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0. Introduction  
 
China experienced by far one of the most impressive growth in the past decades. The strong economy, 
coupled with dominant political power, unsurprisingly pushed forward the “Beijing Consensus” as its 
guiding principle. While China was not among the first to embrace globalisation, it has become a crucial 
and exemplary manifestation of the concept. Since 2009, China has been the world's largest exporter 
and known as the “world factory”. It is deeply embedded in global supply chains, capital transformation, 
and has become an indispensable initiator of outward investment. Chinese investment has experienced 
rapid expansion, with the total outward FDI doubling to 200 billion US dollars between 2012 and 2016. 
Presently, measured in FDI stock, China ranks as the 5th largest investor in Africa, and while 
investments from France, Netherlands, and the US are shrinking, China continues to witness growth 
(UNCTAD, 2022). 
 
Much has been written on the economic consequences of FDI since the end of cold war and following 
reopen economies and liberalisation in the 1980s. The total amount of FDI that goes to developing 
countries catches up later, starting from 2000 and reaching its first peak in 2008. As of 2021, inward 
FDI stock accounted for nearly 40% of the gross domestic product, while inward FDI flows doubled 
from 2020 and reached 15% of gross capital formation in Africa (UNCTAD, 2022). FDI is expected to 
bring capital stock, know-how, and technology to the host country, addressing its needs. Therefore, it 
is viewed as a necessary means for developing countries, directly contributing to economic growth. 
Indirectly, the horizontal spillover effect through market competition may both benefit local firms and 
create obstacles. Finally, vertical spillovers are expected to enhance backward and forward linkage with 
the domestic market (Colen et al., 2012).  
 
This research is an attempt to provide new insights into the impact of Chinese FDI, particularly studies 
of the local development impact in 109 subnational regions of African countries between 2003 to 2018. 
Employing recently available subnational level data, this study delves into the causal relationship 
between Chinese FDI inflows and subnational human development indicators.  
 
This paper is structured as follows: Chapter 1 provides a comprehensive overview of existing literature 
on FDI and human development. This paper identifies a notable gap in empirical analyses concerning 
FDI at the subnational level. Section 1.3 articulates the specific objectives of this research. Chapter 2 
establishes the methodological framework for its main models and estimation strategies. Chapter 3  
introduces the two primary datasets utilised in the research and offers summary statistics pertaining to 
the main dependent and independent variables of interest. Chapter 4 reports on the results and our main 
finding and we perform robustness tests Chapter 5 conducts robustness tests aimed at enhancing the 
validity and reliability of the estimated results. The final Chapter 6 concludes our study and discusses 
further on the implication for theory and practice. Additionally, this section reflects on the limitations 
of the research and suggests avenues for future inquiry. 
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1. Literature Review  

1.1 literature review of FDI impact  
 
1.1.a. Theoretical and empirical literature of  FDI impact on economic growth 
 
Theoretical inquiries into the effects of FDI on economic growth depend on the development of 
analytical models. Within the neoclassical growth framework, FDI is considered as a factor that 
promotes technological progress and positively affects economic growth of the recipient country in the 
short run. In the endogenous growth model, FDI is associated with factors such as human capital 
accumulation and technological spillovers that directly contribute to endogenous growth of the recipient 
country in the long run. Studies following neoclassical trade theory explores indirect channels such as 
employment and capital flows. In the more elaborated models, scholars included factors, such as 
absorptive capability and trade openness of the recipient countries, and contending that the impact of 
FDI on recipient economies is contingent upon specific conditions (Iamsiraroj, 2016). 
 
The policy relevance of FDI has attracted significant academic attention, leading to numerous empirical 
studies. Generally the literature observed a clear correlation of higher economic growth associated with 
higher FDI inflow, but with many empirical studies attempting to establish the causation of FDI impact 
on economic growth, the mechanism remains rather ambiguous (Acquach & Ibwrahim, 2019). Dinh (et 
al., 2019) reviewed research from recent decades, noting inconsistent results across both single-country 
and cross-country analyses. The mixed empirical evidence can be attributed to various factors, including 
the heterogeneity of FDI types and investment sectors, regional differences among recipients, and 
variations in the measurement and composition of economic growth functions across different studies.  
 
The total amount of FDI that goes to developing countries only started from 2000 and reached its first 
peak in 2008. As of 2021, inward FDI stock accounted for nearly 40% of the gross domestic product, 
while inward FDI flows doubled from 2020 and reached 15% of gross capital formation in Africa 
(UNCTAD, 2022). FDI is expected to bring capital stock, know-how, and technology to the host country, 
addressing its needs. Therefore, it is viewed as a necessary means for developing countries, directly 
contributing to economic growth. Indirectly, the horizontal spillover effect through market competition 
may both benefit local firms and create obstacles. Finally, vertical spillovers are expected to enhance 
backward and forward linkage with the domestic market (Colen et al., 2009). Theoretical studies of FDI 
impact in developing countries also addressed concerns on the crowding-out effect and the efficiency 
of skill transfer and spillover effect (Titiloye Ademola et al., 2009). In the case of Africa,  FDI is 
strongly driven by natural resources. Angola, for example, received US$ 20.7 billion worth of FDI 
investment in gas and oil sectors in the 2010s (Kimiagari et al., 2023). The over-concentration of 
investment in the extractive sector also raises concern in weakening manufacturing development in 
Africa. 
 
Literature of Chinese FDI in African countries primarily focuses on political implications (Wang et al., 
2021) and on determinants of investment allocations. The empirical study is limited when looking at 
Chinese FDI in African countries. Donou-Adonsou & Lim (2018) is one of the first studies that provides 
econometric analysis on this topic. They analysed FDI from China, US, and Germany separately, using 
data from 36 African countries over the period of 2003-2012, found that increase in Chinese FDI, both 
flows and stocks, significantly improves income measure by GDP per capita. 
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1.1.b. Theoretical and empirical literature of  FDI impact on welfare 
 
However, economic factors alone do not provide a complete picture of development. Currently there  is 
a literature gap in understanding the FDI impact on actual living conditions and welfare of a country.  
 
