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Abstract

A large body of work highlights that early-life conditions shape adult outcomes. However, most
of this evidence comes from developed economies where safety nets are robust. Moreover, much
of the existing literature focuses on broad, economy-wide shocks, with limited attention to sector-
specific disruptions. This study addresses these gaps by investigating the long-term effects of
early-life exposure to an agricultural epidemic in a low-income setting with weak social pro-
tection. Specifically, I examine the long-term impact of the cocoa swollen shoot virus disease
(CSSVD) epidemic, which devastated the Gold Coast’s (now Ghana) cocoa sector in the 1940s.
The CSSVD caused severe yield and income losses and led to compulsory cocoa farm destruction
in an environment with little institutional support. Using historical archives and georeferenced
survey data, I exploit variation in exposure to the epidemic based on birth timing and ecological
suitability for cocoa cultivation to estimate its long-term effects on human capital and labor mar-
ket outcomes. I find that early-life exposure to the epidemic is associated with persistent human
capital deficits. Affected children experienced a 1.1-year loss in schooling (a 23 percent reduction)
and a 9.3 percentage point (pp) reduction in attaining any level of formal education (17 percent
reduction). They also exhibited a 5.8 pp higher likelihood of morbidity (an 18.8 percent increase)
and a 4.6 pp higher probability of living with a disability in adulthood (a 25.7 percent increase).
The epidemic, however, had no robust, consistent long-term effects on labor market outcomes.
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I. Introduction

Why do some individuals thrive while others struggle, even when they grow up in the same
country or community? According to the Fetal Origins Hypothesis (FOH), part of the
answer may lie in the conditions they faced during early childhood or even before they
were born. The FOH, formalized by Barker (1990), posits that environmental conditions
and exposures during the prenatal period can cause permanent changes in an individual’s
health, cognitive development, education, and economic wellbeing.! The premise is that
fetal development is a critical window during which vital organs form, making them par-
ticularly sensitive to adverse shocks. Exposures during this period can therefore lead to
permanent physiological or developmental changes, with lasting consequences for outcomes
in adulthood (Almond and Currie, 2011). This framework has reshaped how researchers
think about inequality because it emphasizes early-life conditions as key determinants of
adult wellbeing.

FEconomists have provided compelling evidence in support of this hypothesis. Studies have
linked in-utero and early-childhood exposures to events such as the 1918 Spanish Flu, the
Chinese Famine, and the Dutch Hunger Winter to persistent reductions in schooling, height,
income, and overall health (Almond, 2006; Almond et al., 2007; Brandt et al., 2016; Chen
and Zhou, 2007; Lin and Liu, 2014; Ramirez and Haas, 2022). These findings reinforce the
idea that adverse shocks early in life can have long-lasting effects.

Despite these advances, most of the evidence comes from developed countries. There is
limited empirical research on fetal origins in developing world contexts, even though these
regions are equally, if not more, exposed to diverse shocks that affect child development
(Akresh et al., 2012; Maccini and Yang, 2009). Importantly, developed economies typically
benefit from stronger social protection systems, which can mitigate the long-term conse-
quences of early-life shocks. In contrast, many developing countries lack such institutional
support, potentially exacerbating the effects of these shocks (Beegle et al., 2006; Dercon,
2002).

Moreover, most FOH research has focused on broad shocks such as famines, wars, or natural
disasters that have wide-reaching effects, or on health-related shocks that directly compro-
mise human biology (Akbulut-Yuksel et al., 2025; Chen and Zhou, 2007; Currie and Almond,
2011; Lindeboom et al., 2010). Far less is known about industry-specific disruptions, such
as agricultural epidemics, which do not directly cause biological harm but instead impose
severe economic hardship on households (Banerjee et al., 2010; Hornbeck, 2012). This
study addresses these gaps by combining archival records with georeferenced household sur-
vey data to investigate the long-term impact of the Cocoa Swollen Shoot Virus Disease
(CSSVD) outbreak, a viral agricultural epidemic that devastated cocoa farms in the Gold
Coast (now Ghana) during the 1940s. By exploring this context and channel, the study

'In some contexts, this is also known as the Developmental Origins Hypothesis.



offers new perspectives on the long-term consequences of early-life adversity.

The CSSVD is a highly destructive, mealybug-transmitted virus that infects cocoa trees at
every stage of development. It causes yield losses of up to 70 percent and kills infected trees
within 2-3 years (Ameyaw et al., 2015; Lot et al., 1991; Muller, 2008). First reported in
1936 and confirmed as a viral disease in 1939, the outbreak spread rapidly, destroying over
half of cocoa trees in some areas by the mid-1940s (Danquah, 2003). Containment required
the removal of both infected and nearby trees, leading to the destruction of over 44 million
trees between 1946 and 1955 (Thresh and Owusu, 1986). Consequently, farmers faced not
only the shock of crop failure but also further losses from compulsory tree removals.

In this study, I investigate how early-life exposure to the CSSVD outbreak affected long-
term human capital and labor market outcomes. The shock may have influenced child
development through several channels. First, income losses from reduced cocoa produc-
tion could have limited access to food and other essential resources, resulting in nutritional
deficits that impair cognitive development, physical growth, and health (see Almond and
Mazumder, 2011). Second, financial strain may have elevated maternal stress during preg-
nancy, a known risk factor for adverse birth outcomes such as low birth weight and preterm
delivery (see Aizer et al., 2016; Case et al., 2005). Third, income constraints could have re-
duced parental investments in education, healthcare, and early-life stimulation, potentially
resulting in poorer child health and delayed educational attainment (see Currie and Hyson,
1999; Royer, 2009). Finally, in response to falling cocoa income, parents may have increased
reliance on child labor, thereby limiting children’s time for schooling and rest. Against this
backdrop, I hypothesize that children exposed to the CSSVD epidemic in utero or during
early childhood suffered persistent deficits in education, health, and labor market partici-
pation compared to unexposed cohorts.

To identify the long-term effects of CSSVD exposure, I first reconstruct a map of climat-
ically suitable cocoa areas using historical archives. Second, I use GPS coordinates from
the 1993 Ghana Demographic and Health Survey (DHS) data to identify respondents re-
siding in cocoa-suitable areas. Third, I define my target cohort as individuals born during
the epidemic years or exposed to the crisis during early childhood. I then implement a
cohort-based difference-in-differences strategy, where exposure is defined by the interaction
between cohort indicators and cocoa-area residency. This strategy leverages variation in
exposure across both birth timing and space. I also add year of birth fixed effects in the
specification to account for differences across cohorts, and region fixed effects to capture
variation across administrative units.

The main findings show that the CSSVD outbreak had a negative impact on human capital,
measured by education and health. Children exposed in utero or early childhood attained
less schooling and experienced poorer health outcomes. Specifically, exposure is associated

with a 1.15-year reduction in schooling — approximately a 23 percent decline relative to



the sample mean — and a 9 percentage point (pp) decline in access to formal education,
representing about a 17 percent reduction. Morbidity, proxied by recent illness or injury,
increased by about 5.8 pp, corresponding to an 18.8 percent rise, and exposure raised the
probability of living with a disability in adulthood by 4.6 pp, roughly a 25.7 percent increase.
However, the epidemic had no meaningful effect on labor market outcomes. Exposure in
utero or early childhood did not significantly alter employment type or labor supply.

The null effect on labor market outcomes is puzzling, given theoretical expectations that
education influences labor market performance. One interpretation is that while early-life
shocks may persistently affect education and health, which are largely shaped early in life,
their effects on more adaptable outcomes such as employment may attenuate over time. In
other words, despite early disadvantages, individuals may have eventually integrated into
the labor market through alternative pathways such as informal work, on-the-job training,
accumulated experience, or new economic opportunities.

I examine whether the results vary by gender and by place of residence. The adverse effects
on education and health are concentrated among female children, suggesting that parents
may have prioritized investments in boys during the crisis. For rural-urban differences, the
epidemic had negative impacts on education in both settings. However, while it increased
morbidity and reduced work hours in rural areas, it had no such effects in urban areas.
This suggests that pre-existing rural health challenges compounded the epidemic’s adverse
effects.

In addition to heterogeneity, I test the sensitivity of the results to several robustness checks.
The findings are robust to alternative definitions of exposure, including wider and narrower
cohort bands. The robustness checks also reveal that timing of exposure matters in that
the adverse effects are stronger for individuals exposed in utero or in very early childhood
compared to those exposed slightly later. The results also hold when restricting the sample
to communities more directly tied to the cocoa economy. I also conduct a falsification test
using post-epidemic cohorts as the “exposed” group, finding no effects.

