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Malaria, Labor Supply, and Schooling in Sub-Sah#fita
Taiwo Abimbola
Abstract

The purpose of this study is to evaluate the daaffects of malaria and poor
health in general on economic outcome in Sub-Sah&fiaca. This study uses panel
data from the Living Standard Measurement Surv&MB) for Tanzania from 1991 to
2004. Three main hypotheses are tested. Fiessttidy evaluates the effect of malaria
and other chronic illnesses on labor supply udegnumber of hours worked per week
as a measure of outcome. Second, it determinamffect of poor health on human
capital accumulation by measuring the number ofklyeschool hours lost to illness.

The third objective deals with the question of viteetchanges in preconditioning factors
such as income levels and healthcare accessibditg improved the disease
environment in Sub-Saharan Africa over time.

The study uses several identification strategig¢bé empirical estimation
process. The first estimation strategy appliesthadard Ordinary Least Squares (OLS)
and Fixed Effects (FE) estimators to the schoading labor supply models. In addition
to OLS and FE, the preferred methods of estimahegausal effects of malaria on
schooling and labor supply outcomes are Two Stagsti Squares (2SLS) and Limited
Information Maximum Likelihood (LIML). Findings ithis study suggest that malaria

significantly increases school absenteeism. Itiqdar, 2SLS and LIML estimates of

Vii



the number of school hours lost to malaria suggésischildren sick with malaria are
absent from school for approximately 24 hours akwddowever, the results show the
effect of malaria on work hours is inconclusiveurthermore, difference in difference
estimates of the disease environment show sligbtagements in the disease
environment resulting from changes in income levdlse study finds no statistically
significant improvements in the disease environnalesgt to increases in the number of

health facilities over time.
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Chapter 1

Introduction

1.1 Motivation

Recently, the debate over the influence of diseassocial welfare in Africa has
inspired a collection of empirical papers on therexmic impact of illness on the continent.
Most of these papers have focused on three magenses: malaria, HIV/AIDS, and
tuberculosis (TB) (Martine Audibert 1986; EI TaMohamed Nur 1993; Joseph K.
Wang’Ombe and Germano M. Mwabu 1993; Martha Ainsinaet al. 2005; Kathleen
Beegle 2003; Anne Case, et al. 2002; Harsha Thirtihpuet al. 2006). More than any
region in Africa, the Sub-Saharan belt (the regibAfrica below the Sahara desert) has
suffered the biggest impact of malaria, HIV/AID®darB. Table A1 compares the global
impact of malaria, HIV/AIDS and TB to the Sub-Sahburden of disease.

Although the region is home to only 11% of the wigrbpulation, it is also home to
70% of all people infected with HIV (the Global FEU¢GF)). Together, HIV and TB form
a deadly force, as one-third of those infected Wil¥f will develop TB (GF — Social,
Economic and Development Impact). On the othedharalaria is prevalent in 105
countries, 45 of which are in the continent of &(GF — Facts and Figures on Malaria).
Figure B1 shows a map of the estimated incidenadirtal malaria episodes by region.

Sub-Saharan Africa also has the highest mortadiiysrfrom malaria. A disturbing 90% of



malaria deaths occur in Sub-Saharan Africa eveay (@ orld Health Organization (WHO)
- Roll Back Malaria Report (RBM) 2003).

The Sub-Sahara region of Africa is unique becafigs disproportionate burden of
disease and for its extremely high level of poveatgombination that fuels further spread
of disease. In a region where total health exgarelruns as low as $4 per capita, it is no
surprise that poverty persists and high levels oftality and morbidity continue to plague

Sub-Saharan Africa (Table A2).

1.2 Malaria and Its Impact on Sub-Saharan Africa

Malaria is caused by four sub-species of a protozddhe plasmodium genus
namely falciparum, vivax, malariae, andovale. The &lciparum sub-species cause the
greatest illness and death in Africa. Human malerionly transmitted through mosquito
bites by the females of the gerrsopheles. Anopheles mosquitoes prefer to feed on
humans or animals and are more likely to trandneitmhalaria parasites from one person
to another (Center for Disease Control (CDC)). ediqd of incubation takes place
following the infective bite, which lasts up to 88ys. Shorter periods of incubation are

observed with plasmodium falciparum compared t@wosub-species.

Upon transmission, people often experience feveliscand flu-like illness.
Severities of infection with malaria parasites mff@m mild symptoms to more severe
disease and even death. The most severe mandastéimalaria in Sub-Saharan Africa
is cerebral malaria, which is most common in cleitdand persons without previous
immunity. People without immunity to malaria oropée from regions where

transmission is absent (i.e. persons living inargiof high altitudes or those from
2



countries where the disease is virtually extindtpwontract the disease are also more

likely to die from malaria.