It is important to note that FDI, in most of the cases, does not benefit local residents in a straightforward 
manner. However, it can indirectly contribute to their well-being through various channels, primarily 
by stimulating increased economic activity. Theories regarding FDI and human development thus 
largely follow the same direction as through the channel of potential spillover effect. Early literature is 
divided into two sides. The 'race to the bottom' hypothesis emphasizes that FDI is attracted by weak 
institutions and poor working conditions due to its low cost. On the other hand, the 'climb to the top' 
hypothesis explains that profit-driven foreign investors are also motivated to improve labor quality and 
the business environment, thereby benefiting local development in the long run (Colen et al., 2009). 
 
In some studies, GDP per capita has been treated as a measurement of income and thus studied as a 
representation of the welfare factor (Donou-Adonsou & Lim, 2018). A few empirical studies have 
explored HDI and found unanimously insignificant results. Kosack and Tobin (2006) shows the FDI 
effect is contingent to the level of human capital in a country. They found an insignificant effect on HDI 
for countries with a human capital higher than 55, and a negative effect for countries with lower human 
capital level. De Groot (2014) explored household consumption and HDI index and found no effect of 
FDI on welfare but instead enlarged the inequality distribution of the investigated 214 countries. 
 
The first empirical study that linked Chinese FDI in 52 African countries and using HDI index as 
welfare measurement was by Atitianti and Dai (2021), and their findings suggest that FDI significantly 
improves HDI at country level, and their results holds true in robustness tests using SSA sample 
countries. However, their study did not provide more insight on the compositions of HDI, and although 
their finding suggests FDI is positively correlated to HDI, it is lacking explanatory context.  
 
The relationship between Chinese FDI and human development is still a topic understudied, and 
empirical literature often focuses on the comparison across countries or within a single region. There is 
a clear literature gap in investigating FDI and HDI, particularly in the context of developing countries. 
To the best knowledge of the author, this research provides the first econometric analysis to the literature 
of Chinese FDI and local development in African countries. The next section will briefly introduce HDI 
index, the strength and weakness of its analytical value, and solution of using SHDI to overcome these 
limitations. 
 

1.2  HDI and local development index 

The United Nations Human Development Index (HDI) is a quantified measurement of well-being of a 
society, of which three dimensions are represented: access to education, health and income. Education 
is measured as years of schooling, health as life expectancy at birth, and income by gross national 
income(GNI) per capita. HDI is informative for economic analysis, and this requires awareness of the 
subjective biases and limitations in both the interpretive level and methodological level. 
 
The construction of HDI is out of good intention: an alternative approach to measure the well-being of 
a society, instead of GDP per capita, where the latter is not only exclusively monetary based, but also 
neglects the capability approach. But just like any other indices, the computing process inevitably takes 
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multiple averages, and in the end the score provides a new perspective from a different scale, rather 
than direct messages or information with clear meanings.  
 
The interpretation of HDI involves understanding the relative context in each country. HDI ranges from 
0 to 1. According to the chart from the Human Development Report, in 2021, the world average is 0.732, 
a drop of 0.003 from the previous year. Switzerland has the highest score of 0.962, where Sudan at the 
bottom scores 0.508. How do we interpret the gap inbetween? In 2021 the gap between Switzerland and 
Sudan is 0.454, while in 1990 the gap was 0.606 (Sudan: 0.336; Switzerland: 0.942). How do we 
interpret the change in vertical distances between Switzerland and Sudan, from 0.606 to 0.454? One 
must refrain themselves from drawing simple conclusions, such as, while the well-being in Switzerland 
out-performed Sudan in all periods, the gap was narrowed and thus indicates convergence between the 
rich and the poor. On the other hand, GDP per capita of the same two countries, after adjusted for 
inflation and cost of living, shows an expanded disparity with 54225$ in 1990 and 67323$ in 2021.  
(Sudan:2757$(1990), 3710$(2021); Switzerland: 56982$(1990), 71033$(2021)) [Source: Our World in 
Data] 
 
It is evident from the above example that there is a limit to reading the composite HDI index at its face 
value. The challenge is, however, both on the interpretive level as well as on the methodological level. 
Since its creation in 1990, the calculation system of HDI has undergone several major changes. The 
reconstruction in 2010 changed its aggregation formula from calculating arithmetic mean into geometric 
mean. Many more specifications and variations, such as augmented HDI proposed by Prados de la 
Escosura (2021) which include political freedom as fourth dimension, were inspired soon after. But 
none of these computation updates can resolve the subjectivity concerns of the produced rankings. In 
fact, each one of the formulas reflect a preference of which an ethical system is embedded. This results 
in inconsistency in the ranking depending on which aggregation formula is used. HDI thus should be 
restricted from nominal interpretation. The numeral nature more importantly puts a challenge in using 
HDI as a means to compare welfare across countries and over time. (Amendola & Vecchi, 2023) 
 
Additionally, when analysing countries from the same development tier, HDI index has even more 
limited statistical value for the lack of variation in the data sample. The HDI index developed by the 
UN contains information only at the national level. When comparing countries with different levels of 
development, there is often a significant gap between the wealthier and the poorer, as illustrated in the 
previous example of Switzerland and Sudan. In the context of developing countries, however, the 
variation is rather limited. For example, the HDI index of 52 African countries studied by Atitianti and 
Dai (2021) are where, population-wise, about two-thirds of the world’s poorest people lives (Schoch & 
Lakner, 2020). Amongst the 253 countries, geographically the bottom 24 countries concentrate on the 
land of Africa, and at country level they have the lowest HDI mean (The 2021 UNDP HDI index mean: 
World 0.732, SSA 0.547, South Asia 0.632, Latin America and the Caribbean 0.745, Europe and central 
Asia 0.796). 
 