Finally, I assess whether selective migration biases the results. Using respondents’ migration
histories, I compare movers and non-movers across cocoa and non-cocoa areas. Migration
between these regions was modest overall and even lower among the target cohorts. To
confirm robustness, I conduct two complementary robustness checks. The first one involves
a regression analysis that includes migration indicators and their interactions with cohort
exposure, and the second restricts the sample to non-movers. Across both strategies, the
baseline results remain robust, suggesting that migration does not meaningfully confound
the estimated effects of the CSSVD epidemic.

This study makes three contributions. First, it is the only study to investigate the long-term
impacts of the CSSVD outbreak in the Gold Coast. Unlike other cocoa diseases such as
capsids or black pods, CSSVD was uniquely destructive, capable of annihilating the entire



cocoa industry if left unchecked. Moreover, the timing of the outbreak compounded its
severity. It struck just as cocoa had become the country’s most valuable export, account-
ing for approximately 80 % of total exports in 1939 (Gyamera et al., 2023). Furthermore,
because cocoa cultivation was dominated by smallholder farmers, the epidemic delivered a
highly localized economic shock. This shock likely had profound implications for household
welfare and child development, making it a critical episode for understanding how early-life
adversity can shape long-term outcomes.

Second, to my knowledge, this is also the first study to examine the long-term developmen-
tal effects of an agriculture-related viral epidemic that directly affected cash crop farmers.
A closely related study is Banerjee et al. (2010), who analyze the long-lasting impacts of
the phylloxera epidemic that destroyed 40 % of French vineyards. They find effects on adult
height but not on health or longevity. My study differs in both context and mechanism.
Unlike an insect pest, CSSVD was a viral disease that not only destroyed farms directly
but also required large-scale destruction of additional farms as part of its control strategy.
The dual shock of yield loss and forced tree removal intensified household hardship.
Third, this study contributes to the broader fetal origins of health and human capital (FOH)
literature by examining the long-term impacts of an agriculture-based shock, a context that
has received comparatively little attention. While most FOH studies focus on health crises,
natural disasters, famine, or pollution, this study shows that industry-specific disruptions,
such as agricultural disease outbreaks, can also produce lasting effects on education and
health. A distinguishing feature of the CSSVD outbreak is its spatial concentration, which
contrasts with the diffuse nature of most disasters studied in FOH research. This localized
pattern not only allows for more credible identification of causal effects but also enables a
clearer understanding of the mechanisms — income loss, food insecurity, unemployment, re-
duced parental investment, and maternal stress — through which early-life exposure translate
into developmental harm. By doing so, it broadens the FOH framework to include economic
shocks that operate indirectly through household and market conditions.

The rest of the study proceeds as follows. Section II. provides a historical overview of cocoa
production and the onset of the CSSVD outbreak in the Gold Coast. Section III. discusses
the empirical strategy and data. Section IV. reports the main empirical estimates, as well

as the heterogeneity and robustness checks. Section V. concludes.

II. Cocoa and the Swollen Shoot Virus in the Gold Coast

Cocoa production in the Gold Coast began in the late 19th century, after a local farmer
introduced cocoa seeds acquired during his travels abroad. Initially, cocoa farming was not
widely adopted. Cocoa began to gain traction in the mid-to-late 1880s, and it was dur-
ing this period that the Gold Coast started exporting small quantities. The first recorded

export, about 121 lbs, occurred in 1885. There were no further exports until 1891, when



another, smaller shipment of 80 lbs was made. The industry’s spectacular growth came at
the turn of the 20th century, with exports surging from 600 tons in 1900 to becoming the
Gold Coast’s most valuable export by 1910. By 1911, the Gold Coast had established itself
as the world’s leading cocoa producer.

Climatic and ecological conditions make the forest zone of the Gold Coast the only suitable
area for cocoa cultivation. These cocoa-suitable areas, shown in figure 1 and digitized from
(Dickson, 1969), cut across six administrative regions, including Ashanti, Brong Ahafo,
Central, Eastern, Western, and Volta. Only a small portion of Greater Accra is suitable,
though the region has been historically tied to the cocoa economy through transport in-
frastructure and export channels. The three northern regions — Northern, Upper East, and
Upper West — have no cocoa-suitable areas and are disconnected from the industry.

By the late 19th century, farmers in these cocoa-suitable areas had rapidly adopted cocoa
cultivation because it was highly profitable. Cocoa farming was comparatively easier to es-
tablish and less costly to maintain than other cash crops such as coffee or oil palm. Starting
a cocoa farm required only fertile land and intensive labor at the early stages. Once trees
reached fruit-bearing age, they could yield for more than four decades (Gyamera et al.,
2023). Consequently, cocoa farming quickly became the primary economic activity in these
areas.

Yet the greatest threat to the cocoa boom soon emerged. By the mid-1930s, farmers began
to observe escalating dieback on cocoa trees. No one knew what was causing it until 1936,
when a farmer brought a sample of an infected cocoa tree — characterized by distended
branches and dieback — to the Department of Agriculture to draw attention to the issue.
The pathologist at the Department, W.F. Steven, observed that the symptoms were likely
caused by an infectious disease, an observation later confirmed by field experiments. The
disease would attack every part of the tree — stem, roots, leaves and pods — irrespective of
its stage of growth. Once infected, the tree steadily sheds its leaves, loses the characteristic
spherical shape of its pods, and eventually dies. Because its most visible symptom was a
swollen stem and shoot, it became known as the “swollen shoot” virus disease.

Because the disease was entirely new, its control proved difficult. Initially, Dade, a mycol-
ogist, mistakenly attributed the disease to insufficient shading. Based on his advice, the
government required cocoa to be planted under tall trees, and farmers who violated the rule
were punished. This practice continued until 1939, when the disease was officially confirmed
to be viral in nature.

To curb the spread, authorities introduced “roguing,” the careful detection and removal of
infected cocoa trees. While more effective, this method was still limited because neighbor-
ing trees often carried latent infections. As a result, the strategy was expanded to include
both symptomatic and adjacent asymptomatic trees. Specifically, trees within 5, 10, and 15

meters of outbreaks of 1-10, 11-100, and more than 100 infected trees, respectively, were



to be removed (Thresh et al., 1988).

Based on this diagnosis, the government embarked on a large-scale and continuous tree-
removal campaign. Available official data from the mid-1940s offer a sense of the operation’s
scale. Figure 2 shows the number of diseased trees cut annually from 1945/46 to 1955/56
using data from (Dickson, 1960). Between 1945 and 1950, removals ranged from 52,000 to 1
million trees. After 1951, the figure surged dramatically, peaking at 5.5 million in 1954/55.
A more nuanced observation emerges when we examine the per-acre removals. The number
of trees cut per acre saw an early spike, reaching a peak of 660 trees/acre in 1947/8. This
dropped sharply to 257 trees/acre the following year, and showed only slight increases in
subsequent years. Although the overall number of trees continued to rise, the trend from
the number of trees cut per acre suggests an initial intensive cutting period, followed by a
more controlled or selective cutting approach. Thus, it is likely that tree removals per acre
were even higher in the early years of the campaign.

The massive cutting operation provoked strong public discontent. Farmers would prefer
to reap smaller harvests from infected farms rather than lose entire farms to compulsory
eradication. The loss was even particularly severe for settler farmers, whose landlords could
reclaim land at the end of the season (Dzahini-Obiatey et al., 2010). Cocoa farming was
also a long-term investment, requiring substantial commitments of land, labor, and credit.
And since seedlings needed about seven years to bear fruit, compulsory cutting represented
a devastating blow. Nevertheless, in 1946 the government passed legislation making cutting
mandatory. Farmers who refused faced arrest and prosecution.?

By this time the virus had already spread widely, devastating vast tracts of cocoa farms.
Between 1939 and 1944, about two-thirds of the trees planted over the period 1904-1914
were devastated by the virus. Cocoa yield had also plummeted, with output per farm drop-
ping from 30 tons between 19261929 to just 6 tons in 1943-1944 seasons. Official statistics
suggest that of the 400 million trees in the country as of 1947, 46 million (11.5 %) had
been infected and were expected to die within a year. The speed of spread was even more
alarming, proceeding at 15 million trees per year. Estimates suggested that, if unchecked,
the cocoa industry would disappear within 20 years.?

The main objective of my study is to investigate whether early-life exposure to the CSSVD
epidemic is associated with long-term deficits in human development and labor market out-
comes. The study is grounded in the Fetal Origins Hypothesis (FOH), which posits that
adverse conditions during in-utero development and early childhood can have lasting con-
sequences because these are critical periods for physiological and cognitive development.

The epidemic may have affected child development through several interrelated pathways.

2The government’s hardline stance on tree cutting was informed by expert advice. Worth noting was the
recommendation from plant pathologists at the Food and Agriculture Organization (FAO) of the United
Nations, who warned that failure to eradicate infected and neighboring trees would lead to the extinction
of the cocoa industry. Consequently, compulsory cutting continued.

3This discussion draws from Danquah (2003).



