
: ∗ : 10 ∗∗ : 5% ∗ ∗ ∗ : 1%. Robust standard errors are in parenthesis. Constant term and time
fixed effects are not reported.

6 Conclusions

This paper evaluated the effectiveness of foreign aid. It focused specifically
on wealth transfers that are not tied to any specific activities. The analysis
has both a theoretical and empirical component. In the theoretical com-
ponent the RBC model was used to quantify the macroeconomic response
to permanent and temporary shocks to the level of foreign aid. There were
three main results: First, only temporary increases in aid where found to
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have positive effects on investment and output. In fact, the income effect
created from a permanent increase in aid could actually produce a negative
association between aid and output. Second, although output responds pos-
itively to a temporary change in aid, the response happens with a lag, and
both the length of the lag and the magnitude of the response depends on
the persistence of the shock. Third, we found the response of output to an
aid shock was small in comparison to productivity shocks. In the empirical
component of the paper we provided some new econometric evidence of the
aid-growth relationship. Similar to the recent evidence in the related liter-
ature, we did not find aid, in general, to be effective. However, we did find
a positive and statistically significant relationship between the level of aid
and growth when our aid measure included only the temporary component.
However, the effect of a temporary aid shock on growth weakened as the
permanency of the aid shock increased.

From a policy perspective transfers of wealth from rich to poor countries
are not very effective, but are nonetheless desirable. Untied financial aid is
ineffective in that it was found to have only a small impact on the levels
of capital investment and GDP per capita. However, aid is desirable, be-
cause more of it leads to higher levels of both consumption and leisure, and
therefore utility is higher with more aid.
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