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The association between foreign aid and growth has been controversial for decades and the evidence is quite
mixed with results sensitive to data samples and modelling approaches. We reassess the relationship between
aid, policy and growth implementing a novel semiparametric estimation method that allows for nonlineari-
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results show that the aid-policy-growth relationship is complex with varying correlation patterns across dif-
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1 Introduction

Net Official Development Assistance (ODA) flows have continuously increased between 1960 and 2015 at an

annual real rate of 2.9%, reaching 152.5 billion US dollars or 20.7 dollars per capita in 2015.1 Yet, whether

the multiple aid efforts and billions of dollars mobilized each year effectively contribute to the economic

growth of developing countries, including countries with good policies and institutions, is still puzzling and a

matter of constant debate. As surveyed in Dalgaard et al. (2000), Dalgaard et al. (2004), Clemens et al. (2012)

(henceforth CRBB) and Arndt et al. (2016), the empirical literature on the relationship between foreign aid

and growth is quite extensive and the evidence is mixed. The results appear sensitive to data samples used

and modeling approaches. CRBB particularly divides the growth-aid literature into three strands, which

include the ‘conditional’ strand that argues that aid may only cause growth under certain conditions (e.g.,

in good policy environments); the ‘unconditional’ strand that focuses on the model specification or sample

period considered suggesting that aid might have diminishing returns; and the ‘null’ strand that argues that

there is no relationship between aid and growth.

In this paper, we reassess the relationship between foreign aid, policy and growth using a novel semi-

parametric estimation approach that permits to account for nonlinearities in the relationship while controlling

for endogeneity. For consistency and to keep the main contribution of the paper clear, we focus on reexam-

ining the conclusions of one of the most influential studies in the literature, Burnside and Dollar (2000)

(henceforth BD), under our semiparametric framework. BD implement a linear growth model that allows

for a joint aid and policy effect and find that foreign aid is growth-enhancing but only in the presence of

a good policy environment.2 As noted by Easterly (2003), BD paper became the basis at that time to rec-

ommend increasing foreign aid only in countries with good policies in place. The work that followed BD

study, however, provide wide varying results using data extensions and alternative regression specifications,

instrumental variables and estimation strategies (e.g., Dalgaard and Hansen, 2001; Collier and Dehn, 2001;

Hansen and Tarp, 2001; Lu and Ram, 2001; Collier and Dollar, 2002; Burnside and Dollar, 2004; Dalgaard

1 https://data.worldbank.org/indicator/DT.ODA.ODAT.KD.
2 Prior to BD, Boone (1996) finds in another influential work that foreign aid does not affect growth for the average country.
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et al., 2004; Easterly et al., 2004 (henceforth ELR); Roodman, 2007; Alvi et al., 2008; CRBB).3

Among the studies that challenge BD results, ELR, in particular, use the same specification and two-

stage least squares (2SLS) methodology as BD with an updated and expanded dataset that include a few 

new countries and one additional four-year period, and fail to support BD’s conclusion that aid promotes 

growth in countries with sound policies. Hansen and Tarp (2001), in turn, essentially use the same data as 

BD in a generalized method of moments (GMM) framework and show that allowing for nonlinear aid effects 

(i.e., adding a squared term of foreign aid) drives out the significance of the combined aid and policy effect, 

concluding that aid promotes growth with diminishing returns irrespective of policy. More recently, CRBB 

revisit BD preserving their regression specification but using lagging and differencing methods to avoid the 

use of instrumental variables and find t hat a id r eceipts a re o n average f ollowed b y ( modest) i ncreases in 

growth.4

For comparability purposes, our core analysis uses CRBB updated dataset that covers the years 1970–

2005 (over four-year periods) and we include all countries considered in BD and ELR full samples.5 We 

also alternatively use BD and ELR original databases, which cover the years 1970–1993 and 1970–1997, 

respectively. The latter datasets include an aggregate measure of aid that combines total grants and the grant 

equivalents of official loans—net present value of Effective Development Assistance (EDA)—while CRBB 

dataset includes net ODA, which is a more standard measure defined as government aid designed to promote 

economic development and welfare.6

We implement a semiparametric model that does not impose any particular structure on the individual 

and joint relationship of aid and policy to economic growth, hence allowing for a more detailed assessment 

of these relationships along different data ranges. Additionally, the data-driven estimation approach avoids 

any potential misleading results due to misspecification on how aid and policy are correlated with growth. 

This flexibility is critical in a context where Roodman (2007), for example, shows that the results of several 

important aid-growth papers including BD are sensitive to potential model specification or sample expansion;

3 The list of papers is certainly more extensive, including studies that analyze the long-run relationship between aid and growth
(e.g., Rajan and Subramanian, 2008; Arndt, 2015), which is not the focus of this paper.

4 CRBB also reexamine Boone (1996) and Rajan and Subramanian (2008) results and find similar small effects of aid on growth. 
5 The dataset we use is also the most recent one publicly available for these studies, as far as we are aware of.
6 As discussed in CRBB, EDA is a less standard measure of aid used in the literature—Burnside and Dollar (2004) themselves

use ODA in their later work.
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ELR call for more flexible regression models indicating that in the empirical literature “there are more

plausible specifications than there are data points in the sample”; or CRBB conclude that foreign aid does

not automatically ‘work’ everywhere as the effect of aid on growth seems heterogeneous across countries.

In our empirical setup, while the key variables of interest, aid and policy, are modeled nonparamet-

rically, the other control variables are modeled linearly as in previous studies. Given the sample size, the

choice of a partially linear model also helps to increase estimation precision and mitigate the well-known

problem of nonparametric estimation—the curse of dimensionality—by controlling for the other variables in

a linear fashion. Altogether, the estimation approach permits to assess the varying relationship between aid

and growth at different levels of policy and vice versa, all else equal.

In addition to the extra flexibility in modeling, the estimator considered—adapted from Geng et al.

(2017)—further permits to control for potential endogeneity appearing in both the nonparametric and linear

components of the model, which is novel in the current semiparametric literature.7 This is different from

Alvi et al. (2008) who implement Li and Stengos (1996) semiparametric estimation method, which does

not allow for endogeneity in the nonparametric component, to study the nonlinear relationship between aid,

policy and growth for a subset of BD countries over the period 1974–2001.8 To tackle the endogeneity issue

the authors rely on the use of lagged regressors and find partial evidence of BD’s results and diminishing

returns to aid. However, as argued by Bellemare et al. (2016), the use of lagged explanatory variables to

solve endogeneity problems is basically built on the assumption that there is no temporal dynamics among

the unobservables, which is not testable and unlikely to be true in a growth model.

Following previous work, we treat foreign aid as endogenous, which might stem from reverse and

simultaneous causation. More specifically, aid allocations may be need-based in that donors respond to

negative economic shocks (e.g., natural disasters) by providing more assistance or may be strategic-based

in that countries with positive shocks (e.g., newly discovered oil fields) receive special favors from certain

donors due to strategic or commercial interests, leading to estimation biases in exactly the opposite direc-

tion. Similarly, aid and growth may be jointly determined given the data structure (four-year periods).9

7 We expand the model considered in Geng et al. (2017) by allowing for exogenous variables in the linear part of the model, as
detailed in Section 2.

8 A pooled semiparametric estimator following Li and Stengos (1996) without using instrumental variables (to neither account for
endogeneity in the linear part of the model) is essentially reduced to the one proposed by Robinson (1988).

9 Dalgaard and Hansen (2001) show strong evidence in favor of endogeneity of aid.
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The policy index, in turn, is constructed using the auxiliary regression approach of BD based on different

macroeconomic variables and is treated as exogenous, similar to other studies.10 We recognize though that

this procedure does not necessarily eliminate the potential endogeneity of this variable, but we are unaware

of credible instruments.11 Lastly, we further treat institutional quality (one of the typical controls in growth

estimations, which enters the model linearly) as endogenous since higher economic growth may translate

into better institutional quality and there might be some unobserved factors that jointly affect institutional

quality and growth. Aron (2000) supports the first argument by pointing out that institutional quality may

deteriorate in periods of low growth in many developing countries.12 For the second argument, Easterly

et al. (2006) provide empirical evidence that social cohesion, proxied for example by inequality and ethnic

fractionalization, can endogenously determine institutional quality (which in turn affects growth).