The economic loss could have limited access to food and resources needed for nutrition,
health, and growth. Reduced family resources may also have constrained parental invest-
ments in education, healthcare, and early-life stimulation. Moreover, households may have
relied more heavily on child labor, reducing children’s time for schooling and rest. Beyond
the economic channel, the epidemic may have heightened maternal stress during pregnancy,
which is linked to adverse birth outcomes and lifelong deficits.* Building on these mecha-
nisms, I hypothesize that early-life exposure to the CSSVD epidemic resulted in persistent

adverse effects on education, health, and labor market outcomes.

4For further discussion on how parental income and family socioeconomic status affect child development,
see Akee et al. (2010); Berger et al. (2009); Blau (1999); Currie (2009); Dahl and Lochner (2012); Duncan
et al. (2011); Persson and Rossin-Slater (2018).
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Figure 1: The figure shows the climatically suited cocoa-growing areas and the ten regions of Ghana as of 1993. The
gray-shaded cocoa areas are constructed using data from (Dickson, 1969).
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Figure 2: The figure shows the number of diseased trees cut annually from 1945/6 to 1955/6. Data from (Dickson,
1960)

ITI. Data and Methodology

In this section I describe the data used for the study, the target and exposed cohorts, and the

empirical framework used to identify the long-term effect of early-life exposure to CSSVD.

ITI.I Data

The main data I use to investigate the long-term effect of early-life exposure to the CSSVD
epidemic is the 1993 Ghana Demographic and Health Survey (DHS).> The DHS is a
household-level, nationally representative survey conducted primarily in low- and middle-
income countries. With support from USAID, the survey is conducted periodically by
national governments and gathers comprehensive information on health indicators includ-
ing fertility, family planning, maternal and child health, mortality rates, nutrition, and
HIV/AIDS. The DHS also includes information on other socioeconomic indicators such as
domestic violence, education, and labor market variables.

DHS survey data are organized into recodes in order to simplify analyses. For this study, I
use the Household Member Recode (HHMR), focusing on human capital and labor market

variables. I proxy human capital by education and health, measuring the former by years

5 Although the first DHS survey conducted in Ghana was in 1988, this round not only lacks some of the
variables of interest, but more importantly, it also lacks GPS and locality information necessary for spatial
mapping. The 1993 DHS was the next round of survey.



of schooling (in single years) and having formal education, and the latter by morbidity and
disability. Specifically, morbidity indicates whether the respondent reported being ill or
injured in the two weeks prior to the interview. Disability indicates whether the respondent
was living with at least one of several forms of disabilities. These include whether the re-
spondent was experiencing difficulty in moving, seeing, hearing, speaking, learning, or has
loss feeling in hand or foot, or suffered from fits, or behaved strangely, or faced any other
form of difficulty.

For the labor market variables, I look at two broad outcomes. The first is employment type,
which indicates whether the respondent was either self-employed, employer, unpaid family
worker, or waged employed (i.e. worked for someone else for wages or salary). I focus on
waged and self-employment. The second variable is labor supply. For this, I focus on the
maximum number of hours per day worked in the past seven days, and the number of days

the respondent worked out of the last seven days.

ITI.IT Identifying the Target and Exposed Cohorts

To accurately identify the long-term effects of early-life exposure to the CSSVD epidemic, 1
identify two groups, namely the target and exposed cohorts. The target cohort consists of
individuals who were born or were under five years of age during the height of the epidemic,
while the exposed cohort is the subset of this group who were living in cocoa-suitable areas
during those years.

The timing of the epidemic provides a clear guide for identifying these groups. As stated
earlier, the viral nature of the epidemic was confirmed in 1939, and by the mid-1940s the
disease had spread extensively, causing severe devastation to cocoa farms and substantial
income losses for cocoa-dependent households. This period of intense impact was further
compounded by wartime neglect, as World War II diverted government attention and re-
sources away from addressing the crisis. Thus, the 1940s represent the most critical period
of widespread cocoa yield collapse and household income loss.

Based on this context, I define the target cohort as individuals born between 1936 and
1949. This range captures those who were either exposed in utero or during the critical
early childhood years (under age five) at the time of the epidemic’s most intense phase.
Given the target cohort, the exposed cohort is the subset of individuals within this birth
window who were located in cocoa-suitable areas.

The rationale for selecting this birth window (1936-1949) requires further econometric,
institutional, and economic elaboration. From an econometric perspective, selecting a nar-
rower window may introduce bias if it excludes children who were plausibly exposed to
the epidemic. Conversely, a wider window that includes “distant” or marginally affected
cohorts could dilute the treatment effects. The 1936-1949 window strikes a balance because

it includes those most likely to have experienced the direct consequences of the epidemic
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while minimizing contamination from cohorts whose exposure was minimal or mitigated.
The institutional justification relates to the timing of monetary compensation for affected
farmers. During the early years of the epidemic, cocoa households bore the full cost of forced
tree removal without any reimbursement. Even after limited compensation was introduced
in the late 1940s, payments were minimal and covered only the removal of seemingly healthy
neighboring trees, not the infected ones. It was not until June 1951 that the government
announced the “New Deal for Cocoa,” which offered the most substantial and generous
compensatory payments to date. Thus, individuals born in the 1950s were unlikely to have
been exposed to the full cost of the epidemic. In the robustness section, I show that indi-
viduals born in the 1950s were indeed not affected.

From an economic perspective, cocoa households would have likely adapted gradually to the
shock over time. As the epidemic persisted, farmers would have sought alternative income
sources or coping mechanisms, such as crop diversification, informal labor, or migration, in
order to mitigate the impact of the CSSVD outbreak. These coping mechanisms, coupled
with government support in the later part of the epidemic, would have helped households
partially mitigate the impact of the crisis. Therefore, focusing on the 1936-1949 birth co-
horts ensures that I capture individuals who were exposed before significant adaptation or

policy intervention could alter the severity of the crisis’ developmental effects.

ITI.III Empirical Framework

My primary objective is to estimate the long-term impact of early-life exposure to the
CSSVD epidemic on human capital and labor market outcomes. To identify the effect, I
employ a cohort-based Difference-in-Differences (DID) design that exploits variation across
both birth cohorts and spatial exposure to the CSSVD outbreak:

1968
Yibr = Z ~p BirthYear;, + o CocoaArea;
b=1928 (1)

+ B (TargetCohort; x CocoaArea;) + FE, + £,

where y;;,. denotes the long-term outcome for individual 4, born in birth year b and resid-
ing in administrative region r. 22261%28 ~vpBirthYear;, represents a full set of year-of-birth
dummies for b € 1928, ...,1968. These cohorts would have been between 25-65 years old
at the time of the 1993 DHS survey. I focus on this age band because it ensures that all
respondents had completed their formal education and had reached an age where long-term
health and labor market outcomes can be reasonably assessed.

These year-of-birth fixed effects ensure that comparisons are made within cohorts, not across
them. For example, educational attainment may have improved over time due to nation-

wide investments in schooling. The year-of-birth fixed effects absorb such cohort-specific
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common shocks, allowing me to isolate the specific impact of being exposed to the CSSVD
epidemic from broader trends.

The term CocoaArea; is a binary indicator equal to 1 if individual ¢ resides in an area that
is climatically suitable for cocoa production and 0 otherwise. As depicted in Figure 1, I
reconstruct cocoa-suitable zones using a historical map from Dickson (1960). To classify
respondents as living within or outside these areas, I use the GPS coordinates of the DHS
sampling units. This classification is central to the identification strategy, since only indi-
viduals in cocoa-suitable areas were plausibly exposed to the economic shocks caused by
the CSSVD epidemic.

As the cocoa—noncocoa map (Figure 1) illustrates, the boundaries of cocoa-suitable areas
do not align with Ghana’s ten administrative regions.® Therefore, I include a full set of
dummies for the ten administrative regions, FE,, to absorb time-invariant region-specific
factors that could affect child development. For example, some regions might have system-
atically better access to schools or health facilities, independent of the CSSVD epidemic.
Including both the cocoa-area indicator and region fixed effects strengthens identification.
This setup allows comparisons across individuals born in the same region and same birth
cohort but with differing exposure to the CSSVD epidemic. At the same time, it leverages
variation between cocoa-growing and non-growing regions. Thus, this structure not only
controls for regional confounding but also exploits fine-grained variation in spatial exposure.
The interaction term (TargetCohort; x CocoaArea;) identifies my exposed group, the key
cohort of interest. TargetCohort; is an indicator equal to 1 if individual ¢ was born between
1936 and 1949. By interacting the target cohort with the CocoaArea; indicator, I iden-
tify individuals exposed to the CSSVD epidemic in utero or during early childhood. The
coefficient § captures the additional long-term impact of being exposed to the epidemic
in cocoa-producing areas, relative to individuals born outside the target window and/or
outside cocoa-suitable areas.

