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Spillover Effects of Tobacco Farms on the Labor Supply, Education, and Health of 

Children: Evidence from Malawi 

 

Abstract: Using data from the Living Standards Measurement Study in Malawi, we examine the 

spillover effects of tobacco farms on children’s labor supply, education, and health. To address 

potential endogeneity, the share of tobacco farms in a community is instrumented by the change 

in tobacco buyers following termination of the intermediate buyer system. We find that, as 

tobacco cultivation is labor-intensive, children in communities with more tobacco growers spend 

more time as casual laborers and are less likely to advance to the next grade. Adverse health 

effects, measured by the likelihood of suffering from illnesses related to green tobacco sickness, 

are estimated be larger than previously documented. It affects not only “working-age” children 

but also children too young to work on tobacco farms. Moreover, exposure to large-scale tobacco 

cultivation is estimated to reduce the height-for-age z-score of children aged 6–60 months. These 

findings highlight the importance of raising awareness and taking measures to protect children 

against green tobacco. 

 

Key words: tobacco farm; child labor; education; health; Malawi 

JEL classification: I15; J22; O13 

 

 

 



3 
 

While the adverse health effects of smoking and exposure to smoking have led to many 

economic studies (Chaloupka and Warner 2001; Coneus and Spiess 2012; Courtemanche, 

Tchemis, and  Ukert 2018), economists rarely assess the effects of exposure to tobacco 

cultivation. Nicotine absorbed through the skin when working with green tobacco has been well 

documented to cause workers green tobacco sickness (GTS, McBride et al. 1998). Child laborers 

are more vulnerable because their body size is small relative to the dose of nicotine absorbed, 

they lack tolerance to the effects of nicotine, and they do not know about the risks (McKnight 

and Spiller 2005). As tobacco is one of the most labor-intensive crops, all available workers join 

in the effort, so children in some developing countries often play a substantial role in handling 

tobacco plants (Hazarika and Sarangi, 2008). Case-based reports show that child laborers are at 

high risk of suffering from GTS (The Guardian 2011; Human Rights Watch 2016).  

 

Using representative data from three rounds of the Living Standards Measurement Study–

Integrated Surveys on Agriculture (LSMS–ISA) in Malawi, this article not only quantitatively 

examines the findings from case-based reports about child labor and GTS related to tobacco 

cultivation but also seeks to answer three questions about child development: (1) Do work 

opportunities created by tobacco farms affect children’s education? (2) Does contact with green 

tobacco other than working directly with the plants as labor increase children’s risk of GTS? (3) 

If young children exposed to green tobacco are more likely to suffer from GTS-related illness, 

how does that affect their health over the long term? The article is thus aligned with three strands 

of research on child labor and education (Basu and Tzannatos 2003; Beegle, Dehijia, and Gatti 

2009; Sim et al., 2017), the spillover effects of health conditions (Miguel and Kremer 2004), and 

the long-term health consequences of early-life shocks (Bundervoet, Verwimp, and Akresh 2009; 
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Maccini and Yang 2009). As tobacco cultivation has been shown to alleviate poverty in Malawi 

(Orr 2000), this article also discusses the tradeoff between economic gain and welfare loss from 

tobacco cultivation.  

 

The Malawian economy relies heavily on tobacco (Otanez, Mamudu, and Glantz 2009). With 

more than 100,000 hectares of land under tobacco cultivation annually (FAOSTAT data), 

tobacco has been the country’s most important cash crop. Moreover, unprocessed tobacco has 

contributed more than 40% to its total exports and accounted for 3% to 7% of the world market 

(UN Comtrade data). In colonial times tobacco cultivation was restricted to white settlers; only 

after 1994 was it extended to smallholders by licensing clubs of 10 to 30 members (Deininger 

and Xia 2018). Rapid take-up soon brought the smallholder share in tobacco cultivation to some 

70% (Lea and Hanmer 2009), which markedly improved their socioeconomic indicators (Jaffee 

2003). However, smallholders are extremely vulnerable to declining prices, currency fluctuations, 

and other externalities (Jacobs et al. 2000).1 While the economic gain is  likely to outweigh other 

factors in a poor country (Makoka et al. 2016),2 this article is intended to inform Malawi’s 

policies for more sustainable development by providing evidence on the costs of tobacco 

cultivation to children.  

 

As the key explanatory variable, the share of tobacco growers in the community, is available 

only in the cross-sectional data set, due to the unobservable community characteristics we rely 

on an instrumental variable to address potential endogeneity. Tobacco farmers in Malawi were 

allowed to sell their crops at auction or through the intermediate buyer system until the 

government terminated that system in 2000. Although the system has since been illegal, some 
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intermediate buyers continue to buy tobacco from farmers (Chirwa 2009). Using data collected 

in 2004 and 2005, about four years after the intermediate system was terminated, the 

instrumental variable, an indicator for whether there are more tobacco buyers in the community 

than five years ago, is likely to capture the demand-side change not correlated with unobservable 

community characteristics if the market channel since termination of the intermediate buyer 

system is carefully identified.  

 

Although in the market demand and supply usually affect each other, we assume that in the short 

term, termination of the system first affected buyers and the effect was then passed on to growers. 

This is justified by the facts that the target of the policy is the buyer rather than the grower, and 

the number of growers in communities with more buyers dramatically increased in the second 

year, not the first, after termination of the intermediate buyer system. Hence, controlling for the 

initial condition of supply, the change in supply after the new policy was in place for two years, 

conditions in different auction markets, and important community events in the past five years, 

we assume that the distribution of intermediate buyers was changed by the end of the 

intermediate buyer system, which further affected growers.  

 

Since the system was terminated, intermediate buyers take a risk because buying tobacco from 

growers is illegal. As a result, in addition to approaching communities where there are more 

growers that we control for, they may also seek growers who cannot easily access the auction 

floors to get lower prices. We find that intermediate buyers are more active where transportation 

costs from farm to auction floor is high, but the change in intermediate buyers is not significantly 

correlated with such community variables as demographic characteristics, current shocks, and 
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access to markets and facilities. This allays the concern that there are widespread unobserved 

community characteristics correlated with both the change in intermediate buyers and children’s 

outcomes.  

 

We find that tobacco growers hire more days of casual labor than those who do not grow tobacco. 

As a result, children spend more time as casual labor in communities with a higher share of 

tobacco growers, which supports case-based reports that degree of child labor is related to 

tobacco cultivation. This undermines children’s education by lowering the likelihood of a child 

advancing to the next grade. In addition, the adverse health effects measured by the likelihood of 

suffering from GTS-related illness is found not only among children age 5–14 years old who can 

work on tobacco farms but also among children 6–60 months old, too young to do so. Moreover, 

although their short-term nutrition is improved, this obstructs their long-term growth. The height-

for-age z-score of children aged 6–60 months falls by one standard deviation, if every household 

in their community starts to cultivate tobacco. 

 

In what follows, the next section describes the tobacco market in Malawi, followed by a brief 

introduction of the labor demanded by tobacco cultivation and GTS. We then present a 

conceptual framework to discuss the labor supply, education, and health of children based on 

several household models. Next, we describe the sample, present the empirical strategy, and 

provide descriptive evidence on the effects of tobacco farms. The next section discusses 

econometric results on  the effects of tobacco farms, with the first two subsections focusing on 

main results and the third checking the robustness of our findings about children’s long-term 

growth. We finally conclude with implications of our findings for policy. 
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The tobacco market  

Except for contract farming, which was introduced in 2006,3 the auction market is the only 

official channel through which producers can sell their tobacco (Chirwa 2011). Auction Holdings 

Limited (AHL) is the only auction operator; it has four auction floors, in Limbe, Lilongwe, 

Mzuzu, and Chinkhoma. Limbe, near Blantyre in Southern Malawi, was the first auction floor 

established, in 1939. As the center of tobacco production moved north, floors were established in 

1979 in Lilongwe in Central Malawi; in 1993 in Mzuzu in Northern Malawi; and in 2004 in 

Chinkhoma in Central Malawi (Zant 2016). The auction market is oligopolistic with only a small 

number of companies on the demand side. For example, in 2010 two of the seven buyers 

accounted for about 70% of the burley tobacco market (Moyer-Lee and Prowse 2015). Hence, 

the leaf companies have high buyer power and, together with supply and demand forces, 

influence prices (FAO 2014). There are allegations of collusion which would depress prices at 

the expense of producers (Chirwa 2011). 

 

In addition to low prices, smallholders also incur high transportation and storage costs. Farmers 

must store the bales at depots operated by the Tobacco Association of Malawi (TAMA) or the 

National Smallholder Farmers Association of Malawi (NASFAM) before they go to auction. The 

auction schedule determines the delivery from depots to market by district. Wait times at storage 

facilities may be as long as two months (Otanez and Graen 2014). Transportation on average 

makes up 9% of the assembly cost (Tchale and Keyser 2010). To minimize transportation costs, 

smallholders used to sell tobacco to legal intermediate buyers who sold at auction, but the 

government discontinued the intermediate buyer system, one reason being to exploit farmers 
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through lower prices. Although the intermediate buyer system became illegal, more than 30% of 

smallholders still sold their tobacco through this channel in the 2004/05 season (Chirwa 2009). 

 

Tobacco cultivation  

Tobacco is labor-intensive due to the number of tasks required. In addition to tasks common to 

all crops, such as land preparation, weeding, and harvesting, tobacco involves nursery 

preparation, transplanting, barn construction, topping, post-harvest curing, and grading (Takane 

2005). While physically demanding tasks like land preparation are largely undertaken by men 

older than 15, both boys and girls can participate in most other activities (ILO 2014). As a result, 

children as well as adults perform a range of tobacco-related tasks. While on-farm production is 

the dominant source of income in rural Malawi, short-term casual labor, “ganyu,” brings in 

additional income and helps to cope with risks (Orr, Mwale, and Saiti-Chitsonga 2009; Goldberg, 

2016). 

  

When workers handle green leaves and stalks in wet conditions, GTS occurs because nicotine, 

which is soluble in water, can be drawn out of tobacco by rain, dew, or perspiration, and then 

absorbed through the skin (Gehlbach et al. 1975). According to McBride et al. (1998), “during 

GTS onset, early symptoms often include headache and nausea followed by vomiting, weakness, 

pallor, dizziness, headaches, increased perspiration, chills, abdominal pain, diarrhea, and 

increased salivation. These effects can be rather extreme, and may also include severe prostration, 

shortness of breath, and occasional fluctuations in blood pressure or heart rate.” Except for 

extreme cases, cessation of work, change of clothing, showering, fluid intake, and rest can help 

as initial treatment (McBride et al. 1998). GTS can also be prevented by using water-resistant 
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clothing and chemical-resistant gloves to reduce the amount of nicotine absorbed (Gehlbach, 

Williams, and Freeman  1979; Ghosh et al. 1987).  