Using HDI country level data to analyse past trends amongst countries from the same tier not only suffer 
from lower variation in the observation, it also ignores the important fact that within-country  inequality 
of development is significantly larger in developing countries than in developed countries. Looking at 
all four subdimensions of human development, Permanyer & Smits (2019) using mean log deviation 
shows an interesting comparison of within-country inequality in high, medium and low development 
countries. In low and medium human development countries, which are defined as countries with 
HDI<0.7 and of which classification all African countries studied in this paper falls into, the subnational 
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inequality contributes to half of the total inequality. Their findings suggest an overlooked subnational 
human development variation in developing countries.  
 
This paper will use the subnational level human development index, the SHDI dataset, constructed by 
Smits, J. and Permanyer, I. (2019). To the best of the author’s knowledge, this is also the first paper that 
links Chinese FDI and African local development using SHDI as local welfare measurement. We 
believe using SHDI in this topic has three major advantages. Firstly, it contributes to the existing HDI 
literature in African countries by addressing regional variation. Secondly, SHDI dataset is constructed 
to be compatible with UNDP HDI. This means any results and conclusions drawn from analysis using 
this data complements the HDI literature, thus eliminating concerns for compatibility of data with 
different structures. And lastly, the SHDI dataset also includes data of all three subdimensions, namely 
life expectancy at birth, log of gross national income per capita, mean years of schooling of adults aged 
25 and above. This provides transparency in the construction of SHDI index, and also facilitates 
meaningful interpretations of the regression results. 
 
 
1.3 Research objective 
 
The previous two sections show a distinct literature gap in the current study of Chinese FDI and its local 
impact in the developing country context. Leveraging the recently available data, this research 
contributes to both FDI and HDI literatures. In the broader sense, this is the first empirical study that 
looks into subnational level FDI impact in the context of the developing world. Furthermore, the 
findings of this paper augment the HDI literature, which has predominantly focused on the country level, 
by providing insights at the subnational level. 
  
Two primary datasets serve as the foundation for this research. Firstly, the Chinese FDI inflow data 
sourced from fDi market, which is manually labelled with geographical information by Wang et al., 
(2021), and the access to a replication dataset facilitated by the university website enhances the 
robustness of the analysis. The second is the recently published dataset SDHI by Smits and Permanyer 
in 2019. Using panel data of 109 subnational regions from 2003-2018, this paper aims to answer the 
following questions: 
 

1) Correlation and causality: Does Chinese FDI inflow exhibit significant correlations with 
changes in SHDI variations, and can causal relationships be inferred from these associations? 

2) Sectoral impact on HDI subdimensions: How does Chinese FDI inflow impact the different 
subdimensions of SHDI, particularly concerning health, education, and income indices? Are 
there differences when comparing the effects on income-related indices versus non-income-
related indices? 

3) Alignment with existing theories and empirical evidence: To what extent do the findings of this 
study corroborate or diverge from existing theoretical frameworks and empirical studies in the 
field? 

 
This paper is structured with the following section delves into the detailed descriptions of the original 
datasets and provides a summary overview of the panel data utilised in the study. Section 3 first 
introduces methodology and identification strategy employed to establish causality. This paper uses 
instrumental variable IV regression, where the Chinese’s reserve of foreign of foreign currency is used 
to construct the instrument that addresses the endogeneity concern. The second part outlines the specific 
estimation models to address the research questions articulated earlier. Section 4 discusses and 
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interprets the results. The robustness tests in section 5 provides insights in the internal and external 
validity of the study results. Through this structured approach, the paper contributes to the existing 
literature on Chinese FDI and its impact on local development in developing countries. 
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2. Estimation Strategy 
 
2.1 Main model 
 
The baseline model looks at annual FDI inflow at subnational admin, and we estimate its impact on 
local SHDI as: 

 
(1)												𝑌!,# = 𝛽1𝐹𝐷𝐼_𝑡𝑜𝑡𝑎𝑙!,#$% + 𝛽2𝑃𝑜𝑝𝑖,𝑡−1 + 𝛽3𝑀 + 𝛽4𝑁 + 𝛿 

Where 𝑌!,# is the group of outcome variable of subnational admin 𝑖 in the year 𝑡. The main dependent 
variable of interest is SHDI and its sub dimensions, namely health, education and income. We also 
include night-time light emission as a proxy of GDP per capita to examine the impact on local economic 
activities. On many occasions multiple FDI projects were allocated to the same subnational admin in 
the same year. For analytical purpose, rather than conducting regressions at the project level we regress 
𝑌 on the 𝐹𝐷𝐼_𝑡𝑜𝑡𝑎𝑙 inflow amount (US dollar) in the subnational admin 𝑖, in the announcement of 
operation year 𝑡 with lag 𝑛 years. 𝑃𝑜𝑝 controls for population of subnational admin 𝑖 in year 𝑡 − 1. 𝑀 
denotes subnational-fixed effects that control for time-invariant differences between the subnational 
regions. 𝑁 controls for country-year fixed effect. Including country-year fixed effect as control variable 
enhances the regression results at subnational, because this eliminates differential effect on the local 
development condition in subnational regions caused by any country-wide economic or political shock 
at a given year.  𝛿  denotes error. Elaboration on the data see section 3 for summary statistics of 
dependent variables. 
 
Due to the limitation on existing empirical literature, we do not have a reference for the number of lags 
𝑛 should take. On the one hand, we expect the take off of FDI projects locally to have immediate impact, 
even before the investment is received. This is because the announcement of FDI projects has premature 
influences on the future expectation of local business and employees, under such influences individuals 
and businesses may take different economic decisions. On the other hand, the measurement SHDI is a 
composite of long term warfare dimensions that do not change dramatically in the short run. Which 
means there is a necessity to test different lags in the following model specifications. 
 
