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Abstract

We present novel evidence for the influence of malaria exposure on the geographic loca-
tion of Chinese economic activities in Africa. The hypothesis is based on the observation
that many Chinese aid projects and infrastructure contractors rely on Chinese personnel.
High malaria exposure might constitute an important impediment to their employment and
productivity. Combining data on Chinese aid and construction projects with geo-localized
information about the presence of individuals from internet posts reveals a lower density
of Chinese activities and of Chinese workers in areas with a high malaria exposure. This
effect is mitigated partly through heterogeneity across sectors and immunity of the local
population, through the selection of Chinese workers from regions in China with historically

high malaria risk, and through the availability of malaria treatment.
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1 Introduction

Despite decades of international development aid, Africa remains the economically least de-
veloped continent. The need for improvement of infrastructure has been identified as a key
necessity for poverty reduction and economic development in Africa (World Bank, 2017). Over
the past decade, African economies indeed saw a large scale-up of foreign investments, with in-
frastructure commitments exceeding US$100 billion per year for the first time in 2018 (African
Development Bank, 2018). Empirical evidence suggests that these infrastructure projects had
a considerable impact on economic development over the past two decades, particularly for the
poorest countries (see, e.g., Kodongo and Ojah, 2016; African Development Bank, 2020).
China plays an increasingly important role in this context. Different from Western donors
and investors, the focus of China’s foreign engagement lies on the financing and realization of
large infrastructures, e.g., as part of the Belt and Road Initiative. China has become the biggest
contributor and contractor in Africa, with Chinese infrastructure financing in Africa exceeding
US$25 billion in 2018, which accounts for about a quarter of total infrastructure funding (ICA,
2018). This has spurred the discussion about the factors behind this “New Scramble for Africa”.!
A specific feature of Chinese activities in Africa is the twin role of China as donor and
of Chinese firms as private contractors of infrastructure and aid projects irrespective of the
source of funding. For instance, in 2013, total infrastructure financing in Africa from all sources
summed to US$ 99.6 billion, of which US$ 13.4 were from China. The value of infrastructure
projects contracted by Chinese companies in Africa summed to $37.2 billion. A key element of
the success of Chinese firms in this context is their reliance on Chinese personnel. In addition
to materials and equipment, Chinese construction contractors typically source a large fraction
of their work force, particularly skilled and managerial workers, directly from China (Chen,
Goldstein and Orr, 2009). In spite of moderate profit margins in infrastructure building, this
makes Chinese firms highly competitive (Corkin and Burke, 2006) and the market share of
Chinese companies among infrastructure construction projects in Africa rose from below 10%
in 2002 to nearly 62% in 2019 (ENR, 2019), while Africa is China’s main overseas construction
market (Huang and Chen, 2016). Importantly, Chinese firms realize projects financed by all
donors and governments. For instance, they covered more than 20% of the value of all World
Bank transportation infrastructure projects in 2018. This rising involvement in infrastructure
projects went along with a massive inflow of Chinese workers in Africa. Despite caveats related
to data quality and reliability, the number of Chinese migrant workers in infrastructure projects,

mining and other Chinese activities in Africa is estimated to be over a million (Dollar, 2016).

1See, e.g., The Economist (2019), https://www.economist.com/leaders/2019/03/07/
the-new-scramble-for-africa.
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Given the impact on local development perspectives, a better understanding of the drivers of
the spatial location of Chinese foreign activities in terms of projects and personnel is of primary
importance. Existing work surveyed below has focused on the role of economic stability, political
institutions, and natural resources for Chinese aid and infrastructure financing, mostly at the
country level and with mixed findings. The implications of the presence of Chinese personnel
for the spatial location and intensity of Chinese activities in Africa and the role of factors that
primarily affect the presence of Chinese personnel, such as the local disease exposure, have not
been investigated so far.

In this paper, we investigate whether and to what extent the exposure to malaria affects the
location of Chinese foreign activities in Africa, in terms of aid projects, infrastructure projects,
and the presence of Chinese migrant workers. The investigation is based on the hypothesis
that Chinese economic activities heavily rely on personnel from China, while malaria infections
involve serious health risks for Chinese workers. Malaria is exclusively transmitted by anopheles
mosquitoes and the exposure depends on local environmental and climatic factors that favor
the transmission of the pathogen. Malaria has plagued African regions since thousands of years,
which has led to the emergence of protective genetic and acquired immunities among the local
population. In the absence of an effective vaccine, malaria exposure poses a serious immanent
threat for Chinese workers in Africa who have not developed such protective immunities and
who typically work on their projects outside of buildings. Differently from other diseases, like
HIV, which can be prevented with simple behavioral strategies, malaria imposes considerable
immanent costs for the deployment of Chinese workers, which manifest in lost working days
and costs for treatments and medication.

The analysis leverages existing information about the location of Chinese aid projects, and
novel data on infrastructure projects contracted by Chinese firms that include information about
the number and value of projects, the exact geo-referenced location of infrastructure projects,
the sector and the contracting companies. We also use a new geo-referenced data set on the
presence of Chinese migrant workers across Africa, for which official statistics do not exist.
To this end, we construct geo-localized data on the presence of Chinese individuals in Africa
at the individual level by exploiting information from micro-blog posts on Weibo, the Chinese
equivalent to Twitter, in the year 2014. The blog posts provide geo-referenced information about
the location of Chinese individuals in Africa. This is combined with anomymized information
about the Chinese users, particularly their region of origin in China, and an application of text
analysis to the blog-posts is used to classify individuals by their working status and sector using a
supervised cloud of words approach. The data on projects and Chinese workers is complemented

by a large set of geo-referenced information on the characteristics of the destination locations



in Africa, of the regions of origin in China, and by individual characteristics of Weibo users.

The empirical analysis makes use of information about malaria exposure in terms of malaria
transmission risk, which is based on the epidemiology of malaria and provides a source of
plausibly exogenous variation at the geographic grid cell-level. Malaria is an infectious disease
with severe symptoms. The disease is caused by various strains of Plasmodium parasites,
which are transmitted exclusively through female anopheles mosquitos. The reproduction cycle
of Plasmodium parasites involves various stages of development both in the vector and in the
human host, so that the exposure to, and incidence of, malaria is closely related to environmental
factors, in particular climatic conditions. Malaria can be fatal and malaria infections caused
by Plasmodium falciparum are the leading cause of disease-related death in Africa. WHO
reports suggest that globally malaria caused more than half a million deaths per year in 2010,
and still caused more than 400,000 deaths in 2018; the economic losses related to malaria are
substantial and amount to more than US$12 bn per year for Africa over the past decades
(WHO, 2017, 2019). The risk of infection is reduced by immunity, which can either be due to
genetic mutations that prevent the acute infection and completion of the reproduction cycle,
or acquired through earlier infections. Persistent exposure to malaria promotes (genetic or
acquired) immunity among the local population. Conversely, high malaria exposure entails
high infection risk and frequent infections among individuals that do not exhibit resistance due
to immunity. Likewise, epidemics are likely to occur in places where the population has low or
no resistance to malaria and the sudden occurrence of particularly suitable weather conditions
creates a favorable environment for the disease.

The empirical strategy applies these insights by making use of various indices of malaria
exposure that are based on exogenous variation in biological and climatic conditions. The
empirical analysis is executed at the level of 1° x 1° grid cells for all Africa. This setting
complements earlier work on Chinese infrastructure and aid projects, which used existing official
data at the country level or, more recently, at the level of sub-national administrative regions
(see the literature review below). The fine spatial resolution of the analysis that exploits geo-
referenced information about the location of Chinese foreign activities enables an identification
strategy that accounts for the typical confounders for an effect of malaria exposure on Chinese
activities. In particular, the fine resolution of the data allows us to not only control for country
fixed effects, but to account for systematic variation in overall economic activity and institutional
quality by including fixed effects for sub-national administrative regions, for cultural groups
to account for historical and cultural factors, and by controlling for systematic variation in
economic activity and geographic features across individual cells. Moreover, the use of geo-

coded web post data from the Chinese equivalent of Twitter, Weibo, can be used to investigate



the role of malaria exposure for the local presence of Chinese workers across different regions
in Africa, and the link between the distribution of Chinese infrastructure construction projects
and the distribution of Chinese workers. This allows us to make progress on the determinants
of the presence of Chinese personnel and its relation to Chinese aid and infrastructure projects,
which have been largely neglected in existing research.

The analysis also exploits exogenous variation in the prevalence of genetic immunity to
malaria that exclusively emerged in response to persistent exposure to the pathogen in the
past. Information on the prevalence of genetic mutations that are malaria protective and whose
spread is related to past local exposure to the disease is used to further isolate the specific
role of malaria and the existence of possible attenuation mechanisms. This analysis makes use
of the prevalence of immunities among the African population, and also among the Chinese
population in areas that were affected by Plasmodium falciparum in the past. This analysis
is based on the hypothesis that the adverse effects of malaria might be attenuated by the
prevalence of resistance to high malaria exposure of the local African workforce. This resistance
affects the profitability of projects and is related to the skill intensity of the respective Chinese
projects, which might differ across sectors. Alternatively, the effect is expected to be attenuated
by relying more on Chinese personnel from regions in China that exhibit greater resistance in
terms of prevalence of acquired or genetic immunity. By exploiting information about the home
region of Chinese workers, analysis at the level of individual workers allows us to condition on
individual characteristics and include fixed effects for region of origin and destination region in
Africa. The identification then exploits variation within locations and across individuals, and
accounts for confounding factors at the cell level. Additional analysis accounts for other diseases
for which the channel under investigation should not hold, like HIV and trypanosomiasis, as
placebos.

The empirical analysis produces novel evidence regarding the effect of malaria exposure on
the spatial distribution of Chinese activities in Africa, on the mechanisms that are related to
the deployment of Chinese migrant workers, and on the existence of attenuation mechanisms.
The results show, first, that higher malaria exposure significantly reduces the local prevalence
of Chinese aid projects and of infrastructure projects contracted by Chinese firms. The effect
is heterogeneous across sectors. Second, the results reveal a strong association between the
presence of Chinese individuals in a cell and the number of aid and infrastructure projects in
that cell. Third, the results provide evidence for a negative effect of the exposure to malaria
on the presence of Chinese workers. These findings are robust to alternative specifications and
a rich set of control variables that rules out potential confounders. In addition, the finding

of a negative effect of malaria exposure to the presence of Chinese workers also holds when



conditioning on Chinese aid or infrastructure projects, which provides further support for the
influence of malaria exposure to Chinese activities and suggests mechanisms of adaptation and
attenuation. Additional analysis suggests that the effect is weaker in more skill-intensive sectors.
Moreover, Chinese workers from regions in China with historically greater malaria exposure and
with more prevalent genetic immunity against malaria are relatively more likely to be deployed
in cells in Africa with a higher malaria risk. Finally, the findings suggest that the negative effect
of malaria exposure on the presence of Chinese workers is mediated by the local availability of

anti-malaria health policies.