 

Conceptual framework 

Although working on tobacco farms without protection is harmful to children’s health, because 

parents may be not aware of the hazard, we chose models based on weak assumptions (Basu and 

Van 1998; Soares, Kruger, and Berthelon 2012) rather than assume that parents voluntarily 

choose this worst form of child labor (Dessy and Pallage 2005).4 Basu and Van (1998) assume 

that (1) a family sends children to work to maintain the subsistence level of household 

consumption, and (2) from an employer’s point of view, adult and child labor are substitutes. 

Their model is modified by Soares, Kruger, and Berthelon (2012) to characterize the joint 

household decision of child labor and schooling, incorporating the human capital of children into 

the household’s utility function and considering children’s time spent on investments in human 

capital constrained by their available time. The subsistence level of consumption is also allowed 

to depend on child wages. The difference between the marginal gain from investments in human 

capital and the marginal value of child labor indicates children’s allocation of time for work and 

school. In line with other studies (Kruger 2006; Kruger 2007), Soares, Kruger, and Berthelon 

(2012) use the production of coffee to proxy the demand for low-skilled labor and the value of 

children’s time. In our case, work opportunities created by tobacco farms play a similar role in 

shifting children’s time from school to work. 

   

This model can be further combined with the health production function (Behrman and 

Deolalikar 1988) by incorporating the health of household members into the household utility 
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function. The health production function suggests that individual health is determined by 

individual characteristics (e.g., nutrition intake and genetic make-up), characteristics of the 

person who makes critical health-related decisions and implements them (e.g., education of the 

household head), and household and community characteristics (e.g. the general environment). 

Thus tobacco farms can affect children’s health not only through household allocation of 

resources to maximize its utility, subject to budget constraints, but also directly by changing the 

community environment (Akresh, Lucchetti, and Thirumurthy 2012; Lokshin and Radyakin 2012; 

Brainerd and Menon 2014). On the one hand, children’s income from working on tobacco farms 

increases household resources that can be allocated to health-related goods and shifts parents’ 

preferences to allocate goods in favor of children. These may improve children’s short-term 

health outcomes, such as weight gain. On the other hand, exposure to the harm of green tobacco 

can increase the likelihood that children will suffer from GTS. Whether in the long run the 

positive can overcome the negative effect is an empirical question for economists; it involves 

issues of nutrition and medicine that are beyond economic theory.  

 

Data  

We use representative data from three rounds of the LSMS–ISA in Malawi: the second 

Integrated Household Survey (IHS2), the third Integrated Household Survey (IHS3), and the 

Integrated Household Panel Survey (IHPS). IHS2 was carried out from March 2004 through 

March 2005, using a two-stage stratified sampling procedure. The enumeration areas (EAs) were 

selected for each district, on the basis of probability proportional to size, from the 1998 

Population Census. The second stage involved randomly selected 20 primary households and 5 

replacement households in each EA. In addition to a multipurpose household questionnaire with 
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detailed information on time allocation, education, and health of each household member, the 

survey included a community questionnaire in which questions about economic activities related 

to tobacco production were also asked. Data gaps reduced the sample for our analysis from 

11,280  households to 10,967, among which 8,270 households had children younger than 15 

years old with full information. A sample of 14,484 children aged 5 to 14 years was used to 

examine the effects on “working-age” children, and a sample of 7,168 children younger than 5 

years made it possible to explore the potential risk of simple exposure to green tobacco.   

 

IHS3 was implemented from March 2010 through March 2011, also using two-stage stratified 

sampling. The EAs were selected with probability proportional to size within each district at the 

first sampling stage; the measure of size was based on the number of households in the 2008 

Population and Housing Census. At the second stage, a random systematic sampling was used to 

select 16 primary households and 5 replacement households from the household listing for each 

sample EA. A subsample of EAs was selected before the start of the IHS3 field work as part of 

the Integrated Household Panel Survey (IHPS). The IHPS main fieldwork took place between 

April and October 2013 to track all baseline households and individuals that moved away from 

the baseline dwellings between 2010 and 2013. Once split-off individuals were located, the new 

households that they formed or joined after 2010 was also brought into the IHPS sample. In view 

of the tracking rules, the final IHPS sample covers 4,000 households that could be traced back to 

3,104 baseline households. Data gaps (mainly land size) reduced the sample for our analysis to 

3,090 households for which there was complete information that could be traced back to 2,548 

baseline households.  
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While the sampling procedure of the IHS3 and the IHPS is very similar to that of the IHS2, 

neither the sample had any links to the IHS2 sample, so that we could not construct panel data 

with the IHS2. In addition to the household and community questionnaires, the agriculture 

questionnaire had been separately designed after the IHS3. Moreover, neither the IHS3 nor the 

IHPS had community-level questions about economic activities related to tobacco production. As 

the IHS3 panel sample is representative at the region level and above, it is impossible to draw 

from the sample households representative community data. Hence, although the IHS3 panel 

data are favored to address the endogenous issues, our analysis largely relies on cross-sectional 

data from the IHS2 with the potential endogenous variable instrumented.  

 

Empirical strategy and descriptive evidence 

We start from the demand side of the labor market by examining whether tobacco growers hire 

more ganyu. To allay the concern that ganyu may substitute household own labor, the dependent 

variable is ganyu days hired by a household as a proportion of its number of adults. As the key 

explanatory variable is at the household level, we can use both the IHS2 cross-sectional data and 

the IHS3 panel data. Based on the IHS2 data, we estimate  

 (1)    𝐷𝐷ℎ𝑐𝑐 = 𝛼𝛼𝑐𝑐 + 𝛽𝛽1𝑇𝑇ℎ𝑐𝑐 + 𝛽𝛽2𝑋𝑋ℎ𝑐𝑐 + 𝜖𝜖ℎ𝑐𝑐      

where 𝐷𝐷ℎ𝑐𝑐 is ganyu days hired by household h in community c as a proportion of the number of 

its adults, 𝛼𝛼𝑐𝑐  controls for community fixed effects, 𝑇𝑇ℎ𝑐𝑐  is an indicator variable for tobacco 

growers, 𝑋𝑋ℎ𝑐𝑐 is a vector of basic household characteristics, among them area of land cultivated, 

demographic composition (numbers of children, adults, and old people, and the dependency 

ratio), characteristics of the household head (gender, age, and amount of education), wealth 

(value of durable goods and of livestock), and the time of the interview (year and month), 𝜖𝜖ℎ𝑐𝑐 is 
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the error term two-way clustered by community and time of the interview, 5  and  𝛽𝛽1  is the 

parameter of interest that captures the labor demand of tobacco growers.  

 

There are two potential sources of endogeneity: (1) Adoption of tobacco may be adversely 

affected by labor market conditions, and (2) although we control for basic characteristics, 

households that grow tobacco may be structurally different from those that do not. To shed light 

on the first source of endogeneity, we use an indicator variable for whether the household grew 

tobacco in the previous five cropping seasons as the instrument for current tobacco growers, 

supposing that current labor market conditions do not affect the past decisions and, once tobacco 

is grown, growers are likely to continue with it. To address the second source of endogeneity, 

self-selection, we use the IHS3 panel data to control for time-invariant household characteristics 

and estimate 

 (2)    𝐷𝐷ℎ𝑐𝑐𝑐𝑐 = 𝛼𝛼ℎ + 𝜂𝜂𝑐𝑐 + 𝜑𝜑𝑐𝑐𝑐𝑐 + 𝛽𝛽1𝑇𝑇ℎ𝑐𝑐𝑐𝑐 + 𝛽𝛽2𝑋𝑋ℎ𝑐𝑐𝑐𝑐 + 𝜖𝜖ℎ𝑐𝑐𝑐𝑐     

where, in line with the notation in equation (1), the time dimension denoted by t is included in 

𝐷𝐷ℎ𝑐𝑐𝑐𝑐, 𝑇𝑇ℎ𝑐𝑐𝑐𝑐, and 𝑋𝑋ℎ𝑐𝑐𝑐𝑐 . 𝛼𝛼ℎ  controls for household fixed effects and 𝜂𝜂𝑐𝑐  for year fixed effects, 𝜑𝜑𝑐𝑐𝑐𝑐 

indicates community-specific year fixed effects that capture time-variant community 

characteristics, including the labor market condition, 𝜖𝜖ℎ𝑐𝑐𝑐𝑐 is the error term two-way clustered by 

community and time of the interview, and 𝛽𝛽1 is the parameter of interest that captures the labor 

demand of tobacco growers.  

 

Descriptive statistics on key and control variables are reported in Appendix Table 1. The 

households in the sample hired on average 6 to 8 ganyu days in the last complete season; of these 

households, 10% to 15% grow tobacco. The descriptive-based differences shown in Table 1 
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provide preliminary evidence on the labor demand of tobacco growers: (1) In every period 

(2004/05, 2010/11, and 2013), households that grow tobacco hired more ganyu per household 

adult than those that do not grow tobacco, with the difference ranging from 0.5 to 5 days. (2) 

Ganyu hired by tobacco growers from 3 days per household adult in 2010/11 to 5 days in 2013, 

but households that do not grow tobacco, ganyu hired declined by 0.3 days per household adult.  

TABLE 1 HERE 

 

If tobacco growers demand more ganyu days in their community, “working-age” children (5–14 

years old) on the supply side may be hired or affected through time allocation of adult household 

members. In the latter case, children may be either hired as ganyu to cultivate other crops or 

undertake household agricultural activities, if adult household members are hired by tobacco 

growers. All these may shift children’s study time and efforts so that they cannot advance to the 

next grade. Because the key explanatory variable, the share of tobacco growers in the community, 

is at the community level, we use the IHS2 cross-sectional data and estimate  

 (3)    𝑌𝑌𝑖𝑖ℎ𝑐𝑐𝑐𝑐𝑐𝑐 = 𝛼𝛼𝑐𝑐 + 𝛽𝛽1𝐶𝐶𝑇𝑇𝑐𝑐𝑐𝑐𝑐𝑐 + 𝛽𝛽2𝑃𝑃𝑖𝑖ℎ𝑐𝑐𝑐𝑐𝑐𝑐 + 𝛽𝛽3𝑋𝑋ℎ𝑐𝑐𝑐𝑐𝑐𝑐 + 𝛽𝛽4𝑍𝑍𝑐𝑐𝑐𝑐𝑐𝑐 + 𝛽𝛽5𝑅𝑅𝑐𝑐𝑐𝑐 + 𝜖𝜖𝑖𝑖ℎ𝑐𝑐𝑐𝑐𝑐𝑐      

where, in line with the notation in equations (1) and (2), the district dimension, d, and the region 

dimension, r, are included in 𝑋𝑋ℎ𝑐𝑐𝑐𝑐𝑐𝑐 . When examining the labor supply, 𝑌𝑌𝑖𝑖ℎ𝑐𝑐𝑐𝑐𝑐𝑐  is hours spent by 

child i on ganyu or household agricultural activities in the last seven days. When exploring 

education, 𝑌𝑌𝑖𝑖ℎ𝑐𝑐𝑐𝑐𝑐𝑐  is an indicator variable for child i advancing to the next grade compared to the 

last academic year. 𝛼𝛼𝑐𝑐  controls for region fixed effects, 𝐶𝐶𝑇𝑇𝑐𝑐𝑐𝑐𝑐𝑐  is the share of households that 

grow tobacco in the community, 𝑃𝑃𝑖𝑖ℎ𝑐𝑐𝑐𝑐𝑐𝑐  is a vector of basic individual characteristics, including 

the child’s gender, age, and relationship to the household head,  𝑍𝑍𝑐𝑐𝑐𝑐𝑐𝑐 is a vector of community 

characteristics that will be specified in the discussion on the instrumental variable, 𝑅𝑅𝑐𝑐𝑐𝑐  is the 
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deviation of monthly rainfall from the national average in the last complete cropping season,6 

𝜖𝜖ℎ𝑐𝑐𝑐𝑐 is the error term two-way clustered by community and time of the interview, and 𝛽𝛽1 is the 

parameter of interest that captures the spillover effects of neighboring tobacco growers on the 

labor supply and education of “working-age” children.  