Malaria prevention is usually implemented by vecontrol or by preventive
therapy. Vector control involves the use of indoesidual spraying of long-lasting
insecticides such as Dichloro-Diphenyl-Trichlora@tle (DDT) and long-lasting
insecticide-treated nets (ITNs). DDT and ITNs ewst effective and efficient methods
of malaria vector control. Successful malaria oarefforts in the United States involved
the use of DDT and anti-malarial treatment in tBB0ds. By the 1970s, environmental
concerns over the use of DDT led to its ban indhged States. Since then, DDT has
been shown to be safe for humans and the enviranameithe WHO has once again
recommended using DDT alongside ITNs and malaugsir According to the WHO,
there are currently no alternatives to insecticiggdtor control methods and the

development of new methods will be an expensivg-kenm effort.

Trials of ITNs in the 1980s and 1990s showed a 2884action in deaths of young
children (RBM). Unfortunately, malaria control ByNs is very expensive for most
households in Sub-Saharan Africa at risk of thealie. The cost of ITNs is not the only
barrier to their effective use. Most people in $he-Sahara region are unfamiliar with
ITNs and are uninformed regarding re-treatmentctvigintails replenishing the nets with

insecticides in order to maintain their effectivene

Malaria is often very costly and deadly, yet iaipreventable disease. The World
Malaria Report 2005 (WMR 2005) lists malaria asldaling reason for doctor visits in

Sub-Saharan Africa. According to the World BanB(2), malaria costs Africa more than



$12 billion annually. The lack of government resies for malaria prevention and
treatment puts most of the financial burden ofdisease on households in Sub-Saharan
Africa. A study by M. Ettling, et al. (1994) ofetfinancial burden of malaria on
households estimated that over 25% of income inifmeme households in Malawi is
spent on malaria treatments.

In the past decade, reported cases of malariadsoadated significantly in Sub-
Saharan Africa. Historical epidemiological datareported malaria cases show an
upward trend of the disease in many countries im-Saharan Africa (Table A3). For
instance, in Ghana the number of reported malasasshows an upward trend from
1993 to 2003 (Table A2). Also in Ghana, malariecamts for 44% of outpatient visits
and 22% of under-5 mortality (WMR 2005). The rdaestimate on reported episodes of
malaria for Tanzania is comparable to the numbeasés reported over a decade ago
(Table A3). Established reasons for the obsemeastis include malaria resistance to
Chloroquine and Antifolate combination drugs analdayical factors such as the human
immunodeficiency virus (HIV), which may also affeesponse to treatment (Peter

Bloland 2001).

The global pattern of malaria suggests that theadis is centered in regions with
the highest levels of poverty. As noted by Jeffeaghs and Pia Malaney (2002), “where
malaria prospers the most, human societies hawpered the least” (pp. 681). How
exactly does malaria limit economic prosperity ubSsaharan Africa? In the context of
economic welfare, malaria can limit the number edlthy workdays for the adult
population. For younger members of the societyarreacan impede the development of

human capital thereby promoting continued povertgaonomically deprived areas.
4



The prolonged devastation of malaria has prompteid@eased international effort
to fund treatment and prevention mechanisms indessloped countries plagued by the
disease. For example, from 1998 to 2005 the UrStatks Agency for International
Development (USAID) increased funding for malarianfi $22 million to $89 million.
Even though the financial resources for fightindana are increasing, approximately
3,000 children in Africa continue to die from madaeach day (United Nations Children’s
Fund).

Most research on health and the economics of dpretat have focused on the
impact of chronic illness on economic prosperityhvHlIV/AIDS as the main subject of
analysis. However, unlike HIV/AIDS, the quantitegtieffect of malaria on economic
welfare of African countries has been largely owekied. Only a few studies relate
malaria to economic outcomes in Sub-Saharan A{Acalibert 1986; Nur 1993;
Wang'Ombe and Mwabu 1993; Leighton and Foster 1998Bse studies focus on the
effects of malaria on labor supply to agricultysedduction and they tend to find no
relationship between malaria and economic outcoridese of these studies empirically
measure the quantitative economic impact of matarithe accumulation of human

capital.

1.3 Goals

The primary objective of this study is to evalutite causal effects of malaria and
poor health in general on labor supply and the medation of human capital in Sub-
Saharan Africa. This study also evaluates thengxtewhich improvements in the socio-
economic environment have altered the disease@maent in the region. To arrive at

5



the first goal, the implicit cost of poor healthSab Sahara Africa is measured using time
lost to labor supply and the loss in human capaiahation as measures of outcome. In
the analysis of improvements in the disease enmie, the study explores how changes
in income levels and increased accessibility tdtheare have influenced the incidence

of malaria in the region.

Measuring the time lost in labor supply is gengrédlvored over the income or
output approach of evaluating the effect of heattabor supply (Janet Currie and
Brigitte Madrian 1999). Empirical evidence regaglihe effects of health on wages and
hours of work in the United States suggests thaltihéas a greater effect on hours
worked than on wages. These effects are evenggrdor developing countries where
historical literature documents that improvementkealth are linked to bigger changes
in standards of living over time (John Strauss Rndcan Thomas 1998). Considering
this evidence, this study will not evaluate losgitcome or output due to iliness; instead,
it focuses on measuring the number of work howstdoe to illness.