As it is emphasised in literature focusing on the determinants of Chinese FDI in Africa, the allocation 
of investment is not random but influenced by both economic and political conditions of the local 
recipient. Early observational evidence shows Chinese FDI is concentrated in developing countries. In 
the case of Africa, big projects initiated by state owned enterprises (SOE) are mostly resource seeking 
and invest heavily in natural resources and infrastructure. Medium and small private owned companies 
(POE) in contrast are market seeking and invest in manufacturing, telecommunications and wholesale 
sectors (Sanfilippo 2010). Political risks also affect the allocation of SOE and POE investment but in 
different ways. Biglaiser & Lu (2022) compared the investment pattern of Chinese SOE and POE in 
118 developing countries and observed consistent risk-seeking behaviour of SOE.   
 
Empirical literature study firm-level and investment-level behaviour shows natural resource reserve, 
quality of the institutions and infrastructures attract Chinese FDI in different ways (Utesch-Xiong & 
Kambhampati, 2021). However, FDI not only is an economic means for China to reach out to a broader 
market, it is also a political means and the operation is often beyond firm-level. The deep penetration 
of the Chinese government involved in both SOE and PE projects implies political interests and opens 
back doors to the allocation and execution of the FDI projects. The Chinese government provides 
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monetary assistance, such as issuing conditional loans, and guides future investment through bundled 
contracts, and facilitates negotiation with local high-level institutions (Benfratello et al., 2023). 
 
Sectoral preference, political environment as well as resource-seeking and market-seeking motivation 
are major determinants for Chinese FDI inflow. As economically well-off and infrastructure-developed 
regions attract FDI inflow, these factors are also closely related to local development conditions. This 
puts concerns for other time-variate factors that account for simultaneous determinants between FDI 
and outcome variables. To address the endogeneity concern of FDI, in the next section I will introduce 
the solution: instrumental variable (IV) two-stage least square (2sls) regression, and the instrument of 
choice. 
 
 
2.2 Identification strategy 
 
The instrument used in this paper is a combination of two sources of variations: an exogenous time-
variate instrument with a time-invariant probability variable. This combined instrument was widely 
employed in Aid literatures, first proposed in Nunn & Qian (2014) on the study of US food Aid effect 
on civil conflict, and further developed in Dreher (et al., 2021) and Cruzatti (et al., 2023). Following a 
similar concept, in this paper we construct the instrument with Chinese international reserve (the time-
variate exogenous instrument in our case) and probability of a subnational region receiving FDI (time-
invariant variable). 
 
The amount of foreign exchange reserves in China has seen a significant rise since 80s, and until today 
China is the largest foreign exchange reserve holder. China’s foreign exchange reserves reached USD 
3.1277 trillion, according to China’s State Administration of Foreign Exchange (SAFE) 2022 report. 
The main drive of variations in Chinese foreign exchange reserve is economic stability and GDP growth, 
other factors including financial openness and reserve policies (Obstfeld et al., 2010). The foreign 
exchange reserve thus satisfies the excludability restriction and it is arguably exogenous to the 
dependent variables of interest in this paper.  
 
This paper uses the Chinese international reserve dataset directly obtained from Cruzatti (et al., 2023). 
FDI projects initiated by private and state owned enterprises require finance through the China 
Development Bank, the China Ex-IM Bank, State Owned Investment Fund, and private banks (Eshete, 
2020). This means the holding of Chinese international reserves in the previous year is correlated to the 
operation decision of FDI projects in the following years. Therefor in any given year 𝑡 of which a FDI 
project is announced to be allocated to subnational region 𝑖 , we argue this investment amount is 
correlated to the holding of Chinese international reserve in the lagged year 𝑡 − 𝑚, where m > n. 
 
The structural model is the same as main model (1): 
 

																		(2)												𝑌!,# = 𝛽1𝐹𝐷𝐼_𝑡𝑜𝑡𝑎𝑙!,#$% + 𝛽2𝑃𝑜𝑝!,#$1 + 𝛽3𝑀 + 𝛽4𝑁 + 𝛿 

 The first stage equation is: 
 

(3)												𝐹𝐷𝐼_𝑡𝑜𝑡𝑎𝑙!,#$% = 𝛽1𝑅𝑒𝑠𝑒𝑟𝑣𝑒𝑠#$& ∗ 𝑝!+𝛽2𝑃𝑜𝑝!,# + 𝛽3𝑀 + 𝛽4𝑁 + 𝛿 

 
𝑝! indicates probability for investment amount to be allocated to subnational admin i. It is calculated as 
the total times a subnational region receives FDI in the range of 16 years from 2003 to 2018, as 𝑝! =
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1
16
∑ 𝑝!#2018
#'2003 . 𝑝!# is a binary variable that takes value of 1 when a positive value of  𝐹𝐷𝐼_𝑡𝑜𝑡𝑎𝑙!,#is 

observed in year t and 0 otherwise. 𝑝!  is therefore a time-invariant variable and it is being controlled 
for in subnational-fixed effect 𝑀.  
 
Although using instruments to address endogeneity, the regression model, however, follows a 
difference-in-difference (DID) approach. In the structural equation (2) and first stage equation (3), 
subnational-fixed effect controls for the time-invariant probability, and country-year-fixed effect 
controls for the time-variate exogenous instrument Chinese international reserve. The estimator of our 
interest 𝛽1estimate the effect of FDI inflow on local development, by comparing subnational regions 
that have high probabilities receiving FDI to those with low probabilities, and in year Chinese foreign 
reserve compared with higher net changes to the years with lower net changes. 
 
The identifying assumption of this combined instrument is that the changes in Chinese international 
reserve in the 2 years ahead of the announcement of FDI projects would only have an impact on local 
development of the subnational regions in Africa through the investment inflow. Additionally, because 
the parameters are estimated in a DID regression, it is also important to make sure the parallel trend 
assumption holds for the variables of interest. Country-year-fixed effects although controls for the time 
trend, but it is also necessary to make sure there is no significant time trend that could be a confounder 
account for the variation in the instrument and in the main variable.  
 