 

𝐶𝐶𝑇𝑇𝑐𝑐𝑐𝑐 may be endogenous if it is correlated with the unobservable community characteristics that  

is correlated with children’s outcomes. To address this potential endogeneity, we use an indicator 

variable for whether there are more tobacco buyers in the community than five years ago as the 

instrument for the share of tobacco growers. Since the IHS2 was conducted between 2004 and 

2005, about four years after the intermediate buyer system was discontinued, the instrumental 

variable is likely to capture the demand-side change not correlated with unobservable community 

characteristics, if the market channel since termination of the intermediate buyer system is 

carefully identified. 

  

Figure 1 illustrates the share of tobacco growers over time, suggesting that the number of 

growers in communities with more buyers dramatically increased in the second year after the 

termination of the intermediate buyer system rather than the first. Together with the fact that the 

target of the policy is buyers rather than growers, this supports our hypothesis that in the short 

term, termination of the intermediate buyer system first affected buyers, and then the effect 

reached growers. To identify this channel, 𝑍𝑍𝑐𝑐𝑐𝑐𝑐𝑐 controls for a vector of variables (denoted by 

𝑍𝑍𝑍𝑍𝑐𝑐𝑐𝑐𝑐𝑐) that includes the share of tobacco growers in the community in 1999, the change in the 

share since 2001, indicator variables for the nearest urban centers (Mzuzu, Lilongwe, Zomba, or 

Blantyre) to proxy market conditions of different auction floors, and indicator variables for 
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important events in the previous five years that may have affected the distribution of 

intermediate buyers.7 By doing so, we explicitly allow the change of buyers compared to five 

years ago to be affected by the initial condition of supply and response to the change of supply 

two years of the termination of the intermediate buyer system.  

FIGURE 1 HERE 

 

Figure 2 illustrates the intensity of growers and the change in buyers by district,8 illustrating that 

the distribution of buyers is correlated not only with the intensity of growers but is also affected 

by transportation costs. A district with a higher share of tobacco growers (Figure 2a) was also 

likely to have more buyers than five years ago (Figure 2b). On the other hand, buyers became 

more active in districts farther from the auction floors (Figure 2b). Intermediate buyers are taking 

a risk in buying tobacco illegally since the termination of the system. As a result, in addition to 

approaching communities with more growers, they may also seek growers who cannot easily 

access the auction floors to get lower prices. 

FIGURE 2 HERE 

 

We test this hypothesis by regressing the indicator variable for more buyers than five years ago 

against various community characteristics conditional on 𝑍𝑍𝑍𝑍𝑐𝑐𝑐𝑐𝑐𝑐 . The results (see Appendix 

Table 2) indeed suggest that intermediate buyers are more active in communities farther from the 

auction floors and where transportation was poor at the time of the survey. However, the change 

of intermediate buyers is not significantly correlated with a wide range of community 

characteristics (demographic characteristics, current shocks, and access to markets and facilities). 

Transportation-related variables are denoted by 𝑍𝑍𝑇𝑇𝑐𝑐𝑐𝑐𝑐𝑐 and other community characteristics by 
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𝑍𝑍𝑍𝑍𝑐𝑐𝑐𝑐𝑐𝑐. To examine whether the estimates are robust to 𝑍𝑍𝑍𝑍𝑐𝑐𝑐𝑐𝑐𝑐, we first estimate equation (3) with 

𝑍𝑍𝑐𝑐𝑐𝑐𝑐𝑐 including 𝑍𝑍𝑍𝑍𝑐𝑐𝑐𝑐𝑐𝑐 and 𝑍𝑍𝑇𝑇𝑐𝑐𝑐𝑐𝑐𝑐, and then for comparison control for 𝑍𝑍𝑍𝑍𝑐𝑐𝑐𝑐𝑐𝑐 together with 𝑍𝑍𝑍𝑍𝑐𝑐𝑐𝑐𝑐𝑐 

and 𝑍𝑍𝑇𝑇𝑐𝑐𝑐𝑐𝑐𝑐.  

 

While we acknowledge that unobserved community characteristics can never be directly 

examined no matter how many observed characteristics are tested, the exercises increase our 

confidence in assuming that the change in intermediate buyers affects children’s outcomes only 

through the share of tobacco growers in the community, conditional on the community controls 

discussed.  

 

Descriptive statistics on key and control variables are reported in Appendix Tables 3 and 4. In 

our sample, 5–14-year-old children live in communities averaging 22% tobacco growers 

(Appendix Table 4). In the previous seven days, they had spent 0.24 hours on ganyu and 2.72 

hours on agricultural activities for their own household, equivalent to 13% and 21% of time 

spent by adults (aged 15–60 years; Appendix Table 3). In addition, 55% of the children 

successfully advanced to the next grade. In Figure 3 we use local polynomial regressions to plot 

the relationship between the share of tobacco growers in the community and child labor and 

education. While the positive relationships with ganyu (Figure 3a) and household agricultural 

activities (Figure 3b) are both robust and tightly estimated, there is a negative relationship with 

education (Figure 3c) below the share of 0.7, which suggests that for “working-age” children 

work opportunities at neighboring tobacco farms shift time from study to work.  

FIGURE 3 HERE 
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While working on tobacco farms is the most obvious channel through which children may suffer 

from GTS, general exposure to tobacco cultivation may also bring children into contact with 

green tobacco. Moreover, it is important to understand whether short-term GTS at the early age 

can obstruct children’s long-term growth. To identify health effects, we use the same strategies 

as specified in equation (3). In addition to replacing the labor hours and the education outcome 

with health outcomes, we also control for household consumption of cigarettes and other tobacco 

in the previous week to exclude the adverse health effects of smoking and exposure to smoking.9 

As the unobservable community characteristics may be also correlated with children’s health 

outcomes, the share of tobacco growers in the community is instrumented as discussed above.  

 

Descriptive statistics on health outcomes are reported in Appendix Table 3. Respondents 

reported up to two illnesses in the previous two weeks. Following the medical literature 

(McBride et al. 1998), illness is considered related to GTS if the first problem is vomiting, 

headache, or stomach ache and the second is not malaria or unspecified long-term illness, which 

are excluded because they also may cause vomiting, headache or stomach ache though listed as 

the second problem. The distribution of the second problem shown in Appendix Table 5 suggests 

that more than 80% of the children did not report a second problem. Second problems reported 

by more than 1% are stomach ache, lower respiratory problem, headache, and diarrhea for 

children aged 5–14 years and diarrhea, lower respiratory problem, and headache for children 

aged 6–60-months—all symptoms very relevant to GTS. By this definition, 3% to 4% of children 

in the sample had suffered from illness related to GTS in the previous two weeks. 
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We use local polynomial regressions to plot the relationship between the likelihood of children 

suffering from GTS-related illness and the share of tobacco growers in the community in Figure 

4. The positive relationships for children both older (Figure 4a) and younger (Figure 4b) are both 

robust and tightly estimated below the share of 0.4. While in communities with more tobacco 

growers the likelihood is consistent for young children, over time older children become less 

likely to suffer from GTS-related illness. This is consistent with findings about nicotine tolerance 

which suggest that new workers are more susceptible to GTS because they have less tolerance to 

nicotine exposure (Occupational Safety and Health Administration n.d.), just as tobacco users are 

less likely to be affected (Gehlbach et al. 1974).   

FIGURE 4 HERE 

 

To measure children’s growth, we constructed weight-for-height and height-for-age z-scores for 

children aged 6–60 months according to the World Health Organization (WHO) child growth 

standards. 10  In our sample, the average weight-for-height z-score was 0.43 and the average 

height-for-age z-score was –1.84. While weight for height may reflect short-term nutrition and 

short-term illnesses, height for age reflects accumulated investments in health and nutrition 

(Martorell and Habicht 1986). In line with the literature (Orr 2000) and our own finding 

(Appendix Table 6)11 that profitable tobacco reduces poverty among smallholder growers, the 

local polynomial regression illustrated by Figure 5a point to a positive relationship between 

weight-for-height z-score and the share of tobacco growers in the community. However, a 

negative relationship between height-for-age z-score and the community share of tobacco 

growers is found from the local polynomial regression shown in Figure 5b, which suggests that 
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non-wealth factors may obstruct children’s long-term growth in communities with more tobacco 

growers.  

FIGURE 5 HERE 

 

Econometric results  

Descriptive evidence is supported by the econometric results in four respects: (1) Tobacco 

growers hire more ganyu. (2) 5–14-year-old children living in communities with more tobacco 

growers spend more time working as ganyu and are less likely to advance to the next grade. (3) 

The likelihood of children suffering from GTS-related illness rises as local farmers start to grow 

tobacco. (4) Although adopting tobacco improves the short-term health of 6–60-month-old 

children, it obstructs their long-term growth.  

 

Labor and education outcomes  

Table 2 presents demand-side outcomes in the labor market. As the area of land cultivated is 

controlled for throughout, the results are not driven by the farm size of tobacco growers. Using 

IHS2, OLS, and IV, the results reported in columns (1) and (2) point to more ganyu days hired 

by households that grow tobacco than those that do not grow, with an estimate of 4 days more 

per household adult. The Kleibergen-Paap rk Wald (KP) test was conducted to determine 

whether the chosen instrumental variable suffers a weak instrument problem—that is, whether 

growing tobacco in the current cropping season is sufficiently correlated with growing it in the 

previous five cropping seasons. The KP F-statistic (4373.07) is much larger than the 

corresponding critical value for 10% maximal IV relative bias (16.38), which implies that the 

instrumental variable is strong enough. As the two estimates from OLS and IV are very similar, 
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there is no bias due to reverse causality. However, they may be biased if tobacco growers have a 

different structure from those who do not grow tobacco. We use the IHS3 panel to address this 

potential endogeneity, as shown in columns (3) and (4). While tobacco growers are still found to 

hire significantly more ganyu per household adult, the estimate is reduced to 1.6 days.  

