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Differences in impact of official
development assistance on
foreign direct investment by aid

types

Saori Ono* and Takashi Sekiyama

Graduate School of Advanced Integrated Studies in Human Survivability, Kyoto University, Kyoto, Japan

This study examined the impact of Official Development Assistance (ODA) on
Foreign Direct Investment (FDI) by aid type, which has been largely overlooked in
previous studies. Using the Generalized Method of Moments with a gravity model,
five major donor countries (France, Germany, Japan, the United Kingdom, and the
United States) and 63 recipient country pairs from 1996 to 2020 were analyzed.
Granger causality tests, impulse response analyses and variance decomposition
analyses using a panel vector autoregressive model were conducted to identify
causal relationships in the time series and to quantitatively capture the impact. The
results suggest that ODA Loans from Germany, Japan, and the United Kingdom
promote FDI. Their ODA Loans have a high proportion of economic infrastructure
and productive-sector support. Hence, their ODA Loans may attract FDI to
recipient countries by developing infrastructure in recipient countries such as
transportation, telecommunications, energy, and finance. This study contributes
to an academic community by highlighting the differences of aid type in attracting
FDI and provides practical implications for policymakers and practitioners in the
field of international development.

KEYWORDS

official development assistance, Foreign Direct Investment, Loans, panel data, gravity
model, vector autoregressive model, Granger causality

1. Introduction

The Organization for Economic Co-operation and Development (OECD, 2002) has
encouraged Foreign Direct Investment (FDI) because it brings profits to both investors and
investee countries and plays a crucial role in international economy. According to the World
Bank (2021), FDI brings increased investment, exports, employment, new technologies and
business practices to host nations, and the bank has provided international support to attract
FDL

The OECD (2020) defines Official Development Assistance (ODA) as government aid
that facilitates the development of economy and welfare in developing countries. ODA is
important for developing countries to overcome bottlenecks in their economic growth. The
impact of ODA on FDI has been studied, beginning with Karakaplan et al. (2005), but the
relationship is still not well understood. Moving from ODA to FDI would be beneficial for
both donors and recipients; thus, understanding what form of ODA attracts FDI is critical.

ODA can be categorized into three main forms: Loans, Grants, and Technical
Cooperation. ODA Loans are concessional (OECD, n. d.) and, in other words, they have
very low or no interest rates. For Grants, the OECD defines “Grants are transfers made
in cash, goods, or services for which no repayment is required (OECD, 2013a).” Technical
Cooperation encompasses subsidies for education and training of nationals of developing
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countries, and payments for consultants and advisers working for
them (OECD, 2013b).

While previous research has studied the ODAs effect on
FDI (Ono and Sekiyama, 2022), few studies exist that verify the
effects of different forms of ODA on FDI. Loans, Grants and
Technical Cooperation are all ODA, but they focus on different
areas. Additionally, the impact on economy of a recipient country
will differ between Loans, which require repayment, Grants,
and Technical Cooperation, which does not require repayment.
Therefore, the purpose of this study is to determine whether there
are differences in the impact of different aid types on FDI in order to
elucidate new mechanisms by which ODA promotes or suppresses
FDI. Moreover, by providing new insights into the ODA’s impact on
FDI by aid type, this study contributes to the academic community
in terms of research novelty but could also provide important
suggestions that may lead to more effective ODA policies.

In this study, the generalized method of moments (GMM) with
a gravity model was used to estimate the relationship between
ODA and FDI from five major donor countries [France, Germany,
Japan, the United Kingdom (the UK), and the United States
(the US)] to 63 developing countries between 1996 and 2020.
Additionally, this study used less arbitrary methods, such as the
Granger causality tests, impulse response analyses and variance
decomposition analyses with a panel VAR model, to conduct a more
robust analysis. The rest of this study consists of the following:
Section 2 is a literature review; Section 3 presents the analytical
methodology; Section 4 shows the data; Section 5 describes the
results; Section 6 shows the discussion; and Section 7 presents
the conclusions.

2. Review of the literature

Previous studies have investigated the relationship between
ODA and FDI, but there is no consensus on it. Karakaplan et al.
(2005) argued that a positive relationship between ODA and FDI
is found when the investment environment in a recipient country
is favorable, but some studies have found negative relationship
between ODA and FDI. Harms and Lutz (2006) analyzed data
between 1988 and 1999 and found that ODA generally does not
affect FDI, but it does promote FDI in countries where firms face
significant regulation burdens. Kimura and Todo (2010) estimated
whether ODA facilitates FDI for 227 country pairs between 1990
and 2002. They found that the effect of ODA on FDI is not
significant in general, but solely Japanese ODA encourages its
outward FDL

Previous studies also showed the negative relationship between
ODA and FDI; Beladi and Oladi (2006) theoretically demonstrated
a “crowding-out effect” in which ODA suppresses FDI. Kang et al.
(2011) conducted a GMM estimation for 7 donor countries and 24
recipient country pairs between 1980 and 2003. They found that
ODA has a substitution effect to FDI except for the ODA from
Japan and Korea. In particular, Dutch ODA is mainly humanitarian
aid and is a strong alternative to FDL. Selaya and Sunesen (2012)
tested the data for 186 developing countries from 1970 to 2001
and concluded that there is no clear relationship with ODA and
FDI. However, they noted that ODA attracts FDI when it is used
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for infrastructure and human capital. They also insisted that ODA
crowds out FDI when ODA is a transfer of physical capital. Liao
et al. (2020) analyzed a sample of B&R countries until 2017. This
analysis found that aid for complementary sectors promotes FDI,
while physical capital aid crowds out FDI. They also confirmed that
that the effects of total aid on FDI are significantly negative. By
contrast, in special circumstances such as post-conflict, ODA has
been shown to promote FDI. Garriga and Phillips (2014) analyzed
post-conflict countries from 1973 to 2008. They found that ODA
attracts FDI to post-conflict countries while the ODA from the US
is negatively correlated with FDI.