We use the same instruments as in BD and ELR plus the Gini coefficient to instrument institutional

quality. We examine the strength of the instrumental variables in our setting, in light of the discussion in

CRBB regarding the reliability of some of the instruments generally used in the literature.13 We also evaluate

the correlation between lagged aid inflows and current growth, as aid effects may arrive with a lag, and

accordingly instrument the lagged variable.14 Overall, the inclusion of instruments in our semiparametric

framework permits to better control for likely endogeneity in the estimations, although we acknowledge that

we cannot fully discard it as the analysis is still constrained to a cross-country panel growth regression, which

represents several widely-known estimation challenges. In the same vein, the study should be viewed as an

attempt to provide a more comprehensive and accurate look at the aid-policy-growth relationship and, to the

best possible extent, disentangle causality from correlation.

The estimation results suggest that the aid-policy-growth relationship is complex and the correlation

patterns vary across different aid and policy levels, which explains the different results of previous related

10 In this sense, the policy index should be viewed as a measure of the economic environment and not as a broader measure
of governance capacities. For a discussion on measures of governance capabilities, including market-enhancing versus growth-
enhancing governance, see Khan (2007).

11 See Rodrik (2012) for a general discussion on the likely endogeneity of policy in growth regressions. The author points out the
difficulty of finding valid instruments to address this matter.

12 Moreover, measures of institutional quality, such as the International Country Risk Guide (ICRG) composite rating that we use,
are influenced by recent measures of growth and political events.

13 As described in CRBB, aid is usually instrumented with a proxy of political ties to donors (former colonial relationships, arms
imports), size of the recipient country (population of recipient, relative population of donor and recipient), or lagged aid flows. We
use population and arms imports (over total imports).

14 This also permits to compare our results with CRBB who assess the effect of aid on growth with a lag.
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papers. We find a consistent positive correlation between good policies and growth of per capita GDP,

despite the level of aid received, and the positive correlation is stronger in better policy environments. Aid, in

contrast, does not appear growth-enhancing except at very high levels (above 7% of Aid/GDP) and we do not

find evidence that better policies improve aid effectiveness. These results generally hold across the different

samples used in the analysis. When lagging the aid variable, we find a stronger positive correlation between

lagged aid inflows and current growth, but the correlation is weaker at high aid levels and in countries with

already sound policies in place.

The rest of this paper is organized as follows. Section 2 presents the methodology used in the analysis

while Section 3 describes the data. Section 4 discusses the empirical results. Section 5 concludes.

2 Model

This section describes the methodology of the study. We first briefly present the semiparametric method and

its general properties. We then discuss the empirical model used in the estimations.

2.1 Econometric method

The econometric model is an adapted version of the partially linear model proposed by Geng et al. (2017),

which permits to account for endogeneity in both the nonparametric and linear components using a control

function approach. The general model is described as

Yit = β0+m(X1it ,Z1it)+X ′2itβ1 +Z′2itβ2 + εit , (1)

Xit = Π(Zit)+Uit , (2)

E(εit) = 0, E(Uit |Zit) = 0, E(εit |Zit ,Uit) = E(εit |Uit), (3)

where Yit is the outcome variable of interest for observation (country) i in period t, Zit = (Z′1it ,Z
′
2it ,Z

′
3it)
′ is

a vector of dimension D1 with D1 = ∑
3
k=1 D1k and Zkit ∈ RD1k for k = 1,2,3, Xit = (X ′1it ,X

′
2it)
′ is a vector

of dimension D2 with D2 = D21 +D22 and Xkit ∈ RD2k for k = 1,2, and εit is an unobserved scalar random

error. ( β0 β ′1 β ′2 )′ and m(·) are finite and infinite dimensional parameters, respectively, Uit is a vector
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of unobserved random errors, and Π(·) is an unknown nuisance function. The variables Xit are taken to be

endogenous in that E(εit |Xit) 6= 0, and Zit are exogenous as a result of the moment conditions in (3). The main

regression function (1) is different from that in Geng et al. (2017) in that it is more general and more flexible

by allowing for a set of exogenous variables (Z2it) in the linear component of the regression. The estimation

procedure and most theorems continue to hold with only some trivial modification because exogeneity of the

added regressors creates no difficulties to derive the asymptotic characterization of the proposed estimator.

Building on the control function approach in Newey et al. (1999) and the “instrument function” ap-

proach in Kim et al. (1999), we can briefly introduce the moment conditions and estimators.15 The con-

ditions in Equation (3) imply that by taking expectation of Equation (1) conditional on (X1it ,Zit ,Uit) and

rearranging, we have

Yit −W ′2itβ −β0 = m(W1it)+g(Uit)+ vit , (4)

where, for notation simplicity, Wkit ≡ (X ′kit ,Z
′
kit)
′ for k = 1,2, β ≡ (β ′1 β ′2)

′, vit ≡ Yit − E(Yit |X1it ,Zit ,Uit)

with E(vit |X1it ,Zit ,Uit) = 0, and g(Uit) ≡ E(εit |Uit) : RD2 → R. The function g(Uit) aims to control for any

potential endogeneity in Xit . Pre-multiplying both sides of Equation (4) by the “instrument function” ηit and

taking conditional expectations given W1it and Uit , respectively,16 we have

E
(
ηit(Yit −W ′2itβ −β0) |W1it

)
= m(W1it), E

(
ηit(Yit −W ′2itβ −β0) |Uit

)
= g(Uit). (5)

Substituting them back into (4) with β0 = E(ηit(Yit −W ′2itβ )), rearranging, and pre-multiplying by
√

ηit ,17

we have
√

ηit Y ∗it =
√

ηit W ∗′2itβ +
√

ηit vit , (6)

where A∗it ≡ Ait −E(ηitAit |W1it)−E(ηitAit |Uit)+E(ηitAit) for Ait = Yit ,W2it .

Equation (6) implies a straightforward no-intercept estimator for β , β̂ , once the infeasible Y ∗it , W ∗2it and

15 See also Blundell and Powell (2003); Su and Ullah (2008); Martins-Filho and Yao (2012).
16 Here ηit = η(W1it ,Uit) ≡

(
fW1(W1it) fU (Uit)

)
/φ(W1it ,Uit), where fW1 is the joint marginal density of elements in Wit , fU the

marginal density of Uit , and φ the joint density of W1it and Uit .
17 The choice of

√
ηit is critical for establishing the asymptotic properties of the estimators.
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ηit are replaced by their estimates Ŷit , Ŵ2it and η̂it , respectively:18

β̂ =
(
Ŵ ′2η̂Ŵ2

)−1 Ŵ ′2η̂Ŷ , (7)

where Ŷ = (Ŷ1, · · · ,Ŷn)
′, Ŵ2 = (Ŵ21, · · · ,Ŵ2n)

′, and η̂ = diag{η̂it}n
i=1. The estimator for β0 follows naturally

as β̂0 = Ȳ − W̄ ′2β̂ , where Ȳ ≡ 1
n ∑

n
i=1Yit and W̄2 ≡ 1

n ∑
n
i=1W2it . Finally, given the moment conditions in

Equation (5), the estimators for m(W1it) and g(Uit) are

m̂(W1it) = m̂1(W1it)− m̂2(W1it)
′
β̂ − β̂0, ĝ(Ûit) = ĝ1(Ûit)− ĝ2(Ûit)

′
β̂ − β̂0. (8)

For statistical inference, the updated asymptotic normality of β̂ (including the linear coefficient esti-

mator for the exogenous component) is provided in Appendix A, together with consistent estimators for its

covariance.19

2.2 Empirical model

We implement the model described in (1)–(3) to assess the relationship between growth, aid and policy.