Contribution to the Literature. The analysis complements a large and rapidly growing
body of research that documents the relevance of aid financing, particularly related to infras-
tructure projects, for African development, and the increasingly important role of China in this
context. This literature has found a positive, although often small, effect of development aid
on economic growth (see, e.g., Busse, Erdogan and Miihlen, 2016; Galiani et al., 2017; Dreher
and Langlotz, 2020), and the impact of aid on political stability and conflict is subject to an
ongoing debate (see, e.g. Crost, Felter and Johnston, 2014; Nunn and Qian, 2014; Bluhm et al.,
2021). Besides the central role for development of Chinese outward direct investment (ODI)
in Africa, it has changed traditional patterns of economic influence (Brautigam, 2009; Donou-
Adonsou and Lim, 2018). Recent work has investigated the determinants and consequences of
Chinese aid finance and infrastructure investments. Empirical evidence at the country level
suggests that infrastructure projects favored growth over the last two decades, particularly for
the poorest countries (see, e.g., Kodongo and Ojah, 2016; African Development Bank, 2020).
The disbursement of Chinese aid and development finance implies better development outcomes
and boosts short-term growth at the level of countries (Dreher et al., 2021b). More recent work
has also investigated this issue using data at subnational administrative regions (Bluhm et al.,
2020; Dreher et al., 2021a). We add to this literature by contributing an analysis on Chinese
activities in different dimensions of infrastructure projects and on the spatial distribution of
Chinese workers at the cell level.

By focusing on the spatial determinants of Chinese aid and infrastructure projects, our
study contributes to a growing literature on the role of natural resources, and of institutional
and politico-economic mechanisms as drivers of the intensity and location of Chinese activities
in Africa. Access to mineral resources is often seen as the main motivation for Chinese aid
and infrastructure projects, or for reserves-backed lending at low cost (see, e.g., Habiyaremye,
2013, for a discussion of the “Angola Mode”). While some evidence suggests that the location of
Chinese aid is not driven more by political factors or natural resources than that by other donors

(Dreher and Fuchs, 2015), other work shows that Chinese official development assistance (ODA)



is driven more by foreign policy considerations, whereas contracting and other forms of official
financing are driven by resources and economic interests (Chen, Dollar and Tang, 2018; Dreher
et al., 2018). Cheung et al. (2012) document that besides motives related to market access
and investment risk, Chinese activities are concentrated in areas where there are opportunities
for resource exploitation. Existing evidence also points at an important role of corruption and
favoritism for the location of Chinese activities in Africa (Dreher et al., 2019; Anaxagorou,
Efthyvoulou and Sarantides, 2020). By documenting a role of malaria exposure, the analysis
below contributes a distinct channel through which local geo-climatological conditions affect
the location of Chinese activities in terms of projects and of the presence of Chinese personnel.
This channel is related to employment patterns and contributes to a better understanding of
the determinants of the presence of foreign economic activities in Africa and the interactions of
these activities with the local workforce. At the same time, as consequence of the identification
strategy, the mechanism is orthogonal to other mechanisms that have been documented at the
level of countries or sub-national regions.

With the focus on the role of malaria exposure for the location of Chinese activities in Africa,
our paper relates to the literature on the implications of geography for economic development
(see, e.g., Henderson, Shalizi and Venables, 2001; Desmet and Henderson, 2015; Desmet, Nagy
and Rossi-Hansberg, 2018; Cervellati et al., 2018). The empirical approach follows a recent
strand of papers that apply a similar identification strategy to obtain credible identification
while relying on time-invariant, cross-sectional variation (including work by Gennaioli et al.,
2013; Alsan, 2015; Alesina, Michalopoulos and Papaioannou, 2016; Galor and Ozak, 2016;
Michalopoulos, Naghavi and Prarolo, 2018; Enke, 2019; Arbath et al., 2020; Mayshar et al.,
2021, among others). In comparison to work along this line of research, we adopt a very restric-
tive empirical specification that controls for sub-national administrative regions and cultural
group fixed effects and thereby accounts for unobserved variation in institutional quality and
economic development across regions and cultural groups. Moreover, by relying on variation
in the exposure to malaria, our approach relates to work on the consequences of the disease
environment for development. This work has shown that disease exposure affects settlement
strategies, the development of colonial and post-colonial institutions, and ultimately long-run
development (Acemoglu, Johnson and Robinson, 2001). Other work has pointed at an impor-
tant role of disease exposure that mainly affected life stock, providing evidence for a channel
related to pre-colonial political centralization and the origins of institutions (Alsan, 2015). By
focusing on Chinese aid and infrastructure activities and applying an identification strategy
that accounts for these channels, our results provide evidence for a distinct and novel chan-

nel through which malaria affects development today and which can be addressed by policy



interventions.

This paper also relates to recent work on the potentially detrimental implications of exposure
to epidemic disease for development and that has delivered mixed findings. Micro-evidence
suggest that early exposure to diseases shapes economic outcomes of adults (Bleakley, 2010;
Cutler et al., 2010; Hong, 2011; Lucas, 2010). Other work has considered the impact of diseases
across countries and found negative correlational effects on health and human capital and,
indirectly, on growth and foreign investments (Azemar and Desbordes, 2009; Asiedu, Jin and
Kanyama, 2015; Ghosh and Renna, 2015). Moreover, the direct causal impact of health at the
macroeconomic level has been a matter of debate (Acemoglu and Johnson, 2007; Weil, 2007;
Cervellati and Sunde, 2011). Our work also contributes to a fast-growing literature on the
impacts of malaria and its eradication for development. The role played by malaria is intensely
debated. Early evidence of a detrimental effect on growth across countries (see, e.g. Gallup and
Sachs, 2001; Sachs and Malaney, 2002) has been subsequently put into question. Investigations
of the role of differential exposure to malaria within African locations that use disaggregated
data at the level of grid cells find no effect of malaria on historical development patterns and pre-
colonial institutions (Depetris-Chauvin and Weil, 2018; Alsan, 2015), and a moderate, possibly
non-linear, effect on modern development (Cervellati, Esposito and Sunde, 2017). Related
work considered the impact of malaria epidemics on infant mortality (Kudamatsu, Persson and
Stromberg, 2012) and outbreaks of violence (Cervellati, Esposito and Sunde, 2021).

Our evidence also contributes to the literature on the determinants of Chinese work migra-
tion to Africa (Cook et al., 2016) and, more generally, to the literature on selective migration
patterns, which has mostly focused on skills rather than health and immunity (see, e.g. Grogger
and Hanson, 2011; Moraga, 2013; Bartolucci, Villosio and Wagner, 2018). In contrast, by focus-
ing on Africa and documenting the role of malaria for the selection and location of Chinese work
migrants to Africa, we provide evidence for a pull factor that, to our knowledge, has received
little attention so far.

The remainder of the paper is structured as follows. Section 2 provides a discussion of the
conceptual background and describes the data and their sources. Section 3 presents the main
results for the location of infrastructure projects and Chinese workers in Africa, respectively.

Section 4 explores the mechanisms underlying the main results, and Section 5 concludes.



2 Background and Data

2.1 China’s Economic Activities in Africa

China’s Engagement in Africa. China has been playing an increasingly important role
in African development. Chinese economic activity in Africa includes FDI, trade, construc-
tion projects, financing support, and migrant workers. The FDI inflow from China rose from
US$0.08 billion to US$2.98 billion between 1997 and 2015, which accounts for more than 5
percent of FDI to Africa in 2015 (UNCTAD, 2016). China’s FDI stock increased from US$ 0.25
billion to US$39.9 billion during the same period.? Compared to FDI, infrastructure projects
and development financing from China is even larger in scope and size. Construction projects
(including infrastructure construction) undertaken by China reached US$51.5 billion in 2015.
Chinese infrastructure financing commitments in African countries rose from less than US$1
billion in 2001 to US$20.9 billion in 2015, which accounted for 25 percent of the total infras-
tructure funding in Africa (ICA, 2015). The official number of Chinese workers in Africa by the
end of 2015 was 263,700 according to National Bureau of Statistics in China, while estimates
of the total stock of Chinese workers, including those who stay after the end of the official
engagement exceed one million (Dollar, 2016).

Infrastructure investment from China is usually in the form of preferential and commercial
loans from the China EXIM Bank and China Development Bank, which are intertwined with
trade deals and resource extraction.? Loans are used for constructing infrastructure. In con-
trast to traditional loans from Western countries, Chinese infrastructure financing is disbursed
without any policy conditions attached, which is critical from the perspective of many African
governments. However, there is usually a requirement that the construction work be contracted
to a Chinese company. A significant proportion of equipment and materials must be imported
from China, and most importantly Chinese construction companies mainly employ Chinese na-
tionals in managerial positions and employ a large number of Chinese workers, with typically
half of the workforce and more than 90% of the skilled workforce positions being Chinese na-
tionals (Chen, Goldstein and Orr, 2009). In light of the relatively low cost of Chinese workers
and the lack of a reliable supply of locally-sourced skilled workers this leads to a high labor
productivity, which is also ensured by temporary deployments with high work intensity (typi-

cally shift work with low rates of absenteeism), a high skill level thanks to intensive training in

2See http://data.stats.gov.cn/index.htm.

3This business model is also known as “Angola Mode” or “Resources for Infrastructures” in the literature
(Jansson, 2013; Nissanke and Séderberg, 2011). In this mode, an African government concludes official loan
agreements with Chinese government with natural resources as the credit guarantee. In return for the building
of infrastructure, the African governments use the revenues from exporting natural resources to pay back the
loans or grant Chinese companies the rights to exploit natural resources. Trade deals and FDI from China are
also usually added to the agreements.
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China prior to deployment, an attitude for hard work, and less language-related communication
frictions, which results in Chinese firms being very competitive (see, e.g., Zhao and Shen, 2008;
Chen, Goldstein and Orr, 2009; Huang and Chen, 2016). From the perspective of the Chinese
government, this approach can produce win-win outcomes for both parties. On the one hand,
it allows African countries to relieve critical financing bottlenecks for infrastructure projects
that are crucial for local development; on the other hand, it allows China to secure a stable
supply of resources and enlarge its influence in Africa via various forms of economic engagement,

including the development of a construction sector operating abroad.

Employment Patterns. Information about the location of Chinese infrastructure projects
provides a unique opportunity to investigate the determinants of the destination of Chinese
investments in Africa. Typically, Chinese companies bring laborers from China to Africa for
their infrastructure and investment projects in Africa, at least at the beginning. Chinese workers
are familiar with the processes and organization of their company and possess the skills and
experience to install structures and to train local workers. There are complaints that even
low-skilled jobs involved in Chinese projects are filled by Chinese nationals, but infrastructure
projects employ large shares of local workers. According to a report published by the Angolan
Ministry of Finance in 2007, out of a total of 3136 employees in Chinese companies, 1872 (almost
60%) were Angolans (Tang, 2016). A survey of 49 firms in South Africa shows that the share
of local workers is as high as 80 percent (Huang and Ren, 2013). In Kenya, it is estimated that
more than 85 percent of employees in Chinese firms in the services and manufacturing sectors
in 2013 were locals (Sanghi and Johnson, 2016).

The employment of locals in Chinese firms varies across sectors. Chinese companies in
the labour-intensive sectors such as mining, construction and manufacturing rely more on lo-
cal workers. In sectors with advanced technology and management requirements such as hy-
dropower and telecommunication, Chinese companies employ larger shares of Chinese workers,
who make up more than 60 percent of the workforce at the African sites (Tang, 2016, 2010).
Across all sectors, however, there is a mix of Chinese and local personnel, and a greater immu-
nity of local personnel reduces the risk of disruptions in the project execution and thus likely
attenuates the effect of malaria exposure on Chinese workers. The employment composition also
changes with the development phase of firms. A survey in the DRC by Tang (2016) found that
in the first five years, Chinese companies use Chinese workers for almost one-third of positions.
After five years, this proportion declines to 15 percent or less. This trend is especially common
in sectors such as manufacturing.