There are a lot of regional studies on the connection of
ODA and FDI in recent years; Teng (2021) conducted a random-
effects model analysis and GMM estimation for 50 African
countries between 1993 and 2011. The results indicated that in
International Development Association (IDA) countries with low
levels of development, ODA and concessional debt promote FDI,
whereas neither ODA nor concessional debt has a significant
relationship with FDI in International Bank for Reconstruction and
Development (IBRD) countries with high levels of development,
indicating that economic growth plays a more important role in
attracting FDI inflows. Aluko (2020) conducted GMM estimation
using panel data for 47 African countries from 1996 to 2016
and found that the effect of ODA in attracting FDI is higher for
countries with high quality institutions and sound development
of finance. Quazi et al. (2019) conducted their analysis on 19
Latin American countries from 1996 to 2017 and found that the
relationship between ODA and FDI is not clear. They also found
that multilateral aid increases FDI, but not bilateral aid.

While previous research about the ODA-FDI relationship
has been examined by sector and region, no analysis of ODA
effectiveness by aid type has been conducted. Are there differences
in the impact of ODA on FDI according to aid type? To answer
this research question, this study examines the ODA impact from
5 major donor countries by aid type, using data from 63 recipient
countries between 1996 and 2020.

3. Methodology
3.1. Estimation by gravity model

The estimation was performed with GMM using an equation
that applies the gravity model. Blonigen and Piger (2014)
conducted a systematic investigation of the determining factors
of FDI. Their results showed that gravity model variables
are FDI's major determining factors. In contrast, they argued
that the gravity model cannot account for vertical FDI
motives. Therefore, in order to express vertical FDI motives,
the gravity model in this study includes the differences in
the logarithm of per capita GDP between the investing and
recipient countries as Kimura and Todo (2010). Karakaplan et al.
(2005) showed that ODA attracts FDI in countries with good
governance. Accordingly, governance indicators of recipient
countries were also included in the model as variables using
the Worldwide Governance Indicator (WGI) (Kaufmann et al,
2010).
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3.1.1. Model
In this study, the gravity model is as follows:

In FDIyje = pln FDIjj;_1+p1 In AIDy,_+PB, In GDP;,_,
=+ /33 In GDPjt_1+ﬂ4 In GOVjt—l+ﬂ5 DIFijt—l
+ BeIn DIST jj+aij+uiteij (1)

i represents a donor country, j shows recipient country, ¢ indicates
period (year) and I shows a lag in Equation (1). Due to the wide

variation in FDI and ODA disbursement amounts, 3-year moving
average data set was used to identify trends. A one-period lag was
used for all variables, except the aid variables, to consider the time
lag of the variables’ impact on FDI. For the aid variables, four types
of analyses were conducted with one-, three-, six-, and nine-period
lags, considering that the time lag in their impact on FDI varies
depending on the type of ODA. In indicates that the variable is the
natural logarithm. FDIj; is a flow of real FDI from i to j, and AID;;
is a flow of real ODA disbursements from i to j. GDP; and GDP; are
areal GDP in i and j. GOV is a total of the six indicators [(I) Voice
and Accountability; (IT) Political Stability and Absence of Violence;

10.3389/fp0s.2023.1149865

(IIT) Government Effectiveness; (IV) Regulatory Quality; (V) Rule
of Law; and (VI) Control of Corruption] of WGI for country j
(Kaufmann et al., 2010). DIFj; is the log difference between i and
jinreal GDP per capita. DIST;; is a distance among capitals of i and
j- ajj denotes a country-pair fixed effect, u; shows a year effect and
Eijt indicates an error term.

Some types of aid variables were used as AID;; in Equation
(I) to examine ODAs impact by aid types and donors.
First, to estimate the ODA impact from all donors, the
total ODA for country j from all donors, AID_Allj, was
employed. Additionally, to analyze the impact of aid type,
the estimates were divided into Loans (Loan_Allj), Grants
(Grant_All;), and Technical Cooperation (Tech_All) from all
donors to country j. The rationale behind this approach
considered that Technical Cooperation is included in Grants
in OECD.Stat, the value obtained by subtracting Technical
Cooperation from Grants was used as the Grants variable in
this study.

Next, to examine ODA’s impact from major donors, the same
types as the first estimation (AID,-J-, Loanjj, Grant;j, Tech,-j) were

ODA TOTAL

mFrance mGermany mJapan mUnited Kingdom m United States

Figure 1-1.

GRANTS

WFrance MWGermany ®Japan ® United Kingdom ® United States

France
10%

Germany
13%

United States
47%

Figure 1-3.

FIGURE 1

Percentage of donor countries by aid type. Sources: Created by the author on the basis of OECD.Stat.

LOANS

WFrance WGermany ®Japan M United Kingdom ® United States
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France
United States  16%
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Germany
16%

Figure 1-2.

TECHNICAL ASSISTANCE
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Figure 1-4.
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used. To eliminate ODA’s impact of countries other than 7, a variable
subtracting the amount of ODA in country i from the total ODA of
all donors was also added (NAID;).

Regarding the relationship between exports and FDI, Bricongne
et al. (2022) showed that horizontal FDI is a substitute for exports
while vertical FDI is a complement to exports, indicating that the
effects of exports on FDI are mixed. An estimation of Equation
(1) with an export variable was performed, and since the export
variable was not significant, it was determined that the effects of
exports were mixed and was not included in the estimation for
this study.

TABLE 1 Results of GMM estimation (1): Lag 1.

10.3389/fp0s.2023.1149865

3.1.2. Estimation method

The system GMM (Blundell and Bond, 1998) and two-step
estimation were used to estimate the model. The endogenous
variables were all the explanatory variables other than DISTjj;,
ajj, jut, and g in Equation (1), and instrumental variables were
lagged endogenous variables. Robust corrections were performed
during the estimation to correct the problem of heteroskedasticity.
Moreover, the GMM requires that the instrumental variables
be in orthogonality with the error terms and error terms not
be autocorrelated. Therefore, Hansen test to examine validity
of the instrumental variable and Arellano-Bond test to verify