For ease of comparison, we adopt most of the variables used in the previous related literature (e.g., BD,

ELR and CRBB). In the model, Yit is the average growth rate in real GDP per capita over four-year period

t. X1it is international aid (net ODA) received by a country as a percentage of its GDP.20 Z1it is a policy

index constructed following the auxiliary regression approach in BD using the Sachs-Warner openness index,

18 Estimator η̂it for ηit is the ratio of Rosenblatt-Parzen density estimators for fU , fW and φ ; that is, η̂it = η̂(W1it ,Ûit) ≡(
f̂W (W1it) f̂U (Ûit)

)
/φ̂(W1it ,Ûit). Ŷit , X̂2it , and Ẑ2it are obtained in an analogous way in two steps: (1) obtain the estimated residual Ûit

using the Nadaraya-Waston (NW) estimator Π̂(Zit) for Π(Zit) (or using the Ordinary Least Square estimator if Π(·) is assumed to be
linear as we do later in the empirical model); (2) obtain Ŷit =Yit−m̂1(W1it)− ĝ1(Ûit)+ µ̂1 and Ŵ2it =W2it−m̂2(W1it)− ĝ2(Ûit)+ µ̂2,
where µ̂1 = 1

n ∑
n
i=1 η̂itYit , µ̂2 = 1

n ∑
n
i=1 η̂itW2it , m̂1(W1it) is NW estimator for m1(W1it) ≡ E(ηitYit |W1it), and m̂2(W1it), ĝ1(Ûit) and

ĝ2(Ûit) are derived similarly for m2(W1it) ≡ E(ηitW2it |W1it), g1(Uit) ≡ E(ηitYit |Uit) and g2(Uit) ≡ E(ηitW2it |Uit). See Geng et al.
(2017) for further details regarding the estimator expressions where we essentially use here W2it (instead of X2it ) since now the linear
component comprises both an endogeneous and exogenous element.

19 Theorems 1, 2 and 4 in Geng et al. (2017) continue to hold with Wit now replaced by W1it .
20 We use net ODA as a percentage of current GDP as in CRBB. Net ODA is defined as government aid designed to promote the

economic development and welfare of developing countries, net of repayment of principal. Below we also consider the net present
value of EDA divided by GDP measured at purchasing power parity (PPP), as in BD and ELR. EDA is an aggregate measure of aid
flows combining total grants and the grant equivalents of all official loans compiled in Chang and Fernandez-Arias (1998).
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inflation and budget balance over GDP.21 X2it is an index of institutional quality based on the ICRG composite

rating that captures various aspects of governance. Z2it is a set of other control variables, including log of

initial real per-capita GDP, a measure of ethnic fractionalization, a measure of assassinations, the interaction

of ethnic fractionalization and assassinations, and money and quasi-money (M2) as a percentage of GDP

lagged one period.22 We also include in Equation (1) a set of regional and time dummy variables Dit (and

their corresponding coefficient vector β3) to control for location and time effects; the regional dummies

include Sub-Saharan Africa and East Asia as in BD and ELR.

In the modeled framework, m(·) in Equation (1) is an unknown nonparametric function capturing the

joint effect of aid and policy on growth. We model Equation (2) linearly, which is a special case of Π(·), to

allow for the inclusion of dummy variables.23 Consistent with previous studies, aid is considered endogenous

in that its allocation could be either need-based or strategic-based and, to a certain degree, it is influenced

by the growth rate. Policy, in turn, is treated as exogenous since it is constructed following a supplementary

regression approach described in BD. Yet, we further treat institutional quality as endogenous as faster

economic growth may result in higher levels of institutional quality, and there might be some unobservables

that jointly determine institutional quality and economic growth.

The set of excluded instrumental variables, Z3i, includes log of population, arms imports as a percentage

of total imports lagged one period, and the initial Gini coefficient. The first two variables are the instruments

for aid used in BD and ELR, where population serves as a proxy of the size of the recipient country and

arms imports as a measure of political ties to donors.24 The Gini coefficient is the instrument for institutional

quality following Rodrik (1999) and Easterly et al. (2006). Given the more recent discussion in CRBB

regarding the reliability (weakness) of some of the standard instruments used in the aid-growth literature, we

21 The policy index is constructed as a linear combination of the Sachs-Warner openness index, inflation and budget balance over
GDP. The corresponding weights are derived by regressing GDP growth on these three macroeconomic variables as well as on all
regressors in Equation (1) except aid and the policy index. The policy index thus varies across the different samples used in the
estimations.

22 Ethnic fractionalization and assassinations are intended to capture civil unrest and political instability, while M2 over GDP is a
measure of financial depth.

23 Dummy variables can be included in the linear component of Equation (1), but not in Equation (2) when it is fully nonparametric
as the regression model is a triangular system; the inclusion of dummy variables when Equation (2) is modeled nonparametrically
would require a particular treatment, e.g. specific kernels to account for their discreteness (see Racine and Li, 2004).

24 BD and ELR also use the following excluded instruments in their core model specification: dummy variables for Egypt, Franc
zone and Central America, and the interaction terms of log of initial per capita GDP and policy, log of population and policy, lagged
arms imports over total imports and policy, log of initial per capita GDP squared and policy, and log of population squared and
policy. We include these additional instruments in the analysis for comparability purposes.
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assess the strength of the instruments in our context.25 As reported in Appendix Table B1, the instruments

are generally partially correlated with the corresponding endogenous regressors across all subsamples used

in the analysis, while Angrist and Pischke (2009) F-test of excluded instruments and Kleibergen and Paap

(2006) underidentification LM test and weak identification F-test confirm their strength.

The estimated model is unique in certain ways. Compared with the fully linear model in BD and ELR

using 2SLS, we do not assume a priori any functional form regarding how aid and policy jointly correlate

with growth;26 instead, we only impose certain smooth conditions and a higher moment existence on the

unknown function m(·). This semiparametric setup has been validated by Alvi et al. (2008). In particular,

the authors find overall model nonlinearity through a modified RESET test proposed by Pesaran and Taylor

(1999), as well as significant evidence of nonlinearities only in aid and policy (among all the continuous

variables) based on a functional form misspecification test developed by Li and Wooldridge (2002). Different

from Alvi et al. (2008), however, our model further permits to control for the potential endogeneity of some

regressors such as aid and institution quality. In fact, if we do not control for endogeneity the effect of aid on

growth is smaller, suggesting that aid might be negatively correlated with the error term in Equation (1); aid

flows are thus potentially endogenous in that they are more likely received by countries in our sample that are

poor or experience negative growth shocks rather than resulting from strategic or political interests.27 On the

other hand, compared to CRBB three-step linear approach, we are not able to account for country fixed effects

as this would require implementing a fixed-effect semiparametric model with endogeneous nonparametric

regressors. To the best of our knowledge, these panel data methods have not yet been developed, while small

sample behaviors of semiparametric estimators under such circumstances are still under way.28

25 CRBB mainly challenge the use of population as an instrument for aid and show that the instrumentation power in BD drops
significantly when excluding population, but it is not as critical as in Boone (1996) and Rajan and Subramanian (2008). When not
instrumenting aid with population, we still find similar results under our framework.

26 Geng et al. (2017) show in their simulations that misspecification can lead to significant biases.
27 If we ignore any potential endogeneity, our estimator is reduced to the one proposed by Robinson (1988). The results using

Robinson’s estimator and lagged aid are actually quite comparable to those derived in Alvi et al. (2008), although we also include
time dummies to control for any contemporaneous shocks across countries. Further details are available upon request.

28 To some extent though the inclusion of regional dummies partially address this matter.
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3 Data

For consistency and comparison purposes, our study sample considers all countries included in BD and

ELR full samples. The detailed list of countries is provided in Appendix Table B2.29 We use the updated

dataset for these countries compiled by CRBB until 2005, which is publicly available.30 For the case of the

excluded instruments not available in CRBB dataset, such as population and arms imports over total imports,

we reconstructed and extended these variables using the same sources as in BD and ELR. In the case of the

Gini coefficient, we obtained this information from publicly available sources.31

The final working sample includes 463 observations corresponding to an unbalanced panel of 61 coun-

tries and nine four-year time periods from 1970–1973 to 2001–2005.32 Below we also perform additional

estimations using BD and ELR original datasets and full samples.33 BD and ELR further consider reduced

samples that exclude outliers using Hadi (1994) method, given the high sensitivity of linear regressions to

potential outliers. In our semiparametric framework, the nonparametric estimators are defined locally such

that the presence of outliers does not necessarily represent an issue. We work with the full samples unless

otherwise specified.

