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Abstract
Despite its increasing magnitude and stark difference from the traditional Western
foreign aid, Chinese foreign aid in Sub-Saharan Africa (SSA) and its effect have rarely been
studied empirically. In this paper, I use a time series dataset of Chinese and World Bank aid
projects for 3419 ADM2 regions in 41 countries between 2000 and 2011 to investigate the
relationship between Chinese foreign aid and economic growth in the context of SSA, and
compare this relationship to that of World Bank aid. Following Dreher and Lohmann (2015), I
measure aid effectiveness using nighttime light as a proxy for economic growth at the
subnational level. I also follow Clemens et al. (2012) by 1) separating early impact aid from late
impact aid, 2) replacing contemporaneous aid variable with a lagged aid variable, 3) first
differencing the dependent variable, and I build upon Clemens et al. (2012) by including both
ADM2 and country-year fixed effects. Both the preferred model and robustness checks point to
the same puzzling results: 1) lags of aid variables are negatively associated with nighttime light
growth, 2) lags of aid variables are insignificant and have small magnitude, 3) lags of early
impact aid are even more negatively associated with nighttime light growth than lags of late
impact aid. These unanticipated results are most likely due to a combination of endogeneity
problems, limitations of dataset, and misrepresentation of project heterogeneity.
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I. Introduction
Over the past decade, China has become one of Sub-Saharan Africa’s (SSA) leading
trade partners, lenders and infrastructure investors. In 2013, China overtook the EU as SSA’s
largest export partner (Pigato and Tang, 2015) and China’s trade with Africa grew to $222
billion in 2014, making China Africa’s top trade partner for the sixth straight year (McGroarty,
2015). China has also been actively supporting infrastructure building throughout SSA
(Brautigam, 2010; Corkin et. al., 2008; Foster, et. al., 2009).
Besides trade and investment, China has also been steadily increasing its foreign aid1 in
SSA, from modernization of railways in Nigeria to sewer projects in Ethiopia, and from
construction of national sports stadium in Cameroon to emergency relief in Sudan. China’s
Second White Paper on Foreign Aid (2014) indicates that China has provided over $14 billion
foreign aid from 2010 to 2012, 51.8% of which went to Africa. According to AidData, which is
based at the College of William and Mary, China financed 2,312 aid projects in 50 African
countries from 2000 to 2013, amounting to $93.412 billion foreign aid in total, roughly similar in
volume with the U.S. foreign aid to Africa (Strange et al., 2015). Figure 13 shows the increasing
magnitude of Chinese foreign aid to SSA. It is expected that China would further increase its
1

Foreign aid is most commonly referred to as official development assistance (ODA) defined and adopted by the
Organization for Economic Co-operation and Development (OECD). China is not an OECD member and does not
follow the standard set up by the OECD. Judging based on the OECD standard, the bulk of Chinese aid in Africa
falls under the category of official development finance (ODF) or vague official finance (Vague OF), not ODA.
(Sun, 2014; Brautigam, 2011) According to AidData, only 33% of Chinese foreign aid falls in the ODA category,
while 38% falls in the ODF category, and 28% falls in the Vague OF category. At the moment, neither the research
nor the policy community has reached a unanimous classification of the Chinese aid. In this paper, I follow the steps
taken by Strange et al. (2013) and define Chinese foreign aid as to include ODA-like, ODF-like, and Vague OF-like
projects. Please refer to Strange et al. (2013) for a detailed discussion and rationale for this treatment.
2
According to AidData, Chinese foreign aid has reached $42 billion between 2010 and 2012 compared to the $7
billion indicated by the Chinese Second White Paper on Foreign Aid. This gap is mostly due to the different
definition of foreign aid used by the Chinese White Paper and AidData. The Chinese White Paper categorizes
grants, interest-free loans and concessional loans as aid, while AidData includes ODA-like, ODF-like and Vague
OF-like aid projects.
3
Data source: Chinese aid data from AidData (http://china.aiddata.org/downloads), U.S. aid data from USAID
(https://explorer.usaid.gov/aid-dashboard.html#2014).
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foreign aid to Africa in the next few years. Last December at the China-Africa summit in
Johannesburg, President Xi pledged $60 billion foreign aid to Africa in the next three years,
doubling the $30 billion funding package that China announced in 2012 (Prisco, 2015).

Other than its growing magnitude, Chinese foreign aid in SSA has also attracted attention
due to its stark difference from the traditional Western foreign aid. Chinese foreign aid is
different in three regards: its unconditionality on governance score and human rights record of
the receiving countries, its emphasis on mutual benefits, and its heavy involvement of Chinese
companies (Wang et al., 2014). Researchers disagree with each other on the consequences of
these differences. Some argue it hampers political development and helps Chinese government
profit from Africa’s natural resources (Brookes and Shin, 2006; Naim, 2007; Traub, 2006;
Pehnelt, 2007, 8; Collier, 2007, 86; Swann and McQuillen, 2006), while others argue it is more
efficient than Western aid and provides the capital desperately needed by countries that are
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unable to receive aid from the Western world (Wang et al., 2014; Wade, 2008; Moyo, 2009; TanMullins, Mohan and Power, 2010).
Despite the increasing magnitude of Chinese foreign aid to SSA and the unresolved
debate regarding its impact, literature on measuring the effect of Chinese foreign aid in SSA
empirically and comparing it with that of Western foreign aid is rare. According to my best
knowledge, there has not been a single empirical research paper on measuring the effect of
Chinese foreign aid in the context of SSA. This lack of empirical literature is most likely due to
the absence of detailed and reliable dataset on Chinese foreign aid as China is a non-transparent
donor. Using a media based-approach, AidData published a Chinese aid dataset consisting of
2,312 projects in 50 African countries from 2000 to 2013. (Strange et al., 2015) Using this
dataset, I am able to investigate the relationship between Chinese foreign aid and economic
growth empirically, and comparing it to that of Western foreign aid.
As argued by Dreher and Lohmann (2015) (D&L), measuring aid effectiveness at the
national level instead of at the subnational level is one of the most important reasons for the lack
of robust relationship between aid and economic growth in previous research. Aid projects are
effective at the subnational level, but are not significant enough to be measureable at the national
level. For example, a bridge construction project in a rural village in Tanzania has large
economic impact for that specific village, but this impact is hardly measureable nationally. Thus,
regional data better captures the effect of foreign aid.
In my paper, I use a time series dataset including Chinese and World Bank4 aid projects
as well as nighttime light growth for 3419 administrative level 2 regions (ADM2)5 in 41
countries between 2000 and 2011 to answer two important questions: 1) what is the relationship
4