The causal effects of malaria on human capital mctation will be evaluated by
examining child education. In this analysis, thguasition of human capital is treated as
a household choice. The household decision tesinmehuman capital depends on its
future expectations about the returns to educatidrerefore, malaria reduces the return
to education, possibly reducing the incentive tocade a child in Sub-Saharan Africa.

Assessing the impact of illness on education isqdarly important given the
high prevalence of disease in young children ino&fr Although adults also suffer
severely from malaria, infections in children ase ihore severe. Malaria can easily lead
to seizures and coma in young children (GF). Regeapisodes of infection in children

6



have also been linked to a reduction in sociarauigon and educational opportunities,
thereby contributing to poor development. In additchildren who have had malaria
infections affecting the brain (cerebral malariaffer from an increased likelihood of
learning impairments and brain damage, includineppy (Sean Murphy and Joel
Breman 2001).

To evaluate the extent to which the disease enwient has changed over time,
this study employs the approach suggested by Raseield (1984). The continuing
increase in malaria rates demonstrates the impmtahevaluating the changes in the
disease environment in Sub-Saharan Africa. As imiead earlier, Table A3 shows an
increase in the number of reported malaria cagesefeeral Sub-Sahara countries
including Tanzania. This new trend calls for ase@sment of how previous efforts to
end the disease have benefited the populatioras$ess these benefits, the changes in
income levels and changes in socio economic faet@selated to the reported cases of
malaria over time.

The data used in this study is derived from thaeng\Standards Measurement
Study (LSMS) for the Kagera region of Tanzania.e planel design of the LSMS data
controls for some of the limitations that hampepeelvious studies in the area. The data
used in previous studies by Audibert (1986) andjhtin and Foster (1993) lacked
sufficient information on the episodes of malama are based on unrealistic recollection
periods. Fortunately, LSMS Tanzania-Kagera contains fiaes of health data

capturing peak and off-peak prevalence of malaria.

! The recall period for Audibert (1986) is 3 to 9mtits while the recall period of Leighton and Foster
(1993) is as high as one year.
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Previous studies on malaria and labor market ouésofAudibert 1986; Nur
1993; Wang’'Ombe and Mwabu 1993) limit their anaysi farm employment. Audibert
(1986) and Wang’Ombe and Mwabu (1993) rely on aputumeasure of productivity.
On the other hand, Nur (1993) examined the actona kost in labor supply due to
malaria. These studies all found no relationslefveen malaria and labor market
outcomes. The output approach used in the exibtargture attempts to capture reduced
productivity by comparing output of healthy perstmsliseased persons. This approach
fails when an omitted variable bias arises. Speiy, such bias arises when a study
fails to capture the likelihood that sick workerayrwork longer hours with lower
productivity.

The lack of a significant relationship between maland labor supply in the
existing literature is also driven by the fact ttadttor substitution is far more likely in
farm employment (especially for self-employed farsp¢han in other sectors of
employment. It is reasonable to expect the inadesf malaria to vary by type of
employment. Farmers in general tend to work outsldbus increasing the likelihood of
contact with mosquitoes. Therefore, the likelih@ddabor substitution in farm
employment necessitates analyzing the causal kbkden malaria and non-farm
employment where labor substitution is less likdlynlike earlier studies, this paper will
evaluate the causal effects of malaria on farmrasrdfarm labor supply in Sub-Saharan
Africa.

In the analysis of health and labor supply, lahgpdy is measured as the number
of hours worked per worker. The ‘hours worked’ ileggeh employed here controls for the
above mentioned limitations in the output and ineanethods. The remaining sections of

8



the study are arranged in the following order. @éatwo details the theoretical
framework supporting the analysis. Chapter thesgeuwvs the existing literature on the
effects of malaria on labor supply and educatiGhapter four explains the research
design. Chapter five presents the main findinghefstudy and chapter six presents the

conclusion.



Chapter 2
Theoretical Framework
The first section of this chapter reviews theotletical background of the
relationship between human capital, labor suppt/laalth. The second section of this
chapter introduces a two-period household utiligximization model that links health
directly to human capital and labor supply. Mathénal solutions to the two-period

household utility maximization model are presentedppendix C.

2.1 Theoretical Framework of Health, Human Capitaland Labor Supply

There have been many empirical studies in thetheet decades on health and
economic welfare. At first, most of the researetused on documenting the health
status of households in developed economies ad afpalarger inventory of human
capital components influencing labor supply anchiegs. More recently, this field of
research has branched into evaluating the imptioatof health on the economic welfare
of households in developing countries, particularhfrica. Given this recent interest in
the economics of health in developing countriggcaving concern has been whether the
traditional theoretical framework used in developedntry literature applies to
developing economies.