Table 1 provides descriptive summary statistics of the key variables used in the analysis. These include

the regressors in Equation (1), the three macroeconomic variables used to construct the policy index and

the excluded instruments. Roughly, one third of the observations in the sample correspond to Sub-Saharan

African countries. The average per capita GDP growth over the period of the study is 1.32% and ranges from

-12.96% (Democratic Republic of Congo, 1990–1993) to 17.05% (Gabon, 1974–1977). Aid inflows (net

ODA) as a share of GDP averages 4.85%, ranging from -0.13% (Thailand, 2002–2005) to 42.52% (Gambia,

1986–1989).

[Table 1, here.]

29 There are 58 countries in BD sample, 62 countries in ELR sample, and 56 countries in both samples.
30 The dataset, variable definitions and sources are available at www.cgdev.org/publication/

counting-chickens-when-they-hatch-timing-and-effects-aid-growth-working-paper-44.
31 Compiled at http://go.worldbank.org/9VCQW66LA0.
32 Three countries, Guyana, Myanmar and Somalia, end up excluded from the estimations due to insufficient number of observa-

tions.
33 These datasets are available at www.cgdev.org/publication/aid-policies-and-growth-data-set.

10

www.cgdev.org/publication/counting-chickens-when-they-hatch-timing-and-effects-aid-growth-working-paper-44
www.cgdev.org/publication/counting-chickens-when-they-hatch-timing-and-effects-aid-growth-working-paper-44
http://go.worldbank.org/9VCQW66LA0
www.cgdev.org/publication/aid-policies-and-growth-data-set


As a preliminary assessment, Figure 1 shows the partial relationship of growth against aid and growth

against aid interacted with the policy index, controlling for the other regressors in Equation (1).34 The

scatterplots indicate a somewhat negative partial correlation between growth and aid, but a slightly positive

correlation between growth and aid when interacted with the policy index. Hence, countries in our sample

who receive more aid (relative to their GDP) tend to exhibit a lower per capita GDP growth, particularly

countries with a poor policy environment, but this is not necessarily the case for countries with a good policy

environment.35

[Figure 1, here.]

Figure 2 divides the countries into four quadrants based on their average aid inflows and policy index

over the sample periods. Countries in each quadrant are ordered in ascending order according to their average

growth rate (reported in parentheses). We observe that almost one third of the countries that on average re-

ceive large aid inflows (above 5.46% of Aid/GDP) show a negative growth rate, all of them though exhibiting

a low policy index (below 3.07). Interestingly, 12 of the 15 countries that both report a low policy index and

low aid inflows experience a positive growth rate; in contrast, all nine countries with relatively high aid and

policy levels also show a positive increase in their per capita GDP. All countries with relatively good policy

environments but Ivory Coast (which has low aid inflows) show, in turn, a positive growth rate. Overall,

these mixed preliminary patterns motivate the use of semiparametric models to more accurately examine the

relationship between aid, policy and growth.

[Figure 2, here.]

Lastly, Appendix Figure B1 presents percentage histograms of the aid and policy variables. The gray

areas represent the top and bottom 5% observations for each variable. Given that data is scarce within

these ranges, nonparametric estimations evaluated in these segments could be imprecise and even endure

large boundary bias. While we exploit all available information, the estimation results of the nonparametric

34 The analysis excludes outliers using Hadi (1994) method (7 observations). The results are though similar when not excluding
them.

35 The positive correlation between growth and aid interacted with policy is also observed in BD sample while the opposite is
observed in ELR sample (as reported in ELR).
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function discussed in the next section focuses on the range where aid and policy concentrate most (i.e., the

dark areas in the figure).

4 Results

This section presents and discusses the estimation results. We first present the results using our base sample,

and then perform additional estimations using alternative model specifications and samples. We use Gaus-

sian kernels for the estimations. Bandwidth choice is critical to nonparametric kernel estimation. We select

bandwidths based on the standard rule-of-thumb (RoT) that minimizes the asymptotic mean squared error

of the Nadaraya-Watson (NW) kernel estimator.36 The results are not much sensitive to alternatively using

a cross-validation (CV) criteria to select bandwidths.37 The CV value using RoT is actually very close to

the minimized one using CV. Yet, with the CV approach the fitted growth rate seems substantially under-

smoothed in aid, leading to a very bumpy surface plot in the aid direction and making it difficult to draw

inference.38

For ease of presentation and to provide a more comprehensive understanding of the aid-policy-growth

relationship, the semiparametric estimation results reported include: (1) a three-dimensional (3D) graph of

the fitted value of per capita GDP growth rate against aid and policy; (2) a two-dimensional (2D) surface

slice plot of the 3D graph for different quantiles of aid and policy (25%, 50% and 75% quantile); (3) each

of the individual surface slice plots with their corresponding 95% confidence interval; and (4) coefficient

estimates of the linear portion of the model and their significance levels.

The 3D graph depicts the overall joint relationship of growth, aid and policy, while the 2D graphs

permit a clearer quantitative assessment of the aid-growth and policy-growth relationships. For example, the

2D graph of fitted growth rate against aid with policy fixed at its 25% quantile provides a detailed illustration

of the role of foreign aid for a country with a relatively bad policy environment; the same 2D graph with

36 RoT bandwidths are given by 1.06σ̂(Mi)n−1/(4+di), where σ̂(Mi) is the sample standard deviation of regressors Mi in the
underlying regression and di is the corresponding dimension. The choice of the constant (1.06), also referred as Silverman’s rule-
of-thumb, is commonly used for Gaussian kernels in density estimation.

37 CV bandwidths are selected by minimizing the mean squared residuals (CV value) of the leave-one-out Jackknife estimator of
m̂(·) in Equation (8) evaluated at all sample points. It is minimized over a grid of evenly spaced bandwidth ranges; that is, the
constant term ranging from 0.1 to 10 with 20 points in each dimension and 400 grid points in total.

38 Full results using CV bandwidths are available upon request.
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policy fixed at its 75% quantile provides a detailed illustration of the role of foreign aid for a country with a

relatively good policy environment. From these two curves we can infer whether a good policy environment

can promote growth by directly comparing the altitudes of the two curves; similarly, whether a good policy

environment can improve aid effectiveness (if any) by comparing the curve slopes, and, if so, whether this

improvement varies with different levels of aid. Plotting then these 2D graphs in one figure (with policy

fixed at gradually increasing quantiles) helps to understand how the aid-growth relationship evolves in a

policy-enhancing environment and if there are any critical points at which a shift in the policy index changes

this relationship substantially. In addition, separately reporting each 2D graph with their 95% confidence

interval permits to assess the reliability of the reported fitted growth rates across the range of aid values.

A similar set of 2D graphs is reported for the policy-growth relationship (with aid fixed at gradually

increasing quantiles). Lastly, the coefficient estimates of the linear portion of the model permit a direct

comparison with the estimates under a fully linear model considering that misspecification in the functional

form of one covariate might produce substantial bias on the cofficient estimates of other covariates.

4.1 Base results

Figure 3 presents the nonparametric results using our base sample.39 Figure 3(a) on the left plots the 3D

graph of the fitted growth rate against aid and policy. The fitted growth rate is rescaled to have the same

mean as the sample mean for comparison purposes. As observed, the surface is sufficiently smooth and

varies significantly with different combinations of aid and policy. A closer look at the figure reveals that the

growth rate is largely enhanced in a good policy environment, particularly at relatively high policy levels

regardless of aid, but reaches its peak when aid is also considerably high. The relationship between growth

and aid is less obvious. Aid seems to be only growth-enhancing at very high levels.

[Figure 3, here.]

To appreciate the main difference between our nonparametric and fully linear estimates, in Figure 3(a)

on the right we stack the 3D plot with the one estimated using 2SLS with an interaction term of aid and policy.