There is considerable variation in the share of Chinese workers in construction as well.

Chen, Goldstein and Orr (2009) find that Chinese construction firms employ equal numbers



of Chinese and locals in unskilled occupations, but less than 10 percent of skilled workforce
positions are occupied by locals. Data from Deborah Brautigam’s blog “China in Africa: The
Real Story” shows that the proportion of Chinese workers is very high in the construction of
large public buildings, which requires professional management and techniques.* For example,
Chinese workers represented more than 70 percent of employees in a stadium project in Angola.

In contrast, in road, harbour and mine projects Chinese workers represent less than 10 percent.

Malaria and the Presence of Chinese Workers. The risk of malaria infections has gained
increasing attention among Chinese workers and firms in recent years. Newspaper reports and
blog posts have raised awareness about malaria risk in Africa.® There have been blog posts
warning Chinese expatriates of the prevalence of malaria and giving advice how to prevent
infection.% In a recent case, a Chinese court sentenced an employer to pay a compensation of
100,000 yuan (which corresponded to approximately US$ 16,000 in 2014) to an employee who
was diagnosed with malaria falciparum upon returning to China from a work-related deployment
in Africa. The reasons given for the judgement state that “arid countries such as Africa often
have many outbreaks of malignant infectious diseases that are not common in China. Because
our citizens generally lack natural immunity to such diseases, they are easily infected and even
killed. [...] It is necessary to pay full attention to the prevention and control of severe infectious
diseases in the tropics, timely injection of vaccines, special attention to maintaining hygiene and
good living habits, and symptoms such as fever and chills must be treated promptly. At the
same time, overseas labor companies and organizers should also have corresponding awareness of
prevention and control, timely organize labor services to carry out infectious disease prevention
and control work. Migrant workers cannot be allowed to have inadequate disease prevention
and control while living in the tropics according to Chinese lifestyle. It is best to organize
the injection of vaccines in advance so as to avoid the occurrence of huge medical expenses
compensation after the workers are infected”.” This suggests that malaria exposure might

influence Chinese economic activities in Africa, particularly when activities require Chinese

“See  https://csisprosper.com/2015/06/17/chinese-investment-africa-jobs/ and http://wuw.
chinaafricarealstory.com/.

SExamples can be found at http://china-africa-jinghao.blogspot.com/2012/02/
impressive-photos-about-chinese-in.html, or http://china-africa-jinghao.blogspot.com/2011/08/
chinese-in-takoradi-1-building-boat.html.

SFor instance, a “letter to travellers in high-risk areas such as Africa and South-East Asia” at http://
www.jshzcdc.com/html/news/yuqing/2015-02-11/3242.html warns that “In recent years, with the increasing
number of people leaving the country, especially labor exporters, many people who have gone to areas abroad with
high malaria risk have been infected with malaria, which has not only affected work and life, but also some malaria
patients have not been diagnosed and treated in time. The phenomenon of death has caused significant losses
to the personnel of the country and their families. For your health, please understand the following knowledge:
First, the epidemic range and harm of malaria — malaria is an infectious disease and parasitic disease caused by
malaria parasites and transmitted by mosquito bites. (...)” (own translation).

"See http://rmfyb.chinacourt.org/paper/html/2017-06/09/content_126372.htm?div=-1, own transla-
tion.
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workers to be on site.

Data on Infrastructure Projects. Our analysis draws on two data sources for Chinese
infrastructure activities in Africa. The first data set is the “AidData’s Geocoded Global Chinese
Official Finance” (Dreher et al., 2019, Version 1.1.1). While our analysis is mostly cross-sectional
in nature, we combine information on aid projects in the period 2010 to 2014 to have a sufficiently
large number of aid projects for estimation at the cell level while maintaining comparability with
the second data set on infrastructure projects, which is only available for 2013. From 2010 to
2014, the data contains information for 1296 Chinese aid projects in Africa in total. Of these,
1048 are projects that correspond to the criteria for official development assistance (ODA-
like projects), 109 are other official flows that do not meet the official development assistance
criteria (OOF-like projects), and 139 are Chinese official finance projects (Chinese OF).® Among
all projects, the data comprises information on the exact locations (precision code 1) for 555
projects, 99 projects are up to 25 km away from an exact location (precision code 2), 141
are in a second-order administrative division (ADM2) (precision code 3), 143 are in first-order
administrative division (ADM1) corresponding to a province (precision code 4), 14 are more
than 25 km away from a specific location (precision code 5), 108 are independent of political
entity (precision code 6), and 236 are projects that stipulate that the central government will be
the only direct beneficiary (precision code 8). Since our analysis of projects is at the cell level,
we can only include projects that can be unambiguously located within a cell, which leaves us
with 952 aid projects in the sample.

We categorize the projects into infrastructure and non-infrastructure aid projects using a
categorization compatible with the second data set on infrastructure construction project data
described below. In particular, we classify 576 projects that are devoted to infrastructure con-
struction such as roads, dams, or public buildings, as infrastructure aid projects. Alternatively,
we classify infrastructure aid projects and aid projects as projects involving Chinese workers
based on information about “free-standing technical assistance”. ODA-like projects are aid
projects aimed at development as defined by AidData. Finally, donations are projects in the
form of monetary and material donations, scholarships, and training in China. These projects
do not necessarily involve Chinese workers in Africa, but around half of the donations projects
have no clear geo-localization below the country level and are therefore excluded from the sam-
ple. Hence, this category is likely to be measured with considerable error. This classification of
aid projects is not fully exclusive.

The second data set on infrastructure construction projects comes from the China Overseas

8Chinese official finance projects (Chinese OF) include concessional and non-concessional funding from Chinese
government institutions (including central, state or local government institutions) with development, commercial
or representational intent.
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Engineering Projects and Labour Service Yearbook 2014. The Yearbook records all engineering
construction projects with value of at least US$ 5 million undertaken by Chinese companies
in Africa in 2013. It includes the name, value, host country and company name for each
project. Table D1 in the Supplementary Appendix provides detailed information about the data
source and the different variables constructed from this source. We obtained the geographic
coordinates for each project by searching for the project information on search engines such
as Google and Baidu to determine exact locations. With the location name, we identified the
coordinates using Google Maps. The project name is self-explanatory regarding the sector.
As the finance from China predominantly goes to infrastructure construction, we focus our
analysis on the projects belonging to the four infrastructure sectors — transport, water supply,
energy and telecommunication — as defined by the Infrastructure Consortium for Africa, and
on an additional sector of social infrastructure — public buildings. Projects are classified as
hydropower, public buildings, transportation or utility. Hydropower includes the construction
of hydroelectric power plants, and dam and river projects for water supply, which are usually
constructed together with hydropower plants. Public buildings include stadiums, churches, but
also schools, hospitals, or other buildings for public use. Transportation encompasses roads,
railways, harbors, airports and bridges. Utilities are power and gas supply, water supply and
sewage. Telecommunication only represents a small number among all projects but is closely
related to citizens’ daily lives.

To compute our primary variables of interest, we geo-locate all the projects and then ag-
gregate the contracted value and number of projects in 1° x 1° grid cells. The geographic
distribution of aid projects and infrastructure projects, as well as the number of the respective
projects per cell are displayed in Figures 1a and 1b. The summary statistics are contained in
Table C1 in the Supplementary Appendix.

There are significant differences between the projects in the aid data set and the infras-
tructure projects in the yearbook data. The infrastructure aid projects are projects financed
by the Chinese government through loans or grants. In contrast, the infrastructure projects
listed in the yearbook consist of all infrastructure construction projects with contract value
above $5 million that are contracted by Chinese companies in Africa in 2013. The financing
of these projects stems from various sources such as local African governments, international
development banks, and international aid donors (including China) or private parties. Hence,
infrastructure aid projects are directly associated with Chinese financing, whereas the infras-
tructure projects are primarily associated with Chinese contracting. To illustrate the differences,
the total value of 756 infrastructure projects contracted by Chinese companies in Africa in 2013

summed to $37.2 billion. In comparison, the total number of infrastructure aid projects from
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Figure 1: Location of Chinese Activity in Africa

Note. Panel (a): the shades represent the number of aid projects in a cell. Panel (b): the shades represent the
number of infrastructure projects in a cell. Panel (c¢): the shades represent the number of individuals that are
identified as workers on the basis of their Weibo posts in a cell. All Panels: Blue polygons represent ethnic cultural
groups, brown polygons administrative regions. See Section 2.1 for details on data sources and construction.
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2010 to 2014 is 586, and the total value is $42.1 billion. In 2013, the value of 91 infrastructure

aid projects amounted to $10.5 billion.

Data on Individual Workers: Weibo Posts. To find out where Chinese workers are
located in Africa, we take location information from posts on the Chinese equivalent of Twitter,
Weibo. The Weibo data comes from Weibo.com, SINA Corporation, a Chinese microblogging
website. Weibo is one of the largest social media and network platforms in China. By July
2018, Weibo had over 431 million monthly active users.”

Our dataset includes all the geo-tagged Weibo posts of individuals located in Africa between
February and December 2014, which corresponds to about 94,000 messages written by around
9,000 individuals. Each post has detailed information on the user id, the date of the post,
geographic coordinates (latitude and longitude) of the post, post text, the location in China
where the user was registered, gender, user level, number of followers, number of friends, number
of replies, number of comments, and number of likes. Using Weibo data provides us with a
unique source of information that allows tracing of the disaggregated geographic distribution of
Chinese workers in Africa.

For the empirical analysis, the variable of main interest is the number of Weibo users who
are identified as workers in different sectors in a particular grid cell. We apply supervised
text analysis to search the content of each message in order to elicit whether the individual
is located in Africa for work or for other reasons (e.g., tourism), and to identify the sector of
employment of the individual. To encode the occupations of users, we construct a list of more
than 2,900 keywords which are closely related to industry sectors classified by International
Standard Industrial Classification of All Economic Activities (ISIC) Revision 4.10 A user is
classified as a worker if there is at least one word from this list in any of their posts or in
their user description. By the same logic, a user is allocated to a specific sector if a post or
user description has at least one word from the keyword list for this sector.'’ Appendix Table
D1 contains a list of variables constructed from this data set. We geo-localized all posts and
computed the number of users from different sectors instead of posts in a given grid cell. The
geographic distribution and intensity of Weibo posts in Africa is shown in Figure 1c. Figure 2
shows a map of the home regions of the Chinese individuals who published Weibo posts while

located in Africa and who are identified as workers (Weibo users who can be unambiguously

9Other studies that used these data include an investigation of happiness in China by Zheng et al. (2019) and
a study of state influence by Qin and Wu (2017). To our knowledge, ours is the first study to use Weibo data in
Africa and track the footprint of Chinese overseas activities.

0The detailed list is available upon request.