A well-developed theory that explains the role e&lh in labor productivity for

developing countries, is presented in Strauss &aanas (1998). According to Strauss

10



and Thomas, there are several reasons why theoredaip between health and labor
market outcomes in developing economies should bpexial interest. First is the
existing tradition of theoretical models of nutritibased efficiency wages in the
development literature that established the linkvben nutrition of workers and
productivity. A link that is highly relevant ing¢hdeveloping countries context where the
marginal productivity of health is likely to be higr relative to developed economies.
This coupled with the structure of employment iwéo income economies, which often
relies more on strength and endurance (i.e. goatif)esuggests that labor market
consequences of poor health are more severe firdeaeloped countries than for
developed economies.

To describe the theoretical link between healthlabdr supply, Strauss and
Thomas begin with the traditional single-persondaold utility maximization model
and household production function as presentedairy 8ecker (1965) and the seminal
work of Michael Grossman (1972). The householdipation function presented in
Strauss and Thomas assumes that health is inogaasafi inputs except for labor
supply, which decreases the stock of health. Hewadpacts labor supply by influencing
the decision to work, choice of work and hours ofkv If health affects productivity,
both the market wage and the marginal rate of gubeh (MRS) between consumption
goods and leisure also depend on health outcomes.

A structural labor supply function conditional oedfth outcomes and earnings is
also provided in Strauss and Thomas. Health afletior supply by influencing offered
wages with resulting income and substitution effeahd by affecting the MRS between
consumption goods and leisure; a direct resulhefassumption that health directly

11



appears in the utility function. In addition teetkingle-person household utility model,
the paper mentions applications of the describdivieiual labor supply behaviors to
household choices. However, an extensive appbicati the model at the household
level was not presented in the paper.

The existing theoretical background on health adgling only explains the
causal link running from education to health. Alwieveloped literature on the theory of
human capital accumulation and health can be faulscker (1964) and Grossman
(1972). Other papers including Strauss and Thdmae noted that the individual or
household utility function can be conditioned ohaaing without providing the
theoretical link between health and schooling.

The purpose of this study is not to develop newtdtecal insights, but to provide
a conceptual framework to guide the empirical asialy This chapter borrows heavily
from Becker (1964), Grossman (1972), Rosenfiel@4)9Paul Schultz and Aysit Tansel
(1993), and Strauss and Thomas (1998) to devefhtoretical framework for
analyzing the causal effects of health on labopBuand the accumulation of human
capital.

This chapter introduces a two-period household modevaluating the causal
link between health and labor supply and healthrammdan capital. The two-period
model captures the household decision to invelstiman capital and supply labor given
its health production function. In period one, bmeisehold can choose to invest in
human capital through educating its children antdfosending them into the labor

market. However, the entire household is expetedipply labor in period two after all
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gains from investing in human capital have beehzeé The labor supply model is

formulated in period two when the entire houselsalpplies labor.

2.2 A Model of Health, Education, and Labor Supply

The study begins by proposing a two-period houskbblity function, which
assumes that the household derives indirect utiltiiyn investments in health. In this
framework, utility depends on the amount of nonHhegoods, health goods, and labor
supply per period. In period one, health is catizgd by two components — overall
health of the household and health of the childwithe household. That s, it is
assumed the household not only derives utility fittnown personal health but also from

the health of its children. Thus, our two-peridility function can be expressed’as
U =UCy Hy Hi, L)+ BUZ(CELHGL L) (3.2.1)
Wherel" = L(L},_, L) and
L* =L(L})
L},_. and Ly are household less child labor supply in period ame child labor

supply in period one, respectively.? is overall household labor supply in period two

when all members of the household are assumedticipate in the labor market. As
seen in this chapter, if the household makes thisida to invest in human capital by
educating its children in period one it is rewardedext period in form of accumulated

human capital. In period two, when all returnsrirthe investment in human capital are

realized, the entire household supplies the amoliiabor denoted by, .

2 Appendix C provides a definition of variables fire ttheoretical framework.
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The household’s utility in period one depends anhtbusehold consumption of

non-health goodsC;,. H; _, is the household health less the health of thiel ahi
period one,H | is the health of the child in period one, addis labor supply in period

one. Notice that utility in period two only depesngh the consumption of health and
non-health goods and labor supply for the entingsebold denoted I ,H/ , and L?,

since all gains from investing in health must baired by the second period. The utility

function differs from traditional two-period ut§iformulations only by the added health

components. Itis expected tl&t, H}, ., H¢, Ci, andH} will have a positive

impact on utility, whileL" and L* will negatively impact utility.