It is important to emphasize that the CSSVD crisis imposed two layers of disruption. First,
the viral infection itself damaged cocoa trees, reducing yields and threatening the livelihoods
of farmers. Second, the government’s compulsory tree-removal campaign, which extended
beyond infected trees to include adjacent healthy ones, further intensified the economic
shock by forcing mass destruction of productive assets. Specification 1, however, does not
separate these channels. Instead, it captures the bundled effect of both the disease and
the state’s containment response. Likewise, while various mechanisms may underlie the
observed adult outcomes the empirical model does not disentangle their individual contri-
butions. As such, the estimates should be interpreted as the combined long-term impact of
early-life exposure to the CSSVD crisis.

Lastly, one possible concern with this empirical setup is migration. Individuals may have

5The map reflects Ghana’s ten regions as of 1993. Subsequent political demarcations may vary.
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moved across or between cocoa and non-cocoa areas after birth, which could blur the true
measure of exposure. I address this issue explicitly in the robustness checks section, where
I show that migration between cocoa and non-cocoa areas was relatively limited and does

not materially bias the estimated effects.

ITI.ITI.I Descriptive Statistics

The descriptive statistics of the respondents in my sample are presented in Table 1. Columns
(1) to (5) display the statistics for the whole sample, while columns (6) to (7) and columns
(8) to (9) report the statistics for the target cohort and all other cohorts, respectively. The
total number of observations ranges from 6,214 to 7,070. The missing values are concen-
trated in the labor market outcomes, which is likely due to recall problems or the exclusion
of individuals, such as retirees and children, who are not in the labor force.

The average age of respondents in the sample is 40 years. Educational attainment is rela-
tively low, with respondents averaging about 5 years of schooling. However, the majority
(55 percent) have had some form of formal education. Roughly three out of ten people
reported recent morbidity, while 18 percent reported living with some form of disability. A
large share of the sample (61 percent) are household heads, and the average age of house-
hold heads is about 44 years. Although more than half of the sample is female (56 percent),
only 26 percent of household heads are women. The data also show that nearly half of
respondents (46 percent) reside in cocoa-growing areas, and rural residents account for a
disproportionately high share (67 percent) of the sample. Lastly, the target cohort makes
up about 26 percent of the sample.

Some noticeable disparities exist between the target cohorts and other cohorts for certain
outcomes. The target cohorts have fewer years of schooling, are less likely to have received
formal education, report higher disability, and are more likely to experience recent mor-
bidity. By contrast, there are no remarkable disparities in labor market outcomes. My
empirical strategy therefore interacts indicators of the target cohorts and cocoa areas to
determine the differential impact of CSSVD exposure on human capital and labor market

outcomes.
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Table 1: Summary Statistics

o @ & @ 6 (© (7) ®

N min max mean sd N mean N mean
Whole Sample Target Cohorts Other Cohorts
Years of Schooling 7,067 0 20 498 5.161 1,814 3.687 5,253 5.434
Have Formal Education 7,070 0 1 0.550 0.498 1,815 0.404 5,255  0.600
Morbidity 7,070 0 1 0.309 0.462 1,815 0.349 5,255 0.295
Disability 7,070 0 1 0.179 0.383 1,815 0.254 5,255  0.153
Days Worked 6,214 0 5.024 1.780 1,641 5.071 4,573  5.007
Hours Worked 6,220 0 24 7.148 2894 1,643 7.116 4,577 7.160
Wage Employment 6,219 0 1 0.170 0.375 1,642 0.166 4,577 0.171
Self Employment 6,219 0 1 0.715 0.451 1,642 0.735 4,577 0.708
Age 7,070 25 65 40.09 1142 1,815 50.09 5,255 36.64
Year of Birth 7,070 1928 1968 1953 11.42 1815 1943 5,255 1956
Cocoa Area 7,070 0 1 0.462 0.499 1,815 0.456 5,255 0.464
Female 7,070 0 1 0.564 0.496 1,815 0.576 5,255  0.560
Head of Household 7,070 0 1 0.611 0.487 1,815 0.667 5,255  0.592

Age of Head of Household 7,069 7 95 4422 1292 1,815 52.80 5,254 41.26
Female Head 7,070 0 1 0.260 0.439 1,815 0.275 5,255 0.255
Rural 7,070 0 1 0.671 0.470 1,815 0.699 5,255 0.662

The table displays the descriptive statistics of respondents in the sample. The cocoa indicator refers to places
climatically suited for cocoa cultivation. The target cohorts are all individuals born between 1940 and 1950.

—

IV. Results

In this section I report and discuss the empirical estimates of early-life exposure to the
CSSVD outbreak. I start with the baseline estimates, followed by heterogeneous analysis,
and robustness checks. To allow for arbitrary correlation of errors within both cohorts and

regions, I cluster the standard errors at the cohort x region level.

IV.I Baseline Estimates

The baseline estimates of the long-term impacts of CSSVD exposure on human capital and
labor market outcomes are reported in Tables 2 and 3, respectively. All models include year-
of-birth and region fixed effects. The odd-numbered columns contain no controls, whereas
the even-numbered columns include controls for age of household head and indicators for
female, household head, female head, and rural residence. I focus on the conditional esti-
mates in the even-numbered columns.

The results in Table 2 demonstrate that early-life exposure to the CSSVD outbreak had
a significant and persistent negative impact on human capital outcomes. Although cocoa-
suitable areas generally exhibit better educational outcomes overall, exposure to the epi-
demic is associated with worse outcomes. The estimates in column (2) show that early-life

exposure is associated with a 1.15-year loss in schooling, corresponding to about a 23 per-
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cent reduction relative to average schooling. Similarly, being exposed in utero or during
early childhood leads to a 9.3 percentage point (pp) reduction in the probability of having
some level of formal education (column 4), equivalent to about a 17 percent drop from the
average.

The results also show that early-life exposure to CSSVD is associated with long-term health
deficits. The estimates in columns (6) and (8) indicate that exposed children were about
5.8 pp and 4.6 pp more likely to report recent morbidity and some type of disability in
adulthood, respectively. These correspond to 18.8 percent and 25.7 percent increase above
their respective averages.

Turning to the labor market outcomes in Table 3, the results suggest that early-life ex-
posure to the CSSVD epidemic did not have statistically significant long-term effects on
individuals’ labor market outcomes. Across all models, the coefficients of interest are small
in magnitude and not statistically different from zero. In other words, the epidemic neither
affected exposed children’s long-term employment type (waged or self employment) nor
their labor supply (days or hours worked).”

These results patterns are further visually confirmed in Figures 3 to 10. The figures plot
residualized outcomes by birth cohort, separately for individuals in cocoa and non-cocoa
areas. I include year-of-birth and region fixed effects as well as all the other controls. The
figures for human capital outcomes (figures 3 to 6) show clear divergence for cohorts born
during the epidemic years. In cocoa areas, we observe notable declines in schooling and
formal education, and increases in morbidity and disability, although the disability pattern
is somewhat noisy. By contrast, the labor market outcomes (figures 7 to 10) reveal no clear,
consistent divergence between cocoa and non-cocoa cohorts for employment type or labor
supply.

Taken together, the results suggest that while early-life exposure to the CSSVD had lasting
negative effects on human capital, it did not affect labor market outcomes. These find-
ings highlight one important implication. It suggests that while early-life shocks may have
persistent effects on education and health, this does not necessarily translate to disadvan-
tages in the labor market. One possible explanation is that outcomes such as education and
health are determined during critical developmental stages, and thus early shocks leave per-
manent marks. By contrast, the labor market provides greater flexibility and opportunities
for adaptation through mechanisms such as informal employment, job training, skill acqui-
sition, and work experience. These channels may compensate for early disadvantages over
time. In other words, although education is generally a strong determinant of labor market
success, the adaptability of labor markets allows individuals to overcome the disadvantages

imposed by early-life shocks.

"I also rerun the regressions using natural logs of work hours and days, finding similar results.
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IV.II Heterogeneous Effects

The effects of early-life exposure to the CSSVD epidemic may not have affected all exposed
individuals uniformly. To assess whether the effects varied across key demographic groups,
I split the sample by gender and by type of place of residence (rural vs. urban). Examining
these subgroups separately helps uncover whether certain populations were disproportion-

ately affected by the epidemic.®

IV.II.I Effects By Gender

The gender-specific results are presented in figure 11. They reveal notable heterogeneity
in the long-term effects of CSSVD exposure. Generally, the effects are primarily driven by
female children. For educational outcomes, the effect for males is not statistically significant,
whereas the effect for females is negative and significant. Similarly, for health outcomes,
the adverse effects of CSSVD exposure are concentrated among females. Most labor market
outcomes are not statistically significant for either gender, with the exception of wage
employment for females, which suggest that the epidemic reduced long-term female labor
market participation.