HEor simplicity and transparency, we adopt a binary coding depending on whether a key word appears in an
individual’s posts or not. This implies that the same individual can be assigned to more than one sector. In
principle, the assignment of individuals to a worker status and a particular sector is probabilistic. We refrain
from a more involved assignment procedure in light of the complications that would arise for estimation.
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associated with work-related information).!? Summary statistics are reported in Tables C1 and

C2 in the Supplementary Appendix, respectively.
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Figure 2: Chinese Prefectures of Origin of Weibo Users (Workers) in Africa

Note. The figure shows the prefectures of origin of Weibo users in Africa that can be associated with posts with
an unambiguous relation to work (workers) and the frequency for each Chinese prefecture.

We next investigate the role of malaria exposure for the distribution of Chinese economic

activities in Africa.

2.2 Malaria in Africa

Epidemiology of Malaria. Malaria is an infectious disease that is caused by Plasmodium
parasites and that is widespread in tropical regions around the world. Of the five existing
strains of Plasmodium parasites, Plasmodium falciparum is the most prevalent parasite in Africa
and is responsible for most malaria deaths worldwide.'® Plasmodium parasites can only be
transmitted by bites of infected female anopheles mosquitos, which transmit the parasite into
the human bloodstream. The reproduction cycle of the parasite takes place in both human
hosts and the vector. Malaria infections are associated with severe symptoms within seven to
eighteen days after infection.'* Malaria infections can lead to death of the infected individual
if not diagnosed and treated promptly. Other complications include severe anemia and cerebral
malaria. People who survive an acute malaria infection acquire partial immunity and resistance
to reinfection that is related with considerably milder symptoms (see, e.g., Lell et al., 2018).
Without continued exposure to malaria, this acquired partial immunity vanishes over time.
Malaria imposes substantial costs on both individuals and governments. Although malaria

deaths declined by 60 percent from 2000 to 2015 due to widespread prevention and treatment

12The corresponding map for Weibo users where this association of posts with work is not obvious (unidentified
Weibo users) can be found in Figure C1 in the Supplementary Appendix.

13 According to WHO (2017), more than 3.2 billion people live in areas at risk of malaria transmission in 106
countries. There were 216 million malaria cases which resulted in an estimated 445,000 deaths worldwide in 2016.
More than 90 percent of clinical cases and deaths worldwide occur in Africa.

“0Once an individual is infected, the parasite enters the bloodstream and travels to the liver, where it grows
and multiplies before re-entering the bloodstream and multiplying in the red blood cells. At regular intervals, the
infected blood cells burst, causing symptoms including fever, nausea, shaking chills, vomiting, and headaches.
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(WHO, 2015), malaria imposes substantial economic costs estimated to amount to US$12 billion

per year to Africa.

Latent Exposure to Malaria. Exposure to malaria is related to the prevalence of the par-
asite and of the anopheles vector, which also requires suitable geo-climatic conditions for repro-
duction.’® Anopheles mosquitoes lay their eggs in water, which hatch into pupae, eventually
emerging as adult mosquitoes. The length of this process is sensitive to temperature, with the
suitable temperature ranging from 14 to 28°C and a peak for the speed of the emergence of
adult anopheles mosquitos around 24°C (Lyons, Coetzee and Chown, 2013). Female anopheles
mosquitos require blood meals from vertebrate to nurture their eggs. During these blood meals
they transmit the parasite. This transmission is also temperature sensitive.

Given that the transmission speed and intensity on biological characteristics of the parasites
and mosquitoes and on climatic conditions, the literature has developed measures of malaria
exposure that are based on the local variation in conditions related to mosquito prevalence, types
and climate. A frequently used index, constructed by Kiszewski et al. (2004), uses biological
characteristics and climatic conditions to construct a measure of the force and stability of
malaria transmission. This time-invariant index measures the stability and force of malaria
transmission globally, as a function of the characteristics of the respective mosquito vectors for
malaria and climate conditions.!® The resulting time-invariant stability index implies that the
larger the index, the stronger the stability and force of the malaria transmission. According
to the epidemiology of malaria, malaria resistance (genetic and acquired) is higher in regions
historically most exposed to the disease. Hence malaria ecology is an indirect measure of the
level of immunity to malaria. The lower the malaria ecology index, the lower the exposure to
frequent and repeated malaria infections, and, correspondingly, the lower the resistance of the
adult population. Figure 3a depicts this index on a grid of 1° x 1° cells for the entire African
continent. At the cell level, the index ranges from 0 to 36.

To investigate the impact of the malaria ecology index on Chinese economic activities, we
consider a baseline specification in which the index enters linearly. In additional analyses, we use

variation of the index in various alternative ways, including a binary classification of malaria

15 Adult anopheles mosquitoes live for about 1-2 weeks during which the transmission is possible. In many
places, transmission is seasonal, with the peak during and just after the rainy season. The extrinsic incubation
period, reflecting the reproduction cycle, lasts from 10 to 21 days varying with the temperature.

'%In particular, the malaria ecology index developed by Kiszewski et al. (2004) is an ecology-based spatial
index of stability and force of malaria transmission. The index is constructed based on the characteristics of the
regional dominant vector mosquito and the sum of the transmission intensity index for each month. It consists of
three factors: (1) duration of the extrinsic incubation period for each month which is determined by the average
monthly temperature; (2) daily survival rate of mosquitos; (3) the biting rate of humans. The index is computed
as 25:1 a? P/ —In(pi,m), where m is month (1 - 12), i represents the identity of the locally dominant vector
mosquito, p is the daily survival rate (0 - 1), a is the preference for humans in terms of biting rate (0 - 1), E is
the length of the extrinsic incubation period in days. The time span of temperature is measured from 1901 to
1990.
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risk where we code cells as endemic or epidemic areas. This coding captures the emergence
of acquired immunities due to frequent exposure to malaria infections. In endemic areas, the
force and stability of malaria transmission implies a fairly constant exposure to malaria, so
that a relatively large portion of the local population exhibits acquired resistance or genetic
immunity. Where the exposure to malaria is more infrequent, acquired resistance or immunity
is much less prevalent, so when weather conditions that favor the transmission of the disease
occur, epidemic outbreaks of malaria follow. As a way to operationalize the latent risk of such
epidemic outbreaks, we construct a binary index for risk of malaria epidemics that takes value
one for cells with an average malaria ecology index greater than 0 and smaller than 15; cells with
a malaria ecology index of 15 and higher are coded as endemic areas. This classification follows
previous work (Cervellati et al., 2018; Cervellati, Esposito and Sunde, 2021). The respective

map is shown in Figure 3b.
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(a) Malaria Ecology (b) Malaria Risk
Figure 3: Malaria Exposure in Africa

Note. Panel (a) maps the spatial distribution of malaria ecology index in Africa. Darker shades indicate higher
and more stable malaria exposure. Panel (b) displays the degree of malaria risk in terms of endemic and epidemic
areas. Darker cells correspond to cells where malaria is endemic in terms of a malaria ecology index equal to or
greater than 15. Lighter cells correspond to cells where malaria is epidemic in terms of a malaria ecology index
greater than zero and smaller than 15. White cells correspond to cells with no malaria risk in terms of a malaria
ecology index equal to zero.

Risk of Epidemic Malaria Outbreaks. As proxy measure for the risk of epidemic malaria
outbreak, we combine the binary index of epidemic malaria exposure with information about the
occurrence of weather conditions that are necessary conditions for elevated malaria transmission

(Tanser, Sharp and Le Sueur, 2003).}7 As a proxy of epidemic outbreak risk, we construct a

"These are: (a) the average monthly rainfall during the past 3 months (the current month and the two previous
months) is at least 60mm; (b) rainfall in at least one of these three months is at least 80 mm; (c) none of the
past 12 months (the current month and the previous 11 months) had an average temperature below 5°C; and (d)
the average temperature in the past 3 months exceeds the sum of 19.5°C and the standard deviation of monthly
temperature in the past 12 months.

17



variable Malaria Suitable Months (MSM) that corresponds to the average number of months
per year in the period 1998 to 2012 during which a given cell experienced these conditions. The
resulting measure ranges from 0 to 12.!® Following the same logic of the binary definition of
endemic and epidemic areas, we construct a measure of outbreak risk by the interaction between
the average number of months with suitable climatic conditions for malaria outbreaks and the
binary indicator reflecting malaria epidemic cells that takes value 1 if the malaria ecology index
in a cell is smaller than 15 and greater than 0. This measure captures that cells with a lower
force and stability of malaria transmission, as reflected by the binary measure of epidemic areas,
are populated by a population that shows little or no resistance to malaria outbreaks. In such
an environment, malaria transmission spreads quickly once the climatic conditions for malaria

are satisfied.1?

Genetic Immunity to Malaria. While acquired resistance or immunity as consequence of
repeated malaria infections wears out over time, immunity can also be the result of genetic mu-
tations. In regions with high malaria exposure, malaria, and especially Plasmodium falciparum,
has exerted measurable selective pressure on the human genome that resulted in genetically
determined immunity (Kwiatkowski, 2005).

We use information for three different genetic mutations to measure the level of immunity
in the populations of local Africans and of Chinese workers: the sickle cell trait, the absence of
Duffy antigens, and glucose-6-phosphate dehydrogenase (G6PD) deficiency.

The sickle cell trait (HbAS) is a benign mutation that, for heterozygotes, has a protective
effect against all malaria phenotypes without being associated with protection against other
diseases or with negative health consequences in normal life (Taylor, Parobek and Fairhurst,
2012; Uyoga et al., 2019; Purohit et al., 2018).29 Data on the sickle cell trait is from Piel et al.
(2013) and measures the frequency of the sickle haemoglobin (HbAS) allele in 5x5 km areas.
The sickle cell trait is the most effective protective genetic factor against Plasmodium falciparum
malaria after a person has been infected (Ferreira et al., 2011). A low level of haem in the blood
of people carrying the sickle cell gene stimulates the production of an enzyme that breaks it
down and releases small quantities of carbon monoxide that kill the Plasmodium parasite. The
sickle cell trait has an evolutionary advantage where malaria infection is frequent.

The Duffy antigen, or Duffy receptor for chemokines, is a protein in the membrane of
red blood cells (erythrocytes) that plays an important role as receptor for the invasion by

Plasmodium parasites. Individuals without the Duffy antigen exhibit resistance to the outbreak

18The spatial distribution of Malaria Suitable Months in Africa is illustrated in Figure C2a in the Appendix.

19The spatial distribution of this measure is depicted in Figure C2b in the Appendix.

2°In contrast, homozygosity implies sickle cell anemia, which is a condition associated with high mortality,
particularly at young ages.
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of malaria (although not the infection). Data on the prevalence of the Duffy antigen negativity
in the population is obtained from Howes et al. (2011).

Finally, G6PD deficiency is a genetic disorder that provides significant protection against se-
vere, life-threatening malaria such as cerebral malaria for male but not female children (Guindo
et al., 2007). Data on the global predicted allele frequency for G6PD deficiency globally is
obtained from Howes et al. (2012). We compute the average of each index at the cell level.

These genetic disorders only provide partial immunity or resistance, and only for particular
groups of individuals. As an average measure of the prevalence of genetic resistance at the
1° x 1° degree cell level, we combine the measures at the cell level using a principal component

analysis. Figure 4 shows the corresponding map for Africa.?!
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Figure 4: Immunity Level - Principal Component

Note. The figure displays the first principal component of sickle cell trait and Duffy negativity in Africa.