(1) (2) (4) (5)
Inl FDIij 0.0741 0.0474 0.0469 0.0470 0.0491
(0.0624) (0.0408) (0.0397) (0.0394) (0.0411)
Inl AID_Allj 0.00218
(0.00133)
In1 Loan_Allj 0.00547*** 0.00573***
(0.00172) (0.00183)
Inl NLoan_Allj —0.00208
(0.00138)
Inl Grant_Allj —0.0242** —0.00958*
(0.00815) (0.00551)
Inl NGrant_Allj 0.0122**
(0.00503)
Inl Tech_Allj 0.02227%* 0.00294
(0.00818) (0.00281)
In1 NTech_Allj —0.000436
(0.00247)
In1 GDPi 0.0320** 0.0258 0.0299* 0.0249 0.0246
(0.0146) (0.0184) (0.0178) (0.0179) (0.0182)
In1 GDPj 0.0413** 0.0210* 0.0332°* 0.0327** 0.0340**
(0.00922) (0.0119) (0.0121) (0.0123) (0.0140)
In1 GOVj 0.0214* —0.0163 —0.0116 —0.00124 0.0208*
(0.0112) (0.0185) (0.0182) (0.0114) (0.0110)
DIFij —0.00229 —0.00512 —0.0150 —0.00565 —0.000265
(0.00896) (0.0104) (0.0130) (0.00888) (0.00908)
Inl DISTij —0.0184 —0.0192 —0.0171 —0.0150 —0.0171
(0.0149) (0.0159) (0.0155) (0.0152) (0.0154)
Lag option 1.2 1.1 1.1 1.1 1.1
Arellano-Bond test 0.360 0.338 0.338 0.337 0.340
Hansen test 0.968 0.653 0.109 0.109 0.106
VIF < 10 o X o X X
Observations 6,895 6,895 6,895 6,895 6,895

Standard errors are listed in parentheses, where ***p < 0.01, **p < 0.05, and *p < 0.1. All specifications include year dummies. o Means that the VIF is <10, and x means that the VIF is >10.
Sources: Created by the author on the basis of the GMM estimation in Section 5.1.1, CASIO, World Development Indicators (WDI), Worldwide Governance Indicators (WGI), and OECD.Stat.
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autocorrelation of error terms were conducted. In order to
verify the multicollinearity, the Variance Inflation Factor (VIF)
was performed.

3.2. Estimation by panel VAR model

As Gravity models identify explained variables in accordance
with theory, they have the drawback of being relatively arbitrary.
Panel VAR models that are relatively less arbitrary were used to

10.3389/fp0s.2023.1149865

estimation. Granger causality tests was performed to verify causal
relationships using panel VAR models. Impulse response analyses
and variance decomposition analyses also used to describe how
much ODA influences FDI.

3.2.1. Model
In this study, the panel VAR model is as follows:

X
compensate for this shortcoming. Additionally, the VAR model ;ZZ = Z% +I'y ;Z:i +I ;Z:i + 4T ;Z:::
examined only the types of ODA that were significant in the GMM
TABLE 2 Results of GMM estimation (2): Lag 3.
0 @ 3) (4 (5) |
Inl FDIij 0.0707 0.0442 0.0721 0.0725 0.0734
(0.0595) (0.0391) (0.0622) (0.0618) (0.0625)
In3 AID_Allj 0.00182
(0.00129)
In3 Loan_Allj 0.00424*** 0.00427***
(0.00136) (0.00145)
In3 NLoan_Allj —0.00233**
(0.000960)
In3 Grant_Allj —0.0253"* —0.00832"*
(0.0102) (0.00374)
In3 NGrant_Allj 0.0101**
(0.00415)
In3 Tech_Allj 0.0241** 0.00303
(0.0107) (0.00320)
In3 NTech_Allj —0.00110
(0.00277)
Inl GDPi 0.0331** 0.0231 0.0331** 0.0332** 0.0318™*
(0.0150) (0.0191) (0.0153) (0.0156) (0.0149)
In1 GDPj 0.0441%* 0.0269™** 0.0370*** 0.0348** 0.0373**
(0.00814) (0.0102) (0.00733) (0.00687) (0.00761)
In1 GOVj 0.0238* 0.00448 0.0125 0.0145 0.0400%**
(0.0122) (0.0114) (0.0145) (0.0155) (0.00922)
DIFij —0.00244 0.00256 —0.00601 —0.00476 0.00369
(0.00950) (0.00803) (0.0107) (0.0115) (0.00607)
Inl DISTij —0.0194 —0.0209 —0.0197 —0.0185 —0.0215
(0.0154) (0.0163) (0.0159) (0.0159) (0.0157)
Lag option 1.2 1.1 1.2 1.2 1.2
Arellano-Bond test 0.360 0.345 0.364 0.363 0.363
Hansen test 0.781 0.223 0.998 0.998 0.998
VIF < 10 o X o X X
Observations 6,280 6,280 6,280 6,280 6,280

Standard errors are listed in parentheses, where ***p < 0.01, **p < 0.05, and *p < 0.1. All specifications include year dummies. o Means that the VIF is <10, and x means that the VIF is >10.

Sources: Created by the author on the basis of the GMM estimation in Section 5.1.1, CASIO, WDI, WGI, and OECD.Stat.
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TABLE 3 Results of GMM estimation (3): Lag 6.

(©)
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X, ¥, 4, &, and T are an aid variable, In FDI, a constant, a error term
and a coefficient, respectively. p, i, j, and t show a lag order, a donor
country, a recipient country and period (year). Optimal value for p
was decided by Akaike Information Criterion (AIC) (Akaike, 1998).
As Wooldridge (2012) recommended a lag order of one or two for
the annual data, lag 1 or 2, this study used lag 1 or 2 with the lowest
value by AIC.

It is necessary to perform a panel unit root test to examine
if a variable is stationary or not before using a panel VAR

(1) (2) (3) (4) (5)
Inl FDIij 0.0505 0.0391 0.0622 0.0631 0.0650
(0.0600) (0.0324) (0.0514) (0.0518) (0.0529)
In6 AID_Allj 0.00205
(0.00135)
In6 Loan_Allj 0.00552*** 0.00572***
(0.00176) (0.00188)
In6 NLoan_Allj —0.00309**
(0.00132)
In6 Grant_Allj —0.0171* —0.0102*
(0.00691) (0.00600)
In6 NGrant_Allj 0.0127*
(0.00652)
In6 Tech_Allj 0.0148** 0.00201
(0.00658) (0.00407)
In6 NTech_Allj —0.00122
(0.00521)
Inl GDPi 0.0361%* 0.0230 0.0415** 0.0408** 0.0345**
(0.0133) (0.0210) (0.0165) (0.0164) (0.0143)
In1 GDPj 0.0336** 0.0244* 0.0361** 0.0324** 0.0375***
(0.0137) (0.0144) (0.00971) (0.00898) (0.00829)
Inl1 GOVj 0.0421** 0.00660 0.0122 0.0270* 0.0358*
(0.0147) (0.0177) (0.0179) (0.0155) (0.0184)
DIFij —0.00144 —0.00824 —0.0128 —0.00565 0.00554
(0.00835) (0.0136) (0.0125) (0.0104) (0.00565)
Inl DISTij —0.0223 —0.0199 —0.0224 —0.0225 —0.0216
(0.0190) (0.0180) (0.0173) (0.0174) (0.0180)
Lag option 1.3 1.1 1.2 1.2 1.2
Arellano-Bond test 0.385 0.323 0.348 0.349 0.349
Hansen test 0.918 0.002 0.637 0.637 0.635
VIF < 10 [ X o X o
Observations 5,335 5,335 5,335 5,335 5,335