Unlike other consumption goods C, health as desdrib equation (3.2.1) cannot
be purchased in the market and instead has todoleiped. In addition, the individual
also derives indirect utility from good health. pArson who is in good health spends less
time devoted to illness, which translates into more to pursue activities that enhance
his/her utility. With this in mind, the processdhbgh which the household produces

health for itselfH},_, , for a child,H}. , and as a whole1 2, is represented By

Hioe = Hioe (HEG L Lo s A DL A i) (3.2.2)
He =Hy (Hlg, L AD, 4 ,€e) (3.2.3)
Hi =HE(HIE L H G HiG AD, L 6F) (3.2.4)

Here, health given by (3.2.2), (3.2.3), and, (3,2¢}produced using a vector of health

inputs, HI, and labor supply, L, which are conidlby the individual and other

% The household consumption of non-health goodsatsmbe defined in terms of non-health consumption
inputs, labor supply, and price€,;, =C,, (Cl,,L,,P;AD,u, e,).
14



uncontrollable factors such as previous healtlohystHealth is increasing in inputs
except labor supply, which consumes energy ankisntay taxes health. Although,
schooling does not directly enter the utility funatspecified in (3.2.1) it is an input into
the health production function and containe#lin The levels of health produced in
(3.2.2), (3.2.3), and, (3.2.4), are also likelyw&ry with socio-demographic
characteristics, A, such as age and gender artigbase environment, D (Figure B2).

There are two sources of unobserved heterogergityrtfluence the health
production formulation in (3.2.2), (3.2.3), and,23). The first deals with factors that
are known to the individual but unobserved by #searcher such as the inherent

healthiness of the individualy. The other unobservable is that which is unkntoiine

individual and the researcher, e, which includeasneement error. The issue of
unobserved heterogeneity is discussed in detatapter four.

Now, suppose that the household can either malesiment in the education of

the child (S}, ) in period one, and reap the fruit of this investrmin period two in the

form of human capitaliK) or the household can choose not to make thistment and

send the child into the labor market (part-timdéutirtime) in period one. The level of

accumulated human capital in period two can benddfas:

Sc =S (Sk HLAS 4y 6) (3.2.5)

The level of education attained in period two fsirgction of previous years of

schoolingS; , health status in period onkl,. , and uncontrollable factors such as school
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infrastructure and the quality of teachers, Schooling in period ones, ) is expected
to positively influence the level of human capitathe future. Health status in the
current period can either increase or decreasedloe of §K in the future. If the

household in (3.2.1) earns labor income, w, andsoagsets or non-labor income V,

utility in (3.2.1) is bounded by the resource coast:

R(CL +CE) + Ry (HI o +HIG +HIZ) + RS, =wy (L) +V W (L) +WE (L, S ) (3.2.6)
Equation (3.2.6) states that expenditures on copsamgoods, health inputs, and

education cannot exceed total income. The rightdlsde of this two-period resource

constraint, is a result of the earlier assumptit the household can choose to fully
invest in education, in which case the child waaligply zero labor andy (L, )= @
decide to send the child into the labor marketanqu one part-time or full-time
(w (L) #0). If the household chooses to educated the ahitetriod one and
succeeds, thew?, is expected to be higher sineg is a function of the human capital
acquired,S, .

Unlike the traditional labor supply models for diped countries, it is assumed

that the household is better able to earn labammewhen it is healthy. Therefore, the

earnings of every member of the household are etitumof health
(H}_«,HL,andH?). With that in mind, the earnings functions facck member can be
written as:

Wi =W« (Hy Ly s AEINace, ) (3.2.7)

* Note that (3.2.5) can also depend on the heaithisof the parent(s) within the househdl«cli,f,_K .
16



W =W (Hy, L, Sc;AE INa €, ) (3.2.8)
Wi =w2 (H2,L%,S;AEIN,a,€) (3.2.9)
The earnings function is also influenced by unaatable factors such as local
community infrastructuréN , socio-demographic characteristi@s, and educationk .
Notice that earnings in period two also dependhengains from investing in human
capital in period one§|< . The term§K is expected to positively impact overall earnings
for the household given that it chose to investdncation in the previous period.
Earnings will also be affected by unobservabledestr, such as ability, school quality,
and random fluctuations in wages and measuremenmtaaptured by £

The full extent of health on utility can be dexdvey substituting (3.2.2), (3.2.3),
and (3.2.4) into the utility function in (3.2.1The utility function in (3.2.1) can then be

rewritten as:

U =U'(Gh Hii (HI o L) H (HI L)L LS AE ) (3.2.1)
+AJ%(C2, H2 (HIZ,12),1%; AE,&) o
The household can now cho&e, HI },_, ,Hl ¢, L, Ly, Sc, C5, HIZ, andL?,

subject to the resource constraint in (3.2.6) fggeendix C).

2.2.1 Utility Maximization: The Health and Human Capital Accumulation Model

To determine the optimal investment in human cafptathe household
represented in (3.2)1the first order necessary condition (FONC) ived forS; . This
yields the demand equation for education in peoioel

Sc =S(H;Ps, AS, i ,65.) (3.3.1)
17



The FONC forS; indicates that the household must weigh the miehooling in the

current period against the returns to schoolingpénext period (i.e. the opportunity cost

of schooling) in its decision to invest in humampital. Assuming that the second order
sufficient condition (SOSC) fo8; is satisfied, the demand curve for schooling iriqae

one is illustrated below, assuming a constant gaceducation in that period.