Other Data. The empirical analysis also uses information about other cell characteristics
from various sources. The variables serve as control variables, for robustness checks, or for ex-
plorations of the mechanisms behind the main findings. They include, in particular, information
about the prevalence of other diseases such as HIV or the Tsetse fly that transmits trypanoso-
miasis, geographic and climatological variables, institutional and historical characteristics, and
information about anti-malaria policies. The different variables and the respective data sources

are described in Appendix Table C1 and Appendix Table C3 contains summary statistics.

21Gince for Africa, the distribution of G6PD displays a very similar geographic pattern to that of the malaria
ecology index and for the sickle cell trait, we compute the principal component of sickle cell trait and Duffy
antigen negativity only. Figure C3a displays the immunity level in terms of sickle cell in Africa and Figure C3b
displays the corresponding map for the prevalence of the absence of the Duffy antigen.
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3 Malaria and Chinese Activities in Africa

3.1 Empirical Strategy

We test the hypothesis that exposure to malaria has an influence on Chinese economic activities

in Africa. With 1° x 1° grid cells as unit of observation, the empirical framework is given by
Activity,;,. = «aMalaria Exposure,;,. + X::j/y + djr + €cjr (1)

with Activity,;, representing a continuous variable of the Chinese activity in cell ¢ in country
j and region r. As activities, we first focus on aid and infrastructure projects, and then on
the location of Chinese workers in Africa. The coefficient of main interest is «, which captures
the effect of malaria exposure on Chinese economic activities in cell c¢. Malaria Ezposure,,
is a continuous measure of the force and stability of malaria transmission index developed by
Kiszewski et al. (2004) in the baseline specification.

The vector X.;, contains geographic and economic control variables. The geographic controls
are average temperature and total precipitation in 2013, absolute latitude, land ruggedness,
natural logarithm of the distance to the country capital, to the coast and to China, average
land suitability for agriculture, the presence of petrol fields, and the presence of mines. Economic
controls include population in terms of In(population count+1) which corresponds to population
density at the cell level and is a proxy of market size, a proxy of the local development level in
terms of satellite-based data on night light intensity, In(night light intensity + 0.01), as well as
2G internet coverage and fibre cable coverage. In addition, we include various fixed effects 4, to
account for the effect of systematic variation in institutions, policies, and other related variables.
In some specifications, we include country fixed effects, d;, but as a baseline, we include fixed
effects at lower levels of spatial aggregation, J;,, namely at the level of administrative areas,
and at the level of cultural groups. To account for administrative areas, we constructed region
polygons using the GADM dataset, focusing on administrative region of level 1 (corresponding
to province), which allows us to associate cells with the location in one of 728 regions. For
constructing cultural group fixed effects, we rely on the maps constructed by Murdock (Murdock,
1959, 1967, Nunn, 2008). As baseline, we associated each cell with cultural groups by locating
the centroid of the cell within the cultural group polygon. This way, we associate each cell with
one of 105 cultural groups. We estimate the model using least squares. Robust standard errors
are computed allowing for spatial dependencies and arbitrary heteroskedasticity of the error
term of all cells in the baseline model.

In terms of identification, the usual assumptions of exogeneity of Malaria Exposure,;, in

7

the sense of orthogonality to the error term conditional on the control variables contained in
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Figure 5: Illustration of Fixed Effects for Region and Ethnic Groups

Note. The figure shows a zoomed-in map of West Africa to illustrate the construction of fixed effects for ad-
ministrative areas and cultural groups at the cell level. Blue polygons correspond to administrative areas at the
subnational level (level 1), black polygons correspond to cultural group homelands. Dots within cells correspond
to the geographic location of infrastructure projects.

the empirical framework (1) must be fulfilled. As our measure of malaria exposure is based
on variation in malaria ecology and in the latent malaria outbreak risk (which is related to
variation in weather conditions), reverse causality with respect to Chinese economic activities
in Africa is ruled out by construction. The greater concern for identification is the presence
of unobserved third factors that correlate with malaria exposure and foreign activities. These
could include general economic activity, or institutional or historical factors. To account for such
heterogeneity, the empirical framework includes an extensive set of geographic and economic
controls, controls for sub-national regions and cultural groups. In particular, confounders would
have to vary systematically above and beyond the administrative region and cultural group
fixed effects, which account for systematic heterogeneity in institutions and cultural factors at
a high resolution. Figure 5 provides an illustration of the identifying variation conditional on
administrative region and cultural group fixed effects.?? This constitutes a substantially more

demanding specification than accounting for country fixed effects. In robustness checks, we

22 Alternatively, we also constructed ethnic group fixed effects by associating each cell with the ethnic group
occupying the cell centroid, with similar results.
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present results for all cells, and when restricting the sample to grid cells with strictly positive

3 Moreover, some of the later analysis conditions on

values of the malaria ecology index.?
the overall level of Chinese foreign activities and focuses on the composition of the Chinese
workforce, which provides additional indirect evidence for the validity of the hypothesis, since
any confounding factor, beyond affecting Chinese activities in terms of projects or presence of

individuals, would have to account for the selection of Chinese workers from particular regions

in China.

3.2 Malaria and Chinese Projects in Africa

Table 1 presents the estimation results for the impact of malaria exposure, measured by the
malaria ecology index of the force and stability of malaria transmission, on Chinese aid projects
(Panel A) and on Chinese infrastructure projects (Panel B). The dependent variable in Columns
(1) and (2) is the value and the number of all projects of the respective type in a given cell. The
dependent variable in the remaining columns is the number of projects in different categories.
For the aid data in Panel A, we consider infrastructure projects, projects involving the presence
of Chinese personnel, ODA-like projects, and donations. For the contracted infrastructure
projects in Panel B, we present corresponding results for infrastructure projects across different
sectors: hydropower, public buildings, transports, and utilities. All results are obtained with
specifications that include the entire set of control variables and fixed effects for administrative
regions and cultural groups. The estimates report Conley (1999) standard errors accounting for
spatial autocorrelation for a cutoff of 500km in square brackets.?*

Focusing on the results for the aid data in Panel A, greater malaria exposure has a negative
impact on the aggregate value and number of aid projects. The effect is significant for the
value of projects, and highly significant when considering the number of projects. The results in
Columns (3)-(6) indicate that this negative effect pertains to different categories of aid projects,
but reveals considerable heterogeneity in terms of effect size. Malaria exposure has a significantly
negative effect on the number of infrastructure projects, projects involving Chinese personnel,
and ODA-like projects; these effects are quantitatively comparable and largest for ODA-like
projects, whereas the effect on donations is significantly smaller. The results are qualitatively
similar but statistically weaker when considering infrastructure projects contracted by Chinese

firms, as shown in Panel B. While the negative effect remains negative in all specifications, the

23Excluding the cells with malaria ecology index = 0 from the sample produces similar results. Cells with
a malaria ecology index = 0 are usually deserts and have a very low population density, which implies that
they do not add relevant variation regarding Chinese activities and the presence of Chinese workers. Additional
robustness checks also consider subsamples that exclude very thinly populated cells (in terms of the lowest one
or two deciles of the population density).

?4n view of the recent debate on the appropriate choice of cutoffs for spatial clustering (Kelly, 2019; Colella
et al., 2019), we experimented with different cutoffs ranging from 50km to 1,000km. The cutoff of 500km overall
delivered the most conservative estimates of standard errors.
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effect is statistically significant only for the number of all projects and for projects concerned
with public buildings. The smaller and less significant results in Panel B may be due to the
fact that infrastructure projects are financed from various sources, implying that the location
of the projects is affected also by other parties such as African governments, foreign countries,
and regional development banks. In comparison, aid projects in Panel A are financed by China,
which implies a potentially stronger strategic component to allocate projects considering the
exposure to malaria for Chinese personnel.

Instead of considering estimates for the full sample of cells, we replicated the analysis for the
sample of cells with a strictly positive malaria exposure in terms of the malaria ecology index.
Again, malaria exposure exhibits a negative effect on the number of projects, but estimates
are less precise and significant effects are only found for ODA-like aid projects and public

buildings.?®

3.3 Projects and Weibo Users

As a next step, we establish that Chinese activities in Africa are associated with the presence
of Chinese workers. In the following analysis, we use the number of Weibo users in a cell as
proxy for the presence of Chinese individuals in a particular region. Since Chinese individuals
working in Africa are relatively young and affine to social media like Weibo, information on the
location of posts offers a unique opportunity to overcome the problem of reliable and sufficiently
disaggregated data about the geographic location of Chinese workers.?6 Moreover, the analysis
exploits information on the number of users in each location rather than information on the
number of posts, because the frequency might be directly affected by individual exposure to
malaria.

To establish that Chinese projects in Africa, particularly projects related to infrastructure,
use Chinese workers, we regress the number of projects in a geographic cell on the number of
Weibo users located in the cell. This cross-validates the usefulness of Weibo data for locating
Chinese individuals and confirms the validity of the information that is used to classify Chinese
individuals as workers on the basis of the Weibo data.

The results are in Table 2 for aid projects (Panel A) and infrastructure projects (Panel B).

25Table Al in the Appendix reports the corresponding results. Similar results are obtained when focusing on
cells with high population density, see Appendix Table A2. Unreported results for a less restrictive specification
that accounts for country fixed effects rather than fixed effects for sub-national administrative regions and cultural
groups also deliver qualitatively similar estimates.

26 According to the official report of Sina Weibo (Weibo, 2015), more than 50% of all Weibo users in 2015 were
between 24 and 45 years of age, more than 90% were between 17 and 45 years of age, and 50% of Weibo users
were female. The gender distribution of Weibo users in our data set was 49.6% female and 50.4% male users.
In our data, we have no information on age, but according to hiring advertisements of Chinese companies doing
business in Africa, workers to be deployed in Africa are typically required to be younger than 45 years of age
(see, e.g., https://africa.rencaijob.com/).
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Table 1: Malaria Exposure and Chinese Projects in Africa

Panel A: Aid Projects

Dependent Variables Aid Projects Number of aid projects

Value Number  Infrastructure Involving Chinese = ODA-like  Donation
(1) (2) (3) (4) (5) (6)

Malaria ecology -1581.345%*  -0.254%** -0.140%** -0.173%** -0.182%**  _0.047***

(655.012) (0.064) (0.045) (0.052) (0.039) (0.017)

[588.724] [0.055] [0.035] [0.045] [0.034] [0.014]
Observations 2524 2524 2524 2524 2524 2524
R? 0.574 0.665 0.590 0.594 0.677 0.759
Panel B: Construction Projects
Dependent Variables Construction Projects Number of Projects in

Value Number Hydropower Public Building Transport Utility

Malaria ecology -90.858 -0.141%* -0.017 -0.073** -0.024 -0.026

(488.866) (0.062) (0.011) (0.035) (0.026) (0.016)

[321.502] [0.046] [0.013] [0.028] [0.021] [0.013]
Observations 2524 2524 2524 2524 2524 2524
R? 0.684 0.662 0.409 0.656 0.596 0.515
Both Panels:
Geographic Controls Yes Yes Yes Yes Yes Yes
Economic Controls Yes Yes Yes Yes Yes Yes
Admin. Area FEs Yes Yes Yes Yes Yes Yes
Ethnic Group FEs Yes Yes Yes Yes Yes Yes

Notes. OLS estimates. The unit of observation is a 1 x 1 degree cell. All continuous control variables are standardized. The
dependent variable is the total number of Chinese aid projects in Africa from 2010 to 2014, data from AidData (Panel A)
or number or value of the infrastructure projects in various sectors contracted by Chinese companies in Africa in 2013 from
Yearbook (Panel B). “Malaria ecology” is a time-invariant index measuring the stability and force of malaria transmission
in a cell. “Admin. Area FEs” represent (dummy) controls for level-1 administrative areas at the sub-national level from the
Database of Global Administrative Areas (GADM). “Ethnic Group FEs” represent (dummy) controls for cultural groups
as defined by Murdock (1967) (see also Nunn, 2008). “Geographic Controls” contain temperature, precipitation, latitude,
land ruggedness, distance to the country capital, to the coast and to China, agriculture suitability, petrol and mines.
“Economic Controls” include population, night lights, 2G internet coverage and Fibre cable area. Robust standard errors
are reported in parentheses. Conley (1999) standard errors are reported in square brackets (cutoff = 500 km). * p < 0.1,
** p < 0.05, ¥** p <0.01.