Standard errors are listed in parentheses, where ***p < 0.01, **p < 0.05, and *p < 0.1. All specifications include year dummies. o Means that the VIF is <10, and x means that the VIF is >10.
Sources: Created by the author on the basis of the GMM estimation in Section 5.1.1, CASIO, WDI, WGI, and OECD.Stat.
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model. While a stationary variable is used directly in the
model, a non-stationary variable is transformed to first-order
differences before incorporating into the model. The LLC test
(Levin et al, 2002) is used as the panel unit root test in
this study.

3.2.2. Granger causality test

Equation (4) shows that “there is no Granger causality from

10.3389/fp0s.2023.1149865

assumed to be common (Kim et al., 2018).

Ho:Bir+pot - +Bp=0 (4)

3.2.3. Impulse response analysis
Impulse response analysis shows how an innovation of
an aid variable with one standard deviation affects FDI

variable over 10 years. Ninety-five percentage confidence

X to Y” (Rossi and Wang, 2019). To examine the overall trend interval was also calculated (Efron and  Tibshirani,
of Granger causality in the target countries, all coefficients were ~ 1993).
TABLE 4 Results of GMM estimation (4): Lag 9.
0 @ 3) (4 (5) |
Inl FDIij 0.0461 0.0531 0.0380 0.0382 0.0415
(0.0565) (0.0427) (0.0498) (0.0504) (0.0525)
In9 AID_Allj 0.00310
(0.00281)
In9 Loan_Allj 0.00434** 0.00423%*
(0.00128) (0.00142)
In9 NLoan_Allj —0.00211
(0.00242)
In9 Grant_Allj —0.0213** —0.00938*
(0.00970) (0.00505)
In9 NGrant_Allj 0.0123***
(0.00474)
In9 Tech_Allj 0.0197* 0.00460
(0.00778) (0.00459)
In9 NTech_Allj —0.00229
(0.00686)
In1 GDPi 0.0476%* 0.0386* 0.0354* 0.0407** 0.0355%
(0.0143) (0.0156) (0.0142) (0.0137) (0.0140)
In1 GDPj 0.0324** 0.0340%* 0.0300** 0.0232 0.0280*
(0.0124) (0.00664) (0.0152) (0.0148) (0.0137)
In1 GOVj 0.0384** 0.0103 0.0218 0.0231 0.0350
(0.0158) (0.0275) (0.0180) (0.0234) (0.0244)
DIFij —0.00710 0.000601 —0.0118 —0.00963 —0.00405
(0.00715) (0.00687) (0.00855) (0.0103) (0.00785)
Inl DISTij —0.0243 —0.0244 —0.0197 —0.0210 —0.0209
(0.0203) (0.0191) (0.0224) (0.0226) (0.0220)
Lag option 14 1.2 1.3 13 13
Arellano-Bond test 0.387 0.344 0.383 0.387 0.384
Hansen test 0.882 0.205 0.693 0.738 0.725
VIF < 10 o X o o o
Observations 4,390 4,390 4,390 4,390 4,390

Standard errors are listed in parentheses, where ***p < 0.01, **p < 0.05, and *p < 0.1. All specifications include year dummies. o Means that the VIF is <10, and x means that the VIF is >10.
Sources: Created by the author on the basis of the GMM estimation in Section 5.1.1, CASIO, WDI, WGI, and OECD.Stat.
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3.2.4. Variance decomposition analysis

Variance decomposition clarifies how much influence that
FDI variable and an aid variable have on the variation of the
FDI variable.

4. Data

Panel data for of 63 recipient countries

(Supplementary Table A1) and 5 major donors between 1996

pairs

TABLE 5 Results of GMM estimation (5): Lag 1.

10.3389/fp0s.2023.1149865

and 2020 were used in this study (Supplementary Tables A2,
A3). Nominal FDI data and nominal ODA data were taken
from OECD.Stat. The nominal values were transformed to real
values using the proportion of nominal GDP to real GDP (2015
baseline) of recipient countries obtained from World Development
Indicators (WDI). Data on GDP per capita were also taken from
WDI. Governance indicators were obtained from WGI, and the
distance between two capital cities was obtained from CASIO.

To convert the data to natural logarithm, the data before
transformation be at least 1. However, since the smallest FDI value

(1) (2) (3) (4) (5)
Inl FDIij 0.0469 0.0480 0.0468 0.0473 0.0491
(0.0391) (0.0396) (0.0387) (0.0400) (0.0410)
Inl AIDij 0.00456
(0.00470)
Inl Loanij 0.0160** 0.0140*
(0.00766) (0.00787)
Inl NLoanij —0.00604
(0.00613)
In1 Grantij —0.00701 —0.00460
(0.0110) (0.0118)
Inl NGrantij 0.000724
(0.00473)
In1 Techij —0.00737** —0.00373
(0.00370) (0.00600)
In1 NTechij 0.00947
(0.00892)
Inl NAIDij 0.00239 0.00313* 0.00282* 0.00280 0.00290
(0.00172) (0.00176) (0.00168) (0.00197) (0.00198)
Inl GDPi 0.0303* 0.0451"* 0.0531** 0.0251 0.0274*
(0.0160) (0.0155) (0.0162) (0.0170) (0.0146)
In1 GDPj 0.0399** 0.0345** 0.0342** 0.0367** 0.0418**
(0.0161) (0.0124) (0.0151) (0.0148) (0.0118)
In1 GOVj 0.00441 0.00684 0.00283 0.0140 0.00639
(0.0128) (0.0127) (0.0118) (0.0145) (0.0139)
DIFij —0.0103 —0.00494 —0.00587 —0.00577 —0.0120
(0.0109) (0.0132) (0.0115) (0.0126) (0.0115)
Inl DISTij —0.0156 —0.0166 —0.0187 —0.0159 —0.0146
(0.0155) (0.0162) (0.0165) (0.0163) (0.0157)
Lag option 1.1 1.1 1.1 1.1 1.1
Arellano-Bond test 0.337 0.337 0.336 0.339 0.339
Hansen test 0.112 0.988 0.735 0.677 0.688
VIF < 10 o o o o o
Observations 6,895 6,895 6,895 6,895 6,895