39 The results using the reduced sample (excluding outliers) are very similar to those using the full sample, and thus are not
presented. This also holds when using ELR and BD samples.
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In stark contrast to the flat plane estimated using a fully linear model, the nonparametric estimation captures

the varying aid-growth relationship along the aid range. In countries with low foreign aid, an increase in aid

is associated with a substantial growth increase as opposed to countries with already high aid. This apparent

decreasing returns of aid is more obvious among countries with a low policy index. The linear estimate

can be interpreted as an average of the nonparametric estimates across both explanatory variables, leaving

out detailed local information. The bias incurred by using a linear model becomes more severe when the

combination of aid and policy deviates from the intersection of the fitted surface and plane. In particular,

linear estimates become highly imprecise at points where aid and policy are negatively correlated; i.e., they

tend to underestimate growth when aid is high and policy is low, and overestimate growth when aid is low

and policy is high. Although the 3D fitted surface provides an overall good picture of the joint relationship

between aid, policy and growth, it is difficult to obtain more precise quantitative assessments by simple

visualization.

Figure 3(b) shows the corresponding slice plots of fitted growth against aid and policy (on the left and

right, respectively), with the other variable fixed at its 25%, 50%, and 75% quantile. The vertical dotted

lines in each plot indicate the three quartiles of the varying variable (the values are reported on the top axis).

From the left figure of 3(b), we can better appreciate that foreign aid is barely growth-enhancing, except

at very high levels (above the 75% quantile equivalent to 7% of Aid/GDP). In terms of variations, at the

25% and 50% aid quantile, a one percentage-point increase in Aid/GDP is roughly associated with a 0.02

percentage-point increase in growth of per capita GDP, while at the 75% quantile the growth change is eight

times larger (0.16 percentage-point increase). This pattern does not seem to vary much with policy, although

the predicted growth rate is much higher in the top quartile of the policy index as compared to the other two

quartiles, which are very similar. From the right figure of 3(b), we observe that growth does not seem to

increase much at low policy levels but it boosts when the policy index is above its median value (2.57). A

one unit increase in the policy index at the 25% quantile is correlated with a 0.08 percentage-point increase

in growth, while at the 75% quantile is correlated with a 0.64 percentage-point increase. The fitted growth

values are in this case more or less similar for different aid levels, except that among countries with a low

policy environment, high levels of aid are associated with higher growth rates.

In Figure 3(c) we add the 95% confidence interval of each curve for statistical inference. Given that
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nonparametric regressions are data-driven and estimated locally, the confidence intervals are wider in areas

where data are scarce and narrower in areas where data are more concentrated. This coincides with the

percentage histograms of aid and policy reported in Appendix Figure B1. We observe wider bands for high

aid levels (and to a minor extent when the policy index is between the 50% and 75% quantile), such that the

observed drop in the growth rate at very high aid levels is less reliable.40

Table 2 reports the linear coefficient estimates using a fully parametric (2SLS) approach (Columns [1]–

[4]) and our semiparametric method (Columns [5]–[8]). The different columns correspond to the results

using the base sample (Base), lagged aid instead of current aid (Base (L1)), ELR sample and BD sample.

The fully linear estimations include an interaction term of aid and policy to capture their joint effect on

growth as in ELR and BD; naturally, there are no estimates reported for the aid and policy variables in the

semiparametric results since they are controlled nonparametrically.

A simple comparison of the 2SLS and semiparametric results using our base sample reveals some

interesting facts. First, the partial correlation of aid and policy with growth seems broadly consistent between

the two specifications, particularly for the policy-growth relationship. From Column [1], we find a significant

positive effect of policy regardless of the aid level; we know though that this positive correlation is mainly

observed for policy values above the median level (see Figure 3(b)). The effect of aid is less obvious; while

the negative coefficient of aid in Column [1] is marginally significant at the 10% level, this effect is for a

policy index equal to zero (i.e., close to the policy index lower boundary).41 Second, the linear coefficient

estimates of some control variables appear quite sensitive to potential misspecification of the modeled aid-

policy-growth relationship. The positive correlation of institutional quality with growth becomes clearer

when aid and policy are controlled nonparametrically while the initial GDP level plays a less significant

role, at least in the base sample.42 The coefficient estimates and statistical significance of the other controls

generally remain similar across specifications except for Sub-Saharan Africa and East Asia indicators; in the

40 This is another advantage of implementing a nonparametric regression that permits deriving confidence intervals that vary with
the data distribution. Traditional parametric approaches often fail in prediction at the boundaries (where there is usually limited
information) since the significance level is parameterized and commonly assumed constant across the entire data range.

41 The magnitude of the coefficient is, for example, smaller (-0.11) and not statistically significant (p-value of 0.11) at the median
policy level. This is also in line with the slightly negative correlation between aid and growth shown in the preliminary analysis (see
Figure (1)).

42 The so called “catch-up effect”—countries with a smaller initial real per-capita GDP tend to grow faster—disappears in Column
[5].
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semiparametric approach, African countries exhibit a lower growth rate (all else equal) and the opposite for

countries in East Asia. Finally, the R-squared reported at the bottom of the table, defined as the squared

correlation coefficient between the fitted and observed growth, is larger in the semiparametric model. This

difference is more obvious when using lagged aid and alternative samples.

[Table 2, here.]

In sum, the estimation results indicate that a good policy environment appears to be associated with a

higher economic growth and this positive correlation is clearer for policy levels above a certain threshold (the

median level). This is mainly the case of countries located in South East Asia and, to a lower extent, some

countries in East Africa (e.g., Kenya, Tanzania, Uganda), which have a relatively better policy environment

than countries in other regions in the sample. In contrast, foreign aid does not seem growth-enhancing

except at very high levels (above 7% of Aid/GDP). Examples of countries with combined high aid inflows

and per capita growth rates above 4% include Botswana (1974–1985), Egypt (1974–1985), Jordan (1974–

1981, 2002–2005), and Sri Lanka (1978–1981, 1990–1993). This latter finding is also consistent with the

two-gap model that points out the necessity of receiving sufficient foreign aid in order to bridge the two

prevailing gaps between savings and investment and between exports and imports for an economy to take

off, as popularized in Rostow’s Stages of Economic Growth model (Rostow, 1959; Chenery and Strout,

1966).

4.2 Results using lagged aid

Following the discussion in CRBB in that the effect of aid on growth is not necessarily immediate but may

arrive with a time lag, we alternatively use lagged aid (instead of current aid) in Equation (1). Aid receipts

may not immediately affect growth as not all inflows are intended to directly promote economic expansion

or it may take some time for some inflows to reflect on growth (e.g., social and humanitarian programs).43

We still instrument aid with its corresponding lagged instruments since, as noted above, while the use of a

43 In 2015, aid for social programs represented 35% of the total ODA received by developing countries, while humanitarian aid
represented another 10%. CRBB also restrict the aid variable to “early-impact” aid that excludes the portions of aid that are not
expected to cause growth within a few years, but their results are qualitatively similar to those when not restricting it. Our base
results are similarly not much sensitive to alternatively considering this restricted aid variable. Additional details are available upon
request.
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lagged explanatory variable might solve reverse causation there might still be temporal dynamics among the

unobservables driving aid flows and economic activities in a country. The estimation results are displayed in

Figure 4.44

[Figure 4, here.]

The estimated joint aid-policy-growth relationship presented in Figure 4(a) follows more or less a simi-

lar pattern as in our base results using current aid. The correlation between growth and policy remains similar

in that policy significantly enhances growth above its median level. Yet, the observed aid-growth relationship

suggests that lagged aid has a consistent positive effect on current growth although with decreasing returns

to scale. Such pattern can be directly observed from the steeply increasing aid-growth curves depicted on

the left of Figure 4(b), and verified by the increasing altitude of the policy-growth curves with aid quar-

tiles presented on the right of Figure 4(b). The positive lagged effect of aid, however, is less obvious for

countries with a good policy environment and gradually disappears once passing the top aid quartile (6.94%

of Aid/GDP). These important details are, for example, not captured when using traditional parametric ap-

proaches; from Column [2] of Table 2 using 2SLS, lagged aid does not seem to have a statistically significant

effect on growth and the sign is negative regardless of the policy level.45 The coefficient estimates for the

linear portion of the model reported in Column [6] do not change much compared to our base results.