Overall, the results indicate that the long-term effects of the CSSVD epidemic were not
uniform across gender. Exposed female children experienced significantly worse educational
outcomes than their male peers, and these educational deficits appear to have limited their
access to wage employment in adulthood. These findings imply that in the face of economic
hardship during the epidemic, households may have prioritized investments in boys over

girls.

IV.II.II Effects By Type of Place of Residence

Figure 12 shows whether the long-term effects of CSSVD exposure differ by place of resi-
dence, specifically between individuals in rural and urban areas. For educational outcomes,
CSSVD exposure is associated with substantial reductions in years of schooling and the
likelihood of formal education in both rural and urban areas. Health outcomes show more
distinct rural-urban differences. The adverse health effects of CSSVD exposure are con-
centrated among rural residents. Exposed rural children experienced significant increases
in both morbidity and disability, with significantly coefficients than the baseline estimates.
There are no significant differences observed among exposed urban children. For labor

market outcomes, most coefficients are insignificant, except for work hours among rural

8] do not conduct heterogeneity analysis for other control variables such as female-headed households or
household head status because they are not strictly time-invariant and may not reflect the individual’s
early-life context. For example, currently residing in a female-headed household does not necessarily imply
that the individual was raised in such a household. While rural-urban status is also time-varying, it serves
as a reasonable proxy for one’s early-life context.
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residents, indicating that early-life exposure to CSSVD slightly reduced work hours.

In sum, while rural-urban differences did not substantially shape the impact of CSSVD
exposure on educational outcomes, they did matter for health and labor supply. Rural
residents bore the brunt of the epidemic’s effects on health and work hours, experienc-
ing higher morbidity and disability as well as reduced labor supply. These findings point
to compound vulnerability, in that the pre-existing limited health infrastructure and poor
sanitation conditions in rural areas amplified the negative effects of the epidemic on health

outcomes.

IV.III Robustness Checks

I conduct a series of sensitivity checks to test the robustness of my results. These include
adjusting the comparison cohort bands, specifying alternative definitions of treatment co-
horts, restricting the analysis to cocoa-affiliated regions, conducting a falsification test using
post-epidemic cohorts, and applying multiple strategies to account for potential bias from

selective migration.

IV.III.I Alternative Cohort Bands

My first robustness check examines the sensitivity of the estimates to the choice of com-
parison cohorts. I re-estimate the baseline results using narrower and wider bands of birth
years. Instead of the original window of 1928-1968, I restrict the sample first to individuals
born between 1930-1960 and then to those born between 1920-1970. This allows me to test
whether the baseline results are driven by cutoff choices around the target cohort.

The main results, reported in Panels A and B of Appendix Table Al, remain unchanged.
Early-life exposure to the CSSVD epidemic continues to have significant and persistent im-
pacts on educational and health outcomes. These findings suggest that the observed effects

are not an artifact of the specific cohort range used in the baseline analysis.

IV.III.II Disaggregating the Treated Cohort by Exposure Timing

Next, I assess whether the long-term effects of the CSSVD epidemic differ by timing of
early-life exposure. I disaggregate the exposed cohorts into two subgroups: “only early
childhood” and “in utero to early childhood.” The first group includes individuals who
were 0-5 years old (exclusive of age five) during the epidemic’s peak, while the second
group includes those exposed from in utero through early childhood. This analysis allows
me to assess whether developmental timing shapes the intensity of the effects.

The results, reported in Appendix Table A2, show that the adverse educational effects
persist and are similar for both groups. In both cases, exposure reduced years of schooling

by about 1.2 years and lowered the probability of receiving formal education by 9 pp. For
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health outcomes, the epidemic increased the incidence of morbidity for those exposed from
in-utero through early childhood. The effects on disability and labor market outcomes are
not statistically significant. The only exception is its effect on work hours for the in-utero
to early childhood group. For this group, the epidemic marginally decreased work hours
per week by 0.28 hours.

Overall, the epidemic affected both groups with similar magnitudes, but prenatal exposure
appears to drive the health effects. This finding is consistent with the FOH literature, which
emphasizes that the earliest stages of life are the most sensitive periods of vulnerability,

particularly for health.

IV.IIL.III Comparison Within Cocoa-Affiliated Regions

In the baseline analysis, the comparison group included individuals born either outside
cocoa areas or in cocoa-suitable areas but outside the target cohort. In this robustness
check, I restrict the sample by excluding the three northern regions — Upper West, Upper
East, and Northern — which have no historical, ecological, or economic ties to the cocoa
sector. This restriction strengthens identification by ensuring that comparisons are made
only within regions closely tied to the cocoa economy.

Excluding the northern regions also addresses a historical confounder. colonial policies
restricted the expansion of western education in the north, creating significant educational
disparities with the south. These disparities persisted even after independence (Kambala,
2023). Removing the northern regions from the sample therefore helps isolate the long-term
effects of CSSVD exposure from broader north—south historical development differences.
The resulting sample includes seven regions, all within the southern ecological belt.”

The results, reported in Appendix Table A3, remain broadly consistent with the baseline.
Early-life exposure to CSSVD continues to negatively affect schooling, access to formal
education, and morbidity. Specifically, exposed individuals completed 0.87 fewer years of
schooling, were 5.8 pp less likely to have formal education, and were 7 pp more likely
to report recent morbidity relative to unexposed individuals in cocoa-affiliated regions.
The coefficients for disability and labor market outcomes are small and not statistically
significant. In sum, the findings suggest that the observed effects are not driven by broader

north—south disparities or unrelated contextual differences.

IV.III.IV Falsification Test Using Post-Epidemic Birth Cohorts

I have argued that because the height of the epidemic occurred between 1940 and 1949,
only children exposed early childhood or born during this period would have been most

exposed. As a falsification exercise, I examine later-born cohorts, specifically 1950-—1960,

9 Although only a small portion of the Greater Accra region is cocoa-suitable, I retain it in the sample due
to its historical role as a logistical and administrative hub for cocoa transport and export.
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who were unlikely to be directly affected by the epidemic. This allows me to test whether
the estimated effects persist for individuals with minimal or no plausible exposure.
Although the CSSVD remained prevalent even in the 1950s, there are two main reasons
why its impact would have diminished by this period. As previously discussed, first, by this
time, cocoa farmers would have adopted diverse coping strategies to mitigate losses. Sec-
ond, again as discussed before, beginning in the early 1950s the government implemented
more generous compensatory payments to cocoa farmers, including the “New Deal for Co-
coa” announced in 1951. Therefore, individuals born between 1950 and 1960 were largely
insulated from the full economic burden of the epidemic.

The results of this falsification exercise, reported in Appendix Table A4, confirm this ex-
pectation. The 1950-1960 birth cohorts were not systematically affected by the epidemic.
Most point estimates are small and not statistically different from zero. The only excep-
tion is morbidity, which is statistically significant but has a counterintuitive sign suggesting
that CSSVD reduced morbidity. This may reflect a post-epidemic rebound, where recovery
efforts (such as compensation) and coping strategies improved health outcomes. Overall,
these findings confirm that the effects documented in this study reflect exposure to the

epidemic itself, not underlying trends in cocoa areas or particular cohorts.

IV.III.V Threat to Identification: Selective Migration

In this exercise I examine whether selective migration might have biased the main estimates.
Since I classify individuals as exposed or unexposed based on their current place of residence,
migration could lead to misclassification of exposure and introduce upward or downward
bias. For example, estimates could be downward biased if out-migrants were negatively
selected and/or stayers were positively selected. They could also be downward biased if
the effects of the epidemic persisted for exposed children who subsequently migrated to
non-cocoa areas, since their worse outcomes would pull down the average outcomes of the
truly unexposed group.

I first assess the prevalence of selective migration in my sample by exploring respondents’
migration histories. DHS survey asks respondents to provide information about their region
of birth if they were not “currently” residing there. Using this, I am able to “repatriate”
respondents to their regions of birth and examine the share of migrants and non-migrants
in cocoa and non-cocoa regions as well as their demographic characteristics. Note that in
this exercise I can only identify whether a respondent’s region of birth is a cocoa-producing
region or not. I cannot identify their exact birth locality to confirm if it is cocoa-suitable.
This implies that I am only capturing long-distance migration, which typically involves ma-
jor life decisions and, more importantly, is the most likely source of bias. It must also be
emphasized that while this question is useful for assessing the demography of migrants and

non-migrants, it cannot be used to gauge their socioeconomic status during the epidemic
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years, since the survey was conducted in 1993.