Figure C1 illustrates that the household maximiz#égy in period one by
investing inS, amount of human capital. However, the optimal gtreent is

determined by the child’s health in period one, atiger factors, which are out of the
control of the household (as indicated by (3.3.13bod health/poor health in period one
is expected to increase/decrease schooling (r@ugh the number of healthy school
days and academic performance) and shift the demand rightwards/leftwards.

Notice that health as a choice variable in the dehfar schooling poses an

estimation problem becaus¢;, is endogenous in the human capital accumulation

model. H; is determined by immeasurable factors such amtieent healthiness of

the individual therefore; estimating (3.3.1) witldimary least squares (OLS) will

produce biased estimates of the causal effectaltthen schooling. The likelihood of
endogeneity oH ; as well as the possibility of measurement errargimstrumental

variables can be mitigated. This can be done mguequation (3.2.3) as the first stage

regression in our econometric analysis of the daffects of health on schooling, where
Py and D in (3.2.3) are valid instruments Fbf . A detailed description of these

instruments is presented in chapter four and five.
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2.2.2 Utility Maximization: The Health and Labor Supply Model
As mentioned earlier, the causal effect of heatthabor supply is to be
determined in period two when the entire housebafgplies labor. In period two, all

gains from investments in human capital are redlar®d the household supplies an
amount of labor equal td, . In this period, the study evaluates the housksddbor
supply decision and solves for the optimal amodtdtmor supply. Two different cases
are considered in solving for the optimal amouritipf In the first case, health is treated

as an endogenous variable while in the secondresdth is considered to be exogenous.

2.2.2.1 Case 1: Health is Endogenous
A maximization of (3.2.% with respect to C, HI, and L subject to (3.2.60la

(3.2.9) will produce the following reduced form etjons for C, HI, and L (Appendix C).

C=C(P.,P, V,AED,IN,ua) (3.4.1)
HI =HI(P.,P, .V, AE,D,IN,1,q) (3.4.2)
L, =L(P.,P,.V,AE,D,IN,ua) (3.4.3)

Although, (3.4.1) and (3.4.2) are informative, greblem with treating health as a choice
variable is thatH/; disappears from the reduced form equation for (3i4.3). The

reduced form equation for labor supply, L in case & only an assessment of the total
effect of prices and the disease environment oorlabpply, which is not very helpful in
understanding the causal effect of health on labpply. To determine how health

affects labor supply, a structural labor supplyction that is conditional on health is
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needed. To derive this important link between theahd labor supply, consider the

following case.

2.2.2.2 Case 2: Health is Exogenous

In this case, the individual’'s utility maximizatigmoblem remains the same
except thatH > is now a conditioning variable. Case two yielis structural equation
for labor supplyisted below which now depends on healty, (Appendix C).

L, =L(HZ;P.,w? ,V,AEIN,ua) (3.4.4)
Unlike (3.4.3), the structural equation for labapply (3.4.4) provides the opportunity to
separately identify the causal effects of healttatwor supply. First, once the model
conditions orH  , the prices of health care inpu, and the disease environment, D,
do not affect labor supply. Second, equation §3.2an be used as the first stage
regression in our econometric analysis of labopsywherePR,, and D are valid
instruments for healthH ?). A detailed description of these instrumentgrisented in

chapter four, section 4.4.2.
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Chapter 3
Review of Relevant Literature

Many empirical studies of the effects of healtheeonomic welfare have been
published over the past 3 decades. Initially, mesearch in this field sought to
document health status of households in developedosnies as a part of a larger
inventory of human capital components influencirapes, labor supply and earnings.
This literature has branched in recent times inadwating the implications of health on
the economic welfare of households in developingntaes, particularly in Africa.

The following review documents evidence on heattth @conomic welfare based
on developed and developing country experiencee fif$t section analyzes relevant
literature on the implications of disease on lafgply and human capital accumulation
in Africa. The last section of this review is agbrassessment of the empirical evidence

of health on economic welfare in the developed tyuontext.

3.1 Malaria, Labor Supply, and Schooling in Sub-Sa&ran Africa

This section reviews the existing literature onttble of malaria in the supply of
labor and child education in Sub-Saharan Africaryfew empirical studies have
analyzed the role of malaria in labor supply anthln capital accumulation in Africa.
Studies by Audibert (1986) and Wang’Ombe and Mw@l@93) are the only known

empirical studies on malaria and labor supply ib-Saharan Africa. Another study by
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Nur (1993) also analyzes the role of malaria ingheply of labor in Sub-Saharan Africa
but only through a descriptive analysis of the data

Compared to the literature on the role of malarieabor supply in Sub-Saharan
Africa, less work has been done on malaria anddciwin the region. A study by
Leighton and Foster (1993) attempted to evaluaetdonomic impact of malaria on
child schooling in Sub-Saharan Africa using a dady method. However, there is no
real empirical study evaluating the causal effe€tsalaria on child schooling in Sub-

Saharan Africa.