Standard errors are listed in parentheses, where ***p < 0.01, **p < 0.05, and *p < 0.1. All specifications include year dummies. o Means that the VIF is <10.
Sources: Created by the author on the basis of the GMM estimation in Section 5.1.2, CASIO, WDI, WGI, and OECD.Stat.
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targeted in this study was <1, a constant value was added to
all FDI values to ensure that the minimum FDI value is 1. The
other variables with a minimum value <1 were processed in the
same manner.

During the study period, ODA from the 5 donor countries
accounted for 51% of the total ODA from all donors to the 63
recipient countries covered by this study. The data covered by this
estimation is 56% of France’s ODA, 55% of Germany’s ODA, 69%
of Japan’s ODA, 39% of UK’s ODA, and 39% of the US’s ODA from

TABLE 6 Results of GMM estimation (6): Lag 3.

10.3389/fp0s.2023.1149865

1996 to 2020. Figure 1 shows the percentage of each donor country
for each form of ODA.

5. Results
5.1. GMM estimation results

First, a gravity model was estimated by GMM for (1)
the effects of ODA from all donors on FDI of the 5 donor

(1) (2) (4) (5)
Inl FDIij 0.0715 0.0445 0.0441 0.0445 0.0465
(0.0607) (0.0379) (0.0363) (0.0385) (0.0383)
In3 AIDij 0.00564
(0.00566)
In3 Loanij 0.0218** 0.0191**
(0.00938) (0.00802)
In3 NLoanij —0.0113*
(0.00581)
In3 Grantij —0.0190"* —0.0181*
(0.00920) (0.00976)
In3 NGrantij 0.00610
(0.00444)
In3 Techij —0.00602 0.000423
(0.00509) (0.00505)
In3 NTechij 0.00707
(0.00659)
In3 NAIDij 0.000950 0.00214 0.00237 0.00108 0.00165
(0.00155) (0.00176) (0.00197) (0.00159) (0.00191)
In1 GDPi 0.0327** 0.0602*** 0.0597** 0.0367** 0.0329**
(0.0160) (0.0172) (0.0170) (0.0160) (0.0141)
In1 GDPj 0.0407** 0.0367** 0.0415** 0.0414** 0.0445**
(0.00720) (0.0103) (0.0101) (0.0118) (0.00960)
In1 GOVj 0.0236™* —0.00518 —0.00963 0.00523 0.00332
(0.0119) (0.0186) (0.0213) (0.0131) (0.0161)
DIFij —0.00654 —0.00261 —0.00446 —0.00229 —0.0129
(0.0104) (0.00947) (0.0110) (0.00963) (0.0119)
Inl DISTij —0.0180 —0.0195 —0.0182 —0.0181 —0.0166
(0.0148) (0.0156) (0.0158) (0.0158) (0.0163)
Lag option 1.2 1.1 1.1 1.1 1.1
Arellano-Bond test 0.362 0.339 0.335 0.341 0.339
Hansen test 0.998 0.862 0.276 0.258 0.253
VIF < 10 o o o o o
Observations 6,280 6,280 6,280 6,280 6,280

Standard errors are listed in parentheses, where ***p < 0.01, **p < 0.05, and *p < 0.1. All specifications include year dummies. o Means that the VIF is <10.
Sources: Created by the author on the basis of the GMM estimation in Section 5.1.2, CASIO, WDI, WGI, and OECD.Stat.
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countries by type of ODA, and (2) the effects of ODA from
5 donor countries on their respective FDI by type of ODA.
Tables 1-8 show the coefficients, and the adjusted standard
errors are shown in parentheses. In the tables, (p q) is shown
when the period from t-p to t-q is used for the lag. For the
Arellano-Bond and Hansen tests, p-values were shown on the
tables. Multicollinearity in each model was also examined; if
the Variance Inflation Factor (VIF) was not <10, there was a

TABLE 7 Results of GMM estimation (7): Lag 6.

10.3389/fp0s.2023.1149865

possibility that multicollinearity was present and distorted the
estimation results.

5.1.1. All donors’ ODA

First, the impact of the total amount of ODA (AID_All;), Loans
(Loan_All;), Grants (Grant_All;), and Technical Cooperation
(Tech_All;) from all donors on FDI from major donor i to recipient

(1) (2) (4) (5)
Inl FDIij 0.0618 0.0371 0.0370 0.0375 0.0637
(0.0494) (0.0317) (0.0292) (0.0322) (0.0520)
In6 AIDij 0.0104
(0.00663)
In6 Loanij 0.0281** 0.0266***
(0.0115) (0.00916)
In6 NLoanij —0.0137
(0.00882)
In6 Grantij —0.0278* —0.0261*
(0.0151) (0.0150)
In6 NGrantij 0.00772* (0.00772*)
(0.00452)
In6 Techij —0.00562 0.00594
(0.00560) (0.00428)
In6 NTechij 0.00491
(0.00878)
In6 NAIDij 0.000972 0.00290 0.00329 0.00190 0.00103
(0.00142) (0.00201) (0.00216) (0.00185) (0.00144)
In1 GDPi 0.0413** 0.0644** 0.0599*** 0.0373** 0.0410**
(0.0168) (0.0216) (0.0192) (0.0170) (0.0167)
In1 GDPj 0.0383"** 0.0373*** 0.0354** 0.0430** 0.0362*
(0.00856) (0.0112) (0.0147) (0.0119) (0.00863)
In1 GOVj 0.0335%"* 0.00782 0.00862 0.0180 0.0330**
(0.0125) (0.0154) (0.0133) (0.0120) (0.0118)
DIFij —0.0128 —0.00104 —0.00504 0.000533 —0.0126
(0.0117) (0.00872) (0.00907) (0.00881) (0.0116)
Inl DISTij —0.0209 —0.0188 —0.0184 —0.0203 —0.0202
(0.0160) (0.0154) (0.0165) (0.0167) (0.0159)
Lag option 1.2 1.1 1.1 1.1 1.2
Arellano-Bond test 0.345 0.323 0.317 0.326 0.349
Hansen test 0.665 0.128 0.008 0.015 0.988
VIF < 10 o o o o o
Observations 5,335 5,335 5,335 5,335 5,335

Standard errors are listed in parentheses, where ***p < 0.01, **p < 0.05, and *p < 0.1. All specifications include year dummies. o Means that the VIF is <10.
Sources: Created by the author on the basis of the GMM estimation in Section 5.1.2, CASIO, WDI, WGI, and OECD.Stat.