Panels A and B of Appendix Table A5 present the summary statistics of migration patterns.
The table shows that overall migration rates were high. About 70.7 percent of respondents
reported moving from a different region to their current region of residence. However, the
relevant type of migration for this study, which is movement between cocoa and non-cocoa
regions, was relatively low. Only 11.2 percent of respondents moved from cocoa to non-
cocoa regions, and an even lower share (8.9 percent) moved from non-cocoa to cocoa regions.
More importantly, the most consequential migration type for this study involves the target
cohorts, since they determine the direction of bias. Panel B shows that members of the tar-
get cohorts who moved between cocoa and non-cocoa regions account for only 5.2 percent
of the full sample (369 out of 7,070). Considering only the target group, 20.3 percent of
them relocated between cocoa and non-cocoa regions — 11.2 percent from cocoa regions to
non-cocoa regions and 9.2 percent from non-cocoa regions to cocoa regions. This pattern
suggests that migration among the target cohort was modest overall, making it unlikely to
significantly bias the main estimates.

To understand if there is systematic selection between migrants and non-migrants among
the target cohorts in both cocoa and non-cocoa regions, I simple linear regressions explor-
ing the demographics of the two groups. The results are presented in Panels C and D of
Appendix Table A5. Panel C suggests that exposed individuals who moved from cocoa to
non-cocoa regions were less likely than their non-migrant counterparts to be female, to reside
in rural areas in the destination, or to live in female-headed households there. However, the
two groups do not differ significantly in terms of their own age, the age of their household
heads, or household headship status. For the target cohort that moved from non-cocoa to
cocoa regions (Panel D), the estimates indicate they were less likely than non-migrants to
reside in rural areas in their destinations or to live in households with younger household
heads there, but more likely to be household heads themselves or to live in female-headed
households after moving.

These patterns suggest only modest selection, since core traits such as age and gender are
largely similar across groups. Most of the observed differences relate to destination charac-
teristics, which are already controlled for in the main estimates. Any potential bias from
migration is therefore also likely modest.

Next, I estimate a regression model that explicitly accounts for selective migration. In this
model, I add separate indicators for out-migrants from cocoa and non-cocoa regions and
interact them with the target birth cohorts. This model not only accounts for the potential
effects of selective migration but also allows the coefficients of the interaction terms to re-
veal how outcomes differed for target cohorts who migrated relative to those who did not.
Results are shown in Appendix Table AG6.

The coefficient estimates for the indicator terms suggest that those who moved from co-
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coa to non-cocoa regions, compared to stayers in cocoa regions, had higher morbidity and
were less likely to be waged employed (more likely self-employed). Those who moved from
non-cocoa to cocoa regions had worse educational outcomes and were less likely to be self-
employed compared to their non-migrant counterparts.

While these patterns suggest some degree of selective migration, they are not informative
about whether such selection affected the treated cohort and, hence, the baseline estimates.
The interaction terms provide insights in this regard. The interaction terms suggest that
for most outcomes, exposed children who moved from cocoa to non-cocoa regions did not
differ significantly from their non-migrant peers. However, they reported higher disability
rates and longer working hours in adulthood. By contrast, target cohorts who moved from
non-cocoa to cocoa regions experienced some gains in educational attainment relative to
non-migrants.

These results deserve further discussion. The higher disability rates among exposed indi-
viduals who moved from cocoa to non-cocoa regions suggest that households likely migrated
after developmental damage had already occurred, so migration did not mitigate the full
effects of early-life exposure. This negative selection of out-migrants from cocoa areas partly
explains the smaller effects of the epidemic on health outcomes in the baseline results.
The longer working hours observed for out-migrants from cocoa regions also suggest that
migration may have triggered behavioral adaptations. Families might have moved to non-
cocoa regions in search of better labor opportunities, and longer hours may reflect coping
mechanisms to recover from the economic shock of the epidemic. If these adaptations were
passed intergenerationally, they could explain the increased labor effort observed in adult-
hood.

The finding that educational attainment improved for target cohorts moving from non-cocoa
to cocoa regions is not surprising. As pointed out earlier, the non-cocoa regions (the three
northern regions) historically had limited access to education due to colonial policies. Thus,
northern children who migrated south into cocoa regions likely did so for better educational
opportunities, which translated into improved attainment compared to their non-migrant
peers.

Turning back to the main impact of the epidemic in this new specification, the adverse
long-term effects of CSSVD exposure on education and health remain robust. Moreover,
the magnitude of the estimates is similar to the baseline. In sum, although modest selective
migration is evident, it does not significantly bias the main estimates.

Finally, I further test robustness by re-estimating the main specification on a restricted
sample excluding all individuals who migrated between cocoa and non-cocoa regions. This
ensures that exposure status is not confounded by later geographic mobility. Appendix
Table A7 shows that the main results remain robust. Early-life exposure to CSSVD contin-

ues to have statistically significant and economically meaningful long-term negative effects
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on education and health. These findings confirm that the main effects reflect the lasting

consequences of early-life exposure to the epidemic rather than migration patterns.

Table 2: The Long-term Effects of CSSVD Exposure on Human Capital

(1) @) () (4) (5) (6) () (®)
Years of  Years of Have formal Have formal Morbidity Morbidity Disability Disability
Schooling  Schooling  Education Education

Cocoa Area 1.A5T*F 1.528%** 0.124%** 0.149%** -0.003 -0.008 -0.003 -0.005
(0.226) (0.187) (0.019) (0.017) (0.017) (0.017) (0.014) (0.014)
Target Cohort x Cocoa Area -1.088*** _1.145%** (., 089*** -0.093*** 0.058** 0.058** 0.048** 0.046**
(0.271) (0.239) (0.024) (0.022) (0.025) (0.025) (0.023) (0.023)
Observations 7,067 7,066 7,070 7,069 7,070 7,069 7,070 7,069
R-squared 0.249 0.363 0.287 0.355 0.029 0.039 0.102 0.105
Cohort F.E. Yes Yes Yes Yes Yes Yes Yes Yes
Region F.E. Yes Yes Yes Yes Yes Yes Yes Yes
Controls No Yes No Yes Yes Yes Yes Yes
Outcome Mean 4.986 4.986 0.550 0.550 0.309 0.309 0.179 0.179

The Long-term Effects of CSSVD Exposure on Human Capital. Cocoa area indicates respondents residing in cocoa-
suitable areas. Target cohort refers to individuals born between 1935 and 1949. All models include year-of-birth and
region fixed effects. The even-numbered columns include controls for age of household head and indicators for female,
rural residence, female head of household, and head of household. Standard errors are clustered at the cohort X region

level. *** p<0.01, ** p<0.05, * p<0.1.

Table 3: The Long-term Effects of CSSVD Exposure on Labor Market Outcomes

1) (2) 3) (4) (5) (6) (7) (®)

Waged Waged Self Self Days Days Hours Hours

employment employment employment employment worked worked — worked worked

Cocoa Area -0.016 0.017 0.013 -0.015 -0.156%  -0.121  -0.628***  -0.459%**

(0.017) (0.015) (0.018) (0.018) (0.079)  (0.079)  (0.150) (0.140)

Target Cohort x Cocoa Area 0.006 0.002 -0.011 -0.008 0.073 0.069 -0.162 -0.188

(0.021) (0.018) (0.025) (0.023) (0.101) (0.100)  (0.163) (0.153)

Observations 6,219 6,218 6,219 6,218 6,214 6,214 6,220 6,219

R-squared 0.073 0.221 0.046 0.105 0.078 0.094 0.062 0.122
Cohort F.E. Yes Yes Yes Yes Yes Yes Yes Yes
Region F.E. Yes Yes Yes Yes Yes Yes Yes Yes
Controls Yes Yes Yes Yes Yes Yes Yes Yes

Outcome Mean 0.170 0.170 0.715 0.715 5.024 5.024 7.148 7.148

The Long-term Effects of CSSVD Exposure on labor market outcomes. Cocoa area indicates respondents residing in
cocoa-suitable areas. Target cohort refers to individuals born between 1935 and 1949. All models include year-of-birth
and region fixed effects. The even-numbered columns include controls for age of household head and indicators for
female, rural residence, female head of household, and head of household. Standard errors are clustered at the cohort x

region level. *** p<0.01, ** p<0.05, * p<0.1.
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Figure 3: Effect of CSSVD exposure on years of schooling.
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Figure 4: Effect of CSSVD exposure on formal education attainment.
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Figure 6: Effect of CSSVD exposure on adult disability.
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Figure 7: Effect of CSSVD exposure on waged employment.
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Figure 8: Effect of CSSVD exposure on self-employment.
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Figure 9: Effect of CSSVD exposure on number of days worked.
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Figure 10: Effect of CSSVD exposure on hours worked per day.

26



Long-term Effects of CSSVD Exposure by Gender
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Figure 11: The figure shows the long-term effects of CSSVD exposure by gender. All models include year of birth and
region fixed effects as well as controls for age of household head, household head status, gender of household head,
and rural-urban residence.
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Long-term Effects of CSSVD Exposure by Place of Residence
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Figure 12: The figure shows the long-term effects of CSSVD exposure by type of place of residence (rural vs. urban).
All models include year of birth and region fixed effects as well as controls for gender, age of household head, household
head status, and gender of household head.