They confirm that a higher number of projects in a cell is associated with more Weibo users in
that cell. This effect is larger for Weibo users who can be unambiguously associated with work-
related information (workers) than for Weibo users where this is not possible (unidentified).
In a horse race, shown in Column (3), the effect of the presence of workers using Weibo is
significantly positive and about three times larger than the effect of the presence of Chinese
individuals that cannot be identified as workers using Weibo posts. In terms of effect size, an
increase of 50% (half a log point) in Weibo users in a cell is associated with about 0.25 more
infrastructure projects (which roughly corresponds to the unconditional mean of 0.26). While
these findings reflect a statistical association rather than a causal link, they establish the close
relationship between Chinese infrastructure projects and the presence of Chinese workers. If

malaria affects the presence of Chinese workers, it is therefore conceivable that it has an indirect

effect on the location of infrastructure projects.
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Table 2: Chinese Projects and Weibo Users

Panel A: Aid Projects
Number of Projects

(1) (2) (3) (4) (5) (6)
In Weibo user 0.532%** 0.475%**
(0.090) (0.085)
In Weibo user (worker) 0.776***  0.594%** 0.696***  (0.512%**
(0.134)  (0.127) (0.118)  (0.104)
In Weibo user (unidentified) 0.187** 0.196**
(0.079) (0.082)
Observations 2542 2542 2542 2524 2524 2524
R? 0.307 0.319 0.322 0.695 0.700 0.701

Panel B: Construction Projects
Number of Projects

(1) (2) (3) (4) (5) (6)
In Weibo user 0.405*** 0.284 %%
(0.087) (0.070)
In Weibo user (worker) 0.600%**  0.517%** 0.396***  (0.298***
(0.137) (0.129) (0.107) (0.103)
In Weibo user (unidentified) 0.085 0.105
(0.064) (0.066)
Observations 2542 2542 2542 2524 2524 2524
R? 0.251 0.263 0.264 0.678 0.678 0.679
Both Panels:
Geographic Controls Yes Yes Yes Yes Yes Yes
Economic Controls Yes Yes Yes Yes Yes Yes
Country FEs Yes Yes Yes No No No
Admin. Area FEs No No No Yes Yes Yes
Ethnic Group FEs No No No Yes Yes Yes

Notes. OLS estimates. The unit of observation is a 1 x 1 degree cell. All continuous control variables are standardized. The
dependent variable is the total number of Chinese aid projects in Africa from 2010 to 2014, data from AidData (Panel A)
or number or value of the infrastructure projects in various sectors contracted by Chinese companies in Africa in 2013 from
Yearbook (Panel B). The independent variable “ln Weibo users (workers)” is the logarithm of the Weibo users identified
as worker plus one in Africa in 2014 and “In Weibo users (unidentified)” is the logarithm of the Weibo users unidentified
plus one in Africa in 2014. “Geographic Controls” contain temperature, precipitation, latitude, land ruggedness, distance
to the country capital, to the coast and to China, agriculture suitability, petrol and mines. “Economic Controls” include
population, night lights, 2G internet coverage and Fibre cable area. “Admin. Area FEs” represent (dummy) controls for
level-1 administrative areas at the sub-national level from the Database of Global Administrative Areas (GADM). “Ethnic
Group FEs” represent (dummy) controls for culture groups as defined by Murdock (1967) (see also Nunn, 2008). Robust
standard errors are reported in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01.

3.4 Malaria and the Presence of Chinese Workers in Africa

We now investigate the hypothesis that malaria exposure affects projects through its influence
on the physical presence of Chinese workers in Africa. We test our conjecture by adapting the
empirical framework (1) to the use of Weibo data as a proxy of Chinese economic activities. In
particular, as a measure of Activity,; we use the log of Weibo users (workers) in a cell in 2014,
The remaining specification is the same, except that control variables are also measured in 2014
for consistency.

Table 3 presents the results for malaria exposure in terms of the malaria ecology index for
different specifications of the empirical model for the full sample (Panel A) and for the sample

of cells with a strictly positive malaria ecology index (Panel B). The estimates provide evidence
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for a significant negative effect of malaria exposure on the presence of Chinese workers in a cell,
consistent with the conjecture that a harsher disease environment discourages Chinese activities
that require Chinese workers.?”

The result that malaria exposure affects the location of Chinese workers raises the question
whether this might indeed be the channel behind the earlier results on the effect of malaria
exposure on the location of Chinese aid and infrastructure projects. In fact, additional results

from an extended specification suggest that the presence of Chinese personnel largely accounts

for the effect of malaria exposure on Chinese projects.?®

Table 3: Malaria and Weibo Users Identified as Workers - Linear Specification

Dependent Variables In Weibo users (workers)
(1) 2) 3) (4)
Panel A: Full Sample
Malaria ecology -0.034%*  -0.142%FF  _(0.172%F*  _0.205***
(0.014) (0.033) (0.033) (0.030)
[0.034] [0.041] [0.035] [0.030]
Observations 2542 2524 2524 2524
R? 0.002 0.596 0.625 0.704
Panel B: Cells with Malaria Ecology > 0
Malaria ecology SO17THFE_0.243%FFF 0 _0.241%FF  _(0.192%**
(0.023) (0.057) (0.068) (0.057)
[0.036] [0.067] [0.063] [0.049]
Observations 1621 1609 1609 1609
R? 0.041 0.648 0.678 0.777
Controls:
Geographic Controls No No Yes Yes
Economic Controls No No No Yes
Admin. Area FEs No Yes Yes Yes
Ethnic Group FEs No Yes Yes Yes

Notes. OLS estimates. The unit of observation is a 1 x 1 degree cell. All continuous control variables are standardized.
The dependent variable “In Weibo users (workers)” is the logarithm of the Weibo users identified as workers plus one in
Africa in 2014. “Malaria ecology” is a time-invariant index measuring the stability and force of malaria transmission in a
cell. “Geographic Controls” contain temperature, precipitation, latitude, land ruggedness, distance to the country capital,
to the coast and to China, agriculture suitability, petrol and mines. “Economic Controls” include population, night lights,
2G internet coverage and Fibre cable area. “Admin. Area FEs” represent (dummy) controls for level-1 administrative
areas at the sub-national level from the Database of Global Administrative Areas (GADM). “Ethnic Group FEs” represent
(dummy) controls for culture groups as defined by Murdock (1967) (see also Nunn, 2008). Robust standard errors are
reported in parentheses. Conley (1999) standard errors are reported in square brackets (cutoff = 500 km). * p < 0.1, **
p < 0.05, ¥** p < 0.01.

3.5 Robustness and Additional Results

Alternative Specifications. To investigate the robustness of the finding of a negative ef-
fect of malaria exposure on the presence of Chinese workers, we conducted several alternative

analyses. In particular, the finding of a negative effect of malaria exposure on the presence of

2TResults for similar further restrictions on the sample as in the analysis of projects are reported in Table A3.
283ee Appendix Table A4.
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Chinese activities in a given cell in Africa are also robust to alternative estimation methods.?’
The results are also robust to the use of Weibo posts by all individuals and not just those by
individuals who are identified as workers.?? Earlier work has emphasized the role of disease
for the formation of precolonial institutions, population density, or economic activity (see, e.g.
Alsan, 2015). When investigating the respective analysis for precolonial institutions, we find
no evidence for an effect of malaria exposure on centralization or historical development as
measured by population density, intensive agriculture, or plow use.3! We also investigated the
role of malaria ecology for economic development, proxied by night light density. The results
indeed suggest a negative association. At the same time, however, a sensitivity analysis reveals
that the results are very similar regardless of whether night lights are included as control for
the level of economic development in a cell.>> We also extended specifications with controls for
the prevalence of other diseases such as HIV or vectors of other diseases such as the Tsetse fly
that transmits trypanosomiasis. The result of a negative effect of malaria ecology is confirmed,
while neither HIV nor Tsetse suitability have a significant effect on Chinse activities.?> We also
replicated the results for extended specifications that account for a variety of other control vari-
ables.?* Throughout, we find a consistently negative effect of malaria exposure on the presence
of Chinese personnel.

To account for possibly non-linear effects of malaria exposure, we replicated the estimates for
log number of Weibo users (workers) using a semi-parametric specification for malaria exposure
with value 15 as the reference category, and controlling for country fixed effects and geographic
and economic characteristics. The results reveal a visible decline in the presence of Chinese
workers the higher the level of malaria exposure in terms of higher levels of the malaria ecology
index and provide no evidence for strong non-linearities in the effect.?® These results suggest
that using a linear specification or a specification with a binary indicator that classifies cells
into endemic and epidemic, with endemic cells exhibiting a malaria ecology index larger than
15 and epidemic cells exhibiting a positive value below 15, should deliver qualitatively similar
results. To further explore the robustness of the results, which are based on cross-sectional

variation in malaria exposure as measured by the malaria ecology index, we also conducted

29Table A5 in the Appendix replicates the analysis using a binary variable for the extensive margin of Chinese
activities in terms of any project or Weibo post in a given cell or not. Unreported results for Tobit regressions
that account for censoring of projects and Weibo posts at 0 are qualitatively similar.

39See Table A6 for the corresponding results for all Weibo users.

31See Appendix Table A7 for details.

32Gee Tables A8 and A9 in the Appendix.

33The results are shown in Appendix Table A10.

34Gee Table A1l in the Appendix.