Frontiersin Political Science

frontiersin.org


https://doi.org/10.3389/fpos.2023.1149865
https://www.frontiersin.org/journals/political-science
https://www.frontiersin.org

Ono and Sekiyama

country j (FDI;;) was estimated. To control for the impacts of
other forms of ODA, a variable subtracting each type of aid
from the total ODA was also used (NLoan_Allj, N Gmnt_Allj, and
NTech_Allj). The results are shown in Tables 1-4. Among them,
only Table 3 (2) showed a rejected Hansen test at the level of <5%,
indicating that the assumption of the GMM estimation was not
met. Except for Table 3 (2), the p-values of both the Arellano-
Bond and Hansen tests were >5% in any of the estimations, and

TABLE 8 Results of GMM estimation (8): Lag 9.

10.3389/fp0s.2023.1149865

the assumptions of the GMM estimation were satisfied. However,
Tables 1, 2 (2), (4), and (5), Table 3 (2) and (4), and Table 4
(2) may have distorted the results because their VIF was >10.
Therefore, Tables 2, 3 (1) and (3), Table 3 (1), (3), and (5), and
Table 4 (1) and (3)-(5) show reliable results. The results reveal
that among all the aid variables from Tables 1-4, only the positive
effect of Loans is significant at a p-value of <5% [Tables 1-
4(3)].

(1) (2) (4) (5)
Inl FDIij 0.0514 0.0322 0.0496 0.0517 0.0545
(0.0392) (0.0220) (0.0380) (0.0418) (0.0398)
In9 AIDij 0.0208
(0.0116)
n9 Loanij 0.0328** 0.0316™*
(0.0139) (0.0124)
In9 NLoanij —0.00411
(0.00489)
n9 Grantij —0.00351 —0.00800
(0.0165) (0.00686)
In9 NGrantij 0.0163*
(0.00870)
In9 Techij —0.00778 0.00868
(0.00513) (0.0109)
In9 NTechij 0.0138
(0.00983)
In9 NAIDij —0.000982 0.00278 0.000770 —0.000899 —0.000797
(0.00414) (0.00227) (0.00357) (0.00375) (0.00522)
In1 GDPi 0.0530 0.0563*** 0.0777** 0.0540** 0.0449*
(0.0357) (0.0181) (0.0292) (0.0211) (0.0264)
In1 GDPj 0.0371** 0.0339*** 0.0333*** 0.0344** 0.0337**
(0.00756) (0.0123) (0.0106) (0.0109) (0.0150)
In1 GOVj 0.0223 —0.0221 0.0177 0.00824 0.0197
(0.0226) (0.0440) (0.0181) (0.0317) (0.0161)
DIFij —0.0249 —0.0156 —0.0121 —0.0184 —0.0262*
(0.0299) (0.0224) (0.0131) (0.0182) (0.0153)
Inl DISTij —0.0203 —0.0149 —0.0201 —0.0196 —0.0161
(0.0213) (0.0245) (0.0180) (0.0190) (0.0248)
Lag option 1.2 1.1 1.2 1.2 1.2
Arellano-Bond test 0.334 0.306 0.333 0.340 0.335
Hansen test 0.000 0.001 0.258 0.228 0.000
VIF < 10 o o o o o
Observations 4,390 4,390 4,390 4,390 4,390

Standard errors are listed in parentheses, where ***p < 0.01, **p < 0.05, and *p < 0.1. All specifications include year dummies. o Means that the VIF is <10.
Sources: Created by the author on the basis of the GMM estimation in Section 5.1.2, CASIO, WDI, WGI, and OECD.Stat.
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5.1.2. Five major donor countries’ ODA

Next, this study estimated the impact of the total amount
of ODA (AIDj), Loans (Loan;j), Grants (Grant;;), and Technical
Cooperation (Techj;) from major donor country i to country j on
FDI from major donor country i to country j (FDIjj). To control for
the effects other than each type of ODA, a variable subtracting each
type of ODA from the total ODA was also used (NLoan;j, NGrant;;,
and NTech;;). Additionally, a variable subtracting the total ODA of
country i from the total ODA of all donors was also included in the
estimation (NAIDj;) for controlling the ODA impacts from donor
countries other than country i. From Tables 5-8, the Hansen test
in Table 7 (3) and (4) and Table 8 (1), (2), and (5) were rejected at
a level of <5%, which means that the assumptions of the GMM
estimation were not met. For the other estimations, the p-values of
both the Arellano-Bond and Hansen tests were >5%, thus satisfying
the assumptions of the GMM estimation. Additionally, all the
estimates in Tables 5-8 had a VIF of below 10 and no collinearity
problems. Therefore, Tables 5, 6 (1)-(5), Table 7 (1), (2), and (5),
and Table 8 (3) and (4) show reliable results. The results show that
in all of the aid variables from Tables 5-8, only the effect of Loans is
positively significant at a p-value of <5% [Tables 5, 7 (2); Tables 6,
8(3)].

5.1.3. Each major donor country’'s ODA

In Section 5.1.2, the positive effect of major donor countries’
Loans on FDI in recipient countries is significant. Therefore, to
determine which country’s Loans promote FDI, the effects of
Loans from each major donor country on its FDI were estimated.
However, since the results of the Arellano-Bond test were not
reliable owing to the rejection of the p-value at the level of <5%,
only the panel VAR model results are discussed in the next section
of this study.