TABLE 2 HERE 

 

Table 3 presents supply-side outcomes in the labor market for children 5–14 years old. The result 

in column (1) is estimated by OLS without controls for household or community characteristics. 

Controlling for household characteristics (𝑍𝑍𝑍𝑍𝑐𝑐𝑐𝑐𝑐𝑐) and basic community characteristics (𝑍𝑍𝑇𝑇𝑐𝑐𝑐𝑐𝑐𝑐), 

columns (2) and (4) report the OLS and the IV estimates. The OLS and IV estimates reported in 

columns (3) and (5) further control for additional community characteristics (𝑍𝑍𝑍𝑍𝑐𝑐𝑐𝑐𝑐𝑐). All KP F-

statistics are much larger than the corresponding critical value for 10% maximal IV relative bias 

(16.38), which implies that the instrumental variable is strong enough.  

 

While the OLS estimate points to an effect of 0.3 hours not robust to different sets of community 

controls, the larger and robust IV estimate suggests that 5–14-year-old children spend an 

additional 1.4 hours on ganyu if every household in their community starts to cultivate tobacco 

(Panel A). In addition to the effect for children, neighboring tobacco farms may also change the 

division of labor among household members. If so, the children might spend more time on 

household agricultural activities if adults in their households are hired by neighboring tobacco 

growers. However, neither OLS nor IV estimates reported in Panel B support this channel.  

TABLE 3 HERE 
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Table 4 reports the likelihood of 5–14-year-old children advancing to the next grade as 

determined by study time and efforts. Columns (1) to (5) display results as in Table 3 supposing 

that the share of tobacco growers in the community has a linear effect. The OLS estimates 

suggest a reduction in the likelihood of 5% to 7%. The IV estimates, however, increases the 

magnitude to 26%.12 As the local polynomial regression in Figure 3c illustrates a quadratic 

relationship, we add the quadratic share and report the results in columns (6) and (7). Since the 

instrumental variable is an indicator, its quadratic term does not provide additional information 

on which to predict the quadratic endogenous variable.  

 

Following Wooldridge (2010), we use a three-step procedure to apply the IV estimation. First, 

we regress the endogenous variable on all exogenous variables, including the instrumental 

variable, and obtain the predicted value of the endogenous variable. Then, we square the 

predicted value of the endogenous variable to generate the quadratic predicted value of the 

endogenous variable. Finally, we run 2SLS with the endogenous variable and its quadratic term 

instrumented by the predicted values obtained in the first two steps. However, once other 

covariates are controlled for, the quadratic relationship is not supported. The turning point for the 

share of tobacco growers in the community is well above one, suggesting that children’s 

likelihood of advancing to the next grade monotonically decreases the more tobacco growers 

there are in their community.  

TABLE 4 HERE 

 

Health outcomes  
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Table 5 presents the results on GTS-related illness for 5–14-year-old children. While the OLS 

estimates suggest that the share of tobacco growers in the community does not have a significant 

linear effect (columns (2) and (3)), the IV estimate13 points to a positive effect (column (4)) 

robust to different sets of community controls. If every household starts to cultivate tobacco, 5–

14-year-old children in the community are 9% more likely to suffer from GTS-related illnesses. 

As the local polynomial regression in Figure 4a illustrates a quadratic relationship, we add the 

quadratic share and report the results in columns (6) and (7). Consistent with the turning point in 

Figure 4a, the OLS estimate suggests that children’s likelihood of suffering from a GTS-related 

illness increases by 2% as the share of tobacco growers in the community grows from 0 to 31%. 

With a turning point at 80%, the IV estimate14 suggest a larger effect of 11%.  

TABLE 5 HERE 

 

We next examine whether exposure to tobacco cultivation also affects children’s health 

outcomes in Tables 6 and 7. Table 6 displays results similarly to Table 5 with columns (1) to (6) 

testing the linear effect and columns (7) and (8) testing the quadratic effect. Because the health 

outcomes of younger children (6–60 months old) are likely to be influenced by their guardians, 

we also control for guardian characteristics (columns (2) to (8)). While the OLS estimate points 

to a significant linear effect of 1% to 2% that is not robust to different community controls, the 

larger and robust IV estimate suggests that if every household in their community starts to 

cultivate tobacco, children 6–60 months old are more likely by 14% to suffer from GTS-related 

illness.15 Significant quadratic relationships reported in columns (7) and (8) indicate that the 

effect is mainly driven by communities with less than 70% tobacco growers. 16  Moreover, 
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although their short-term nutrition is improved, this exposure seems to obstruct children’s long-

term growth.  

TABLE 6 HERE 

 

Table 7 reports results on  weight-for-height z-score (Panel A), which suggest that children’s 

short-term nutrition is improved in communities with more tobacco growers. Since the OLS 

estimates do not change much with and without the household wealth controls, and controlling 

for household wealth the IV estimates 17  point to a significant and positive effect, this 

improvement can be attributed to a change in parents’ preference beyond a pure wealth effect. 

Although identifying the mechanisms through which parents’ preference for children’s health 

investment has changed is beyond the scope of this article, the literature suggests at least two 

possible channels: (1) The economic prospects of older children can change parental investment 

in younger children (Qian 2008): Since 5–14-year-old children have more working opportunities 

in communities with more tobacco growers, parents may prefer to invest in young children. (2) 

The household preference can be shifted to the preference of some members if bargaining power 

within the household is changed by their income (Browning et al. 1994). As children are found to 

benefit when their mothers and grandmothers control a larger share of family resources (Duflo 

2003; Thomas 1990), when tobacco growers provide more work opportunities household 

preferences may change.  

 

Unlike the improvement in their short-term nutrition, the children’s height-for-age z-scores 

reported in Panel B suggest that their long-term growth is obstructed in communities with more 

tobacco growers. The positive shot-term results for children are apparently counteracted by 
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problems brought on by the environment—the neighboring tobacco farms. The IV estimates 

suggest that the height-for-age z-score of children of 6–60 months decreases by one standard 

deviation18 if every household in the community starts to cultivate tobacco.  

TABLE 7 HERE 

 

Robustness check for children’s long-term growth 

Although the height-for-age z-score is an indicator for children’s long-term growth, the lack of 

historical data does not allow us to identify cumulative effect for a particular cohort beyond one 

cropping season. To check the robustness of our finding, we compare a younger and an older 

cohort, since older children have worse height-for-age z-scores than younger children because 

they have had time to accumulate a larger deficit (Bundervoet, Verwimp, and Akresh 2009; 

Duflo 2003; Martorell and Habicht 1986). The younger cohort consists of children aged 6–11 

months, too young to be exposed to tobacco cultivation in an entire cropping season; the older 

cohort consists of children aged 18–23 months, old enough to be exposed to more than one 

cropping season. Equation (3) is augmented by the indicator variable for the older cohort and the 

interaction term between the share of tobacco growers in the community and that indicator 

variable.  

 

Three findings emerge (see Table 8).19 (1) The height-for-age z-scores of older and of younger 

children are not significantly different in communities without any tobacco growers. This 

suggests that when there are no tobacco farms, there is no accumulated deficit for children 

younger than 2 years. (2) In spite of a negative coefficient on the “share of tobacco growers in 

the community”, neighboring tobacco farms do not have a significant effect on the scores of 
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children aged 6–11 months. This implies that exposure to tobacco cultivation for less than one 

cropping season has minimal effect. (3) Most important: the scores of older children are 

significantly lower than those of younger children, with an estimated 0.7 to 0.9 standard 

deviation, if every household in the community starts to cultivate tobacco. This supports our 

earlier finding that exposure to large-scale cultivation of tobacco obstructs children’s long-term 

growth.  

TABLE 8 HERE 

 

Conclusions and policy implications 

Consistent with the case-based reports, we find that child labor is more intensive in communities 

with more tobacco growers. This negatively affects their education because they are less likely to 

advance to the next grade. Probably due to lower tolerance to nicotine exposure, “working-age” 

children are more likely to suffer from GTS-related illness when fewer farmers in their 

community cultivate tobacco, which highlights the importance of raising awareness and taking 

protective measures against green tobacco. Moreover, GTS-related illness has unexpectedly 

impact, since we find that young children who are unlikely to work on tobacco farms are 

nevertheless more likely to suffer from the illness in communities with a higher share of tobacco 

growers. Although the lack of detailed data on child care does not allow us to identify the 

channels (for example, whether parents bring young children to the fields when doing farm work) 

and to draw specific policy implications, simply letting guardians know the facts can help them 

to identify their own problems and reduce the risk, since what causes GTS is well understood. 

This is particularly important, since our evidence on children’s anthropometry suggests that 

health investments alone cannot completely address the cumulative problems caused by living 
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near tobacco farms. These conclusions and policy implications are also relevant to tobacco 

producers other than Malawi where safety awareness is still minimal. 
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Figure 1: Share of tobacco growers, 1999–2003 
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Figure 2a: Share of tobacco growers in the community 

 

Figure 2b: More tobacco buyers in the community 

compared to five years ago 

 

Note: The blank district (lower left) is Neno, which is not included in IHS2. In 2003 Mwanza was split into two districts, Neno 

and Mwanza.   

Figure 2: Intensity of tobacco growers and the change in tobacco buyers by district 
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Note: Local polynomial regression are indicated by the black lines. 95% confidence intervals are indicated by the gray lines. 

Figure 3. Labor and education, children 5–14 years old, local polynomial regression 
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Note: Local polynomial regression are indicated by the black lines. 95% confidence intervals are indicated by the gray lines. 

Figure 4. Children’s GTS-related illness, local polynomial regression  
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Note: Local polynomial regression are indicated by the black lines. 95% confidence intervals are indicated by the gray lines. 