In the paper, I choose World Bank aid to represent traditional Western foreign aid because of its availability.
ADM1 regions are the units directly below the nation level and ADM2 regions are those below the
ADM1 regions.
5
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between Chinese foreign aid and nighttime light growth at the subnational level in the context of
SSA, and 2) how does this relationship compare to that of the World Bank foreign aid. My paper
is the first empirical literature attempting to unravel the relationship between Chinese foreign aid
and nighttime light growth in the context of SSA.
The rest of the paper is organized as follows. Section II presents the current literature on
the topic. Section III describes the data. Section IV examines the empirical model and presents
the results. Section V covers the robustness checks. Section VII discusses the implication of the
paper and concludes.
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II. Literature Review
i. Theoretical Debate
In the Western world, there has been a long history of theoretical debate regarding the
effect of foreign aid. Proponents of foreign aid argue that aid provides the capital that developing
countries desperately need and help them to accelerate their economic growth. It bridges the gap
between the desired level of capital and the actual amount of domestic saving. Foreign aid also
brings the technology and business know how to less developed countries. Moreover, emergency
relief, medical and food assistance saves the lives of hundreds of thousands people each year.
Sachs (2006) estimated that 175 billions dollar could end extreme poverty in 20 years. It’s about
0.2% of the global GDP in 2014 and a quarter of the US military spending in 2014 (Statistic,
n.d.; World Bank, 2015).
On the other hand, opponents of international aid have a more pessimistic view. Some
argue that inefficiency and corruption of aid receiving country limit the actual effect of foreign
aid. Burnside and Dollar (2004) find that aid has limited effect in countries with poor
governance. Bhagwati (2010) argues aid is more likely to do harm than to help the world’s
poorest nations, if sound governance and careful planning are not adopted. Some fear that aid
could end up in the hands of authoritarian governments and exacerbate the existing suffering its
people. The Chad-Cameroon Petroleum Development and Pipeline Project is a notorious
example of aid projects that went wrong. It’s an $85 million project aimed at increasing Chad
and Cameroon’s expenditures on poverty alleviation activities using profits from oil. However,
the project is known for corruption and in fact President Idris Deby of Chad now spends the
profits from oil on arms races, regime survival and rigged elections (NBC News, 2007). Besides
corruption, others are concerned with aid fungibility, the problem that foreign aid substitutes for
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government spending that would otherwise be spent if foreign aid were not present (Boone 1996;
Mosley 1987; Pack and Pack, 1993). Compared with the scenario without foreign aid, aid de
facto becomes part of the general budget of the receiving governments. Donors hardly have any
control over these saved budgets and they fear that receiving governments would spend the
budget on consumption instead of investment.
As China became more and more involved in SSA, heated debates about the effect of
Chinese foreign aid emerge. The debate is mostly around three distinctive features of Chinese
foreign aid as argued by Wang et al., its unconditionality on governance and human rights record
of aid receiving countries, its emphasis on mutual benefits and its heavy involvement of Chinese
companies.
Western countries recognize the importance of governance, and its aid is characterized by
conditionality on the country’s institutions and human rights record, arguing the selectivity could
prevent corruption and improve governance of aid receiving countries in the long run. Chinese
foreign aid is less selective in this regard (Lancaster, 2007). It doesn’t mean that Chinese aid is
given out unconditionally. Self-interests for natural resources and better political relations with
aid receiving countries are undoubtedly part of the Chinese aid rationale. But human rights
record and good governance is not a crucial part of the decision making process. Some argue this
preference reflects China’s own poor human rights record and governance score. Others argue
that it is rooted in the non-interference principle of China’s foreign policy and the belief that
political development is endogenous to economic development adopted by the Chinese
government (China, 2006).
Criticism of the unconditionality of Chinese foreign aid is not rare. It’s argued that it
hampers political development and exacerbates corruption (Brookes and Shin, 2006; Naim,
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2007; Traub, 2006). Researchers claim that Chinese aid enables African governments to ignore
the conditionality from western donors by providing a back door to foreign aid (Pehnelt, 2007, 8;
Collier, 2007, 86; Swann and McQuillen, 2006). However, others argue that Chinese aid fills the
void where western aid is rare by providing the capital for economic development that would in
turn lead to better political development (Wang et al., 2014). There are also voices within Africa
that endorse Chinese aid. Former Senegal president Wade (2008) welcomes China’s involvement
in Africa and argues Chinese aid and investment is more efficient compared to that of the
European investors, saying “China’s approach to our needs is simply better adapted than the
slow and sometimes patronizing post-colonial approach of European investors, donor
organizations and non-governmental organizations”. The Zambian economist Moyo (2009)
echoes Wade and says, “China’s African role is wider, more sophisticated and more businesslike
than any other country’s at any time in the postwar period”.
Second feature of Chinese foreign aid in SSA is its emphasis on mutual economic
benefits, characterized by the large amount of infrastructure construction projects (Brautigam,
2010; Corkin et. al., 2008; Foster, et. al., 2009). Chinese aid to SSA in the form of infrastructure
assistance dates back to the Tanzam railway that was completed in 1975. This tradition continues
to modern days. In my dataset of World Bank and Chinese aid projects from 2000 to 2011, over
50% of Chinese aid goes into infrastructure building in transportation, power and
communications, while only less than 20% of World Bank aid focuses on infrastructure.
Chinese foreign aid on infrastructure is gradually transforming African economy and
bringing capital that is desperately needed to the continent (Zafar, 2007). Wang et al. (2014)
argue that SSA lacks the “environment that supports productive investment due to high
transaction costs and other barriers to doing business”, but not money. Wang et al. (2014) also
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argue that improving infrastructure significantly changes the situation that SSA faces because
infrastructure investments “bring… huge positive externalities, reduce the costs of trade and
encourage further investment by the private sector”. The rationale behind China’s emphasis on
infrastructure could be attributed to self interest as better infrastructure benefits Sino-Africa trade
in the long term and provides better access to the natural resources that China needs from Africa.
Finally, Chinese foreign aid projects are mostly executed by Chinese firms using Chinese
workers. Some criticize this practice as it takes away jobs opportunities from the natives, and
fails to transfer technology and business knowhow to African companies. Others argue this
model avoids the inefficiency and corruption from poor institutions (Wang et al., 2004). TanMullins, Mohan and Power (2010) argue that recipients of Chinese aid regard it as more effective
and efficient compared to Western aid because of the involvement of Chinese firms and workers.
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ii. Empirical Debate
The debate regarding the effect of foreign aid is not only a theoretical battleground.
Empirical research also points to contrasting results. Most of the empirical research on aid
effectiveness has to do with western foreign aid, not Chinese foreign aid. There are three major
strands of arguments on the relationship between western foreign aid and economic growth.
The first strand argues that the evidence gathered so far points to no significant impact of
aid on growth. The most influential paper in this strand is the work of Rajan and Subramanian
(2008). After correcting for the bias that aid usually goes to countries with poor economic
performance using country size and political tie to donors as instruments, Rajan and
Subramanian find little robust evidence for causal relationship between aid and economic
growth.
The second strand observes a positive impact of aid on growth. Arndt, Jones and Tarp
(2010) take inspiration from program evaluation and find a positive and significant causal effect
of aid on growth. Bruckner and Adelaide (2011) use rainfall and international commodity price
shocks as instrumental variables to adjust for the negative reverse causality problem and find
significant positive effect of foreign aid on per capita GDP growth.
The third strand argues that aid effectiveness is conditional on factors such as institutions
or climate. Among this strand, the most influential paper is that from Burnside and Dollar
(2000), arguing that the impact of foreign aid depends on the institution of the receiving country.
Using dataset of 56 developing countries over the period of 24 years, Burnside and Dollar
interact foreign aid with an index of fiscal surplus, inflation, and trade openness. They find a
significant and positive impact of foreign aid on GDP growth for countries with sound policies,
but no significant impact on GDP growth for countries with poor polices. Since the publishing of
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the paper, plenty of literature has casted doubt on the conclusion reached by Burnside and
Dollar, among them the paper by Easterly et al. (2004), arguing that the Burnside and Dollar’s
conclusion fails to hold in more extensive datasets. Another direct response to Burnside and
Dollar’s paper and also a proponent of the conditional strand is the Dalgaard, Hansen and Tarp
(2004) paper. Using an OLG model, they argue that the effectiveness of foreign aid is
independent of policy but dependent on the climate of the aid receiving country.
What is causing the divides between these three strands on aid effectiveness? There are
also three different strands of answers.
The first strand of literature argues that aid literature suffers from severe endogeneity
problem, including reverse causality and omitted variable bias. This strand of literature argues
that most regression results in aid literature suffer from these problems and valid instrumental
variables are needed. This strand of literature however does not have an agreed instrumental
variable. The most common instrumental variables in use are country size, ties to donor,
international exports price and the crossing of the international development association’s aid
threshold (Rajan and Subramanian, 2008; Bruckner and Adelaide, 2011).
The second strand also recognizes the endogeneity problem, but it disagrees with the
argument that instrumental variable is the answer to solve this problem. The most influential
paper within this strand is Clemens et al.’s (2012) work. It argues that the current aid literature is
flooded with unqualified instrumental variables. To deal with the problem of endogeneity,
Clemens et al. believe that four conditions need to be met, 1) aid projects that are supposed to
yield return in the short term should be separated from those that are supposed to yield return in
the long run, 2) lag of aid should be used instead of contemporaneous variable to account for the
lagging effect of aid, 3) dependent variable should be first differenced, and 4) no instrumental
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variables should be included. To demonstrate their point, Clemens et al. use the original datasets
and specifications of three most influential papers6, restricting only the conditions mentioned
above. The results from these three papers change significantly and they all point to a small but
significant positive impact of aid on growth.
The third strand takes the aid literature to the regional level. Dreher and Lohmann (2015)
(D&L) argue that the non-robust results in the previous literature are “due to the effects of aid
being insufficiently large to measurably affect aggregate outcomes”. Aid projects that are
significant at regional level might not be significant enough to be measurable at the national
level. Therefore, it’s better to measure the effect of foreign aid at its regional level. D&L use a
sample of World Bank aid projects in 54,167 ADM2 in 130 countries over the time period 20002011 and find significant correlations between aid and growth, only at ADM2 level.