3.1.1 Malaria and Agricultural Labor Supply in Sub-Saharan Africa

Most studies of health and labor supply in Sub-&ahafrica have focused
predominantly on agricultural employment. Becamsst farmers (especially self-
employed farmers) enjoy the advantage of labortguben, the true cost of ill health on
labor supply is often minimized. Labor substitationinimizes economic loss from
illness by insuring workers against future lossemcome, which arises from inability to
work due to illness. Therefore, when analyzingithpact of disease on the agricultural
sector the observed cost of ill health may be |alvan the true cost. More importantly,
the prevalence of diseases such as malaria, HIVAAHNd tuberculosis in Africa makes
analyzing the impact of health on the labor sugaliterns of working adults equally
important for all sectors of employment, not juething.

Studies evaluating the link between health andrlsbpply have focused on

patterns of agricultural labor supply in the eveih& prime-age adult illness and/or death.

®Labor substitution in this context refers to theqass whereby the hours lost in labor supply are
compensated for by family members
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Studies by Audibert (1986), Nur (1993), and Wanglignand Mwabu (1993) all address
the issue of malaria and labor supply in termsaainfoccupation and generate similar
results.

Audibert (1986) was the first major longitudinaldy to measure the effect of
malaria on agricultural productivity in Sub-Sahafdrica. Audibert estimated the
impact of a variety of illnesses, including malaona agricultural non-wage peasant
production using data on rice farmers in Camerobime study measured loss in
productivity using a single production function vfactors such as land properties and
guality of labor as exogenous regressors affe¢tiegoroduction of rice. In contrast to
Audibert, which uses an output approach, the ptesady evaluates the marginal impact
of health status on labor using the number of hotitabor supplied as a measure of
outcome. In addition, our goal is not to measheeiinpact of health status on the
marginal loss in output but instead to measurenipact of health status on the quantity
of labor supplied.

Audibert’s study found malaria to be insignificamtexplaining variations in rice
output. Nur (1993%tudied the effects of malaria on labor inputs exgaculture by
examining the extent of family labor substitutiorntihe event of a male adult being
incapacitated by malaria. In addition to familipda substitution, he also examined the
traditional system of mutual aid in which, othemfi@rs provided assistance on a
reciprocal basis when an adult male was ill. Nsdmple was based on 250 randomly
selected tenant farmers in Gezira, Sudan.

Like Audibert, Nur's main findings on the numberhafurs of labor supply lost
due to illness were counter-intuitive. The resirticate that farmers in Sudan were
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more likely to be incapacitated by malaria in ting season (low prevalence season), but
less likely to be incapacitated in the peak prevedeseason. However, the study stated
that high prevalence detected in the sample ca@sondth the peak season (the land
preparation and harvest seasons). The resuleisttdy revealed that the sum of
reported hours lost in agriculture due to malari¢ghie land preparation and harvest
seasons exceed those lost in the low prevalencéhsibyg almost 2200 hours.

In terms of family labor substitution and mutual,aNur determined that other
family members compensated for all the hours lostgricultural labor supply due to
malaria. The family members in the sample tencbtaribute more than the actual
number of hours lost. This is possibly becausdithe contributed by labor substitutes
was not as productive as each hour lost. Accorttirige study, women in the family are
far more likely to be labor substitutes than ctaldand non-family labor substitutes
(mutual aids).

Unlike Audibert, Nur failed to control for seasowaliation in labor use. Since
the peak malaria season coincides with the haseason, it is reasonable to expect that
these months generate fewer hours lost due tedltiean otherwise reported in the
months of low prevalence (dry season). One ressbacause labor substitution is less
likely in the dry season than in the rainy or hatseason. Also, the opportunity cost of
being sick is higher in the harvest season themniit non-harvest seasons. These factors
are not accounted for by Nur’s study since theltesuwe drawn from a simple review of
frequency tables that are limited in interpretépiéind lend no econometric legitimacy to

the study.
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Wang'Ombe and Mwabu (1993) also examined the detfetts of malaria on
labor productivity. Wang’Ombe and Mwabu use a st®sction of 302 households in
Western Kenya. The study estimated a productiantfon for cassava farming to
evaluate the extent that malaria affects produgtamnd household income, similar to
equation (3.4.4). Because the production equasbimated in the study only controlled
for family size and the number of malaria casesheeisehold as exogenous regressors,
the study found no statistically significant direéfects of malaria on productivity. The
authors cite possible model misspecification fer ldck of significant results.

The studies reviewed above all fail to controlfeetors that could have
prolonged the duration of sickness and are nottliyreelated to malaria. For instance,
the pre-existence of other chronic conditions sagkIV/AIDS and Sickle Cell Anemia
was not accounted for. Failure to control for ¢éixestence of pre-existing conditions can

create endogeneity in the estimation process.