Hence, while foreign aid does not appear to affect growth in the current period (except at very high

levels), it seems to effectively affect growth in the following period (with diminishing returns). This result

is to some extent similar to CRBB who find that increases in aid are followed by (modest) increases in

growth in the next period and the effect diminishes at high aid levels. At mean aid levels, CRBB find that

a one percentage-point increase in lagged Aid/GDP is associated with a 0.1–0.2 percentage-point increase

in current growth of per capita GDP; we find a 0.14 percentage-point increase at the median aid and policy

level. Some examples of countries (with an average policy environment) that received important aid inflows

in a particular period and show very high growth rates the following period include Botswana (growth rate

44 The results when not instrumenting lagged aid are generally similar, except for the aid-growth relationship at high policy levels
(the moderate positive relationship disappears). Full details are available upon request.

45 This inconsistency between the linear and nonparametric method is probably explained by country observations with extremely
high (lagged) aid levels but low growth rates, as linear models would average the aid effect across its range while nonparametric
models control for these effects locally (assigning wider confidence bands in places where data is scarce).

17



6.3–8.1%, 1974–1981), Jordan (9.2–11.3%, 1974–1981), Papua New Guinea (6.9%, 1990–1993), Sri Lanka

(4–4.3%, 1990–1997), and Togo (8.1%, 1994–1997).

4.3 Results using ELR and BD samples

We now revisit ELR and BD by implementing the semiparametric model using their original datasets, which

include a more aggregate measure of aid (net present value of EDA) than in our base sample (net ODA).46

Besides evaluating potential differences when using an alternative aid measure and sample period, we are

interested in directly comparing the main findings of ELR and BD with the results using a more flexible,

data-driven approach. ELR use the same model specification as BD and argue that the positive effect of aid

on growth in good policy environments found in BD does not hold when simply extending the sample to a

few more countries and one additional (four-year) period.47

The estimation results using these two samples are presented in Figure 5.48 A direct comparison be-

tween Figures 5(a) and 5(b) can help to explain why ELR fail to support BD’s main conclusion. One of

the most obvious differences is that in Figure 5(b) growth arrives at its peak when both aid and policy are

high. This is largely explained by Botswana that has consistently high levels of aid, policy and growth rate

over the period 1978–1989, which is captured by the nonlinear estimation method;49 such peak is absent

in Figure 5(a) since in ELR updated dataset, Botswana foreign aid inflows are considerably lower during

the same period (averaging 3.29% compared to 5.12% in BD sample). Another obvious difference is that

the estimated surface rises faster in Figure 5(a) when aid is relatively high but policy is low. This might be

because the ELR sample covers more observations of countries whose economy was temporarily boosted by

high levels of foreign aid (greater than 4%) after periods of disasters or under other extreme cases.50

[Figure 5, here.]

46 We use the same instruments as in these studies plus the Gini coefficient to instrument institutional quality. Refer to Geng et al.
(2017) for results using BD original database without controlling for endogeneity on the linear component of the semiparametric
model.

47 There are 275 observations in BD full sample covering the period 1970–1993 and 356 observations in ELR full sample covering
the period 1970–1997.

48 The corresponding 3D figures stacked with the linear estimates and the 2D slice plots with confident intervals are reported in
Figure B2 in the Appendix.

49 Botswana is well known as the “African Exception” due to its high economic growth and democracy, in contrast to most of the
other countries in Sub-Saharan Africa.

50 For example, Burkina Faso (1990–1997), Guyana (1994–1997), Haiti (1994–1997), Mali (1986–1997) and Togo (1982–1997).
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In line with our base results, the right figures of 5(c) and 5(d) show that economic growth is consistently

increasing with policy across both samples, and the increasing trend is significantly larger for high policy

levels (above the 75% quantile in BD sample and above the median level in ELR sample). The relationship

between growth and aid, in turn, reported in the left figures of 5(c) and 5(d) is not obvious. For the ELR

sample, aid can have various effects depending on the policy level. When the policy index is fixed at its

first two quartiles, aid is growth-enhancing once it passes its 75% quantile and the increasing trend seems to

last until Aid/GDP reaches 4% and then drop rapidly; when the policy index is fixed at its third quartile, the

fitted growth rate starts high and then decreases with aid, particularly beyond the 75% threshold.51 For the

BD sample, growth is generally marginally increasing with aid and the increasing pattern is similar across

different policy levels.

In sum, we do not find under our framework that policy increases aid effectiveness. This key result

found by BD is not only not supported when using BD and ELR samples but also when using our full

sample, as well as when evaluating lagged aid effects. This finding is similarly verified in our 2SLS results

reported in Table 2 across all samples (the interaction term of aid and policy is not statistically significant).52

While ELR show that aid effectiveness is not necessarily larger in countries with sound policies by adding

additional data to BD study, we reach a similar conclusion when using an alternative and more flexible model

specification, which also helps to better understand the complex aid-policy-growth relationship.

5 Conclusion

The interactions between foreign aid receipts, economic policies and growth have been extensively studied

with divergent results using different data samples and model specifications. This paper reexamines the

relationship between aid, policy and growth implementing a novel semiparametric approach that accounts for

endogeneity. The use of a semiparametric framework permits a more detailed evaluation of the association

between aid, policy and growth along different data ranges without imposing any specific structure on their

interrelationship. Further allowing for the inclusion of instrumental variables permits to reduce potential

51 This apparent growth decrease, however, is not statistically precise as shown in Appendix Figure B2.
52 Our 2SLS model is different from BD (and ELR) in that we additionally control for the potential endogeneity of institutional

quality. The linear coefficient estimates using 2SLS (Columns [3] and [4]) are fairly comparable in most cases to those under the
semiparametric setup (Columns [7] and [8]), so we do not discuss them any further.
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endogeneity bias in the estimations, although not necessarily eliminate it.

The results show a consistent positive association between the policy environment and growth, regard-

less of the level of aid received by a country. The positive policy-growth relationship boosts in better policy

environments. Foreign aid, in turn, does not seem growth-enhancing except at very high levels (above 7%

of Aid/GDP) and better policies do not improve aid effectiveness. These main results generally hold across

the different samples considered in the study, which include different countries, sample periods and aid mea-

sures. Lastly, when allowing for lagged aid effects, we find stronger evidence that aid can promote growth

in the following period, but the effect is less noticeable in countries with a good policy environment and

diminishes at high aid levels.

Overall, our estimation results confirm the complexity of the relationship between aid, policy and

growth and the varying correlation patterns across different aid and policy levels. These findings help to

explain the divergent results of previous closely related studies. More important, the results indicate that

there is not one way or condition through which aid inflows, whether small or large, could be more growth-

enhancing, at least in the short or medium term which is the focus of this study. Future work should continue

examining the multifaceted aid-policy-growth relationship as more disaggregated data becomes available.

The results suggest, for example, that only significant amounts of aid (relative to GDP) may directly spur

growth or the effect may arrive at lower aid levels with a lag. Yet, many aid inflows may still have a posi-

tive effect on the economy, which does not necessarily immediately or even with a lag translate into higher

growth (e.g., many development and social programs on education, health and nutrition). We have focused

on growth as the outcome, but certainly our semiparametric framework could be easily extended to model

the relationship between aid and other outcomes of interest such as investment, governance, education and

health.
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Table 1. Descriptive statistics of variables used in the estimations

Variable Mean Median Std. Deviation Minimum Maximum

Per capita GDP growth (%) 1.32 1.47 3.37 -12.96 17.05
Aid/GDP (%) 4.85 2.12 6.34 -0.13 42.52
Policy index 3.08 2.57 1.36 -3.73 5.59
Institutional quality 4.36 4.53 1.56 1.58 8.23
Log initial GDP per capita 7.98 8.11 0.80 6.14 9.96
Ethnic fractionalization 0.47 0.53 0.30 0 0.93
Assassinations 0.45 0 1.25 0 11.5
M2/GDP lagged (%) 28.01 23.33 16.45 2.21 120.85
Sub-Saharan Africa 0.33 0 0.47 0 1
East Asia 0.09 0 0.29 0 1

Openess index 0.42 0 0.48 0 1
Log (1+inflation rate) 0.23 0.11 0.48 -0.03 4.15
Budget balance/GDP -0.03 -0.02 0.04 -0.35 0.15