6

The three papers are: Boone (1996), Burnside and Dollar (2000), Rajan and Subramanian (2008)
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III. Data
I use two types of data in this paper, growth rate of nighttime light as a proxy for
economic growth, and aid project data in SSA for both China and the World Bank.
i. Nighttime light
Firstly, different from traditional literature covering the topic of aid and growth, I use
growth rate nighttime light instead of GDP as a proxy for economic development (Dreher and
Lohmann, 2015) The lack of subnational GDP data for most African countries makes it near
impossible to use GDP data to measure the effect of foreign aid at regional level. In contrast to
GDP data, nighttime light data is available at subnational level. Each pixel within the nighttime
light image is less than one-squared kilometers and is assigned a value between 0 and 63. The
higher the score a region has, the brighter it is. Its availability at the regional level makes
nighttime light a perfect candidate to evaluate regional economic growth.
Besides being available at regional level, nighttime light also reflects a region’s economic
development level by tracking its light related human activities at night throughout the year.
Henderson, Storeygard, and Weil (2012) show that nighttime light is a useful proxy for economic
development at regions where tradition data is unavailable or of poor quality. Using nighttime
light as an indicator for levels of economic activities and wealth has become increasingly
popular. Much research using nighttime light has been done in the context of Africa. Hodler and
Raschky (2014) use nighttime light data from 38,427 subnational regions of 126 countries over
17 years to associate growth rate of nighttime light with birth regions of current political leaders.
Mveyange (2015) uses nighttime light to estimate regional income inequality in Africa.
The nighttime light data used in this paper is extracted from images published by the
National Oceanic and Atmospheric Administration (NOAA). Figure 4 and 5 in Appendix show
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the nighttime light images of Africa in 2000 and 2011 respectively. Figure 6 in Appendix shows
the change of nighttime light between 2000 and 2011 at ADM2 level. Using ArcGIS and
administrative border data from GADM7, I extract the nighttime light data for 41 countries, 534
ADM1, 3419 ADM2 level regions over the time period between 2000 and 2011.8
Table 1 shows the summary statistics for growth rate of nighttime light at ADM2 level.
73% of the ADM2 region-year has non-zero nighttime light value in the sample, and the average
nighttime light value is 2 out of 63 and the average nighttime light growth rate is 11%. Table 1,
2, and 3 in the Appendix show the summary statistics for the level of nighttime light at ADM2,
ADM1 and national level.
I then take the natural log of nighttime light in order to measure proportional change.
Figure 2 shows the histogram of the natural log of nighttime light. One problem when taking the
natural log is how to deal with observations with nighttime light value of zero, as over 25% of
the observations for ADM2 level have zero values. I add the smallest non-zero nighttime light
value9 in the sample to observations with zero values in the preferred model. I also exclude the
regions that have zero nighttime light over the period between 2000 and 2011 as a robustness
check in section V.

7

http://www.gadm.org/
I exclude non-SSA countries and South Africa, for reasons explained later in the aid projects section. I also take
out the regions that are affected by gas flaring as instructed by Lowe (2014)
9
Smallest non zero nighttime light value of .0000197 is added to each observations with zero nighttime light value
8
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Table 1.Summary Statistics for ADM2 level (obs=37,609)
Variable
Mean
Std. Dev.
Min
Nightlight growth
.111
1.846
-12.221
Lnlight, t-1
-4.437
4.528
-10.834
lnCHESA10, t-1
.0632
3.192
0
lnCHEA, t-1
.0419
1.653
0
lnCHLSA, t-1
.0246
2.830
0
lnCHLEA, t-1
.0198
1.668
0
lnWBESA, t-1
.7969
.970
0
lnWBEA, t-1
.2144
.770
0
lnWBLSA, t-1
.6408
.588
0
lnWBLEA,t-1
.2220
.526
0

Max
12.169
4.143
18.603
17.766
18.951
17.370
18.757
18.603
18.035
16.951

0

.2

Density
.4

.6

.8

Figure 2. Histogram of natural log of nighttime light for ADM2

-10

-5

0

5

lnlight

10

“CH” denotes Chinese and “WB” denotes World Bank. “ESA” (“LSA”) denotes financial amount of early (late)
impact aid projects in its starting year. “EEA” (“LEA”) denotes financial amount of early (late) impact aid projects
in its ending year.
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ii. Aid Projects
I use the dataset published by AidData for aid projects from World Bank and China
(Strange et al., 2015; Strandow et al., 2011). The datasets track aid projects from World Bank
and China to Africa over the time period between 2000 and 2011. The World Bank dataset
includes 1,092 projects and 5,926 project-regions, and the Chinese dataset includes 1,955
projects and 3,545 project-regions. A single project might be carried out in different locations
and each location of the project is a project-region. For example, a project that takes place in five
locations has 5 project-regions, with same project information but different locations.
The location, total financial amount11, starting year, ending year, aid category,
description, and other information are included for most projects. The World Bank aid dataset
has complete information, while the Chinese aid dataset is less complete. 58% of Chinese aid
projects lack starting or ending year, and 43% lack total financial amount. After careful
examination, I find two patterns with the Chinese dataset. Firstly, most projects with complete
starting and ending years are construction projects and debt relief programs. Secondly,
descriptions of the projects without total financial amount suggest that these projects are either of
relatively smaller monetary value or difficult to quantify monetarily. A few examples of this type
of projects in the dataset are “computer donation to library”, “medical device donation to
hospital”, and “Agricultural Experts”. The implication of the incompleteness of the Chinese
dataset is discussed in section VI.

11

To account for inflation, I convert all financial amounts to the dollar value of 2011.

18

I took six steps to clean the dataset:
1) I drop the non Sub-Saharan African (SSA) countries out of the sample because China’s
growing economic tie with Africa is most commonly referred to that with the SSA, not with the
entire continent of Africa. I also drop South Africa as it is at a very different development stage
compared to the other SSA countries.
2) After dropping non-SSA countries and South Africa, 52% of Chinese aid projects lack
either starting years or ending years. I drop these aid projects because I’m unable to attribute
them to specific years without information on starting and ending years.
3) 40% of the Chinese aid projects in the remaining dataset lack an exact financial
amount. For reasons mentioned above, I assign a dollar value of zero to these projects, but do not
drop them from the total number of projects. I assume the project commitment is carried out
evenly throughout the years when the project is active and across project-rejoins. So I divide the
total financial amount by the number of years that each project is active, and the number of
project-regions to obtain the average yearly financial amount for all the projects. I take the log of
the average yearly financial amount to measure proportional change. To deal with the problem of
zeros, I add $1 to all the zero financial amount values and the log of $1 becomes zero again. The
final results do not change if I add other values to observations with zero values, as shown in the
robustness checks in section V.
4) I then assign the treatment effect of aid project to and only to its starting year and
ending year. The average yearly financial amount from step three is assigned to only starting and
ending year of aid projects. I separate starting and ending year in order to measure the treatment
effect of the beginning and ending of aid projects separately.
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5) Following Clemens et al. (2012), I then break aid projects into early impact aid and
late impact aid projects based on project categories. Early impact projects are defined as
including the following sectors: agriculture, forestry and fishing, finance, information and
communications, energy and mining, industry and trade, transportation. Late impact projects are
defined as including the following sectors: education, public administration, law and justice,
health, water, sanitation and flood protection.
6) Each aid project is identified with a geocoded location, and a precision code from 1 to
8 for that location, denoting the level of specificity of the project location. Table 2 shows the
distribution and description for each precision code (Strange et al., 2015). Equipped with this
piece of information, together with information on administrative border, I use ArcGIS to assign
each aid project to the administrative units in which it was carried out, obtaining the total number
and average yearly financial amount for both early impact aid and late impact aid projects for
each administrative level regions.12
Table 2.Precision Code
Precision
code
1
2
3
4
5