35See Appendix Figure Al. Geographic characteristics include average temperature, total precipitation, ab-
solute latitude, land ruggedness, natural logarithm of the distance to the country capital, to the coast and to
China, average land suitability for agriculture, the presence of petrol fields, and the presence of mines. Economic
characteristics are log(population count + 1) and log(night light intensity + 0.01).
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additional exercises that make use of alternative measures in malaria exposure. The results for

other cross-cell measures of malaria risk deliver similar findings.3°

Exposure to Epidemic Malaria Outbreaks. For additional insights regarding the hetero-
geneity of the effect across cells and their sensitivity to outside conditions, we also explored
the robustness of the results by considering variation in the exposure to epidemic malaria out-
breaks. To do this, we adapt the approach taken by Cervellati, Esposito and Sunde (2021) and
consider the sensitivity to the occurrence of suitable weather conditions in the context of a local
population that shows little or no resistance to malaria outbreaks. This analysis is based on
the conjecture that the effect might differ across cells with high malaria exposure and cells with
less frequent exposure and a population with less acquired resistance that is more susceptible to
epidemic outbreaks. To investigate this conjecture, we estimate an extended specification that
accounts for endemic malaria exposure, in terms of a malaria ecology index of 15 and above,
the long-run frequency of suitable weather conditions for epidemic outbreaks (malaria suitable
months), and an interaction of epidemic exposure (an index below 15) with the frequency of
suitable weather conditions. The findings confirm a negative effect of high malaria exposure
(endemic malaria) on the presence of Chinese workers. In addition, the results show an ad-
ditional negative effect in epidemic areas that experience suitable conditions for an immanent
epidemic outbreak of malaria.3”

The conjecture that malaria exposure affects Chinese foreign activities is based on the hy-
pothesis that the presence of Chinese firms and, in particular, personnel, is prevented by the
overall malaria exposure in certain regions. Correspondingly, the main analysis relies on cross-
cell variation, and the corresponding results refer to structural heterogeneity that affects foreign
activities in the long run. Short run fluctuations, such as epidemic outbreaks of malaria, are not
expected to affect the overall strategy of Chinese activities. Instead, the results suggest that
firms avoid certain areas. However, there might be even short-run variation in the presence
of Chinese activities is related to temporal variation in malaria exposure. Part of the effect
might come from concentrating activities in malaria-prone areas to the less risky periods of
the year. The sub-period effect can be explained by firms avoiding certain seasons that entail
elevated health risks for their workers. However, we do not expect an analysis using variation
within cells over short periods of time to show a similarly pronounced pattern as a cross-cell

analysis, because temporal adaptation is not always possible in view of large projects that often

36See Appendix Table A12.

37See Appendix Table A13. In particular, in comparison to cells with no malaria exposure, cells with endemic
malaria (i.e., large positive values of the malaria ecology index), have fewer Chinese workers as measured by
Weibo posts, consistent with the findings from the linear specification. This effect is amplified by malaria risk,
as measured by the interaction between malaria suitable conditions and epidemic exposure (i.e., a positive but
comparably low value of the malaria ecology index).
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take years to realize and where operations and equipment cannot simply be suspended or left
temporarily.

To explore whether the negative effect of malaria exposure is also detectable by exploiting
within-cell variation within the observation period we estimated a difference-in-differences anal-
ysis that extends the analysis to variation in the exposure to epidemic malaria outbreaks. Since
the Weibo data are only available for the period February—December 2014, this analysis makes
use of the interaction between the extent of malaria exposure and the occurrence of suitable
conditions for the outbreak of malaria epidemics, following a similar approach as Cervellati,
Esposito and Sunde (2021). In particular, we split the period in 2014, for which information on
Weibo users is available, into two sub-periods and conduct the equivalent analysis in a panel
with two periods. Again, the results reveal a negative effect on the presence of Chinese per-
sonnel if the risk of epidemic malaria outbreaks is elevated by the coincidence of a non-resilient
population (in malaria epidemic cells) and suitable weather conditions for malaria outbreaks

(malaria suitable months).3®

Presence of Chinese Workers Conditional on Projects. To further investigate the con-
cern of unobserved third factors that might correlate with both malaria exposure and foreign
activities, we also explored whether the influence of malaria exposure affects the presence of
Chinese personnel exclusively through the allocation of projects, or whether there is an effect
on the presence even when holding the number of projects fixed. This analysis allows us to dis-
entangle the relationship between malaria exposure and the presence of Chinese individuals as
reflected by Weibo posts while holding fixed the overall intensity of Chinese activities in terms
of projects in a given cell in Africa. While using projects as explanatory variable might raise
concerns about potential endogeneity through a problem of “bad controls”, it is nevertheless
insightful by documenting the robustness or sensitivity of the previous results.

Table 4 shows the results for an extended specification that accounts for aid projects and
infrastructure projects (both in terms of value and number). The findings reveal that the
negative relationship between malaria exposure and the presence of Chinese workers as proxied
by Weibo posts is robust with respect to controlling for value or number of aid projects. In
fact, the conditional correlation is quantitatively very similar to the baseline results. At the
same time, a larger value or number of projects is associated with a significantly larger number
of Chinese workers.?? Taken together, this suggests that the realization of projects is linked

to the presence of Chinese personnel, but that malaria exposure continues to exert a negative

38See Appendix Table A14. Notice that this specification exploits variation between two half-year periods in
2014 and is very taxing in terms of the variation that can be used for identification. This prevents the use of
higher frequency data and restricts the analysis to the consideration of country and period effects.

39These results complement the corresponding finding that Chinese personnel largely accounts for the effect of
malaria exposure on Chinese projects, see Appendix Table A4.
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effect on the presence of Chinese workers even when controlling for projects. This finding is
reassuring since projects should account for unobserved factors that might influence Chinese
activities in general, such as variation in institutional quality or economic activity. This finding
also rationalizes that adverse conditions in terms of malaria exposure might have a less direct
effect on Chinese projects than on the presence of Chinese personnel if it is possible to substitute
local workers for Chinese workers. This might vary, e.g., across projects that differ in terms
of their skill-intensiveness, which might be linked to a greater reliance on Chinese personnel.
In sum, the finding of a negative effect of malaria exposure on the presence of workers above
and beyond projects raises the question about the substitution of Chinese personnel with other
workers, and about other potential mechanisms that lead to a varying degree of the intensity
with which Chinese workers are used in the realization of projects. We turn to this issue and
other attenuation mechanisms in the next section.

Table 4: Malaria and Weibo Users Identified as Workers — Conditional on Chinese Projects

Dependent Variables In Weibo users (workers)
(1) (2) (3) (4) (5) (6)

Malaria ecology -0.204%%FF 0. 187FF*  _0.181***  -0.166%*FF  -0.183***  -(.178%**

(0.029) (0.028) (0.026) (0.028) (0.027) (0.028)
Project value 0.134%%*

(0.049)
Project number 0.164%**

(0.044)
Value of aid projects 0.147*%*
(0.024)
Number of aid projects 0.242%**
(0.048)
Value of infrastructure aid projects 0.1471%%*
(0.024)
Number of infrastructure aid projects 0.166***
(0.029)

Observations 2524 2524 2524 2524 2524 2524
R? 0.712 0.718 0.720 0.735 0.719 0.723
Controls:
Geographic Controls Yes Yes Yes Yes Yes Yes
Economic Controls Yes Yes Yes Yes Yes Yes
Admin. Area FEs Yes Yes Yes Yes Yes Yes
Ethnic Group FEs Yes Yes Yes Yes Yes Yes

Notes. OLS estimates. The unit of observation is a 1 x 1 degree cell. All continuous control variables are standardized. The
dependent variable “In Weibo users (workers)” is the logarithm of the Weibo users identified as worker plus one in Africa
in 2014. “Malaria ecology” is a time-invariant index measuring the stability and force of malaria transmission in a cell.
“Project value” and “Project number” are the value and number of the infrastructure projects in various sectors contracted
by Chinese companies in Africa in 2013 respectively. “Aid projects” are the total value and number of Chinese aid projects
in Africa from 2010 to 2014. “Infrastructure aid projects” are the Chinese aid projects in Africa from 2010 to 2014
for the purpose of infrastructure construction. “Geographic Controls” contain temperature, precipitation, latitude, land
ruggedness, distance to the country capital, to the coast and to China, agriculture suitability, petrol and mines. “Economic
Controls” include population, night lights, 2G internet coverage and Fibre cable area. “Admin. Area FEs” represent
(dummy) controls for level-1 administrative areas at the sub-national level from the Database of Global Administrative
Areas (GADM). “Ethnic Group FEs” represent (dummy) controls for culture groups as defined by Murdock (1967) (see
also Nunn, 2008). Robust standard errors are reported in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01.
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4 Attenuation Mechanisms

4.1 Chinese Workers and Immunity of the Local Population

The findings in the previous section revealed effects of malaria exposure on Chinese infrastruc-
ture projects, and in particular substantial and significant effects on the presence of Chinese
workers. In this section we explore various mechanisms and moderating factors that attenu-
ate the effects of malaria exposure. These mechanisms are based on the premise that malaria
infections lower the labor productivity and imply higher labor costs due to higher turnover.

To explore this, we first investigate heterogeneity in the effect across sectors. The motivation
for this is that sectors differ in terms of the intensity with which they use specific skills or raw
labor, and hence in terms of the potential to substitute Chinese workforce with local workforce.
If the local population has adapted to a more intense exposure to malaria, this implies that
projects can be scheduled and executed more easily due to the lower risk of epidemic malaria
outbreaks, which might reduce the sensitivity of Chinese activities, and particularly of the
presence of Chinese workers, to malaria exposure. This attenuation is expected to be less
pronounced in the case of Chinese individuals entering a particular region for other reasons
than work. Moreover, in a particularly malarious region, a project might be implemented in
spite of the malaria risk by employing fewer Chinese workers if the elasticity of substitution is
high and malaria immunity is high among the local population.

Table 5 presents estimates of the effect of malaria exposure on the presence of Chinese work-
ers in Africa in relation to the immunity of the local African population to malaria infections.
The results in Column (1) confirm the earlier results regarding a negative effect of malaria ex-
posure on the presence of Chinese workers. Overall, this effect is unaffected by the prevalence of
genetic immunity of the local (African) population. The remaining columns present results for
heterogeneity across sectors by classifying the Weibo users that are identified as workers into
five sectors: construction, manufacturing, business, hydropower and telecommunication. The
results reveal the largest negative effect of malaria exposure for construction, manufacturing and
business. For these sectors, the immunity of the local population does not exhibit a significant
effect. In contrast, for hydropower and telecommunication, the effects of malaria ecology are
smaller, while a higher prevalence of immunity among the local population exerts a negative
effect that is marginally significant. These results suggest that the immunity of local workers
does not attenuate the presence of Chinese workers in construction projects, manufacturing or
business projects, but there is a negative effect in hydropower and telecom. Unreported results
for interaction effects do not provide evidence for a substitution effect. At the same time, the

heterogeneity in the effects parallels those on heterogeneity in the effect of malaria on Chinese
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activity in different sectors, particularly in hydropower and public buildings (see Table 1).

A possible explanation for this pattern is heterogeneity in the skill intensity. Since data on
skill intensity across sectors for Africa are not available, we rely on information provided by the
OECD to classify sectors by skill intensity in non-OECD economies. Based on this information,
skill intensity is relatively low in manufacturing, construction and business, but high in elec-
tricity (including hydropower) and communication.*® Interestingly, qualitatively similar results
for malaria ecology, but substantially larger coefficient estimates for the prevalence of immu-
nity in the African population are obtained for less restrictive specifications that account for
country fixed effects or for country and cultural group fixed effects, but not for administrative
region fixed effects.*! This could be an indication for a greater substitution of Chinese person-
nel with local workforce, which is mainly related to skill composition and which varies across
administrative regions. Overall, the results are therefore consistent with the hypothesis that
the effect of malaria on the presence of Chinese personnel is smaller for projects in sectors that
are skill-intensive and rely relatively more on Chinese technicians, experts and managers than
projects in other sectors (Chen, Goldstein and Orr, 2009; Tang, 2016). In line with this conjec-
ture, the presence of Chinese workers is affected less by malaria ecology in cells with projects
in hydropower and telecom. In addition, a greater immunity of the local population exerts a
negative, marginally significant effect on the presence of Chinese workers in these sectors, which
suggests a greater elasticity of substitution under difficult working conditions for skilled work-
ers. Overall, these results are also consistent with findings in the literature (Tang, 2010) that
the share of local employment in Chinese companies is usually the highest in manufacturing
sector.?