Log population 16.40 16.26 1.39 13.06 20.83
Arm imports/Total imports lagged 0.04 0.01 0.11 0 1.17
Initial Gini coefficient (%) 37.64 38.04 2.94 34.13 51.81

Note: This table is based on 463 observations corresponding to an unbalanced panel of 61 countries and nine four-
year time periods from 1970–1973 to 2001–2005. The Sachs-Warner openness index, inflation and budget balance over
GDP are used to construct the policy index following an auxiliary regression approach as in Burnside and Dollar (2000).
Population and arms imports over total imports are the instruments for aid, while the Gini coefficient is the instrument
for institutional quality.
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Table 2. Linear coefficient estimates for parametric and semiparametric models

Variable [1] [2] [3] [4] [5] [6] [7] [8]
2SLS (RS) Semiparametric (FS)

Base Base (L1) ELR BD Base Base (L1) ELR BD

Dependent variable: Per capita GDP growth

Institutional quality 0.17 -0.19 -0.22 1.15*** 0.54** 0.54* 0.11 1.11***
(0.32) (0.44) (0.41) (0.39) (0.27) (0.31) (0.35) (0.4)

Log initial GDP per capita -0.82* -0.46 -0.12 -0.88 -0.05 -0.07 0.14 -0.59**
(0.48) (0.52) (0.60) (0.68) (0.17) (0.19) (0.25) (0.25)

Ethnic fractionalization -0.25 -0.05 -0.34 -0.12 0.70 1.12 0.61 1.17
(0.66) (0.68) (0.73) (0.84) (0.70) (0.76) (0.87) (0.91)

Assassinations -0.23 -0.31* -0.36 -0.40* -0.28 -0.38** -0.38 -0.33
(0.16) (0.18) (0.27) (0.24) (0.19) (0.18) (0.28) (0.32)

Ethnic x Assassinations -0.08 0.33 0.01 0.85** 0.14 0.48 0.23 0.69
(0.50) (0.34) (0.70) (0.41) (0.45) (0.44) (0.57) (0.64)

M2/GDP lagged 0.01 0.01 -0.003 0.003 0.01 0.002 0.01 0.002
(0.01) (0.01) (0.01) (0.02) (0.01) (0.01) (0.02) (0.02)

Sub-Saharan Africa -1.33* -1.20 -0.90 -2.69*** -1.45** -2.32*** -1.24 -2.35**
(0.68) (0.88) (0.69) (1.01) (0.62) (0.69) (0.76) (0.96)

East Asia 0.69 0.80 1.55** 0.90 1.37** 1.56** 1.70** 1.42
(0.48) (0.60) (0.60) (0.61) (0.63) (0.67) (0.77) (0.83)

Aid/GDP -0.20* -0.08 -0.18 0.19
(0.11) (0.07) (0.49) (0.34)

Policy index 0.92*** 1.16*** 1.29*** 0.75***
(0.19) (0.18) (0.29) (0.20)

Aid/GDP x Policy 0.04 0.01 -0.04 0.10
(0.03) (0.02) (0.21) (0.10)

Observations 456 392 345 270 463 399 356 275
Countries 61 61 61 56 61 61 62 56
R-squared 0.32 0.30 0.28 0.38 0.33 0.35 0.35 0.42

Notes: The Base column corresponds to the results using the base sample, Base (L1) to the results using lagged aid, ELR
to the results using Easterly et al. (2004) dataset and BD to the results using Burnside and Dollar (2000) dataset. RS is the
reduced sample (excluding outliers using Hadi (1994) method) and FS the full sample. Since the R-squared has no statistical
meaning in the context of 2SLS/instrumental variables, the reported R-squared is the squared correlation coefficient between
the fitted value of Y , Y f , and Y , where Y f ≡ X2β̂1 +Z2β̂2 +Dβ̂3 + m̂+ ĝ+ β̂0. Standard errors are reported in parentheses.
***, ** and * represent significance at 1%, 5% and 10% level, respectively.
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Figure 1. Partial scatterplots of aid, policy and growth
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Note: The top graph depicts the linear relationship between growth and aid controlling for all other regressors included
in Equation (1); hence, the vertical axis shows the residual when growth is regressed on all covariates except Aid/GDP,
while the horizontal axis shows the residual when Aid/GDP is regressed on all other covariates. The bottom graph
depicts the linear relationship between growth and aid*policy; in this case the vertical axis shows the residual when
growth is regressed on all covariates except Aid/GDP x Policy, while the horizontal axis shows the residual when
Aid/GDP x Policy is regressed on all other covariates. The plots exclude outliers identified using Hadi (1994) method.
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Figure 2. Distribution of countries based on their average aid, policy and growth rate over the sample
period
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Peru (0.55%), Argentina (0.77%), Brazil (0.82%), 
Zimbabwe (0.86%), Nigeria (1.27%), Uruguay 
(1.38%), Turkey (1.74%), Gabon (2.29%), Syria 
(2.32%), Pakistan (2.34%), Algeria (2.64%), 
India (3.05%)
[12 countries]
Democratic Republic of Congo (-4.21%), 
Venezuela (-0.40%), Iran (-0.14%)
[3 countries]

Ethiopia (0.03%), Senegal (0.17%), Bolivia 
(0.33%), Papua New Guinea (0.40%), Niger 
(1.05%), Burkina Faso (1.07%), Sri Lanka 
(3.15%), Egypt (3.34%)
[8 countries] 
Republic of Congo (-2.06%), Madagascar (-1.40%), 
Zambia (-1.33%), Nicaragua (-1.07%), Haiti (-1.01%), 
Malawi (-0.58%), Togo (-0.49%), Sierra Leone (-0.21%)
[8 countries]

Ghana (0.00%), Gambia (0.72%), Honduras 
(0.74%), Kenya (1.03%), Uganda (1.73%), 
Tanzania (1.77%), Mali (1.82%), Jordan (2.89%), 
Botswana (6.16%)
[9 countries]

Jamaica (0.14%), El Salvador (0.34%), South Africa 
(0.36%), Guatemala (1.00%), Cameroon (1.22%), 
Philippines (1.31%), Paraguay (1.56%), Ecuador 
(1.62%), Mexico (1.67%), Trinidad & Tobago (1.68%), 
Colombia (1.82%), Morocco (1.86%), Costa Rica 
(1.98%), Tunisia (2.37%), Chile (2.83%), Dominican 
Republic (3.22%), Indonesia (3.98%), Malaysia 
(4.17%), Thailand (4.64%), South Korea (6.09%) 
[20 countries]
Ivory Coast (-2.05%)

Note: Aid inflows (as a percentage of GDP) and policy index are averaged at the country level. 5.46% is the corre-
sponding Aid/GDP simple average at the country level, while 3.06 is the average policy index. Countries are ordered
in ascending order in each quadrant based on their average growth rates (reported in parentheses).

27



Figure 3. Nonparametric estimation results using base sample

(a) Joint aid-policy-growth relationship
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(b) Aid-growth and policy-growth relationship
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(c) Aid-growth and policy-growth relationship with 95% confidence interval
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Figure 4. Nonparametric estimation results using lagged aid

(a) Joint aid-policy-growth relationship
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(b) Aid-growth and policy-growth relationship
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(c) Aid-growth and policy-growth relationship with 95% confidence interval
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Figure 5. Nonparametric estimation results using ELR and BD samples

(a) Joint aid-policy-growth relationship (ELR) (b) Joint aid-policy-growth relationship (BD)
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(c) Aid-growth and policy-growth relationship (ELR)
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(d) Aid-growth and policy-growth relationship (BD)
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Appendix A Additional Model Properties

In this appendix, we provide the asymptotic normality for β̂ and consistent estimators for the covariance in

this distribution. We suppress the time subscript t for ease of presentation. Proof is omitted but available

upon request.