6
8

12

Description

Percentage

Coordinates correspond to an exact location
Coordinates correspond to a district or a location that is known to be < 25 km
from project location
The location is, or is analogous to, a second-order administrative division
(ADM2), such as a municipality or commune
The location is, or is analogous to, a first-order administrative division (ADM1),
such as a province, state, or governorate
The location can only be related to estimated coordinates, such as when a
location lies between populated places; along rivers, roads and borders; more than
25 km away from a specific location; or when sources refer to parts of a country
greater than ADM1 such as a National Park which spans across several provinces
The location can only be related to an independent political entity. This includes
country-wide projects as well as aid intended for larger areas that cannot be georeferenced to a more precise level
The location is estimated to be the national capital

39%
4%
7%
11%
1%

20%
18%

Precision code of 3 and under is used for ADM2, 4 for ADM1, and 8 for ADM0
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Figure 7, 8, 9, 10, 11 and 12 in the Appendix show the spatial distribution of WBEC,
WBLC, CHEC, and CHLC respectively.13 Figure 9 and 10 in the Appendix show the full sample
of Chinese early and late impact aid, while Figure 11 and 12 in the Appendix show the partial
sample after dropping the projects with precision code larger than 3, and projects that lack
starting year, ending year or financial amount.
Table 3 shows the correlation between WBEC, WBLC, CHEC, and CHLC. Chinese and
World Bank aid projects are positively correlated, meaning they overlap in some regions.
However, the correlation coefficient is small in magnitude, 0.16 between WBEC and CHEC, and
0.11 between WBLC and CHLC, meaning that the overlap is not particularly strong, and there is
a fair amount of variation between the locations of Chinese and World Bank aid projects.

CHEC
CHLC
WBEC
WBLC

Table 3.Correlation between Chinese and World Bank aid data
CHEC
CHLC
WBEC
WBLC
1.00
0.10
1.00
0.16
0.08
1.00
0.12
0.11
0.32
1.00
Table 1 provides summary statistics for both World Bank and Chinese aid projects for

ADM2 level. Table 1, 2, and 3 in the Appendix show more detailed results. In the dataset for
ADM2, there are 21,226 early impact aid projects from World Bank with an average value of
$21 million; 13,245 late impact aid projects from World Bank with an average value of $15
million; 848 early impact aid projects from China with an average value of $39 million; 309 late
impact aid projects from China with an average value of 6 million.

13

WBEC denotes the number of early impact aid projects from World Bank, WBLC denotes the number of late
impact aid projects, WBEA financial amount of early impact aid projects and WBLA financial amount of late
impact aid projects. CH denotes Chinese aid projects and the rest is the same as for the World Bank.
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The lack of Chinese aid projects in the sample is due to the incompleteness of the
Chinese aid dataset. Out of the 3545 project-regions in the original dataset, 1763 project-regions
have precision code larger than 3 and thus are dropped from the ADM2 dataset. Out of the 1782
remaining observations, 756 of them lack both starting and ending year, 1265 lack either starting
year or ending year, leaving 517 projects with both starting and ending year. Out of the
remaining 517 project-regions with complete year information, 81 of them lack exact financial
amount, leaving 436 project-regions with complete information on starting year, ending year and
financial amount, only 12% of the original dataset.
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IV. Model and Results
My paper follows D&L (2015) in using nighttime light growth to measure aid
effectiveness at subnational level, and follows Clemens et al. (2012), in 1) separating early
impact aid from late impact aid, 2) replacing contemporaneous variable with one lag variable,
and 3) first differencing the dependent variable, while keeping the independent variable in levels.
I build upon D&L (2015) by including Chinese aid variables together with World Bank
aid variables in the regression. D&L only include World Bank aid variables. By including the
Chinese aid variables in the regression, I’m able to investigate the relationship between World
Bank aid and nighttime light growth controlling for Chinese aid, and more importantly, to
examine the relationship of the rapidly increasing Chinese foreign aid and nighttime light growth
in the context of SSA.
Clemens et al. (2012) find small but positive and significant correlation between early
impact aid and growth rate of nighttime light. Given my subnational data, I expect to find similar,
but stronger results, with both World Bank and Chinese early impact aid returning positive and
significant coefficients. If the coefficient for Chinese early impact aid is larger and more
significant than that of the World Bank early impact aid, then the empirical evidence suggests
that the Chinese approach to foreign aid is more effective in spurring economic growth compared
to that of the World Bank approach, and vice versa.
Model 1 is the preferred model used in this paper:
∆𝑙𝑛𝑙𝑖𝑔ℎ𝑡!" = 𝛼! ×𝑙𝑛𝑙𝑖𝑔ℎ𝑡!"!! +
𝜋! ×𝜇! + 𝛿! + 𝜀!"

!
!!! 𝛽! ×ln

(𝑆𝑡𝑎𝑟𝑡!"# )!"(!!!) +

!
!!! 𝛾! ×ln

(𝑒𝑛𝑑!"# )!"(!!!) +

(1)

The unit of observation is ADM2 region-year. ‘i’ denotes ADM2 region, ‘j’ denotes
country and ‘t’ denotes year. The left hand side is the growth rate of nighttime light in region ‘i’,
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between year ‘t’, and year ‘t-1’. ‘𝑙𝑛𝑙𝑖𝑔ℎ𝑡!"!! ’ is the natural log of nighttime light in region ‘i’,
year ‘t-1’, which accounts for the convergence effect of nighttime light. Variables
ln (𝑆𝑡𝑎𝑟𝑡!"# )!"(!!!) 𝑎𝑛𝑑
!
!!! 𝛽! ×ln

!
!!! 𝛾! ×ln

!
!!! 𝛽! ×

(𝑒𝑛𝑑!"# )!"(!!!) + 𝜋! are the main variables of concern.

(𝑆𝑡𝑎𝑟𝑡!"# )!"(!!!) represent the natural log of the financial amount of Chinese early

impact aid, Chinese late impact aid, World Bank early impact aid, and World Bank late impact
aid, indexed by ‘n’, in region ‘i’ when year ‘t-1’ is the starting year of aid projects.

!
!!! 𝛾! ×

ln (𝑒𝑛𝑑!"# )!"(!!!) + 𝜋! represent the case when year ‘t-1’ is the ending year of aid projects.
Starting year is separated from ending year to account for the asymmetrical effect of the
beginning and ending of aid projects. ‘𝜋! ×𝜇! ’ is the country-year fixed effects and ‘𝛿! ’ is
ADM2 fixed effects.
Country-year fixed effects control for factors that are unique to country ‘j’ and year ‘t’,
such as a sudden change of climate or a national unrest. ADM2 region fixed effects control for
factors that are unique to each ADM2 region. These factors are consistent through time, such as
geography and culture.
Different from the approach taken by D&L, I don’t include population as a control
variable. D&L take their population data from “gridded population of the world”. The data is
available in the year of 2000, 2005, and 2010, and D&L used linear interpolation for the missing
years. D&L’s assumption that population growth rate is homogeneous for each five-year period
is questionable. Their approach not only fails to control for variations in population, but also
introduces bias into the model. Thus, given the unavailability of accurate yearly population data
at regional level in Africa, I do not include population control variable in my model.
I use the log of yearly project financial amount as the independent variable instead of
number of projects. Using number of projects assumes that aid projects are homogeneous within
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the category of early impact aid and late impact aid, meaning that a multi-billion dollar major
road construction project has the same effect as a smaller scale agricultural technology transform
project, or a long-term education reform project has the same effect as a one time vaccination
program. The lack of differentiation between projects is a source of bias. Using natural log of
yearly financial amount allows more project variations. Large and small projects are
differentiated by their financial amount. Even though using natural log of financial amount is a
step forward in project differentiation, the assumption behind using natural log of financial
amount is that every percentage increase of a particular early (late) impact aid project has the
same effect as every other percentage increase from every other early (late) impact aid project.
Note that my paper does not claim true causality between aid projects and nighttime light
growth. I simply examine the correlation between the two. I’m aware of the two possible
endogeneity problems, one from reverse causality and another from omitted variables. If whether
a region is the birthplace of the national leader has an impact on nighttime light growth, and
information regarding the birthplace of national leader is not included in the regression, then the
results are biased from omitted variables. Besides omitted variables, there could also be
endogeneity problems due to reverse causality, causing upward and downward biases. It’s
possible that donors only give aid to countries that are poor, resulting in the misconception that
aid “leads” to lower growth and thus the downward biases. There is also the possibility that
donors only give aid to countries with foreseeable higher growth in order to justify aid programs
and thus the upward biases.
The result for model 1 is included in table 4. Natural log of nighttime light in year ‘t-1’
significantly correlates with nighttime light growth between year ‘t’ and ‘t-1’. A one percent
increase in the level of nighttime light in year ‘t-1’ is associated with 0.73 percent decrease in the
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nighttime light growth between year ‘t’ and year ‘t-1’. Holding everything else constant, the
higher the nighttime light level in the previous period, the lower the nighttime light growth in the
current period, indicating that nighttime light at different regions is likely to converge to the
same level over time.