Figure 5. Children’s anthropometry (6–60 months old), local polynomial regression 
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Table 1. Ganyu Days per Household Adult Employed by Tobacco Growers and Non-tobacco Growers 

Panel A: IHS2 Grow Do not grow Difference 

  2004/05 7.15 2.61 -4.54 

 (0.67) (0.15) (0.46) 

Panel B: IHS3  Grow Do not grow Difference 

  2010/11 3.25 2.80 -0.45 

 (0.39) (0.36) (0.84) 

  2013 5.17 2.46 -2.71 

 (0.74) (0.15) (0.51) 

  Difference 1.92 -0.33 -2.26 

 (0.80) (0.36) (0.98) 

Note: Standard errors are in parentheses. 
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Table 2. Effect of Tobacco Growers on Hired Ganyu  

 IHS2 

OLS 

IHS2 

2SLS 

IHS3 

Panel 

IHS3 

Panel 

 (1) (2) (3) (4) 

Household grows tobacco 4.586*** 4.279*** 1.640*** 1.552*** 

 (0.501) (0.630) (0.431) (0.465) 

Household controls YES YES YES YES 

Household fixed effects  NO NO YES YES 

Community fixed effects YES YES – – 

Year fixed effects  NO NO YES YES 

Community-specific year fixed effects NO NO NO YES 

Observations 10,374 10,374 4,914 4,906 

R-squared 0.157 0.026 0.577 0.609 

First stage for household grows tobacco     

Household grew tobacco in the past five cropping seasons   0.735***   

    (0.011)   

Kleibergen-Paap rk Wald F statistic  4373.067   

Stock-Yogo: 10% maximal IV size  16.38   

Notes: The dependent variable is ganyu days hired by a household as a proportion of its number adults. Household controls 

include area of land cultivated; demographic composition (numbers of children, adults, and old people, and the dependency ratio); 

characteristics of household head (gender, age, and level of education); household the wealth (value of durable goods and of 

livestock); and year and month of the interview. Community fixed effects are controlled for in cols. 3 and 4 once household fixed 

effects are included. Robust standard errors (in parentheses) are two-way clustered by community and time of interview. Asterisk 

(*), double asterisk (**), and triple asterisk (***)  denote variables significant at 10%, 5%, and 1% respectively.  
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Table 3. Effect of Community Tobacco Farms on Child Labor (5–14 years old) 

 OLS OLS OLS IV IV 

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

Panel A: Hours of ganyu      

Share of tobacco growers in the community 0.289* 0.252 0.329* 1.379** 1.561** 

   (0.168) (0.189) (0.192) (0.590) (0.620) 

Weather controls  YES YES YES YES YES 

Child controls  YES YES YES YES YES 

Household controls NO YES YES YES YES 

Basic community controls NO YES YES YES YES 

Additional community controls  NO NO YES NO YES 

Region fixed effects  YES YES YES YES YES 

Observations 13,897 13,500 12,918 13,500 12,918 

R-squared 0.036 0.044 0.052 0.034 0.041 

First stage for share of tobacco growers in the community      

More tobacco buyers than five years ago    0.111*** 0.110*** 

      (0.022) (0.020) 

Kleibergen-Paap rk Wald F statistic   25.467 29.416 

Stock-Yogo: 10% maximal IV size   16.38 16.38 

Panel B: Hours of household agricultural activities      

Share of tobacco growers in the community 1.436** 0.595 0.909 0.979 3.170 

 (0.726) (0.752) (0.746) (2.877) (3.007) 

Weather controls  YES YES YES YES YES 

Child controls  YES YES YES YES YES 

Household controls NO YES YES YES YES 

Basic community controls NO YES YES YES YES 

Additional community controls  NO NO YES NO YES 

Region fixed effects  YES YES YES YES YES 

Observations 13,900 13,503 12,921 13,503 12,921 

R-squared 0.119 0.201 0.225 0.201 0.222 
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First stage for share of tobacco growers in the community      

More tobacco buyers than five years ago     0.111*** 0.109*** 

      (0.022) (0.020) 

Kleibergen-Paap rk Wald F statistic    25.484 29.417 

Stock-Yogo: 10% maximal IV size    16.38 16.38 

Notes: The dependent variables are hours of ganyu during the last seven days (Panel A) and of household agricultural activities 

during the last seven days (Panel B). Weather controls are district deviation of monthly rainfall in the rainy season from the 

national average. Child controls are gender, age, and relationship to head. Household controls are area of land cultivated; 

demographic composition (numbers of children, adults, and old people, and dependency ratio); head’s characteristics (gender, 

age, and amount of education): wealth (value of durable goods and of livestock); and month and year the time of the interview. 

Basic community controls are share of tobacco growers in the community in 1999; change in the share since 2001; indicator 

variables for the nearest major urban center (Mzuzu, Lilongwe, Zomba, or Blantyre); important events that occurred in the past 

five years; distance to the nearest urban center; and access to transportation (number of months per year the main road is passable 

by minibus or truck and construction of a new road in the year of the survey). Additional community controls are most common 

religion; most common language, the kind of descent; important events that occurred in the year of the survey; share of 

agricultural land under estate; share of households with members looking for work elsewhere; the distance to the ADMARC 

market; distances to the bank; the primary school; and a health facility. Robust standard errors (in parentheses) are two-way 

clustered by community and time of the interview. Asterisk (*), double asterisk (**), and triple asterisk (***) denote variables 

significant at 10%, 5%, and 1% respectively.  
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Table 4. Effect of Community Tobacco Farms on Children’s Education (5–14 years old)   

 OLS OLS OLS IV IV OLS IV 

 (1) (2) (3) (4) (5) (6) (7) 

Share of tobacco growers in the community -0.052*** -0.048** -0.069** -0.261** -0.248** -0.114 -0.222 

 (0.018) (0.023) (0.028) (0.119) (0.117) (0.073) (0.139) 

Quadratic share of tobacco growers       0.055 -0.083 

  in the community      (0.081) (0.210) 

Weather controls  YES YES YES YES YES YES YES 

Child controls  YES YES YES YES YES YES YES 

Household controls NO YES YES YES YES YES YES 

Basic community controls NO YES YES YES YES YES YES 

Additional community controls  NO NO YES NO YES YES YES 

Region fixed effects  YES YES YES YES YES YES YES 

Observations 13,136 12,749 12,211 12,749 12,211 12,211 12,211 

R-squared 0.083 0.134 0.141 0.128 0.138 0.141 0.135 

First stage, share of tobacco growers in the community       

More tobacco buyers than five years ago    0.111*** 0.109***   

    (0.021) (0.019)   

Kleibergen-Paap rk Wald F statistic    29.037 33.627   

Stock-Yogo: 10% maximal IV size    16.38 16.38   

First stage,  share of tobacco growers in the community       

Predicted share of tobacco growers       1.013*** 

       (0.178) 

Predicted quadratic share      -0.041 

         (0.142) 

First stage, quadratic share of tobacco growers in the community      

Predicted share of tobacco growers in the community      0.160 

       (0.148) 

Predicted quadratic share      0.460** 

       (0.170) 

Kleibergen-Paap rk Wald F statistic       5.823 
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Stock-Yogo: 10% maximal IV size       7.03 

Stock-Yogo: 15% maximal IV size       4.58 

Notes: The dependent variable is an indicator variable for advancing to the next grade, computed by comparing grades in this and 

the previous academic year. Weather controls are the district deviation of monthly rainfall in the rainy season from the national 

average. Child controls are gender, age, and relationship to head. Household controls are area of land cultivated; demographic 

composition (numbers of children, adults, and old people, and the dependency ratio); head’s characteristics (gender, age, and 

education level); wealth (values of durable goods and of livestock), and month and year of the interview. Basic community 

controls are share of tobacco growers in the community in 1999; change in the share since 2001; indicator variables for the 

nearest major urban center (Mzuzu, Lilongwe, Zomba, or Blantyre); important events that occurred in the past five years; 

distance to the nearest urban center; and access to transportation (number of months per year the main road is passable by 

minibus or truck and construction of a new road in the year of the survey). Additional community controls are most common 

religion; most common language, the kind of descent; important events that occurred in the year of the survey; share of 

agricultural land under estate; share of households with members looking for work elsewhere; the distance to the ADMARC 

market; distances to the bank; the primary school; and a health facility. Robust standard errors (in parentheses) are two-way 

clustered by community and time of the interview. Asterisk (*), double asterisk (**), and triple asterisk (***) denote variables 

significant at 10%, 5%, and 1% respectively.  
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Table 5. Effect of Community Tobacco Farms on GTS-related Illness in Children (5–14 years old) 

 OLS OLS OLS IV IV OLS IV 

 (1) (2) (3) (4) (5) (6) (7) 

Share of tobacco growers in the community 0.011** -0.010 -0.017 0.085** 0.112*** 0.052** 0.139*** 

 (0.004) (0.011) (0.013) (0.033) (0.032) (0.025) (0.042) 

Quadratic share of tobacco growers       -0.083** -0.087 

  in the community      (0.033) (0.119) 

Weather controls  YES YES YES YES YES YES YES 

Child controls  YES YES YES YES YES YES YES 

Household controls NO YES YES YES YES YES YES 

Basic community controls NO YES YES YES YES YES YES 

Additional community controls  NO NO YES NO YES YES YES 

Region fixed effects  YES YES YES YES YES YES YES 

Observations 14,484 14,063 13,464 14,063 13,464 13,464 13,464 

R-squared 0.005 0.025 0.029 0.018 0.018 0.030 0.025 

First stage, share of tobacco growers in the community      

More tobacco buyers than five years ago    0.110*** 0.109***   

    (0.021) (0.019)   

Kleibergen-Paap rk Wald F statistic    26.527 32.099   

Stock-Yogo: 10% maximal IV size    16.38 16.38   

First stage, share of tobacco growers in the community       

Predicted share       1.021*** 

       (0.181) 

Predicted quadratic share       -0.062 

         (0.144) 

First stage, quadratic share of tobacco growers in the community      

Predicted share       0.166 

       (0.152) 

Predicted quadratic share       0.435** 

       (0.174) 

Kleibergen-Paap rk Wald F statistic       5.021 
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Stock-Yogo: 10% maximal IV size       7.03 

Stock-Yogo: 15% maximal IV size       4.58 

Notes: The dependent variables are indicator variables for suffering from stomach ache, vomiting, and headache during the 

previous two weeks. Weather controls are  district deviation of monthly rainfall in the rainy season from the national average. 