Following Cruzatti (et al., 2023), the following Figure 1 plots the time trend of Chinese international 
reserve. Based on the probability each region receives FDI,  recipient regions are grouped into above- 
and below- medium frequency. Figure 2 shows the mean FDI inflow per year by the two groups and 
figure 3 shows the mean SHDI index per year by groups. In figure 2 and 3, it is clear that the time trends 
are parallel across low- and high- frequency groups. Also the plots show no obvious non-linear trend 
amongst the three graphs, it is unlikely that parallel trend assumption is violated in this context. The 
validity of the parallel assumption enhances the excludability restriction and gives validity to the 
instrument for causal inference. 
 

 

Figure 1 
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Figure 2 

 

 

Figure 3 

 
 
 
Our instrument is inspired by Cruzatti (et al., 2023). In their research on the Chinese aid effect, Chinese 
international reserve and steel production was used as instruments for the endogenous variable aid 
projects. One concern should be addressed here is that any valid instruments that are used for other 
variables introduce potential confounders to our study. If reserve is correlated to aid projects in Africa, 
this would open other backdoor pathways through which aid projects indirectly affect the dependent 



11 

11 

variables and introduce bias in our estimates, and we would fail to identify causal effects of FDI. In 
chapter 5 I control for aid in the robustness test. 
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3. Description of the data  
 
3.1 Dependent variables: NTL data and SHDI data 
 
In this paper, we use Night-time light (NTL) to measure subnational level economic activity. The NTL 
dataset1 contains mean and medium value of admin 1 level night time light emission.  
 
NLT is developed by the Defense Meteorological Satellite Program (DMSP)/Operational Linescan 
System (OLS) and the Visible Infrared Imaging Radiometer Suite (VIIRS). Using remote sensing 
satellites to collect information of light emission, it is widely accepted amongst researchers as a proxy 
measurement of local economic activity (Li et al., 2020). Compared to GDP, NTL has two main 
advantages, particularly in the context of the developing world. First, The institutional capacity in 
developing countries undermines the quality of official reports and statistics of key economic indexes 
such as GDP. NTL on the other hand has more data integrity. With the development in recent years, the 
improvement in resolution at 1 km * 1 km cell allows consistent and reliable analysis at subnational 
regions. Second, NTL measures human activity not only at a monetary level, it captures population, 
employment and consumption at very local levels which are beyond what can be reflected on GDP.  
 
Although NTL has high statistical precision, it is important to note the limitations when applying NTL 
in empirical studies. Asher (et al., 2021) shows when using NTL as proxy for different economic factors, 
the elasticity of NTL is inconsistent across places and time. This makes NTL a less ideal measurement 
when studying development changes over time across regions that are highly heterogeneous.  
 
The second database we use for the main dependent variable of interest obtained from the original 
Subnational Human Development Index (SHDI) Database, developed by Smits and Permanyer (2019) 
contains 1625 regions in 161 countries, subnational HDI and composite indicators covering the period 
from 1990 to 2017. The Area Database from Global Data Lab (GDL-AD) provides a major source for 
the African profile at the sub-national level. Years of schooling is directly obtained, while life 
expectancy is derived from child mortality (under-5 mortality, U5M), and income is derived from 
household wealth possession measured by International Wealth Index (IWI). 
 
One of the major advantages of this SHDI is that the constructed subnational indices show consistency 
in the population-weighted average with HDI. This was done by adjusting the four indicators with 
different scaling coefficients. In some cases due to lack of information, the subnational indicators 
variation was compromised, national value was taken from UN HDI and applied to each regions 2.  
 
 
3.2 Independent variables: FDI data 
 
The raw data of 531 Chinese FDI projects in Africa from 2003 to 2018 with geocode are downloaded 
from Harvard Dataverse, where replication data for Wang (et al., 2022) are open licence for reuse. Wang 
(et al., 2022) labelled the geographical references by matching location informations obtained from 
news and articles with project description obtained from fDi market3. According to their precision 

 
1 NTL data and Chinese international reserve data are directly obtained from my supervisor John 
Cruzatti, whom I am deeply in debt to. Without his help I would not be able to finish this research. 
2 The three countries Cape Verde, Libya and Mauritius, are missing regional variations in both 
education and health dimension. 
3 fDi market is an FDI project monitor created by Financial Times. 
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coding scheme4, 280 of the FDI projects could be allocated precisely5. 152 projects can be located to 
second-order administrative division (ADM2), another 3 projects at first-order administrative division 
(ADM1), and 98 projects with only country-wide information and cannot be located at subnational level. 
 
However, the raw data does not include information on subnational administrative divisions. Projects 
were labelled at the national level. This could have two reasons. First, Wang (et al., 2022) was at 
national level and regarding respondents' attitude towards their regime leader. Second, the actual 
geographical distance between the location of the FDI projects to the interviewed respondents was one 
of the explanatory variables of interest, regional differences in the local impact of FDI was overlooked.  
 
This paper is interested in the local impact of FDI, and based on the raw data, it was easy to map the 
projects at a lower administrative level. The high resolution geo-reference of each FDI project enabled 
this research to specify subnational administrative information, by incorporating with administrative 
division polygon from GADM6, using the geographic information system QGIS. 
 
In the merging process of FDI (mapped in Admin 1) with SHDI dataset, a few adjustments and 
compromises were made to solve the administrative division inconsistency. In the case of Algeria, for 
example, admin 1 divisions from the FDI dataset are grouped into east, west, south and north in SHDI. 
I defined a new subnational division variable ADM1 which aligns with SHDI.  
 