Table 4. Regression result for preferred model
(Log) Nighttime light, t-1
(Log) Chinese Early impact aid starting year, t-1
(Log) Chinese Early impact aid ending year, t-1
(Log) Chinese Late impact aid starting year, t-1
(Log) Chinese Late impact aid ending year, t-1
(Log) World Bank Early impact aid starting year, t-1
(Log) World Bank Early impact aid ending year, t-1
(Log) World Bank Late impact aid starting year, t-1
(Log) World Bank Late impact aid ending year, t-1

(1)
(Log) Nighttime light growth, t
-0.7343
(0.0053)***
-0.0038
(0.0085)
-0.0092
(0.0108)
0.0026
(0.0148)
-0.0050
(0.0164)
-0.0010
(0.0027)
-0.0032
(0.0051)
0.0026
(0.0030)
0.0216
(0.0050)***

The lags of log of the financial amount of Chinese early impact aid starting and ending
year, Chinese late impact aid ending year, and World Bank early impact starting an ending year
all have negative coefficients, while the lags of log of the financial amount of Chinese late
impact aid starting year, and World Bank late impact aid starting and ending year have positive
coefficients. Holding everything else constant, a one percent increase of the financial amount of
Chinese early impact in its starting year ‘t-1’ is associated with 0.0038 percent decrease of
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nighttime light growth between year ‘t’ and year ‘t-1’. Out of the eight aid variables, only the
coefficient for World Bank late impact aid in its ending year is significant.
The sign of my result is surprising. I expect to find aid projects to be positively associated
with growth in nighttime light and early impact aid especially should be associated with higher
and positive nighttime light growth. However, contrast from the sign of Clemens et al.’s result,
five of my eight aid variables have negative coefficients, including all the four early impact aid
variables. The sign of my result is consistent with that of D&L (2015). In their fixed effects
model, D&L find both the World Bank early and late impact aid projects to be negatively
associated with nighttime light growth.
The magnitude of my result is relatively small compared to that of Clemens et al. (2012).
The magnitude of their result falls under the range between 0.2% and 0.5%, while mine is in
general less than 0.01%. The magnitude of my result is however similar compared to that of
D&L (2015), whose result also has magnitude generally less than 0.01%.
Given same specifications, the contrasting magnitude and sign between the result of D&L
and Clemens et al. can be explained by the different dataset and measurement level used by
Clemens et al. and D&L. Clemens et al. use the original data from Boone (1996), Burnside and
Dollar (2000), and Rajan and Subramanian (2008), while D&L use the World Bank dataset from
AidData. Clemens et al. (2012) measure the effect of aid using GDP data at national level, while
D&L use nighttime light to measure the effect of aid at subnational level. Since I follow D&L in
using nighttime light to measure aid effectiveness at subnational level with World Bank and
Chinese aid data, it’s not uncommon for my result to be consistent with that of D&L.
Even though in line with the result from D&L’s fixed effects model, my result is still
counter-intuitive. How could aid projects be negatively associated with nighttime light growth
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and even more so for early impact aid projects? The counter-intuitive result prompts me to
further investigate my preferred model to check for source for bias. In the next section, I describe
eight robustness checks conducted to address the possible problems with the preferred model.
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V. Robustness Checks
i. Non-linearity
Hansen and Tarp (2001) argue that the relationship between foreign aid and economic
growth exhibits a non-linear pattern. It’s possible that rather than constant return of investment,
aid projects display either diminishing or increasing return of investment. Measuring aid
effectiveness in linear form, when the relationship exhibits non-linear pattern creates bias. I
check for this possibility by adding quadratic terms to the aid variables. The results are included
in Table 5.
Table 5. Robustness check for nonlinearity

(Log) Nighttime light, t-1
(Log) CH Early aid starting year, t-1
(Log) CH Early aid ending year, t-1
(Log) CH Late aid starting year, t-1
(Log) CH Late aid ending year, t-1
(Log) WB Early aid starting year, t-1
(Log) WB Early aid ending year, t-1
(Log) WB Late aid starting year, t-1
(Log) WB Late aid ending year, t-1

(1)
Linear

(2)
Quadratic

-0.7344
(0.0053)***
0.0011
(0.0764)
-0.0426
(0.0964)
0.1062
(0.1414)
-0.0859
(0.1698)
0.0473
(0.0248)*
0.0226
(0.0460)
0.0250
(0.0285)
0.1767
(0.0545)***

-0.0003
(0.0050)
0.0024
(0.0065)
-0.0069
(0.0097)
0.0055
(0.0117)
-0.0035
(0.0018)*
-0.0019
(0.0035)
-0.0017
(0.0021)
-0.0121
(0.0042)***

(3)
(4)
Turning
Joint
Point
Significance

(5)
Smallest
nonzero

(6)
Largest
nonzero

1.8

0.9410

8.1

18.8

8.9

0.7599

8.1

18.6

7.7

0.7230

8.5

19.3

7.8

0.8407

8.5

16.9

6.8

0.1388

8.9

19.5

5.9

0.7682

8.9

19.6

7.4

0.4714

10.1

18.9

7.3

0.0000

10.5

18.9

The results from including quadratic terms are in line with the result from the linear form
in terms of signs, magnitudes, and significance. Out of the 8 aid variables, 7 variables have
smallest nonzero value larger than the turning point, meaning that all of the nonzero values cross
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the turning point. For example, the smallest nonzero for Chinese early impact aid starting year is
8.1 and is larger than the turning point 1.8, meaning all the nonzero Chinese early impact aid
starting year values are negatively associated with nighttime light growth. Out of the 7 variables
that have their entire nonzero values cross the turning point, 6 variables are negatively associated
with nighttime light growth. Out of the 8 aid variables, only 2 variables are significant.

ii. Zero Values
As mentioned above, around 25% of the observations in ADM2 have zero nighttime light
value, and around 80% and 99% of the observations don’t have presence of World Bank aid
projects and Chinese aid projects respectively. The problem of having zero values in the dataset
is how to deal with the zero values when taking natural log. In the preferred model, I add the
smallest non-zero nighttime light value to observations with zero nighttime light value, and $1 to
regions without aid projects.
The smallest non-zero nighttime light value is added to regions with zero nighttime light
because these regions are unlikely to be categorically different from the region with the smallest
nighttime light value. The zero nighttime light values are most likely due to measurement errors
instead of complete lack of human activities. Smallest non-zero aid project values are not added
to regions without aid projects because these regions are most likely categorically different from
regions with aid projects. I add $1 because the natural log of one is equal to zero.
There are two possible questions with this approach. Firstly, some might challenge the
decision of adding $1. Would the result change significantly if other amounts were added? To
test for this possibility, I add $0.01 instead of $1. The result is included in Table 6 (1). As it is
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clearly shown, the change in the amount added does not change the regression results
significantly.
Another possible question is that adding something to observations with zero values
always introduces bias. The best way might be to exclude the observations with zero values.14 To
test for this possibility, I exclude observations with zeros in three ways:
1) Excluding regions without nighttime light over the 12 years time period.
2) Excluding regions without aid projects from either China or World Bank over the 12
years time period.
3) Excluding regions without both nighttime light and aid projects from either China or
World Bank over the 12 years time period.
The results are shown in Table 6 (2) to (4). Notice that the regression results are very
similar to that of the preferred model.
Table 6 Robustness check for zero values