TABLE 9 Results of panel unit root tests.

10.3389/fp0os.2023.1149865

5.2. Verification by panel VAR model

To test whether the ODA identified in Section 5.1 has an effect
on FDI, a panel VAR model was used. The results show:

e Loans from all donors (Loan_All;) have a positive effect on FDI
in the five major donor countries.

e Loans from five major donor countries (Loan;;) have a positive
effect on their FDI.

Additionally, estimates were also conducted for each donor
country to determine which country’s Loans promoted FDL

5.2.1. Unit root test
Regarding panel unit root tests, Table 9 lists the results. P-

value of every test was below 0.05. Therefore, all the variables were

considered stationary.

5.2.2. Lag length test

Table 10 presents the AIC values. Lowest AIC value lag were

used.

TABLE 10 Results of lag length selections.

Variables (0] 1 2

In FDI; InLoan_All, | 6.679883 5.181339 5.110997*
In FDI; In Loanij 3.969376 2.615021 2.473917*
In FDIg; In Loang; 5.570231 4.452386 4.319352*
In FDIy; In Loangyg 0.849881 | —1.236616 | —1.438191*
In FDIp; In Loanyp, 2.23012 —0.896507 | —1.144043*
In FDIyg; In Loanyg; —0.815277 | —1.498105 | —1.675125
In FDIys; In Loanys; 0.729321 0.508374 0.347007*

*Shows the minimum value.
Sources: Created by the author on the basis of AIC in Section 5.2.2 and OECD.Stat.

TABLE 11 Results of panel Granger causality tests.

Variable Statistic Prob.
In FDI; —40.399 0.000
In Loun_Allj —24.906 0.000
In Loanij —253.096 0.000
In FDIpg; —26.821 0.000
In FDIgy; —19.915 0.000
In FDI}p; —10.954 0.000
In FDIy; —17.186 0.000
In FDIys; —17.318 0.000
In Loangr; —54.143 0.000
In Loangy; —8.335 0.000
In Loanyp; —4.573 0.000
In Loanyg; —14.507 0.000
In Loanys; —258.493 0.000

Sources: Created by the author on the basis of LLC in Section 5.2.1 and OECD.Stat.
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Null hypothesis: F-statistic  Prob.
In Loan_All;; does not Granger Cause In FDI;; 1.1763 0.3085
In Loan;; does not Granger Cause In FDI;; 7.5434 0.0005
In Loangg; does not Granger Cause In FDIpg; 1.5182 0.2195
In Loangy; does not Granger Cause In FDIgy; 3.7233 0.0244
In Loan;p; does not Granger Cause In FDI}p; 5.3128 0.0050
In Loanyy; does not Granger Cause In FDIyy; 22.8229 0.0000
In Loanys; does not Granger Cause In FDIys; 0.2862 0.7511

Sources: Created by the author on the basis of panel Granger causality test in Section 5.2.3 and
OECD.Stat.
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5.2.3. Granger causality test
Regarding panel Granger causality tests, Table 11 presents the
results. Table 11 indicates that the p-value of following effects were
below 0.05:
o Granger donors’ Loans to
their FDL

e Granger causality from Germany’s Loans to its FDI.

causality from major

e Granger causality from Japan’s Loans to its FDI.
e Granger causality from UK’s Loans to its FDI.

10.3389/fp0s.2023.1149865

5.2.4. Impulse response analysis

For the ODA that have effects on FDI according to Section
5.2.3 impulse response analyses were performed. The results are
described in Figure 2. At the top of each graph in Figure 2, “variable
x — variable y” is shown.

The following results were significant from the impulse
response analysis:

e DPositive effects after the third year from Loans from major
donor countries to FDL

In Loan ;; — In FDI;;

0.12
0.08 ’
0.04
0.00
-0.04

-0.08

-0.12

Figure 2-1.

0.010 In Loan jpj — In FDI}p;
0.008 -
0.006 =
0.004 1

0.002

0.000
-0.002
-0.004

Figure 2-3.

FIGURE 2

5.2.4.

In Loan gy — In FDI gy
0.006
0.005 -
0.004 - =
0.003 7
0.002
0.001
0.000

-0.001

Figure 2-2.

0.008
0.007
0.006
0.005
0.004
0.003
0.002
0.001

0.000

Figure 2-4.

Response of y to x Cholesky One S.D. Innovation (x — y) 95% ClI. Sources: Created by the author on the basis of impulse response analysis in Section

TABLE 12 Results of variance decomposition analyses.

Variance Period

decomposition

In FDI; In FDI; 100.00 100.00 99.94 99.93 99.91 99.89 99.87 99.86 99.85 99.84
In Loan;; 0.00 0.00 0.06 0.07 0.09 0.11 0.13 0.14 0.15 0.16

In FDIGy In FDIgy 100.00 99.84 99.78 99.61 99.45 99.26 99.07 98.86 98.65 98.44
In Loangy 0.00 0.16 0.22 0.39 0.55 0.74 0.93 1.14 135 1.56

In FDI)p In FDIp 100.00 100.00 99.92 99.84 99.70 99.53 99.31 99.07 98.79 98.50
In Loanp 0.00 0.00 0.08 0.16 0.30 047 0.69 0.93 1.21 1.50

In FDIyx In FDIyx 100.00 99.07 98.00 96.90 95.96 9521 94.63 94.19 93.87 93.63
In Loanyx 0.00 0.93 2.00 3.10 4.04 479 537 5.81 6.13 6.37

Sources: Created by the author on the basis of variance decomposition analyses in Section 5.2.5 and OECD.Stat.
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FRANCE GERMANY
mUntied wmPartially Untied mTied mUntied gPartially Untied g Tied
Figure 3-1 Figure 3-2
JAPAN UNITED KINGDOM
mUntied gPartially Untied gTied mUntied mPartially Untied m Tied
Figure 3-3 Figure 3-4
UNITED STATES
mUntied gPartially Untied mTied
Figure 3-5
FIGURE 3
Tying status of ODA loan between 1996 and 2020. Sources: Created by the author on the basis of OECD.Stat.

e Positive effects after the third year from Germany’s Loans to
its own FDIL.

e Positive effects after the third year from Japan’s Loans to its
own FDIL.

e Positive effects after the second year from UK’ Loans to
its own FDI.