V. Conclusion

Cocoa was introduced to the Gold Coast, now Ghana, at the end of the 19th century. By the
early 20th century, cocoa farming had become the primary economic activity in the forest
zone, where climatic and ecological conditions are suitable for its cultivation. Because of
its comparatively low costs of maintenance and high profitability, cocoa farming attracted
many farmers who had previously engaged in other crops such as oil palm and coffee.

However, beginning in the 1930s, the cocoa industry faced a major threat as farmers began

noticing widespread dieback of cocoa trees caused by a virus. This virus, later termed the
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cocoa swollen shoot virus disease (CSSVD), causes branches to swell and eventually kills
the tree. The disease spread alarmingly fast and caused devastating yield losses. By the
mid-1940s, more than 40 million trees had been infected, and the virus continued to spread
at an estimated 15 million trees annually. Farm output also plummeted, falling from 30
tons to 6 tons.

After several field experiments, it was determined that controlling the disease required
“roguing,” the careful detection and removal of infected trees. However, this method proved
insufficient, since asymptomatic but infected trees remained. Authorities therefore man-
dated the removal of both infected trees and their neighbors. As a result, cocoa farmers
suffered not only from yield losses due to the virus but also from further economic impacts
caused by compulsory tree removals.

In this study, I investigate the long-term effects of this agricultural epidemic on the human
capital and labor market outcomes of children exposed in utero or during early childhood.
The study is framed within the fetal origins hypothesis, which posits that early-life expo-
sures, such as income shocks and prenatal stress, can have persistent effects on later-life
outcomes. In line with this hypothesis, I examine whether the economic shock and its ac-
companying stressors induced by the CSSVD had lasting consequences for exposed children.
To identify the effect, I combine archival records of climatically suitable cocoa-cultivation
areas with georeferenced individual-level survey data to identify exposed children based on
their birth cohort and residence. I then implement a cohort-based Difference-in-Differences
strategy that exploits variation across both birth timing and spatial exposure.

The results show that early-life exposure to CSSVD produced lasting deficits in human
capital, proxied by education and health. Exposed individuals lost just over one year of
schooling — about a 23 percent decline relative to the average — and were 9 percentage points
(pp) less likely to obtain formal education, a 17 percent reduction. They also faced a 5.8
pp higher likelihood of morbidity, roughly an 18.8 percent increase, and a 4.6 pp higher
probability of disability in adulthood, corresponding to a 25.7 percent rise. Heterogeneity
analysis shows that these adverse impacts were concentrated among female children and
rural residents, indicating that the epidemic disproportionately affected society’s most vul-
nerable groups.

However, I find no robust long-term impact of the epidemic on labor market outcomes.
Early-life exposure to CSSVD neither affected employment type nor labor supply in adult-
hood. This null effect on labor market outcomes carries one important implication. It
suggests that unlike education and health, which are often strongly shaped by early-life
conditions, labor market outcomes allow greater flexibility for adaptation. Despite facing
significant early disadvantages in education and health, affected individuals may have even-
tually integrated into the labor market through avenues such as informal employment, job

training, accumulated work experience, or economic opportunities that arose later in life.
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Appendix

A Tables and Figures

Appendix Table Al: Robustness Check: Alternative Cohort Bands

(1) (&) 3) (4) (5) (6) (7) (8)
Years of Have formal Morbidity Disability Waged Self Days Hours
schooling  education employment employment worked — worked
Panel A. Narrower Band
Cocoa Area 1.421%%* 0.126%** -0.009 0.005 0.024 -0.029 -0.075  -0.513%**
(0.215) (0.022) (0.022) (0.019) (0.021) (0.023) (0.097)  (0.173)
Target Cohort x Cocoa Area -0.807*** -0.055%* 0.056** 0.047* -0.009 0.008 0.023 -0.035
(0.255) (0.024) (0.027) (0.025) (0.021) (0.026) (0.107)  (0.170)
Observations 4,504 4,507 4,507 4,507 4,047 4,047 4,042 4,044
R-squared 0.356 0.333 0.042 0.102 0.219 0.106 0.095 0.130
Cohort F.E. Yes Yes Yes Yes Yes Yes Yes Yes
Region F.E. Yes Yes Yes Yes Yes Yes Yes Yes
Controls Yes Yes Yes Yes Yes Yes Yes Yes
Outcome Mean 4.555 0.498 0.327 0.214 0.175 0.730 5.045 7.136

Panel B. Wider Band

Cocoa Area 1.337%%* 0.129%** -0.009 -0.001 0.013 -0.018 -0.132%  -0.435%**
(0.167) (0.016) (0.016) (0.013) (0.014) (0.017) (0.077)  (0.129)
Target Cohort x Cocoa Area -1.000%**  -0.079%** 0.050** 0.042* 0.007 -0.005 0.077 -0.194
(0.234) (0.022) (0.024) (0.023) (0.018) (0.023) (0.098)  (0.149)
Observations 7,999 8,002 8,002 8,002 6,897 6,897 6,890 6,894
R-squared 0.375 0.370 0.041 0.126 0.220 0.115 0.095 0.124
Cohort F.E. Yes Yes Yes Yes Yes Yes Yes Yes
Region F.E. Yes Yes Yes Yes Yes Yes Yes Yes
Controls Yes Yes Yes Yes Yes Yes Yes Yes
Outcome Mean 4.973 0.551 0.313 0.187 0.165 0.717 5.008 7.113

Robustness check: Alternative Cohort Bands. The table displays the long-term effects of the cocoa swollen shoot
virus disease (CSSVD) outbreak on human capital and labor market outcomes using alternative cohort bands. Cocoa
area indicates respondents residing in cocoa-suitable areas. Target cohort refers to individuals born between 1935 and
1949. All models include year-of-birth and region fixed effects. Standard errors are clustered at the cohort X region
level. *** p<0.01, ** p<0.05, * p<0.1.
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Appendix Table A2: Robustness Check: Disaggregating the Treated Cohort by Exposure Timing

(1 2 3) (4) (%) (6) (7) (3)

Years of Have formal Morbidity Disability Waged Self Work ‘Work

schooling  education employment employment  days hours

Cocoa Area 1.528%** 0.149%** -0.008 -0.005 0.017 -0.015 -0.121  -0.461%**

(0.187) (0.017) (0.017) (0.014) (0.015) (0.018) (0.079)  (0.140)

Only Early Childhood -1.160%%*  -0.090%** 0.074 0.060 -0.011 0.013 0.020 0.036

(0.373) (0.034) (0.045) (0.039) (0.027) (0.031) (0.195)  (0.263)

In-utero to Early Childhood -1.139***  -0.094*** 0.051* 0.040 0.006 -0.016 0.089 -0.278%*

(0.278) (0.026) (0.027) (0.028) (0.022) (0.028) (0.107)  (0.167)

Observations 7,066 7,069 7,069 7,069 6,218 6,218 6,214 6,219

R-squared 0.363 0.355 0.039 0.105 0.221 0.105 0.094 0.122
Cohort F.E. Yes Yes Yes Yes Yes Yes Yes Yes
Region F.E. Yes Yes Yes Yes Yes Yes Yes Yes
Controls Yes Yes Yes Yes Yes Yes Yes Yes

Outcome Mean 4.986 0.550 0.309 0.179 0.170 0.715 5.024 7.148

Robustness Check: Disaggregating the Treated Cohort by Exposure Timing. The table reports the long-term effects of
the cocoa swollen shoot virus disease (CSSVD) outbreak on human capital and labor market outcomes when separating
exposure by timing. Cocoa area indicates respondents residing in cocoa-suitable areas. Target cohort refers to individuals
born between 1935 and 1949. All models include year-of-birth and region fixed effects. Standard errors are clustered at

the cohort X region level. *** p<0.01, ** p<0.05, * p<0.1.

Appendix Table A3: Robustness Check: Analysis Within Cocoa-Affiliated Regions

eY) 2) 3) (4) (5) (6) (7 (8)

Years of Have formal Morbidity Disability Waged Self Days Hours

schooling  education employment employment worked — worked

Cocoa Area 1.399%** 0.134%%* -0.012 0.006 0.018 -0.019 -0.106  -0.467***

(0.197) (0.018) (0.017) (0.015) (0.016) (0.018) (0.081)  (0.146)

Target Cohort x Cocoa Area -0.868%** -0.058** 0.071** -0.005 -0.009 0.006 0.078 -0.122

(0.300) (0.027) (0.029) (0.027) (0.023) (0.028) (0.114)  (0.184)

Observations 5,436 5,439 5,439 5,439 4,816 4,816 4,815 4,822

R-squared 0.295 0.258 0.040 0.105 0.223 0.125 0.056 0.119
Cohort F.E. Yes Yes Yes Yes Yes Yes Yes Yes
Region F.E. Yes Yes Yes Yes Yes Yes Yes Yes
Controls Yes Yes Yes Yes Yes Yes Yes Yes

Outcome Mean 5.970 0.656 0.318 0.206 0.197 0.727 4.860 7.131

Robustness Check: Analysis Within Cocoa-affiliated Regions. The table reports the long-term effects of the cocoa swollen
shoot virus disease (CSSVD) outbreak on human capital and labor market outcomes within cocoa-affiliated regions. Cocoa
area indicates respondents residing in cocoa-suitable areas. Target cohort refers to individuals born between 1935 and 1949.