(Log) Nighttime light, t-1
(Log) CH Early aid starting year, t-1
(Log) CH Early aid ending year, t-1
(Log) CH Late aid starting year, t-1
(Log) CH Late aid ending year, t-1
(Log) WB Early aid starting year, t-1
(Log) WB Early aid ending year, t-1
(Log) WB Late aid starting year, t-1
(Log) WB Late aid ending year, t-1

(1)
-0.7343
(0.0053)***
-0.0038
(0.0085)
-0.0092
(0.0108)
0.0026
(0.0148)
-0.0050
(0.0164)
-0.0010
(0.0027)
-0.0032
(0.0051)
0.0026
(0.0030)
0.0216
(0.0050)***

(2)
-0.7374
(0.0072)***
-0.0067
(0.0081)
-0.0112
(0.0103)
0.0029
(0.0141)
-0.0047
(0.0155)
-0.0014
(0.0026)
-0.0045
(0.0049)
0.0009
(0.0029)
0.0203
(0.0048)***

(3)
-0.7129
(0.0066)***
-0.0074
(0.0089)
-0.0043
(0.0114)
-0.0117
(0.0150)
-0.0093
(0.0165)
-0.0034
(0.0031)
-0.0081
(0.0058)
0.0002
(0.0035)
0.0188
(0.0059)***

(4)
-0.7153
(0.0086)***
-0.0088
(0.0084)
-0.0050
(0.0107)
-0.0111
(0.0140)
-0.0079
(0.0154)
-0.0042
(0.0029)
-0.0081
(0.0055)
-0.0012
(0.0032)
0.0190
(0.0055)***

14

However, excluding observations with zero values creates bias in itself as the dataset without zeros is already a
biased dataset in itself.
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iii. Financial amount versus number of projects
The preferred strategy uses the natural log of financial amount of aid projects instead of
number of projects as independent variables because using financial amount allows for more
project differentiation. Even unlikely, it’s still possible that the financial amount of a project
doesn’t matter. What matters is whether there is a project in a region. In this case, the number of
projects is a better independent variable than the financial amount of projects.
To test for this possibility, I use number of projects instead of the natural log of financial
amount of projects as the independent variable. The results are shown in Table 7 and they are
very similar in terms of signs, magnitudes and significance to the results where natural log of
financial amount is used.
Table 7 Robustness check for no. of projects
(Log) Nighttime light, t-1
(Log) CH Early aid starting year, t-1
(Log) CH Early aid ending year, t-1
(Log) CH Late aid starting year, t-1
(Log) CH Late aid ending year, t-1
(Log) WB Early aid starting year, t-1
(Log) WB Early aid ending year, t-1
(Log) WB Late aid starting year, t-1
(Log) WB Late aid ending year, t-1

(1)
(Log) Nighttime light growth, t
-0.0457
(0.0097)***
-0.1134
(0.0830)
-0.0863
(0.1232)
0.1169
(0.1343)
-0.1068
(0.1481)
-0.0226
(0.0210)
-0.0203
(0.0357)
-0.0018
(0.0279)
0.1126
(0.0514)**

32

vi. Lag structure
Clemens et al. (2012) discuss the importance of using lag of aid projects. They argue that
aid projects need time to realize their potentials and the lag variable captures this delaying effect.
For example, one wouldn’t expect a newly constructed road to create impact immediately. It
takes time for the road to become fully functional, and for people to change their old
transportation pattern.
However, some projects take more than one year to fully take effect. For example, a longterm disease eradication program or a childcare project might take years to come to fruition.
Therefore, I include the cases of two lags, three lags and four lags in this section to test for this
possibility. The results are shown in table 8.
Table 8 Robustness check for lag structure

(Log) CH Early aid starting year
(Log) CH Early aid ending year
(Log) CH Late aid starting year
(Log) CH Late aid ending year
(Log) WB Early aid starting year
(Log) WB Early aid ending year
(Log) WB Late aid starting year
(Log) WB Late aid ending year

(1)
Two lags
-0.0141*
(0.5611)**
-0.0040
(0.9539)
0.0067
(0.9514)
-0.0150
(0.8415)
0.0045
(0.0567)
-0.0041
(0.8424)
-0.0015
(0.5246)
0.0295
(0.0000)

(2)
Three lags
-0.267
(0.0023)
-0.0158
(0.8961)
0.0082
(0.0953)
-0.0459
(0.0006)
0.0167
(0.5537)
-0.0068
(0.9402)
-0.0124
(0.9932)
0.0253
(0.7063)

(3)
Four lags
-0.0442
(0.3022)
-0.0613
(0.5022)
-0.0027
(0.9991)
-0.0400
(0.8476)
0.0064
(0.0242)
-0.0210
(0.4221)
-0.0136
(0.4471)
0.0326
(0.0004)

Notes: * Joint coefficient
** The value in the parentheses is the p value for the joint significance

As shown in table 8, most of aid variables have negative joint coefficients, with small
magnitudes and high p values.
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v. Incomplete Chinese dataset
As mentioned above, the Chinese dataset is incomplete. Only 12% of the original dataset
is used in the ADM2 regression because 88% of the original dataset lack clear starting year,
ending year or exact financial amount. This low utilization of the original dataset is concerning
because the truncated Chinese dataset might not fully represent the original dataset. It’s possible
that only certain types of aid projects have clear starting year, ending year or exact financial
amount. Thus, the truncated dataset might be already a biased dataset and it’s not surprising to
find the results biased.
To adjust for this potential source of bias, I use ADM1 and country level data instead of
ADM2 data in this section. As explained in the data section, 50% of the original dataset have
precision code larger than 3 and is dropped from the ADM2 regression, while 61% of the
original dataset is within ADM1 and 100% of the original dataset is within national level.
Therefore, using ADM1 and country data increase the number of observations that are included
in the regression.
There is however, a tradeoff between including more of the original dataset and
measuring the effect of foreign aid at regional level. The use of ADM1 and country level data
sacrifices the regional focus of the ADM2 level data. It’s harder to measure the effect of an aid
project happening in a village at the provincial or national level, as the effect might not be
sufficiently large enough to be detected.
The results are shown in Table 9 (2) and (3). As expected, none of the aid variables are
significant at ADM0 or ADM1 level, and the magnitude of the effect is even smaller than the
results from ADM2.
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Table 9 Robustness checks for ADM1 and National level

(Log) Nighttime light, t-1
(Log) CH Early aid starting year, t-1
(Log) CH Early aid ending year, t-1
(Log) CH Late aid starting year, t-1
(Log) CH Late aid ending year, t-1
(Log) WB Early aid starting year, t-1
(Log) WB Early aid ending year, t-1
(Log) WB Late aid starting year, t-1
(Log) WB Late aid ending year, t-1

(1)
ADM2
-0.7343
(0.0053)***
-0.0038
(0.0085)
-0.0092
(0.0108)
0.0026
(0.0148)
-0.0050
(0.0164)
-0.0010
(0.0027)
-0.0032
(0.0051)
0.0026
(0.0030)
0.0216
(0.0050)***

(1)
ADM1
-0.7531
(0.0135)***
-0.0038
(0.0070)
-0.0078
(0.0093)
-0.0004
(0.0102)
-0.0017
(0.0112)
0.0003
(0.0028)
0.0005
(0.0051)
0.0011
(0.0031)
0.0170
(0.0049)***

(2)
National
-0.1674
(0.0299)***
0.0008
(0.0011)
-0.0000
(0.0015)
0.0004
(0.0013)
0.0001
(0.0015)
-0.0001
(0.0009)
-0.0002
(0.0014)
0.0004
(0.0009)
0.0006
(0.0012)

vi. Contemporaneous variable vs lag variable
The lags of aid projects are used in the preferred model to account for the lagging effect
of aid projects. However, it’s possible that aid projects become active immediately starting from
the beginning year. To test for this possibility, I replace lag variables with Contemporaneous aid
variables. The results are shown in Table 10, and the conclusion from the preferred model holds.
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Table 10 Robustness check for Contemporaneous variable

(Log) Nighttime light, t-1
(Log) CH Early aid starting year, t-1
(Log) CH Early aid ending year, t-1
(Log) CH Late aid starting year, t-1
(Log) CH Late aid ending year, t-1
(Log) WB Early aid starting year, t-1
(Log) WB Early aid ending year, t-1
(Log) WB Late aid starting year, t-1
(Log) WB Late aid ending year, t-1