Child controls are gender, age, and relationship to head. Household controls are area of land cultivated; demographic composition 

(numbers of children, adults, and old people, and dependency ratio)l head’s characteristics (gender, age, and amount of 

education): wealth (value of durable goods and of livestock); and month and year the time of the interview. Basic community 

controls are share of tobacco growers in the community in 1999; change in the share since 2001; indicator variables for the 

nearest major urban center (Mzuzu, Lilongwe, Zomba, or Blantyre); important events that occurred in the past five years; 

distance to the nearest urban center; and access to transportation (number of months per year the main road is passable by 

minibus or truck and construction of a new road in the year of the survey). Additional community controls are most common 

religion; most common language, the kind of descent; important events that occurred in the year of the survey; share of 

agricultural land under estate; share of households with members looking for work elsewhere; the distance to the ADMARC 

market; distances to the bank; the primary school; and a health facility. Robust standard errors (in parentheses) are two-way 

clustered by community and time of the interview. Asterisk (*), double asterisk (**), and triple asterisk (***) denote variables 

significant at 10%, 5%, and 1% respectively. 
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Table 6. Effect of Community Tobacco Farms on GTS-related Illness in Children (6–60 months old) 

 OLS OLS OLS OLS IV IV OLS IV 

 (1) (2) (3) (4) (5) (6) (7) (8) 

Share of tobacco growers in the community 0.015** 0.016** 0.014** 0.012 0.142*** 0.138** 0.067** 0.177*** 

 (0.007) (0.007) (0.006) (0.008) (0.050) (0.056) (0.032) (0.060) 

Quadratic share of tobacco growers        -0.065* -0.128** 

  in the community       (0.034) (0.060) 

Weather controls YES YES YES YES YES YES YES YES 

Child controls YES YES YES YES YES YES YES YES 

Guardian controls NO YES YES YES YES YES YES YES 

Household controls NO NO YES YES YES YES YES YES 

Basic community controls NO NO YES YES YES YES YES YES 

Additional community controls  NO NO NO YES NO YES YES YES 

Region fixed effects  YES YES YES YES YES YES YES YES 

Observations 7,168 7,105 6,859 6,588 6,859 6,588 6,588 6,588 

R-squared 0.017 0.019 0.037 0.043 0.018 0.027 0.044 0.040 

First stage, share of tobacco growers in the community       

More tobacco buyers than five years ago    0.105*** 0.101***   

       (0.025) (0.020)   

Kleibergen-Paap rk Wald F statistic     17.154 26.188   

Stock-Yogo: 10% maximal IV size     16.38 16.38   

First stage, share of tobacco growers in the community       

Predicted share        0.983*** 

          (0.189) 

Predicted quadratic share       0.053 

          (0.138) 

First stage, quadratic share of tobacco growers in the community      

Predicted share        0.132 

          (0.167) 

Predicted quadratic share       0.535*** 

          (0.167) 
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Kleibergen-Paap rk Wald F statistic        5.524 

Stock-Yogo: 10% maximal IV size        7.03 

Stock-Yogo: 15% maximal IV size        4.58 

Notes: The dependent variables are indicator variables for suffering from stomach ache, vomiting, and headache during the 

previous two weeks. Weather controls are  district deviation of monthly rainfall in the rainy season from the national average. 

Child controls are gender, age, and relationship to head. Household controls are area of land cultivated; demographic composition 

(numbers of children, adults, and old people, and dependency ratio)l head’s characteristics (gender, age, and amount of 

education): wealth (value of durable goods and of livestock); and month and year the time of the interview. Basic community 

controls are share of tobacco growers in the community in 1999; change in the share since 2001; indicator variables for the 

nearest major urban center (Mzuzu, Lilongwe, Zomba, or Blantyre); important events that occurred in the past five years; 

distance to the nearest urban center; and access to transportation (number of months per year the main road is passable by 

minibus or truck and construction of a new road in the year of the survey). Additional community controls are most common 

religion; most common language, the kind of descent; important events that occurred in the year of the survey; share of 

agricultural land under estate; share of households with members looking for work elsewhere; the distance to the ADMARC 

market; distances to the bank; the primary school; and a health facility. Robust standard errors (in parentheses) are two-way 

clustered by community and time of the interview. Asterisk (*), double asterisk (**), and triple asterisk (***) denote variables 

significant at 10%, 5%, and 1% respectively. 
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Table 7. Effect of Community Tobacco Farms on Children’s Anthropometry (6–60 months old) 

 OLS OLS OLS OLS IV IV 

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

Panel A: Weight-for-height z-score       

Share of tobacco growers in the community 0.317*** 0.324*** 0.287** 0.261*** 1.554*** 1.505*** 

   (0.048) (0.048) (0.114) (0.098) (0.493) (0.518) 

Weather controls YES YES YES YES YES YES 

Child controls YES YES YES YES YES YES 

Guardian controls NO YES YES YES YES YES 

Household controls NO NO YES YES YES YES 

Basic community controls NO NO YES YES YES YES 

Additional community controls  NO NO NO YES NO YES 

Region fixed effects  YES YES YES YES YES YES 

Observations 6,296 6,251 6,032 5,814 6,032 5,814 

R-squared 0.057 0.061 0.088 0.104 0.051 0.073 

First stage, share of tobacco growers in the community      

More tobacco buyers than five years ago     0.109*** 0.103*** 

       (0.025) (0.019) 

Kleibergen-Paap rk Wald F statistic     18.574 28.705 

Stock-Yogo: 10% maximal IV size     16.38 16.38 

Panel B: Height-for-age z-score       

Share of tobacco growers in the community -0.509*** -0.508*** -0.316*** -0.416*** -0.964* -1.096** 

   (0.093) (0.092) (0.097) (0.147) (0.570) (0.544) 

Weather controls YES YES YES YES YES YES 

Child controls YES YES YES YES YES YES 

Guardian controls NO YES YES YES YES YES 

Household controls NO NO YES YES YES YES 

Basic community controls NO NO YES YES YES YES 

Additional community controls  NO NO NO YES NO YES 

Region fixed effects  YES YES YES YES YES YES 
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Observations 6,279 6,235 6,021 5,801 6,021 5,801 

R-squared 0.122 0.130 0.181 0.199 0.175 0.194 

First stage, share of tobacco growers in the community      

More tobacco buyers than five years ago     0.109*** 0.103*** 

       (0.025) (0.019) 

Kleibergen-Paap rk Wald F statistic     18.556 28.647 

Stock-Yogo: 10% maximal IV size     16.38 16.38 

Notes: The dependent variables are weight-for-height z-score in Panel A and height-for-age z-score in Panel B. Weather controls 

are  district deviation of monthly rainfall in the rainy season from the national average. Child controls are gender, age, and 

relationship to head. Household controls are area of land cultivated; demographic composition (numbers of children, adults, and 

old people, and dependency ratio)l head’s characteristics (gender, age, and amount of education): wealth (value of durable goods 

and of livestock); and month and year the time of the interview. Basic community controls are share of tobacco growers in the 

community in 1999; change in the share since 2001; indicator variables for the nearest major urban center (Mzuzu, Lilongwe, 

Zomba, or Blantyre); important events that occurred in the past five years; distance to the nearest urban center; and access to 

transportation (number of months per year the main road is passable by minibus or truck and construction of a new road in the 

year of the survey). Additional community controls are most common religion; most common language, the kind of descent; 

important events that occurred in the year of the survey; share of agricultural land under estate; share of households with 

members looking for work elsewhere; the distance to the ADMARC market; distances to the bank; the primary school; and a 

health facility. Robust standard errors (in parentheses) are two-way clustered by community and time of the interview. Asterisk 

(*), double asterisk (**), and triple asterisk (***) denote variables significant at 10%, 5%, and 1% respectively. 
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Table 8. Robustness Check, Height-for-age z Scores, Children 6–23 months old 

 OLS OLS OLS OLS IV IV 

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

Older cohort (18–23 months old) -0.175 -0.173 -0.066 0.033 -0.113 -0.010 

 (0.238) (0.231) (0.215) (0.225) (0.225) (0.228) 

Share of tobacco growers in the community -0.207 -0.191 0.075 0.167 -0.886 -0.828 

 (0.265) (0.285) (0.295) (0.367) (1.078) (1.046) 

Share of tobacco growers in the community  -0.899*** -0.847*** -0.810** -0.900*** -0.733*** -0.836*** 

  *older cohort (0.273) (0.294) (0.317) (0.329) (0.228) (0.279) 

Weather controls  YES YES YES YES YES YES 

Child controls YES YES YES YES YES YES 

Guardian controls NO YES YES YES YES YES 

Household controls NO NO YES YES YES YES 

Basic community controls NO NO YES YES YES YES 

Additional community controls  NO NO NO YES NO YES 

Region fixed effects YES YES YES YES YES YES 

Observations 1,497 1,487 1,431 1,382 1,431 1,382 

R-squared 0.150 0.162 0.250 0.293 0.239 0.283 

First stage, share of tobacco growers in the community  

Predicted share    1.001*** 1.007*** 

       (0.235) (0.225) 

Predicted share, older cohort community  -0.037 -0.046 

       (0.034) (0.032) 

First stage, share of tobacco growers in older cohort community   

Predicted share    -0.046 -0.041 

       (0.111) (0.110) 

Predicted share, older cohort community   0.984*** 0.993*** 

       (0.033) (0.033) 

Kleibergen-Paap rk Wald F statistic    8.736 9.217 

Stock-Yogo: 10% maximal IV size    7.03 7.03 
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Notes: The dependent variable is height-for-age z-score. Weather controls are the district deviation of monthly rainfall in the 

rainy season from the national average. Child controls are gender, month age, relationship to head, indicator variables for 

participating in the nutrition program and the under-5 clinic, and indicator variables for how the child was measured (standing or 

lying down) and whether measured at the time of the interview. Guardian controls are gender, age, relationship to head, and 

education level Household controls are area of land cultivated; demographic composition (numbers of children, adults, and old 

people, and dependency ratio); head’s characteristics (gender, age, and amount of education): wealth (value of durable goods and 

of livestock); and month and year the time of the interview. Basic community controls are share of tobacco growers in the 

community in 1999; change in the share since 2001; indicator variables for the nearest major urban center (Mzuzu, Lilongwe, 

Zomba, or Blantyre); important events that occurred in the past five years; distance to the nearest urban center; and access to 

transportation (number of months per year the main road is passable by minibus or truck and construction of a new road in the 

year of the survey). Additional community controls are most common religion; most common language, the kind of descent; 

important events that occurred in the year of the survey; share of agricultural land under estate; share of households with 

members looking for work elsewhere; the distance to the ADMARC market; distances to the bank; the primary school; and a 

health facility. Robust standard errors (in parentheses) are two-way clustered by community and time of the interview. Asterisk 

(*), double asterisk (**), and triple asterisk (***) denote variables significant at 10%, 5%, and 1% respectively. 
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Appendix Table 1. Household Characteristics, Descriptive Statistics  
 

IHS3 

Panel 

Total 

IHS2 

IHS2 with children 

6 months–14 years old 
 

2010 2013 2004/5 Total North Center South 

Days of hired ganyu  6.68 6.33 7.76 
    

  in the last complete season (23.27) (16.23) (44.14) 
    

Households grow tobacco (0/1) 0.15 0.10 0.14 0.16 0.20 0.25 0.07 
 

(0.36) (0.30) (0.35) (0.37) (0.40) (0.44) (0.26) 

Households grew tobacco    0.18 
    

  in the past five seasons (0/1)   (0.39) 
    

Number of children (<15 years old) 2.30 2.28 2.01 2.56 2.76 2.61 2.44 
 

(1.63) (1.61) (1.63) (1.44) (1.55) (1.41) (1.42) 

Number of adults (15–60 years old) 2.53 2.71 2.32 2.51 2.64 2.61 2.37 
 

(1.44) (1.48) (1.32) (1.29) (1.32) (1.34) (1.24) 

Number of old people (>60 years old) 0.25 0.26 0.23 0.19 0.23 0.18 0.20 
 

(0.53) (0.55) (0.51) (0.48) (0.52) (0.46) (0.48) 

Dependency ratio 1.12 1.09 1.04 1.25 1.29 1.23 1.26 
 

(0.85) (0.84) (0.88) (0.87) (0.89) (0.84) (0.89) 