Theorem 1. Let WΠ2i ≡ (Π2(Zi)
′, Z′2i)

′ be a vector of dimension (D12 +D22) where a typical element of it

is WΠ2i, j for j = 1, · · · ,(D12 +D22) and Π2(Zi) ≡ (Π21(Zi), · · · ,Π2D22(Zi))
′ = X2i−U2i. Denote E(v2

i |X1i,

Zi,Ui) = σ2
v . Under A1–A5 in Geng et al. (2017), assuming that matrix Φ0 exists and is nonsingular, we

have
√

n(β̂ −β )
d−→N

(
0,Φ−1

0 (Φ1 +Φ2)Φ
−1
0

)
, (A1)

where the matrices Φ0,Φ1,Φ2 have typical elements given by

Φ0( j,k) = E
[
ηt
(
W2t, j−m2 j(W1t)−g2 j(Ut)+µ2 j

)(
W2t,k−m2k(W1t)−g2k(Ut)+µ2k

)]
;

Φ1( j,k) = E
[
η

2
t
(
W2t, j−m2 j(W1t)−g2 j(Ut)+µ2 j

)(
W2t,k−m2k(W1t)−g2k(Ut)+µ2k

)]
σ

2
v ;

Φ2( j,k) = E

[
D2

∑
d=1

D2

∑
δ=1

E
((

WΠ2i, j−WΠ2t, j
)
Ddg(Ut)ηt

∣∣Zi

)
×E
((

WΠ2i,k−WΠ2t,k
)
Dδ g(Ut)ηt

∣∣Zi

)
UidUiδ

]
, for j,k = 1, · · · ,(D12 +D22).

Given the structure of the component covariance matrices in Theorem 1, consistent estimators for Φi,

i = 1,2,3, are provided as follows:

Φ̂0 =
1
n

Ŵ ′2η̂Ŵ2, Φ̂1 =
1
n

Ŵ ′2η̂
2Ŵ2σ̂

2
v , Φ̂2 =

1
n

Q′Q, (A2)

where σ̂2
v ≡ 1

n v̂′v̂, v̂≡ Y −W2β̂ − β̂0− m̂− ĝ, m̂≡ (m̂(W1i), · · · , m̂(W1n))
′, ĝ≡ (ĝ(Û1i), · · · , ĝ(Û1n))

′, Q≡

(Q1, · · · ,Qn)
′, Qi ≡ 1

n(1nŴ ′
Π2i−ŴΠ2)

′η̂DĝÛi, ŴΠ2 ≡ (ŴΠ21, · · · ,ŴΠ2n)
′, ŴΠ2i ≡ (Π̂2(Zi)

′,Z′2i)
′, Π̂2(Zi)≡

(Π̂21(Zi), · · · ,Π̂2D22(Zi))
′, 1n ≡ (1, · · · ,1)′n×1, Dĝ ≡ (D1ĝ, · · · ,DD2 ĝ), Dd ĝ ≡ (Dd ĝ(Û1), · · · ,Dd ĝ(Ûn))

′,

and Dd ĝ(Ûi) is the partial derivative of the estimator ĝ(u) with respect to ud evaluated at Ûi. Given the NW
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estimator structure of the components in ĝ(u), by taking partial derivatives, we have Dd ĝ(Ûi) given by

Dd ĝ(Ûi) =−
1

nhD2+1
2

1
f̂U(Ûi)

n

∑
t=1

DdK2

(
Ût −Ûi

h2

)[
η̂t(Yt −W ′2t β̂ )− (ĝ1(Ûi)− ĝ2(Ûi)

′
β̂ )
]
.
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Appendix B Supplementary Figures and Tables

Table B1. Strength of instrumental variables

Full sample ELR BD
(463 observations) (356 observations) (275 observations)

Aid/GDP Institutional Aid/GDP Institutional Aid/GDP Institutional
quality quality quality

Log population -1.601*** 0.368*** -0.365*** 0.310*** -0.413*** 0.307***
(0.365) (0.138) (0.095) (0.095) (0.080) (0.069)

Arms imports/Total imports lagged 14.078 1.979** 2.350*** 0.362 1.623** -0.191
(10.669) (0.885) (0.883) (0.664) (0.690) (0.486)

Initial Gini coefficient -0.151 -0.155*** 0.168*** -0.189*** 0.165** -0.157***
(0.243) (0.050) (0.058) (0.068) (0.070) (0.042)

Angrist-Pischke F-test of excluded instruments
F statistic 4.99 10.84 11.72 6.49 13.88 8.60
Prob > F 0.00 0.00 0.00 0.00 0.00 0.00

Kleibergen-Paap underidentification test
LM statistic 53.121 39.216 35.833
p-value 0.00 0.00 0.00

Kleibergen-Paap weak identification test
F statistic 8.890 5.427 7.354

Note: Log population and arms imports over total imports (lagged one period) are the instruments for aid and the Gini coef-
ficient is the instrument for institutional quality. ELR corresponds to Easterly et al. (2004) dataset while BD to Burnside and
Dollar (2000) dataset. Angrist and Pischke (2009) F-test is a test of weak identification for individual endogenous regressors.
Kleibergen and Paap (2006) LM test examines whether the excluded instruments are not correlated with the presumably en-
dogenous regressors, while the F-test examines if the instruments are not weakly correlated with the endogenous variables.
Standard errors are reported in parentheses. ***, ** and * represent significance at 1%, 5% and 10% level, respectively.
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Table B2. List of countries in sample

Sample Countries

BD & ELR sample Algeria, Argentina, Bolivia, Botswana, Brazil,
(56 countries) Cameroon, Chile, Colombia, Democratic Republic of Congo,

Costa Rica, Ivory Coast, Dominican Republic, Ecuador,
Egypt, El Salvador, Ethiopia, Gabon, Gambia,
Ghana, Guatemala, Guyana*, Haiti, Honduras,
India, Indonesia, Jamaica, Kenya, South Korea,
Madagascar, Malawi, Malaysia, Mali, Mexico,
Morocco, Nicaragua, Niger, Nigeria, Pakistan,
Paraguay, Peru, Philippines, Senegal, Sierra Leone,
South Africa, Sri Lanka, Syria, Thailand, Togo,
Trinidad & Tobago, Tunisia, Turkey, Uganda, Uruguay,
Venezuela, Zambia, Zimbabwe

Only BD sample Somalia*, Tanzania
(2 countries)

Only ELR sample Burkina Faso, Republic of Congo, Iran, Jordan,
(6 countries) Myanmar*, Papua New Guinea

Note: BD corresponds to Burnside and Dollar (2000) dataset while ELR to Easterly et al. (2004) dataset.
(*) Guyana, Myanmar and Somalia are excluded from the full sample estimations due to insufficient
number of observations.
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Figure B1. Percentage histograms of aid and policy index
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Note: The gray areas represent the top and bottom 5% observations for each variable.
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Figure B2. Complementary nonparametric estimation results using ELR and BD samples

(a) Joint aid-policy-growth relationship (ELR) (b) Joint aid-policy-growth relationship (BD)

1 2 3 4 5
Aid

0

0.5

1

1.5

2

2.5

3

F
itt

ed
 g

ro
w

th

25% quantile of policy
95% confidence interval

0.13 0.57 1.77

1 2 3 4 5
Aid

0

0.5

1

1.5

2

2.5

3

F
itt

ed
 g

ro
w

th

50% quantile of policy
95% confidence interval

0.13 0.57 1.77

1 2 3 4 5
Aid

0

0.5

1

1.5

2

2.5

3

F
itt

ed
 g

ro
w

th
75% quantile of policy
95% confidence interval

0.13 0.57 1.77

0 0.5 1 1.5 2 2.5
Policy index

0

0.5

1

1.5

2

2.5

3

F
itt

ed
 g

ro
w

th

25% quantile of aid
95% confidence interval

0.93 1.25 2.38

0 0.5 1 1.5 2 2.5
Policy index

0

0.5

1

1.5

2

2.5

3

F
itt

ed
 g

ro
w

th

50% quantile of aid
95% confidence interval

0.93 1.25 2.38

0 0.5 1 1.5 2 2.5
Policy index

0

0.5

1

1.5

2

2.5

3

F
itt

ed
 g

ro
w

th

75% quantile of aid
95% confidence interval

0.93 1.25 2.38

(c) Aid-growth and policy-growth relationship with 95% confidence interval (ELR)
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(d) Aid-growth and policy-growth relationship with 95% confidence interval (BD)
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