(1)
(Log) Nighttime light growth, t
-0.7343
(0.0053)***
0.0182
(0.0085)**
-0.0027
(0.0099)
-0.0110
(0.0144)
0.0278
(0.0153)*
0.0014
(0.0026)
-0.0067
(0.0032)**
0.0060
(0.0029)**
-0.0010
(0.0034)

vii. Combining early impact aid with late impact aid
Another assumption in the preferred model is that early and late impact aids have the
different timing structures. Early impact aid is supposedly to take effect sooner than late impact
aid. Though unlikely, it’s possible that this distinction is unnecessary and is the cause of the
surprising results in the preferred model. To account for this possibility, I combine the World
Bank early impact aid and World Bank late impact aid. I also combine Chinese early impact aid
and Chinese late impact aid. The eight variables are reduced to four: the lag of natural log of
total World Bank aid starting year and ending year, and total Chinese aid starting year and
ending year. The results are shown in table 11, and the conclusion from the preferred model
holds.
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Table 11 Robustness check for combining early and late impact aid

(Log) Nighttime light, t-1
(Log) Total Chinese aid starting year, t-1
(Log) Total Chinese aid ending year, t-1
(Log) Total World Bank aid starting year, t-1
(Log) Total World Bank aid ending year, t-1

(1)
(Log) Nighttime light growth, t
-0.7342
(0.0053)***
-0.0020
(0.0076)
-0.0092
(0.0091)
0.0009
(0.0022)
0.0112
(0.0037)***

viii. Variations in the residuals
Another concern with the preferred model is the number of restrictions. One may wonder
whether there is enough variation left after controlling for the ADM2 region and country-year
fixed effects as well as including lagged aid variables. It’s possible that some of the variations
that I want to attribute to the aid projects are absorbed by the restrictions. So I conduct a standard
deviation test better understand whether there is meaning variations in the residuals.
The results are shown in table 12 and table 13. Column (1) gives the raw standard
deviation for the eight aid variables. Column (2) gives the standard deviation of the residuals
after regressing the eight aid variables separately on all the other variables used in the preferred
model. The standard deviations of the residuals are only slightly smaller than the raw standard
deviations for all the variables in both ADM2 and ADM1 level. For example, the difference
between the raw and standard deviation of the residual for Chinese early impact aid starting year
is only 0.09 log points. This result of insignificant difference between raw and residual standard
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deviation suggests that the hypothesis that there is no meaning variation in the sample due to the
fixed effects is unlikely to be the cause of puzzling results from the preferred model.
There are two things to note about the result. Firstly, the variations in the residual come
mostly from the difference from the non-zero predicted values and zero actual values. More than
90% of the data lack aid projects and thus have zero aid project financial amount, while more
than 90% of the predicted values have nonzero aid project financial amount. Secondly, the
magnitude of variations is not sensitive to the value added to the observations without zero
values before taking the log. Adding $1 or $100 or $100,000 does not change the raw or residual
standard deviation significantly. For the results in table 14 and 15, $1 is added to observations
without zero values before taking the log.
Table 12 Standard Deviation of residuals at ADM2 level
(Log) CH Early aid starting year, t-1
(Log) CH Early aid ending year, t-1
(Log) CH Late aid starting year, t-1
(Log) CH Late aid ending year, t-1
(Log) WB Early aid starting year, t-1
(Log) WB Early aid ending year, t-1
(Log) WB Late aid starting year, t-1
(Log) WB Late aid ending year, t-1

Raw SD
.972
.770
.588
.526
3.19
1.65
2.83
1.66

SD of residual
.968
.605
.572
.478
3.09
1.46
2.67
1.59

Table 13 Standard Deviation of residuals at ADM1 level
(Log) CH Early aid starting year, t-1
(Log) CH Early aid ending year, t-1
(Log) CH Late aid starting year, t-1
(Log) CH Late aid ending year, t-1
(Log) WB Early aid starting year, t-1
(Log) WB Early aid ending year, t-1
(Log) WB Late aid starting year, t-1
(Log) WB Late aid ending year, t-1

Raw SD
.972
.770
.588
.526
3.19
1.65
2.83
1.66

SD of residual
.968
.605
.572
.478
3.09
1.46
2.67
1.59
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VI. Discussion and Conclusion
The objective of this paper is to better understand the relationship between Chinese
foreign aid and economic growth in the context of SSA and compare it to that of the World Bank
foreign aid. To this end, I use datasets tracking both the Chinese and World Bank aid projects
from AidData and nighttime light growth rate for 41 countries, 534 ADM1 regions, and 3491
ADM2 regions over the time period between 2000 and 2011, to associate aid projects with
nighttime light growth at the subnational level. I follow Clemens et al. (2012) by 1) separating
early impact aid from late impact aid, 2) replacing contemporaneous aid variable with a lagged
aid variable, 3) first differencing the dependent variable, and build upon Clemens et al. by
including ADM2 fixed effects and country-year fixed effects.
Both the preferred model and the eight robustness checks point to the same counterintuitive result that 1) log of the level of nighttime light in year ‘t-1’ is negatively associated with
the nighttime light growth between year ‘t-1’ and year ‘t-2’ to 1% significance level, 2) in
general, lags of aid variables are negatively associated with nighttime light growth, 3) lags of aid
variables are not significant and the magnitudes are small, 4) lags of early impact aid variables
are even more negatively associated with nighttime light growth than lags of late impact aid.
The converging effect of nighttime light is expected, but the magnitudes and signs of aid
projects are surprising. I expected to find positive correlation between aid projects and growth
rate of nighttime light, especially higher correlation for early impact aid. I believe the
unanticipated results come from a combination of endogeneity problem, limitations of dataset,
and misrepresentation of project heterogeneity.

39

i. Endogeneity problem
As discussed in section IV, there are two possible types of endogeneity problem—reverse
causality and omitted variables. The sign of the result seems to suggest downward biases from
reverse causality—foreign aid going to regions with lower nighttime light growth. However, as
discussed in literature review, Chinese foreign aid is largely fuelled by its appetite for natural
resources and better political relations with the aid receiving countries, not philanthropic
purposes. Thus, it is unlikely for Chinese government to target foreign aid to regions with lower
nighttime light growth, and downward bias from reverse causality is unlikely to explain the
unanticipated results.
Besides reverse causality, omitted variable is another possible reason for the negative
correlation between aid projects and nighttime light growth. ADM2 fixed effects control for
factors that are unique to an ADM2 region that do not change across time, and country-year
fixed effects control for factors that are unique to specific country-years. However, the fixed
effects do not control for factors that are unique to ADM1 or ADM2 region-years. For example,
Chinese foreign aid might be correlated with increasing trade with China and increasing natural
resources exploitation that also influence nighttime light growth.15 If these variables vary from
region-year to region-year, and are not included in the regression, then they create bias. However,
increasing trade with China and natural resources exploitation should be associated with higher
nighttime light growth, not lower. Thus, omitted variables are also unlikely to be the reason for
the unanticipated results.

15

In this particular example, the omitted variables - yearly regional trade and natural resources data - introduce
upward biases.
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ii. Limitations of dataset
As mentioned above, the Chinese dataset is incomplete and only 12% of the original data
is used in the preferred model. As discussed above, projects with smaller financial amount and
projects that are harder to quantify monetarily tend to be lacking total financial amount, and
construction projects as well as debt relief programs tend to have complete information on
starting and ending years. Thus, the incomplete dataset does not fully represent the original
dataset and is likely to be a source of bias. Robustness checks of including ADM1 and country
level data attempt to address this problem with limited success. The use of ADM1 and country
level dataset only addresses the problem of including aid projects that lack exact locations, not
aid projects that lack starting year, ending year and financial amount. Thus, ADM1 and ADM0
data still only includes 16% and 30% of the original dataset. A possible check for future research
would be to randomly drop some subcategories of the World Bank aid. If the results change
significantly, then there is enough reason to doubt the validly of the truncated Chinese aid dataset.
Another potential problem with the dataset is its definition of foreign aid. As discussed in
the introduction, AidData considers ODA, ODF and OOF all as foreign aid, while the standard
used by OECD is to include only ODA as foreign aid. This difference in aid definition creates
problem in determining the extent of Chinese foreign aid. For example, the Chinese Second
White Paper on Foreign Aid (2014) indicates $7 billion Chinese foreign aid in Africa between
2010 and 2013, while AidData claims $42 billion. Since only 33% of the aid projects in
AidData’s dataset fell in the ODA category, and the other 67% of aid projects are either focused
on promoting donor’s commercial interest or are not concessional enough to be considered ODA,
using AidData’s dataset magnifies the extent of Chinese aid in SSA and distorts the aid
effectiveness by including the effects from investment.
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Given that China is a non-transparent donor, there is no detailed aid projects data released
by the government, unlike that from the World Bank or OECD countries. AidData collected the
Chinese aid dataset based on media reports, government document, and academic articles. It is
likely that some Chinese aid projects are not accessible by these channels, and the dataset does
not reflect the full landscape of Chinese foreign aid in SSA.
The problems mentioned above with the Chinese aid dataset cast some doubts on the
result of this research. These problems however are unlikely to be solvable until better datasets
are available.