Female head (0/1) 0.23 0.24 0.23 0.23 0.22 0.20 0.25 
 

(0.42) (0.43) (0.42) (0.42) (0.41) (0.40) (0.43) 

Head’s age (years) 43.28 43.83 42.50 41.99 43.14 41.40 42.13 
 

(16.23) (16.21) (16.35) (15.00) (14.68) (14.59) (15.43) 

Head never attended school (0/1) 0.21 0.18 0.27 0.27 0.12 0.27 0.32 
 

(0.41) (0.38) (0.44) (0.44) (0.32) (0.45) (0.47) 

Head has primary education (0/1) 0.57 0.59 0.55 0.58 0.67 0.58 0.55 
 

(0.50) (0.49) (0.50) (0.49) (0.47) (0.49) (0.50) 

Head has secondary education (0/1) 0.19 0.20 0.16 0.14 0.21 0.13 0.12 
 

(0.40) (0.40) (0.37) (0.34) (0.41) (0.34) (0.32) 

Head has education above secondary (0/1) 0.03 0.04 0.02 0.01 0.01 0.02 0.01 
 

(0.17) (0.19) (0.13) (0.12) (0.10) (0.13) (0.12) 

Area of cultivated land (ha) 0.75 0.76 0.97 1.06 1.31 1.20 0.85 
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(0.70) (3.07) (3.23) (3.09) (4.51) (3.89) (1.02) 

Value of durable goods (US$) 254.92 303.93 104.87 95.38 87.21 138.38 59.66 
 

(1283.61) (2264.74) (681.88) (548.26) (442.54) (751.74) (309.95) 

Value of livestock (US$) 167.38 156.90 73.40 82.79 138.14 95.29 53.40 
 

(1002.44) (705.87) (424.34) (380.20) (393.95) (346.27) (401.40) 

Consumption per capita (US$) 411.47 425.76 223.31 178.38 171.84 209.94 152.35 
 

(600.29) (434.69) (254.19) (167.74) (120.10) (213.59) (124.39) 

Consumption of cigarettes/other  0.04 0.03 0.04 0.04 0.05 0.03 0.03 

  tobacco in the past week (US$D) (0.30) (0.43) (0.21) (0.19) (0.29) (0.19) (0.13) 

Observations 2,548 3,090 10,967 8,270 1,226 3,323 3,721 

Note: US$ is measured in the year of the survey. 
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Appendix Table 2: Correlation Between More Tobacco Buyers than Five Years Ago and Community Characteristics 

Panel A: Demographic Characteristics  

 Christian 

is the 

common 

religion 

Chewa 

is the 

common 

language 

Nyanja 

is the 

common 

language 

Tumbuka 

is the 

common 

language 

Trace 

descent 

through 

father 

Trace 

descent 

through 

mother 

       

More tobacco buyers  -0.039 0.010 -0.014 0.011 -0.027 0.015        

than five years ago (0.034) (0.038) (0.036) (0.023) (0.037) (0.040)        

Observations 564 564 564 564 564 564        

R-squared 0.393 0.581 0.355 0.592 0.546 0.512        

Panel B: Shocks, year of survey 

 Crop 

disease 

/pests 

Livestock 

disease 

Human 

epidemic 

disease 

Sharp 

change 

in prices 

Massive 

job 

lay-offs 

Loss of 

key social 

services 

Other 

bad 

events 

Dev. 

project 

New 

job 

opp. 

New 

health 

facility 

New 

road 

New 

school 

Other 

good 

events 

More tobacco buyers  0.001 -0.012 -0.008 0.023 -0.001 -0.005 0.030 0.029 0.006 0.012 0.049** 0.002 0.005 

than five years ago (0.005) (0.009) (0.016) (0.024) (0.003) (0.011) (0.024) (0.023) (0.005) (0.010) (0.023) (0.014) (0.026) 

Observations 564 564 564 564 564 564 564 564 564 564 564 564 564 

R-squared 0.063 0.115 0.169 0.232 0.180 0.115 0.240 0.159 0.117 0.132 0.144 0.191 0.157 

Panel C: Access to markets and facilities 

 Distance 

to the 

nearest 

Months 

in the 

past year 

Months 

in the 

past year 

Share of 

land 

under 

Share of 

households 

with 

Distance 

to 

ADMARC 

Distance 

to bank 

Distanceto 

primary 

school 

Distance 

to health 

facility 
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urban 

center 

with 

road 

passable 

by mini 

bus   

with the 

road 

passable 

by truck 

estate members 

looking for 

work 

elsewhere 

market 

More tobacco buyers  17.866** -0.957* -0.764** 0.035 -0.004 2.751 4.107 -0.288 0.263     

than five years ago (8.786) (0.553) (0.360) (0.021) (0.017) (3.858) (3.111) (2.777) (0.725)     

Observations 564 561 563 562 561 559 551 561 563     

R-squared 0.270 0.191 0.183 0.240 0.188 0.178 0.342 0.172 0.222     

Notes:  Regressions controlled for the share of tobacco growers in the community 1999, change in the share since 2001, indicator variables for the nearest major urban center 

(Mzuzu, Lilongwe, Zomba, or Blantyre), and important events occurred in the past five years. Standard errors are in parentheses. Asterisk (*), double asterisk (**), and triple 

asterisk (***) denote variables significant at 10%, 5%, and 1% respectively.  
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Appendix Table 3. Adults, Children, and Guardians, Descriptive Statistics, IHS2 
 

Total North Center South 

Children 5–14 years old 
    

Hours on ganyu in the last seven days 0.24 0.14 0.36 0.16 
 

(2.01) (1.68) (2.51) (1.53) 

Hours on household agricultural activities in the last seven days 2.72 2.99 2.98 2.39 
 

(6.36) (5.79) (6.52) (6.38) 

Children advance to the next grade (0/1) 0.55 0.69 0.52 0.53 
 

(0.50) (0.46) (0.50) (0.50) 

Children suffered from GTS-related illness in the past two weeks (0/1) 0.04 0.05 0.04 0.04 
 

(0.20) (0.22) (0.20) (0.20) 

Girls (0/1) 0.50 0.52 0.50 0.50 
 

(0.50) (0.50) (0.50) (0.50) 

Children’s age (years) 9.18 9.16 9.18 9.19 
 

(2.83) (2.84) (2.84) (2.81) 

Household head’s children (0/1) 0.77 0.75 0.79 0.77 
 

(0.42) (0.43) (0.41) (0.42) 

Household head’s grandchildren (0/1)  0.15 0.18 0.14 0.16 
 

(0.36) (0.38) (0.35) (0.36) 

Observations 14,484 2,329 5,956 6,199 

Children 6–60 months old 
    

Children suffered from GTS-related illness in the past two weeks (0/1) 0.03 0.04 0.02 0.03 
 

(0.17) (0.20) (0.16) (0.16) 

Weight-for-height z-score 0.43 0.44 0.49 0.37 
 

(1.16) (1.19) (1.18) (1.12) 

Height-for-age z-score -1.84 -1.80 -2.00 -1.70 
 

(1.50) (1.44) (1.51) (1.51) 

Girls (0/1) 0.51 0.51 0.50 0.51 
 

(0.50) (0.50) (0.50) (0.50) 

Children’s age (months) 31.50 31.41 31.91 31.14 
 

(15.73) (15.35) (15.93) (15.67) 
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Household head’s children (0/1) 0.86 0.82 0.87 0.86 
 

(0.35) (0.38) (0.33) (0.35) 

Household head’s’ grandchildren (0/1)  0.13 0.16 0.11 0.13 
 

(0.33) (0.37) (0.31) (0.34) 

Children participate in the nutrition program (0/1) 0.03 0.04 0.04 0.03 
 

(0.18) (0.19) (0.20) (0.16) 

Children participate the under-5 clinic (0/1) 0.59 0.63 0.52 0.65 
 

(0.49) (0.48) (0.50) (0.48) 

Children measured standing (0/1) 0.66 0.65 0.69 0.63 
 

(0.48) (0.48) (0.46) (0.48) 

Guardians of children 6–60 months old 
    

Female guardians (0/1) 0.96 0.98 0.96 0.96 
 

(0.19) (0.15) (0.19) (0.21) 

Guardian’s age (year) 29.94 29.95 30.17 29.71 
 

(9.87) (8.94) (9.80) (10.24) 

Guardians are household heads (0/1) 0.13 0.08 0.12 0.16 
 

(0.34) (0.27) (0.33) (0.37) 

Guardians are spouses of household heads (0/1) 0.78 0.79 0.79 0.75 
 

(0.42) (0.40) (0.41) (0.43) 

Guardians never attended school (0/1) 0.33 0.10 0.34 0.39 
 

(0.47) (0.30) (0.47) (0.49) 

Guardians have primary education (0/1) 0.58 0.76 0.58 0.52 
 

(0.49) (0.43) (0.49) (0.50) 

Guardians have secondary education (0/1) 0.09 0.13 0.08 0.08 
 

(0.29) (0.34) (0.27) (0.28) 

Guardians have education above secondary (0/1) 0.00 0.00 0.01 0.00 
 

(0.06) (0.00) (0.07) (0.06) 

Observations 7,168 1,115 2,966 3,087 
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Appendix Table 4. Community Characteristics, Descriptive Statistics, IHS2 
 

Total North Center South 

Share of tobacco growers in the community 0.22 0.25 0.34 0.11 
 

(0.30) (0.32) (0.34) (0.22) 

Share of tobacco growers in the community in 1999  0.11 0.10 0.20 0.04 

  (aggregated from household data) (0.18) (0.14) (0.23) (0.09) 

Change in share since 2001  0.01 0.04 0.02 0.00 

  (aggregated from household data) (0.07) (0.09) (0.07) (0.04) 

More tobacco buyers than five years ago (0/1) 0.27 0.33 0.36 0.18 
 

(0.44) (0.47) (0.48) (0.38) 

Mzuzu is the nearest urban center (0/1) 0.16 1.00 0.02 0.00 
 

(0.36) (0.00) (0.14) (0.00) 

Lilongwe is the nearest urban center (0/1) 0.37 0.00 0.92 0.00 
 

(0.48) (0.00) (0.27) (0.06) 

Zomba is the nearest urban center (0/1) 0.20 0.00 0.00 0.43 
 

(0.40) (0.00) (0.00) (0.50) 

Blantyre is the nearest urban center (0/1) 0.28 0.00 0.06 0.56 
 

(0.45) (0.00) (0.23) (0.50) 

Distance to the nearest urban center (km) 102.14 150.67 98.12 89.70 
 

(85.18) (106.03) (88.18) (68.03) 

Months in the past year with road passable by mini bus   7.99 5.53 9.15 7.79 
 

(5.20) (5.91) (4.83) (4.97) 

Months in the past year with the road passable by lorry   9.97 10.19 10.24 9.67 
 

(3.36) (3.40) (3.41) (3.28) 