The FDI data used in this research includes 449 FDI projects that 1) could be located at subnational 
level (Admin 1), and 2) has information on project investment amount. 117 projects are Chinese central 
and local state-owned, and the remaining 204 projects are owned by the private sectors. We further 
aggregated the investment amount of projects from the same years at ADM1 level, to obtain 260 
observations of yearly FDI inflow in 109 subnational units in 37 African countries. Investment type was 
further labelled according to a three-sector industrial classification system as primary sector (Extraction 
and Agriculture), secondary sector (Manufacturing) and Tertiary Sector (Services). 
 
 
 
 
3.3 Summary statistics  
 
3.3.1 Summary statistics of FDI 
 
Table 3.1 lists summary statistics of FDI. Amongst the 260 observations of FDI inflow, the highest 
value 20 million USD, was committed to Cairo, Egypt in 2016. The lowest single inflow was 200 
thousand US dollars to Eastern Cape, South Africa in 2012. The magnitude of the investments shows 
significant variation across time and investment sections as well as by investment ownership types. 
Around 52% of the projects are from secondary industries including manufacturing materials, 
automotive components, pharmaceuticals, transportation and warehousing. Business and services 
contribute to another 38% of the projects. The sectoral preference shows in both POE and SOE projects. 

 
4 See Wang (et al., 2022) Appendix Table 5 
5 This refers to projects with exact locations, those in the area of or within 25 km of an exact location, and those in an industrial zone(Wang 
et al., 2022) 
6  Spatial database of global administrative areas, version 4.1 was used in this paper and can be accessed via  
https://gadm.org/download_world.html 
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It is also worth to note that PE projects take a higher share in terms of number, SOE projects value 
higher on average, this is especially the case for resource targeted projects. 
 
Table 3.2 lists the top 5 recipient countries of Algeria, Egypt, Ghana, Nigeria and South Africa, which 
gives more insight on country-wide differences. Similar to the trend we see earlier, POE accounts for 
the bigger share of investment in all countries except for Algeria. Although as reflected in table 1 when 
looking at numbers, the majority of the projects are invested into manufacturing, here in the case of top 
5 recipients this sectoral trend is reversed with services and business topped for the majority share. This 
twist is caused by the single largest inflow to Cairo in 2016, specifically into the real estate sector by 
POE. In Algeria, almost 98% of the FDI is SOE. Here we see different countries show different 
investment preferences in sector and ownership. This is caused by the huge variation in each project, 
which can be better seen at the subnational level. 
 
Graph 3.2  shows details of FDI inflow in all recipient subnational regions of the same 5 countries. The 
FDI inflow shows heterogeneous distribution on the subnational level. Some regions only occasionally 
receive investment and in small amounts such as Northern Ghana and Ogun (Nigeria). Some regions 
frequently receive investment, and in other cases a few spikes of high volume of investment are seen in 
some less regular recipients. As it is also shown in Table 3.1, the probability of a subnational region 
receiving FDI inflow varies significantly, the most regular recipient subnational region is observed with 
positive inflow in 13 occasions out of 16 years (0.8125%).  
 

 

 

Table 3.1 Summary statistics of FDI inflow from 2003-2018  
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Table 3.2 Top 5 recipient countries FDI total inflow, by sector and by ownership type, in million US dollars 

 
 

  

Egypt Algeria 

 
 

Ghana South Africa 
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Nigeria 

Graph 3.1 Subnational FDI inflow time trend of the top 5 recipient countries 

 
3.3.2 Summary statistics of dependent variables 
 
The subnational population used in this research is from the Global Data Lab, Area Database (GDL-
AD). We chose this database because it is the same population Smits and Permanyer (2019)  used to 
reweight subnational indicators. The limitation is population only available from 2003 to 2017.  
 
Table 3.3 shows summary statistics of NTL, SHDI and the subdimensions. All dependent variables of 
interest show huge variations, and it is clear to see that even though all subnational regions in our sample 
are part of the most undeveloped world,  still there exists huge differences between better-off regions 
and the lowest ones. More detailed statistics of our sample (see appendix) shows in 2003, the first 
quartile line of SHDI was 0.616, and this number was changed to 0.711 in 2018. UNDP HDI draws the 
line of high development level at 0.700. This shows some of the subnational regions in African countries 
in our sample are comparable to the level of development even in many developed countries. On the 
other end of the extreme, the numbers are also striking. In our sample, the subnational region with the 
lowest SHDI is Sokoto, Nigeria in 2003. Furthermore, in the subdimensions, the mean year of education 
is less than 1 year, life expectancy is 47 years, with gross national income per capita of 1513 (measured 
in 2011 US$, PPP adjusted) 
 
Acknowledging the subnational and year variation, table 3.4 and 3.5  shows comparisons of the 
subnational regions with the highest and lowest SHDI in 2003 and in 2018, respectively. Two things 
are worth mentioning. One is the overall improvement in both of the most developed and least 
developed subnational regions. Second is the composition of the most developed and least developed 
groups. The most developed regions in 2003 are Suez, Cairo and the Grand Tunis area with the highest 
SHDI.  In 2018, the Grand Tunis area is ranked third, and with South-East Botswana and North Mauritus 
rank as the highest. However on the other end, Zinder (Niger) and Sokoto ranked as the two lowest in 
2003 and in 2018. From this observation, one may conclude that the development condition did not 
improve much for the least developed regions, compared to the developed regions. This conclusion 
would face challenges from a closer look at the data. Sokoto, although ranked as the least developed 
region throughout the study years, in terms of mean years of education for example, it doubled to 1.75 , 
and the mean night time light intensity almost improved by one magnitude. When interpreting 
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composed indexes, it is therefore important to include the composition dimensions into analysis to gain 
a holistic view on the results. 
 

 

 

Table 3.3 Summary statistics of dependent variables  

 
 

 

Table 3.4 Details of subnational regions with highest and lowest SHDI in 2003 

 
 

 

Table 3.5 Details of subnational regions with highest and lowest SHDI in 2018 
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4. Results 
 
4.1 Regress main dependent variables NTL and SHDI on FDI 
 
Table 4.1 and table 4.2 report the second stage of IV regression. As specified in the main model, 
country-year fixed effect, subnational fixed effect and subnational population are controlled in all 
regression.  
 