iii. Heterogeneity of aid projects
Aid projects are different from each other in terms of donor, recipient agency, project
sector, financial amount, implementing agency and more. These differences are reflected in the
heterogeneity of project effectiveness, project purposes, and timing structure.
The preferred model assumes that every percentage increase of financial amount spent on
a particular early (late) impact aid project has the same effect as any other percentage increase of
financial amount spent on every other early (late) impact aid project. The robustness check with
number of aid projects as the independent variable suggests that every early (late) impact aid
project has the same effect as every other early (late) impact aid project. These assumptions are
unlikely to hold true. Existing literature has already suggested that heterogeneity of aid
effectiveness has a clear impact on the relationship between aid and key economic variables
(Mavrotas, 2005).
Aid effectiveness in most literature as well as in this paper is defined in terms of ability to
accelerate economic growth. However, this narrow definition misrepresents the purpose of many
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aid projects. For example, the purpose of emergency relief is to minimize human suffering
instead of spurring economic growth, and even though disease eradication programs have the
side effect of bringing extra economic growth through saving lives, the main purpose is to stop
preventable deaths. Thus, the effectiveness of these projects should be measured in ways other
than GDP growth or nighttime light, such as lives saved or diseased cured. Since many of the aid
projects have purposes other than spurring economic growth, it is reasonable that these projects
are negatively or insignificantly associated with nighttime light growth.
Another source of heterogeneity is the time structure for projects to take effect. The
timing structures for aid projects differ in three dimensions. Firstly, the starting points where aid
projects begin to take effect differ. A large multinational railroad project starts to take effect even
before the beginning of the project by driving investment, while a long term primary school
education program takes years to come to fruition. Secondly, the periods over which aid
effectiveness lasts differ. A bridge construction project brings long last impact on the recipient
region, while an emergency relief program has a lifesaving but temporary effect. Thirdly, aid
projects exhibit different return patterns. A technology assistance program might have quick
diminishing return as the technology becomes obsolete quickly, while a long term population
policy support project might have steadily increasing return by bringing extra externalities over
time.
In this paper, several approaches have been used to tackle the three problems from the
different timing structures mentioned above. The preferred model assumes that aid projects take
effect in and only in its starting year and ending year. Starting year and ending year of aid
projects are separated from each other to allow for asymmetrical aid effect of the starting and
ending of aid projects. To deal with the differences in timing structures, early impact aid is
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separated from late impact aid. However, there are still plenty of variations of aid effectiveness,
purposes and timing structure within these two categories.
This treatment of heterogeneous aid projects with different effectiveness, purposes and
timing structures as homogeneous introduces bias. For future research, I suggest further breaking
down the early and late impact aid into sub-categories to account for more project variations.
Though still different from each other, projects within sub-categories such as finance, energy,
transportation, education, and emergency relief tend to have more similarities in terms of
effectiveness, purpose and timing structure compared to projects within early and late impact aid
categories.
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Appendix
Figure A.1 National Borders of Africa

Figure A.2 ADM1 borders of Africa
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Figure A.3 ADM2 borders of Africa

Figure A.4 Change of Nighttime light between 2000 and 2011at ADM2 level
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Figure A.5 Nighttime light in 2000 for Africa

Figure A.6 Nighttime light in 2011for Africa

50

Figure A.7 World Bank Early Impact Aid between 2000 and 2011

Figure A.8 World Bank Late Impact Aid between 2000 and 2011
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Figure A.9 Chinese Early Impact Aid between 2000 and 2011 (full sample)

Figure A.10 Chinese Late Impact Aid between 2000 and 2011 (full sample)
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Figure A.11 Chinese Early Impact Aid between 2000 and 2011 (partial sample)

Figure A.12 Chinese Late Impact Aid between 2000 and 2011 (partial sample)
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Table A1.Summary Statistics for ADM2 level (obs=41,028)
Variable
Light
CHESC16
CHESA
CHEEC
CHEEA
CHLSC
CHLSA
CHLEC
CHLEA
WBESC
WBESA
WBEEC
WBEEA
WBLEC
WBLSA
WBLEC

Variable
Light
CHESC
CHESA
CHEEC
CHEEA
CHLSC
CHLSA
CHLEC
CHLEA
WBESC
WBESA
WBEEC
WBEEA
WBLEC
WBLSA
WBLEC
WBLEA

Mean
2.0
0.007
39,903
0.005
21,016
0.003
12,836
0.003
3,727
0.095
150,737
0.095
150,679
0.070
87,763
0.070

Std. Dev.
7.6
0.122
1,370,128
0.089
955,178
0.080
1,343,644
0.074
171,679
0.501
2,130,958
0.635
2,453,140
0.389
1,192,835
0.543

Min
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Table A2.Summary Statistics for ADM1 level (obs=6,408)
Mean
Std. Dev.
% non zero
2.0
6.8
0.0
0.0042
0.4
0.0
247,354
3,677,651
0.0
0.0030
0.3
0.0
130,280
2,448,779
0.0
0.0021
0.2
0.0
79,343
3,340,326
0.0
0.0019
0.2
0.0
23,037
426,942
0.0
0.590
2.5
0.0
931,508
6,001,703
0.0
0.590
3.3
0.0
931,508
7,882,776
0.0
0.430
2.6
0.0
542,726
3,207,860
0.0
0.430
2.6
0.0
542,726
3,832,099
0.0

Max
63
9.0
140,000,000
4.0
120,000,000
8.0
260,000,000
8.0
23,000,000
14.0
280,000,000
30.0
330,000,000
37.0
170,000,000
37.0

Max
61.1
9.0
160,000,000
9.0
120,000,000
8.0
260,000,000
8.0
23,000,000
79.0
280,000,000
100.0
330,000,000
100.0
170,000,000
100.0
170,000,000

16

“CH” denotes Chinese and “WB” denotes World Bank. “ESC” (“LSC”) denotes number of early (late) impact aid
projects in its starting year. “EEC” (“LEC”) denotes number of early (late) impact aid projects in its ending year.
“ESA” (“LSA”) denotes financial amount of early (late) impact aid projects in its starting year. “EEA” (“LEA”)
denotes financial amount of early (late) impact aid projects in its ending year.
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Variable
Light
CHESC
CHESA
CHEEC
CHEEA
CHLSC
CHLSA
CHLEC
CHLEA
WBESC
WBESA
WBEEC
WBEEA
WBLEC
WBLSA
WBLEC
WBLEA

Table A3.Summary Statistics for country level (obs=492)
Mean
Std. Dev.
% non zero
2.4
2.8
0.0
0.560
3.6
0.0
3,330,008
16,000,000
0.0
0.402
3.3
0.0
1,753,902
11,000,000
0.0
0.284
0.9
0.0
1,068,158
12,000,000
0.0
0.262
0.9
0.0
310,146
1,645,804
0.0
7.945
22.8
0.0
13,000,000
37,000,000
0.0
7.945
31.8
0.0
7,306,441
65,000,000
0.0
5.787
27.4
0.0
7,306,441
20,000,000
0.0
5.787
27.4
0.0
7,306441
33,000,000
0.0

Max
21.1
70.0
230,000,000
69.0
170,000,000
11.0
260,000,000
10.0
23,000,000
302.0
350,000,000
405.0
690,000,000
365.0
170,000,000
365.0
310,000,000
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