All models include year-of-birth and region fixed effects. Standard errors are clustered at the cohort X region level.

p<0.01, ** p<0.05, * p<0.1.
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Appendix Table A4: Robustness Check: Falsification Check Using Post-Epidemic Birth Cohorts

0 @ ® @ ) © @ ®)
Years of Have formal Morbidity Disability Waged Self Days Hours
schooling  education employment employment worked — worked

Cocoa Area 1.229%** 0.129%%* 0.022 0.016 0.015 -0.014 -0.118  -0.470%**

(0.200) (0.018) (0.019) (0.016) (0.015) (0.018) (0.082)  (0.137)

Post-epidemic x Cocoa Area 0.005 -0.014 -0.052%* -0.031 0.008 -0.010 0.053 -0.133

(0.222) (0.021) (0.022) (0.019) (0.019) (0.022) (0.090)  (0.164)

Observations 7,066 7,069 7,069 7,069 6,218 6,218 6,214 6,219

R-squared 0.361 0.353 0.039 0.105 0.221 0.105 0.094 0.122

Cohort F.E. Yes Yes Yes Yes Yes Yes Yes Yes

Region F.E. Yes Yes Yes Yes Yes Yes Yes Yes

Controls Yes Yes Yes Yes Yes Yes Yes Yes

Outcome Mean 4.986 0.550 0.309 0.179 0.170 0.715 5.024 7.148

Robustness Check: Falsification Using Post-epidemic Birth Cohorts. The table tests whether the estimated CSSVD effects
persist for cohorts born after the epidemic period. Cocoa area indicates respondents residing in cocoa-suitable areas. The
post-epidemic cohort includes individuals born between 1950 and 1960. All models include year-of-birth and region fixed
effects. Standard errors are clustered at the cohort x region level. *** p<0.01, ** p<0.05, * p<0.1.
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Appendix Table A5: Migration Summary and Demographic Differences by Migration Status

Panel A. Migration summary (full sample, N = 7,070)

Migration type Count Percent
Migrated across regions 4,995 70.7%
Cocoa — Non-cocoa 793 11.2%
Non-cocoa — Cocoa 631 8.9%

Panel B. Migration summary (target cohorts only, N = 1,906)

Migration type Count Percent
Moved across cocoa/non-cocoa 393 20.3%
Cocoa — Non-cocoa 215 11.2%
Non-cocoa — Cocoa 178 9.2%

Female Rural Female HH head Age of HH head HH head  Age

Panel C. Demographic differences in cocoa regions

Cocoa — Non-cocoa -0.154%*%*% _(.343*** -0.149%*** -0.418 0.046 -0.416

(0.038)  (0.037) (0.032) (0.519) (0.034)  (0.302)
Observations 1,202 1,202 1,202 1,202 1202 1,202
R-squared 0.014 0.076 0.014 0.000 0.001 0.002
Outcome Mean 0.577 0.684 0.321 52.43 0.710 50.13

Panel D. Demographic differences in non-cocoa regions

Non-cocoa — Cocoa -0.044 -0.199%** 0.193%** -2.305%** 0.209*%**  0.121
(0.045) (0.043) (0.040) (0.770) (0.042)  (0.344)
Observations 613 613 613 613 613 613
R-squared 0.002 0.039 0.049 0.013 0.036 0.000
Outcome Mean 0.574 0.729 0.184 53.51 0.582 49.99

Panels A and B report basic migration statistics for all respondents and for the target cohort (1935-1949).
Panels C and D show demographic differences between migrants and non-migrants in cocoa and non-cocoa
regions. Robust standard errors are in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Appendix Table A6:

Robustness Checks: Accounting for Potential Bias from Migration

3] 0] ®3) (4) (5) (6) ) (8)
Years of Have formal Morbidity Disability Waged Self Days Hours
schooling  education employment employment worked — worked
Cocoa Area 1.465%** 0.142%** -0.006 -0.009 0.018 -0.021 -0.116  -0.473***
(0.187) (0.018) (0.017) (0.014) (0.016) (0.018) (0.082)  (0.143)
Target Cohort x Cocoa Area -1.184%** -0.102%** 0.047* 0.060** 0.003 -0.010 0.077 -0.112
(0.255) (0.025) (0.027) (0.024) (0.019) (0.024) (0.108)  (0.162)
Cocoa — Non-cocoa -0.245 0.004 0.058%*** -0.011 -0.047** 0.073%** -0.000 -0.223
(0.233) (0.023) (0.020) (0.020) (0.022) (0.027) (0.088)  (0.142)
Non-cocoa — Cocoa -1.044%*% - -(.133%** -0.014 -0.006 0.003 -0.071%F** 0.076 0.029
(0.267) (0.025) (0.021) (0.016) (0.019) (0.024) (0.089)  (0.174)
Cocoa — Non-cocoa x Target Cohort -0.003 -0.024 -0.037 0.059% 0.019 -0.016 0.051 0.436**
(0.442) (0.037) (0.039) (0.033) (0.031) (0.043) (0.165)  (0.215)
Non-cocoa — Cocoa x Target Cohort — 0.914** 0.103** 0.044 -0.015 0.046 0.008 0.016 0.211
(0.441) (0.044) (0.044) (0.038) (0.034) (0.042)  (0.184)  (0.292)
Observations 7,066 7,069 7,069 7,069 6,218 6,218 6,214 6,219
R-squared 0.366 0.359 0.040 0.106 0.222 0.108 0.094 0.122
Cohort F.E. Yes Yes Yes Yes Yes Yes Yes Yes
Region F.E. Yes Yes Yes Yes Yes Yes Yes Yes
Controls Yes Yes Yes Yes Yes Yes Yes Yes
Outcome Mean 4.986 0.550 0.309 0.179 0.170 0.715 5.024 7.148

Robustness Check: Accounting for Potential Bias from Migration. The table reports the long-term effects of the cocoa
swollen shoot virus disease (CSSVD) outbreak on human capital and labor market outcomes while accounting for possible
bias from selective migration among the target cohorts (birth years 1936-1949). Cocoa area denotes areas climatically
suitable for cocoa cultivation. “Cocoa — Non-cocoa” and “Non-cocoa — Cocoa” are indicators for migrants moving from
cocoa to non-cocoa regions and from non-cocoa to cocoa regions, respectively. All models include cohort (year-of-birth) and
region fixed effects. Controls are age of household head and indicators for female, rural residence, female-headed household,
and head of household status. Standard errors are clustered at the cohort X region level. *** p<0.01, ** p<0.05, * p<0.1.

Appendix Table A7: Robustness Checks: A Sample of Only Non-Movers

Years of Have formal Morbidity Disability Waged Self Days Hours
schooling  education employment employment worked — worked
Cocoa Area 1.427%%% 0.140%** -0.012 0.001 0.012 -0.030 -0.156*  -0.528***
(0.192) (0.018) (0.020) (0.017) (0.017) (0.020) (0.089)  (0.155)
Target Cohort x Cocoa Area -1.039%**  -0.097*** 0.059%* 0.070%** 0.006 -0.015 0.094 -0.070
(0.274) (0.027) (0.027) (0.025) (0.020) (0.025) (0.112)  (0.172)
Observations 5,644 5,645 5,645 5,645 4,973 4,973 4,969 4,976
R-squared 0.375 0.369 0.043 0.107 0.205 0.108 0.089 0.118
Cohort F.E. Yes Yes Yes Yes Yes Yes Yes Yes
Region F.E. Yes Yes Yes Yes Yes Yes Yes Yes
Controls Yes Yes Yes Yes Yes Yes Yes Yes
Outcome Mean 4.881 0.546 0.310 0.175 0.154 0.725 4.958 7.025

Robustness Check: Sample Restricted to Non-migrants. The table reports the long-term effects of the cocoa swollen
shoot virus disease (CSSVD) outbreak on human capital and labor market outcomes for a sample including only non-
migrant respondents. Cocoa area denotes areas climatically suitable for cocoa cultivation, and the target cohort refers
to individuals born between 1935 and 1949. All models include cohort (year-of-birth) and region fixed effects. Controls
are age of household head and indicators for female, rural residence, female-headed household, and head-of-household
status. Standard errors are clustered at the cohort X region level. *** p<0.01, ** p<0.05, * p<0.1.
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