New road constructed in the year of the survey (0/1)  0.05 0.06 0.06 0.03 
 

(0.21) (0.25) (0.24) (0.18) 

Christian is the common religion (0/1) 0.83 0.99 0.88 0.73 
 

(0.38) (0.11) (0.33) (0.44) 

Chewa is the common language (0/1) 0.52 0.01 0.94 0.33 
 

(0.50) (0.11) (0.23) (0.47) 

Nyanja is the common language (0/1) 0.17 0.01 0.00 0.36 
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(0.37) (0.11) (0.07) (0.48) 

Tumbuka is the common language (0/1) 0.10 0.62 0.02 0.00 
 

(0.30) (0.49) (0.15) (0.00) 

Trace descent through father (0/1) 0.31 0.99 0.21 0.17 
 

(0.46) (0.11) (0.41) (0.38) 

Trace descent through mother (0/1) 0.65 0.01 0.70 0.82 
 

(0.48) (0.11) (0.46) (0.39) 

Agricultural land under estate (%) 0.09 0.09 0.06 0.12 
 

(0.21) (0.20) (0.17) (0.24) 

Households with members looking for work elsewhere  (%) 0.12 0.05 0.13 0.13 

   (0.16) (0.09) (0.14) (0.18) 

Distance to the ADMARC market (km)  10.74 12.34 12.46 8.71 
 

(36.74) (13.36) (56.45) (11.93) 

Distance to the bank (km)  29.33 56.16 27.52 21.93 
 

(32.09) (53.50) (25.17) (21.84) 

Distance to the primary school (km) 3.11 11.55 1.16 2.01 
 

(26.43) (67.52) (2.49) (3.24) 

Distance to the health facility (km) 5.58 5.43 6.07 5.21 

   (7.02) (7.13) (7.64) (6.42) 

Crop disease or pests in the year of the survey (0/1) 0.00 0.00 0.00 0.00 
 

(0.04) (0.00) (0.00) (0.06) 

Livestock disease in the year of the survey (0/1) 0.01 0.01 0.00 0.01 
 

(0.09) (0.11) (0.07) (0.09) 

Human epidemic disease in the year of the survey (0/1) 0.02 0.09 0.00 0.01 
 

(0.14) (0.29) (0.07) (0.11) 

Sharp change in prices in the year of the survey (0/1) 0.06 0.06 0.06 0.05 
 

(0.23) (0.23) (0.24) (0.21) 

Massive job lay-offs in the year of the survey (0/1) 0.00 0.01 0.00 0.00 
 

(0.03) (0.07) (0.00) (0.00) 

Loss of key social services in the year of the survey (0/1) 0.01 0.00 0.02 0.01 
 

(0.10) (0.00) (0.14) (0.09) 
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Other bad events in the year of the survey (0/1) 0.06 0.19 0.05 0.02 
 

(0.23) (0.39) (0.22) (0.13) 

Development project in the year of the survey (0/1) 0.05 0.11 0.05 0.03 
 

(0.21) (0.32) (0.21) (0.16) 

New employment opportunity in the year of the survey (0/1) 0.00 0.01 0.00 0.00 
 

(0.04) (0.11) (0.00) (0.00) 

New health facility constructed in the year of the survey (0/1) 0.01 0.00 0.01 0.01 
 

(0.10) (0.00) (0.10) (0.11) 

New school constructed in the year of the survey (0/1) 0.02 0.04 0.01 0.02 
 

(0.14) (0.19) (0.10) (0.14) 

Other good events in the year of the survey (0/1) 0.06 0.02 0.08 0.06 
 

(0.24) (0.13) (0.27) (0.23) 

District rainfall deviation from the national average, November (mm) -5.25 -9.26 -22.68 11.11 
 

(39.60) (40.96) (24.15) (43.11) 

District rainfall deviation from the national average, December (mm) -1.47 102.20 33.05 -65.24 
 

(78.12) (72.50) (50.86) (28.39) 

District rainfall deviation from the national average, January  (mm) -0.78 7.52 1.38 -5.36 
 

(47.08) (20.39) (52.66) (47.87) 

District rainfall deviation from the national average, February (mm)  3.79 -30.92 43.65 -19.23 

   (69.65) (47.14) (90.25 (24.48) 

District rainfall deviation from the national average, March (mm) -11.74 55.29 -14.33 -31.48 

   (57.77) (43.63) (63.96) (36.11) 

District rainfall deviation from the national average, April  (mm)  -15.43 143.82 -34.07 -51.55 

   (112.41) (201.60) (58.60) (40.22) 

Observations 528 79 208 241 

Note: US$ is measured in the year of the survey. 
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Appendix Table 5. Distribution of the Second Problem 

5–14 years old  6–60 months old 

Second problem %  Second problem % 

No other illness reported 90.34  No other illness reported 84.36 

Stomachache 2.02  Diarrhea 4.27 

Lower respiratory (chest/ lungs) 1.71  Lower respiratory (chest/lungs) 3.32 

Headache 1.56  Headache 1.90 

Diarrhea 1.09  Stomachache 0.95 

Vomiting 0.93  Vomiting 0.95 

Ear/nose/throat problems 0.47  Flu 0.95 

Flu 0.31  Skin problems 0.95 

Wound 0.31  Eye problems 0.95 

Pain in limbs, joints, or swelling 0.31  Ear/nose/throat problems 0.47 

Sore throat 0.16  Wound 0.47 

Upper respiratory (sinuses) 0.16  Pain in limbs, joints, or swelling 0.47 

Skin problems 0.16    

Eye problems 0.16    

Blood pressure problems 0.16    

Anemia/bilharzia 0.16    
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Appendix Table 6. Effect of Tobacco Growers on Household Consumption per Capita 

 IHS2 

OLS 

IHS2 

2SLS 

IHS3 

Panel 

IHS3 

Panel 

 (1) (2) (3) (4) 

Household grows tobacco 23.674*** 28.728*** 41.105** 48.228** 

 (5.171) (5.062) (15.386) (19.635) 

Household controls YES YES YES YES 

Household fixed effects  NO NO YES YES 

Community fixed effects YES YES – – 

Year fixed effects  NO NO YES YES 

Community-specific year fixed effects NO NO YES YES 

Observations 10,967 10,967 5,231 5,223 

R-squared 0.501 0.242 0.782 0.825 

First stage, household grows tobacco     

Household grew tobacco in the past five cropping seasons   0.733***   

    (0.010)   

Kleibergen-Paap rk Wald F statistic  5230.399   

Stock-Yogo: 10% maximal IV size  16.38   

Notes: The dependent variable is household consumption per capita in US$. Household controls are area of land cultivated, the 

demographic composition (numbers of children, adults, and old people, and the dependency ratio); head’s characteristics (gender, 

age, and education level); wealth (the value of durable goods and of livestock); and month and year of the interview. Community 

fixed effects are controlled for in cols. 3 and 4 once household fixed effects are included. Robust standard errors (in parentheses) 

are two-way clustered by community and time of the interview. Asterisk (*), double asterisk (**), and triple asterisk (***) denote 

variables significant at 10%, 5%, and 1% respectively.  

 

 

 
 
 

 
. 
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Footnotes 

                                                             
1  Smallholders operate in a low-value segment of the tobacco value chain, multinational 

corporations in the highest value segments (Goger, Bamber, and Gereffi 2014). 

2 Malawi is one of the few countries that have not signed the WHO Framework Convention on 

Tobacco Control (WHO 2017). 

3 Contract farmers may sell at auction if they feel they can obtain better prices that way. It is 

estimated that in the 2005/06 season only 4% of Malawi’s tobacco was marketed under contract 

but in the 2009/10 season the volume had soared to 31% (Chirwa 2011). 

4 According to Article 3 of ILO Convention No. 182, among the worst forms of child labor 

include is work which, by its nature or the context in which it is carried out, is likely to harm the 

health, safety, or morals of children. 

5 Although we rely heavily on cross-sectional data, in IHS2 the time of the household interviews 

varied from March 2004 to March 2005. In IHPS, the first wave was conducted from March to 

September 2010 and the second wave was conducted from April to November 2013. This means 

households and individuals could experience common shocks that changed over time. A two-

way cluster addresses not only correlations within the community but also correlations within the 

time of the interview (year and month). 

6  Rainfall data are from the Climate Information Platform (CIP) developed by the Climate 

System Analysis Group (CSAG) at the University of Cape Town. We use district rainfall 

because in the LSMS data it is not possible to geographically identify households and 

communities. There are 22 stations in Malawi’s 18 districts that record monthly rainfall. For the 

other 8 districts in our sample that do not have stations, the platform provides rainfall 

information from the Tropical Rainfall Measuring Mission (TRMM) jointly operated by the 
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National Aeronautics and Space Administration (NASA) and the Japan Aerospace Exploration 

Agency (JAXA).   

7  Bad events include drought, flood, crop disease/pests, livestock disease, human epidemic 

disease, a sharp change in prices, massive job lay-offs, loss of key social services, and other bad 

events. Good events include a development project, a new employment opportunity, new health 

facility, new road, new school, and other new good events. 

8  Because communities are anonymized in the data set, we cannot map the distribution by 

community. 

9 For children age 6–60 months, we know whether they participate in the nutrition program and 

attend the under-5 clinic, that is controlled for throughout. When exploring their z scores, we 

also control for indicators of how the child was measured (standing or lying down) and whether 

they were measured at the time of the interview. 

10  Following the WHO (1986) recommendation and earlier studies (Case and Deaton 1998; 

Duflo 2003), we restrict the sample to children aged 6–60 months and calculate the z-scores 

using WHO Anthro and macros (http://www.who.int/childgrowth/software/en/). 

11 We use the same strategies as in equations (1) and (2) to test whether tobacco growers have  

higher consumption per capita. 

12 The KP F-statistics (29.04 and 33.63) are larger than the corresponding critical value for 10% 

maximal IV relative bias (16.38). 

13 The KP F-statistics (26.53 and 32.10) are larger than the corresponding critical value for 10% 

maximal IV relative bias (16.38). 

14 The KP F-statistic (5.02) is between the critical values for 10% (7.03) and 15% (4.58) for 

maximal IV relative bias. 

http://www.who.int/childgrowth/software/en/
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15 The KP F-statistics (17.15 and 26.19) are larger than the corresponding critical value for 10% 

maximal IV relative bias (16.38). 

16 The KP F-statistic (5.52) is between the corresponding critical values for 10% (7.03) and 15% 

(4.58) maximal IV relative bias. 

17 The KP F-statistics (18.57 and 28.71) are larger than the corresponding critical value for 10% 

maximal IV relative bias (16.38). 

18 The KP F-statistics (18.56 and 28.65) are larger than the corresponding critical value for 10% 

maximal IV relative bias (16.38). 

19 The KP F-statistics (8.74 and 9.22) are larger than the corresponding critical value for 10% 

maximal IV relative bias (7.03). 