Table 4.1 shows estimated coefficients regressed on 𝐹𝐷𝐼_𝑡𝑜𝑡𝑎𝑙!,#$% , where the first row reports when 
𝑛 = 2	and second row 𝑛 = 3, and instrument 𝑅𝑒𝑠𝑒𝑟𝑣𝑒𝑠#$& use 𝑚 = 4	 and 𝑚 = 5 , respectively. Both 
instruments have F-statistics and are above 30 and therefore we are less likely to have the concern of 
using weak instruments. In the short-run, within 2 to 3 after the announcement, Chinese FDI shows a 
negative impact on the income index. On average every 10 billion USD worth investment causes a 
decrease in income index by 0.03 in 2 years, or 0.02 in 3 years, controlled for population, regional 
differences and country-year specific shocks. The results are both significant at 1% level. This is likely 
to be the reason that causes decrease in the overall SHDI index, but the impact is likely mitigated for 
the health index and education index are not affected. FDI inflow is also likely to contribute to more 
economic activity in 3 years, column 6 shows per 10 billion dollar worth FDI inflow increases night-
time light by almost 0.2 units. Column 10 reports a positive impact on the education index. Although 
the impact on local economic activity and on education is only significant at 10%, in the second row 
when taking 3 lag years, FDI shows an overall more significant impact on almost all indicators. This is 
comprehensible to our intuition, that not only local development takes time to make changes to happen, 
investment also takes time to the recipient location and become part of the economy. 
 
 

 

Table 4.1  Regress NTL and SHDI on FDI (lag2 and lag3 years) 

 
Following the same logic that development change and investment flow takes time to be fully realised, 
we also report on the results regressed on higher lag years of FDI. One thing to note is with each year 
of lags taken, the number of observations reduces. To prevent the sample size becoming too small to 
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compromise the statistical power of our results, we stop at lag 5 years (remaining 108 observations). 
Table 4.2 report on the results shows a very different picture from our previous estimates. When 
regressing on FDI of 4 and 5 lagged years, investment seems to have a strongly negative impact on local 
economic activity measured by night-time light, and significant improvement in income index. This 
result not only contradicts Table 4.1, also notice it is not comprehensible to interpret the coefficients. 
Results from column (1) and (6) would mean every 10 billion dollar investment causes night-time light 
intensity to decrease 36.9 units, and cause a 0.1 point increase in income index. Although all reported 
at 1% significance, this read is of a different magnitude from the previous results. 
 
This obviously error result is likely caused by the weak instrument. Because the disadvantage of taking 
even more lags for reserve is we limit the time period of observations. When taking 5 lag years for FDI 
and 7 lag years for reserve, the time span for which we claim correlation becomes FDI during 2003-
2013 and reserve during 2001-2011. The variation in reserve change before and after 2010 are very 
different. According to World Bank data, the holding of the international reserve in China was steady 
around 100 billion (current US$) prior to 2000. This figure jumped to 1 trillion in 2006 and doubled to 
2 trillion in 2 years. This exponential growth of reserve holding continued in the following years and 
only hit the break in 2015. This dramatic change in variation between 2010-2015 is also reflected in 
Figure 1 where I plot the time trend of detrended net changes in Chinese international reserve holding. 
Excluding the reserve, specifically of the post exponential growth years, sacrifices the already limited 
variation and weakens the instrument.   
 
The results of OLS regression, (controlled for the same fixed-effects) of all dependent variables on FDI 
with 4 lagged years, will not be reported here. Because the coefficients are all statistically 
insignificant ,we from here limit the lag within 2 and 3 years in the following regressions. 
 

 

Table 4.2 Regress NTL and SHDI on FDI (lag 4 and lag 5 years) 

 
 
 
4.2 Regression results of SHDI components on FDI 
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Table 4.3 provides a detailed picture of how FDI impacts local development in different dimensions. 
Column (4) reports on average, per 10 billion Chinese FDI causes 18% decrease in gross national 
income per capita (PPP, 2011 USD) in 2 years of a subnational region, holding everything constant. 
This impact is persistent even in the year after, as it shows in Column (8), per 10 billion Chinese FDI 
inflow continues to cause a 12% decrease in income. Results on education show an interesting picture. 
Column (1) and (5) reports FDI inflow has a positive impact on expected years of schooling, however 
no impact on mean years of schooling as in column (2) and (6). The calculation of mean years of 
schooling is drawn from the population aged 25+, and the expected year of schooling is from children 
aged 6. The changes in expectation would not affect the actual education adults that already received 
and completed. To interpret the coefficient at face value, this means in 2 years, every 10 billion USD 
of FDI inflow causes on average an 0.12 years of increase in expected years of schooling, or 0.19 years 
of increase in 3 years. The impact on education and on income are both statistically significant at 1%, 
however, the impact on education is rather subtle and it is not reflected in the education index itself. 
 
Table 4.4 reports OLS regression of all dependent variables on FDI (lagged 2 years), controlled for the 
same fixed effects and covariant. Although it shows overall significant estimates, the results are counter-
intuitive and hard to have meaningful interpretations. Firstly, column (1) suggests every 10 billion USD 
FDI inflow would on average increase NTL by 2.4 units in 2 years. This would be very unlikely, 
considering the average delta NTL of subnational regions in our sample is only 0.38. Column (8) also 
suggests FDI would significantly improve life expectancy (on average 1 year longer per 10 billion USD 
inflow!) which is also too good to be true in such a short period.  
 