These findings are confirmed when considering alternative measures of immunity of the
local African population. In particular, unreported findings suggest that the prevalence of
immunity against malaria of the local population has a negative effect on the presence of Chinese
workers, to a varying degree, in manufacturing, construction and business. The results are
also confirmed for the non-linear specifications within the subsample of cells that are at risk
of malaria transmission. Again, a greater prevalence of genetic immunity among the local
population further reduces the presence of Chinese workers. Additional results suggest that
this substitution effect is not found for sample of Weibo users that reveal no obvious connection

to work (unidentified), while the main effect of malaria exposure is negative and at least as

40T his refers to the average skill intensity across different sectors in Argentina, Bulgaria, Cyprus, Peru, Roma-
nia, and South Africa, see https://stats.oecd.org/Index.aspx?DataSetCode=SKILLS_2018_INDUSTRY. Skill
intensity comprises Basic Skills (content), Basic Skills (Process), Complex Problem Solving Skills, Technical
Skills, System Skills, Resource Management Skills, and the average of all skills. To proxy for the skill-intensity in
the business sector, we refer to data from the OECD sector Wholesale and Retail Trade, while for Hydropower,
we examine the skills in OECD sector Electricity, Gas, Steam, Water Supply and Water Management.

41Gee Tables A15 and A16 in the Supplementary Appendix.

42We abstract from mining since mines are used as collateral for loans from China.
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large as for workers. Together, this suggests that any presence of Chinese individuals, even
not work-related, is negatively affected by malaria exposure, while the substitution effect is
mainly confined to work-related presence. The opposite effects of the prevalence of genetic
immunities, which emerged in response to the past exposure to the pathogen, in regions of
origin and destination of Chinese Weibo users on their location in Africa provides additional
evidence for the specific role of malaria exposure in contrast to other location-specific correlates
or confounders. Additional results based on information about leisure or leisure-related activities
in Weibo posts reveal similar patterns. In particular, the elasticity of the presence of Chinese
individuals in a cell with respect to the exposure to malaria is considerably smaller but still
negative for individuals that are identified with work but whose posts contain no leisure-related

activities when compared to posts by workers that contain references to leisure.?3

Table 5: Chinese Workers and the Immunity of the Local Population

Dependent Variable In Weibo users (workers) in

All Sectors  Construction Manufacturing Business Hydropower  Telecom

1) (2 3) (4) (5) (6)

Malaria ecology -0.178*** -0.102%** -0.117*** -0.107*** -0.043*** -0.037***

(0.030) (0.021) (0.024) (0.022) (0.014) (0.011)
African immunity 0.049 -0.026 0.005 0.006 -0.047* -0.048*

(0.062) (0.044) (0.047) (0.046) (0.027) (0.025)
Observations 2022 2022 2022 2022 2022 2022
R? 0.721 0.662 0.679 0.650 0.587 0.587
Geographic Controls Yes Yes Yes Yes Yes Yes
Economic Controls Yes Yes Yes Yes Yes Yes
Admin. Area FEs Yes Yes Yes Yes Yes Yes
Ethnic Group FEs Yes Yes Yes Yes Yes Yes

Notes. OLS estimates. The unit of observation is a 1 x 1 degree cell. All continuous predictor variables are standardized.
The dependent variable “In Weibo users (workers)” is the logarithm of the Weibo users identified as worker plus one in
Africa in 2014. “Malaria ecology” is a time-invariant index measuring the stability and force of malaria transmission in a
cell. “African immunity” is the principal component of the shares of the local African population that exhibit resistance
in terms of the sickle cell traits or the negative Duffy antigen. “Geographic controls” contain temperature, precipitation,
latitude, land ruggedness, distance to the country capital, to the coast and to China, agriculture suitability, petrol and
mines. “Economic controls” include population, night lights, 2G internet coverage and Fibre cable area. “Admin. Area
FEs” represent (dummy) controls for level-1 administrative areas at the sub-national level from the Database of Global
Administrative Areas (GADM). “Ethnic Group FEs” represent (dummy) controls for culture groups as defined by Murdock
(1967) (see also Nunn, 2008). Robust standard errors are reported in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01.

4.2 Region of Origin and Immunity of Chinese Workers

A different attenuation mechanism relates to the immunity of Chinese workers. The Plasmodium
falciparum strain, the most harmful malaria strain and the most widespread in Sub-Saharan
Africa, was endemic throughout all the south of China (Tang, Qian and Xu, 1991), other
strains, like malaria vivax, were also seasonally prevalent in North China. Transmission was

facilitated by suitable climatic conditions and by the presence of Anopheles with the required

43See Table A17 in the Appendix.
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characteristics. As consequence of numerous eradication campaigns implemented by the Chinese
government starting in the 1950s and lasting until the 1990s, falciparum is endemic only in the
very Southern part of the country (Gething et al., 2011). This implies that Chinese workers from
regions in China that had a high malaria exposure historically, such as Hainan and Yunnan,
exhibit a relatively higher level of resistance to malaria infections than workers from other
regions in China due to similar adaptation mechanisms as mentioned before for the African
population. Hence, if malaria exposure in Africa affects Chinese activities, one would expect
sorting of workers, with Chinese workers from regions with high exposure to be more frequently
employed in areas in Africa that exhibit high malaria exposure.*4

Malaria Exposure in China and in Africa. To investigate this issue, we make use of the
information about the home region of Chinese workers from the Weibo data and consider the
very same index for exposure to malaria, which focuses on Plasmodium falciparum, for China
that is used for Africa. This implies that immunity that is acquired through high exposure early
in life refers to the same strain of malaria. Moreover, we consider the role of immunity among
Chinese workers, as proxied by the prevalence of the corresponding genetic disorders in Chinese
prefectures. Figure 6 depicts the distribution of the summary measure of immunity based on
a principal component analysis of malaria exposure in terms of the malaria ecology index and
the G6PD deficiency across Chinese prefectures.*® Considerable exposure (and resistance) to

malaria is mainly restricted to the South.

Immunity (Princi. Compo.)
m=2.74-4.03
m=1.89-273

Figure 6: Immunity Level in China — Principal Component

Note. The figure displays the principal component of the level of immunity to malaria measured by the malaria ecology
index and by G6PD deficiency in Chinese prefectures.

44While malaria has been widespread in China historically, with up to 30 million diagnosed per year in the
1940s, recent elimination campaigns have reduced malaria incidence significantly and eliminated it entirely with
exception of few provinces such as Hainan and Yunnan, see Lai et al. (2016).

4SFigure C4a plots the exposure to malaria as reflected in the Malaria Ecology Index for Chinese prefectures
and Figure C4c depicts the spatial distribution of the frequency of G6PD deficiency in China. For China, we
lack information for the prevalence of the absence of the Duffy antigen. Moreover, the prevalence of the sickle
cell trait is almost zero in China as shown in Figure C4b. In the principal component analysis for China, we
therefore use malaria ecology and G6PD prevalence.

34



To test the hypothesis that a greater level of immunity among Chinese workers is associated
with a smaller sensitivity of the presence of Weibo users to malaria exposure, we estimate the

empirical model
Locationipejm = BImmunity,, + X;p'y + 05 + 0 + 0+ XNjm + Prm + €ipejm (2)

with Locationpej, denoting the malaria exposure in cell ¢ in an African country j in which a
Weibo user (worker) i from a Chinese prefecture p (in province r) is located during the month m
in which the Weibo posts by user i is largest among the months he stayed in cell c. As a baseline,
we use the malaria ecology index, in robustness we also use the binary variable that takes value
1 if cell ¢ is malaria-endemic (malaria ecology index equal to or greater than 15). Immunity,,
is a measure of average immunity to malaria in user i’s prefecture of origin, p, in China. We
use two of the indices discussed in Section 2.2 — malaria ecology and G6PD deficiency — to
measure the level of immunity to malaria in a Chinese prefecture.*S In addition, we construct
a composite indicator of immunity using principal component analysis for malaria ecology and
G6PD deficiency. As the principal component reflects the overall degree of immunity, we expect
it to have the strongest effects on our outcomes of interest. Xj;, is a vector of controls for
individual characteristics and home prefecture characteristics. Individual characteristics include
sex, the number of followers on Weibo, the number of friends on Weibo, user level which reflects
a user’s active days on Weibo, and the number of Weibo posts a user posted in Africa in 2014.
Controls for prefecture characteristics include population, share of tertiary sector, GDP per
capita, and GDP growth. The specification also controls for country fixed effects J;, Chinese
province fixed effects 6,., as well as month fixed effects 7,,. We also include more flexible country
x month fixed effects, Aj;,, and province x month fixed effects, p,,,, depending on the model
specifications. The standard error €;,.jm is clustered at the Chinese prefecture level which is the
level at which the immunity level of users exhibits variation. The OLS regression is weighted by
the inverse of the number of Weibo users (worker) in a cell to treat every individual equally.*”

Table 6 shows the estimation results for the exposure to malaria in a Weibo user’s location
in Africa, as measured by the malaria ecology index for the cell (Panel A), or by whether
malaria is endemic in the cell (Panel B), for different specifications of the empirical model
in the different columns. All columns control for individual characteristics from information
in the Weibo account. The results in Columns (1) and (2) reveal that the level of acquired

immunity to malaria as proxied by the level of the malaria ecology index in the Weibo user’s

46We do not use the prevalence of the sickle cell trait since the prevalence is very low across Chinese prefectures
and there is essentially no variation.

4TThe purpose of weighting is to rule out the possibility that the results are driven by the fact that population
size and immunity level of malaria in southern China is large and that, therefore, there are more Chinese workers
with higher levels of immunity in malaria-endemic regions in Africa.
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home prefecture has a significantly positive effect on the exposure to malaria in the users’
location in Africa. The specification in Column (2) includes country x month and province
x month fixed effects to account for all observed and unobserved Africa country specific and
Chinese province-specific determinants of a users’ location of deployment in Africa in a given
month. In terms of magnitude, the coefficients of malaria exposure in Columns (1) and (2) of
Panel B imply that a one standard deviation increase in the exposure to malaria in the user’s
home prefecture increases the probability that a Weibo user (worker) works in malaria-endemic
regions by 4%. Notice that this analysis compares across cells with different exposure in Africa
and shows that Chinese workers who experienced higher exposure in their home prefectures in
China are located in cells in Africa with greater malaria exposure on average. To the extent that
these results refer to the same measure of exposure to (falciparum) malaria, this is indicative of
sorting based on malaria resistance. These results are confirmed for alternative measures. The
coefficient of “Genetic immunity (G6PD, China)” in Columns (3) and (4) is also positive and
even larger in size. Columns (5) and (6) display similar results for the alternative measure of
malaria immunity in a user’s home prefecture in China, using a principal component measure.*8
Malaria Exposure in Africa and Selection of Chinese Workers. Another way to test
the hypothesis that a greater level of immunity among Chinese workers is associated with a
smaller sensitivity of the presence of Weibo users to malaria exposure is to regress the exposure
in an individual Chinese worker’s home prefecture on the malaria exposure in the cell in which
the worker