5.2.5. Variance decomposition analysis
Variance decomposition analyses were also conducted for the
ODA that have effects on FDI according to Section 5.2.3. The

Frontiersin Political Science

results are described in Table 12. Table 12 shows the percentage
contribution of that a FDI variable and an aid variable to the
change of the FDI variable. The following results were shown by
the variance decomposition analyses:

e Loans from major donor countries contributed up to 0.16% to
the change of their FDL

e Loans from Germany contributed up to 1.56% to the change
of its FDL

e Loans from Japan contributed up to 1.50% to the change of
its FDIL.
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TABLE 13 Breakdown of loans for 63 countries by sector between 2002 and 2020.

Sector France Germany Japan UK us

L. Social infrastructure and services 22.5% 26.8% 13.8% —7.2% 0.0%
II. Economic infrastructure and services 34.6% 55.7% 49.8% —8.8% 0.0%
III. Production sectors 7.7% 4.5% 7.7% 52.7% 0.0%
IV. Multi-sector/cross-cutting 23.2% 8.4% 6.2% 63.3% 0.0%
V. Commodity aid/general program assistance 5.2% 2.4% 7.8% 0.0% 4.8%
VI. Action relating to debt 5.4% 2.1% 1.6% 0.0% 19.1%
VII. Humanitarian aid 0.3% 0.1% 0.7% 0.0% 76.1%
VIII Unallocated/unspecified 1.1% 0.1% 12.4% 0.0% 0.0%

Sources: Created by the author on the basis of OECD.Stat.

e Loans from Germany contributed up to 6.37% to the change ~ ODA to the production sector includes the support for agricultural
of its FDI. infrastructure (UKaid, 2022).
However, Grants from the five major donor countries covered
. . in this study are less likely to support the economic infrastructure
6. Discussion and production sectors and are more likely to support social
infrastructure and debt relief (Supplementary Table A4). Thus,
The ODA’ impact on FDI by aid type was examined for ODA  as Donaubauer et al. (2016) demonstrate, ODA to economic
and FDI from five major donor countries to 63 recipient countries,  infrastructure may promote FDI in recipient countries by
between 1996 and 2020. In all estimations conducted in this study, providing transportation, communication, energy and financial
the positive effect of major donors’ Loans on their own FDI was  infrastructure.
significant. The country-specific analysis of the panel VAR model
also found significant positive effects of Germany, Japan, and UK’s
Loans on their own FDI. Thus, the positive effect of major donor g 3 | imitations of this Study
countries’ Loans on their own FDI can be attributed to the Loans of

Germany, Japan, and the UK. This section explores the reasons for The effect of UK’s Loans decreased after peaking in the fourth

the resuts. year in Section 5.2.4. However, the reasons for this decline are
beyond the scope of this study and are not addressed in the
. . , discussion. Additionally, one possible reason why the positive effect
6.1. Tied ratio of each donor country's loans of Loans on FDI was significant in this study is that countries with
a certain level of GDP and growth rate are more likely to have
One possible reason why German, Japanese, and the UK Loans | gans and FDI because they can repay their Loans, which may have
promote FDI is their high tied ratio. This is because tidal ODA  eq to erroneous results as if Loans promote FDI. However, this
can directly attract firms from the donor country. Figure 3 shows  pynothesis is beyond the scope of this study and was not considered
the share of tied ODA for each donor country between 1996 and ) the discussion. Furthermore, this paper alone could not provide
2020. However, Figure 3 shows that the UK and Germany had the  ; (Jear mechanism as to why ODA from German, Japanese, and the
lowest tied ratios among the five countries, with the UK at 0% and UK promotes FDI. It is expected that they will be clarified in future
Germany at 4%. Therefore, it can be said that the main reason Loans e studies.
promote FDI is not the high tied ratio. Many recent studies in the aid literature have emphasized
either different mechanism with respect to aid channels (whether
aid is given directly to recipient governments or bypasses the
6.2. Positive effects of economic government and goes directly to NGOs) and aid sectors (economic
infrastructure on FDI aid, soc./governance aid, and humanitarian aid). Some of these
ways of disaggregating aid might prove especially fruitful given that
Table 13 shows the breakdown of the major donor countries  certain types are more prone to corruption, which may influence
Loans covered in this study by sector. Sector-specific data are  investor decisions as well.
available only after 2002, and Table 13 presents the total amounts
from 2002 to 2020. For Germany, Japan, and the UK, where the
positive effect on their FDI is significant in the VAR model analysis, 7. Conclusion
Germany and Japan provide about half of the Loans to economic
infrastructure, while the UK provides about half of the Loans to The impact of ODA on FDI by aid type was examined for
the productive and multi-sector, respectively (Table 13). The UK’s ~ ODA and FDI from five major donor countries to 63 recipient
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countries, between 1996 and 2020. In all estimations conducted in
this study, the positive effect of major donors’ Loans on their own
FDI was significant. The country-specific analysis of the panel VAR
model also found significant positive effects of Germany, Japan, and
UK’s Loans on their own FDI. Therefore, the positive effect of the
major donor countries’ Loans on their own FDI can be because
of the Loans of Germany, Japan, and the UK. Their Loans may
attract FDI in recipient countries by developing infrastructure such
as transportation, telecommunications, energy and finance. The
conclusions of this study are as follows:

e Germany, Japan, and UK’s Loans are considered to promote
their own FDI in recipient countries.

e Loans contributed up to 6% to the change of FDI.

e Loans may attract FDI in recipient countries by building
infrastructure, such as transportation, telecommunications,
energy and finance.

The results of this study may imply that increasing the weight
of ODA to the economic infrastructure sector will promote FDI.
This study is novel in that it clarifies the effects of major donor
countriess ODA on FDI by aid type. However, the limitation
of this study is that it only provides a judgment of existence
a general trend at a level of statistical significance. Hence,
it is expected that further research of individual cases using
questionnaires and interviews will clarify the relationship between
ODA and the investment decisions of individual companies.
Further case studies on the mechanisms of the FDI-promoting
effects of Loans from Germany, Japan, and the UK identified
in this study would clarify what kind of ODA can induce
FDI. This study is significant in that it clarified the mechanism
by which ODA promotes FDI from a macro perspective.
More detailed clarification of the mechanisms by which ODA
promotes FDI in the future would help to make ODA policies
more effective.
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