 

Table 4.3 Regress SHDI compositions on FDI (lag2 and lag3 years) 
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Table 4.4 OLS regression on FDI (lag2 and lag3 years) 
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5. Robustness tests 
 
5.1 Robustness test with regression on FDI project 
 
Table 5.1 and table 5.2 report the main dependent variables regressed on the number of FDI projects, 
instead of inflow amount, controlled for country-year fixed effect, subnational fixed effect and 
population. We used the same instrument, and presents two set of results using different lag years of 
FDI, 𝑛 = 2	in the first row and second row 𝑛 = 3. The results are overall consistent with our reported 
main results regressed on FDI inflow amount, implying negative impact on income index and mildly 
positive impact on local economic activity measured by NTL. To be more specifically, column (4) and 
(9) of Table 5.1 both confirm that on average, holding other factors constant, one additional project 
assigned to a subnational region would cause income index decrease by 0.00112 in 2 years, or 0.00168 
in 3 years, both coefficients are statistically significant at 1% level. Column (4) and (8) of Table 5.2 
shows specifically an additional FDI project would cause 1.88% decrease in gross national income in 2 
years, or 1.11% decrease in 3 years. What is different is in the education aspect, results from column 
(1) and (2) of Table 5.2 suggesta an additional FDI project cause 0.02 less years in expected years of 
schooling and 0.01 less years of mean years of schooling in 2 years after the assignment of projects. 
Although these two coefficients are significant statistically, in terms of actual year, this result is rather 
insignificant. The coefficients are also insignificant when regressed on lag 3 years of FDI.  
 
It is important to point out that the F-statistic for the same instrument but for the FDI project is 11.3, 
closely approaching 10, which brings the concern of weak instruments. The main reason is when 
switching from FDI inflow to the number of projects, we face a lack of variations between subnational 
regions at a given year. Amongst the 288 observations, most of the time a subnational region receives 
only 1 FDI project in a year, which account for 45% of the projects (208 out of total 449 projects). Only 
on one occasion, Gauteng (South Africa) received 11 projects within a year. In fact, in terms of number 
of projects, the distribution is extremely left screwed. As the distribution plotted in Graph 5.1 on the 
right side, the amount of FDI inflow, measured in million USD, shows more variation across 
observation units (i.e., subnational region i in year t). 
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Table 5.1 Regress NTL and SHDI on FDI projects (lag2 and lag3 years) 

 
 

 

Table 5.2 Regress SHDI components on FDI projects (lag2 and lag3 years) 

 
 

  

Graph 5.1 Distribution of FDI projects (left) and FDI inflow (right), Y axis shows number of projects/ FDI inflow total share % 
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5.2 Robustness test: control for Chinese aid project  
 
For the Chinese aid project, we draw from AidData which contains in total 3485 Chinese official aid 
projects from 2000-2014, coded with geo-reference. Amongst 747 projects to subnational regions in 
Africa, we merged 252 observations that are allocated to the subnational regions of our study. 
Additionally we created a dummy variable of 𝐴𝑖𝑑_𝑟𝑒𝑐𝑒𝑖𝑣𝑒𝑟_𝑙𝑎𝑔4 , which takes value of 1 if a 
subnational region is recorded with a positive aid amount from China in lag 4 years, and 0 otherwise. 
This is to compensate for the missing values between 2014-2018 to ensure the variation in the control 
variables. It is a time-varying dummy variable and it is not controlled by the fixed effects.  
 
Table 5.3 reports the second-stage regression of all dependent variables of interest on FDI inflow 
(lagged 2 years), controlled for subnational population, aid-receiving dummy, subnational fixed effect 
and country-year fixed effect. After controlling for Chinese aid, FDI inflow remains to have significant 
negative impact on gross national income per capita and on income index, and positive impact on 
expectation of years of schooling. The coefficient per 10 billion USD is about the same with the reported 
main results from Table 4.1 and Table 4.3. 
 
The two robustness tests, first regression on FDI project and second adding Chinese aid as control 
variable, shows consistency with our main result. 
 
 

 

Table 5.3 Regress dependent variables on FDI investment, control for Aid receiving in the past (lag 4 years) 
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6. Conclusion and discussion  
 
This study is the first empirical analysis that regresses subnational human development indicators on 
subnational FDI inflow, to the best of the author’s knowledge. In this paper, FDI is instrumented by the 
Chinese international reserve combined with probability factors. The panel data covers observations of 
109 subnational regions in African countries ranging 2003-2018. Our results show FDI in the short run 
has a negative impact on standard of living, which is a monetary measurement based on GNI per capita. 
We also find a positive but less persistent and less significant impact on expected years of schooling. 
This result remains robust after regress on FDI project number, and after controlling for aid receiving 
history. 
 
Our finding is inconsistent with the country-level analysis by Atitianti and Dai (2021), where they find 
Chinese FDI to have significant positive impact on HDI index. However,  the novelty of our study 
provides new insight at subnational level. The result of our study should be subject to further rigorous 
tests, such as including a more complete Chinese aid project allocation as control variable. The FDI 
project raw data from the replication for Wang (et al., 2021) is also only a portion of the full fDi Market 
investment tracker data. Expanding the sample size would not only bolster the statistical power of the 
findings but also enhance the validity of our conclusions. More dependent variables, such as insurance 
coverage, unemployment rate, or even the number of people speaking more than one language (as proxy 
for education level) could be included to explore the channel of which FDI has an impact.  
 
Another limitation of this study is the mechanism through which FDI can be instrumented by reserve is 
rather unclear. Although the correlation seems intuitive, the use of reserves as an instrument in 
regression analysis presents challenges. In this study, 𝑅𝑒𝑠𝑒𝑟𝑣𝑒𝑠#$& ∗ 𝑝!  is only a valid instrument 
(F>>10) when 𝑚 = 𝑛 − 2. In other words, the instrument "weakens" when reserves are lagged by years 
other than 2 relative to FDI. Unfortunately the Chinese government does not disclose information on 
the detailed composition of international reserve holding, the lagged use remains a puzzle in this 
research.  
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