3.1.2 Malaria and Schooling in Africa

In the context of health and child schooling in Sdharan Africa, much effort
has been geared towards evaluating the impactrohihillness and adult mortality and
morbidity on schooling. One exception to the emgstiterature is the study by Leighton
and Foster (1993) that attempted to measure theedo impact of malaria on
schoolchildren in Kenya and Nigeria. This studywased solely on focus group
interviews and a spreadsheet method of estimaiibich failed to control for micro-
level factors that influence the decision to attealdool. The study determined that
between 4% and 40% percent of all school absenmoesdy can be attributed to malaria
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in Kenya and Nigeria, respectively. The findingshe study are questionable for several
reasons. First, the study is based on an unudoaliyrecall period of one year. Second,
it used a very small focus group sample. Thirdnastioned earlier it is based on a

guestionable estimation strategy.

3.2. Health and Labor Supply and Schooling in Sub-&haran Africa

This section reviews the existing literature dmess and labor supply and
schooling in Sub-Saharan Africa. Unlike the puidid literature on malaria in the
region, more studies have been conducted on thetefdf chronic illness in Sub-Saharan
Africa. These studies have mostly focused on tteeieof HIV/AIDS on the Sub-Sahara
population. This part of the review discussesistidn health and economic outcomes

in Sub-Saharan Africa.

3.2.1 HIV/AIDS and Labor Supply in Sub-Saharan Africa

Studies in the area of health and the labor suppBub-Saharan Africa have
focused on the impact of adult morbidity and/ortdean household decision to work.
Beegle (2003) and Thirumurthy, et al. (2006) stddhee impact of HIV/AIDS on labor
supply in Tanzania and Kenya, respectively. Beegtuated the impact of the
HIV/AIDS epidemic on Sub-Saharan household’s faabol supply before and after the
death of a prime-age adult. This study used aata the World Bank and the University
of Dar Es Salaam for the Kagera region of Tanzanthstudied over 800 households
between 1991 and 1994. These data are now puthleghpart of the Living Standard
Measurement Survey (LSMS).
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Like other studies, Beegle ignored seasonal vanati agricultural labor use and
found insignificant changes in labor supply foriinduals in households that
experienced a prime-age adult death from HIV/AID®other study by Thirumurthy, et
al. analyzed how antiretroviral therapy (ARV) irghces the labor supply of treated
patients and their family members. Results fromrarhurthy, et al. indicate that
individuals just beginning ARV treatment are fiumés more likely to increase
participation and four times more likely to incredsurs worked than those who have
not undergone treatment. Like Beegle, Thirumurétal. findings suggest that neither
girls nor older boys experienced any significanlieger effects in terms of increased
labor participation rates when another householchbes suffered from or died due to

HIV/AIDS.

3.2.2 HIV/AIDS and Schooling in Sub-Saharan Africa

Martha Ainsworth, et al. (2005) and Anne Case].R802) analyzed the impact
of orphan status and the death of a prime-aged exdille household on school hours for
children in Sub-Saharan Africa. Ainsworth, etesdtimated the number of school hours
lost per week for orphaned girls to be between &ind 13 hours conditional on school
attendance. In addition, the study found the imhp&adult mortality to be greater on
school attendance for younger children than foeothildren. In particular, children in
poor households with recent adult death had a ideptage point lower attendance rate
than poor children in households without an adeéitd. Case, et al. also examined the
effect of orphan status on school enrollment anehdoresults similar to Ainsworth, et al.
for school enrollment rates of orphans in poorerdetolds.
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3.2.3 Hookworm and Schooling in Sub-Saharan Africa

Edward Miguel and Michael Kremer (2004) conductestiaool-based mass
randomized treatment experiment with deworming giingkenya. The purpose of the
field experiment was to identify the impacts of @eming on education and health while
controlling for the likelihood of treatment extelitias. In order to determine the extent
of externalities resulting from treatment, seveiing-primary schools participating in the
experiment were phased into deworming treatmeatramdomized order.

Miguel and Kremer found significant gains in schattendance due to treatment
for both treatment and control groups. Findingthmstudy suggest that the program
reduced overall school absenteeism by seven pagepbints, a one-quarter reduction
in total school absenteeism. In terms of extetieali the study found that deworming
creates positive externalities both within and asrechools. In particular, implementing
treatment to a fraction of pupils in a school le@t6.2 percentage points gain in school

participation for children in the control groupthé same school.

3.3 A Brief Review of Developed Country literature
This section provides a brief review of empiriealdence on health, labor supply

and human capital accumulation in the United States

3.3.1 Health and Labor Supply: A Brief Review of Deeloped Country literature
Early works by Michael Grossman and L. Benham ().9&4An Bartel and Paul
Taubman (1979), and H.S. Luft (1975) emphasizentegrelationship between health
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and labor force participation. They all concludattpoor health in preceding periods
reduce labor supply in following periods. Grossraad Benham in particular,
emphasize the importance of a model that views waigs, hours of work and health as
a set of interrelated household decisions.

In the Grossman and Benham framework, work-timeveagles are recognized as
interdependent. Using this framework, Robert Haaenet al. (1994) adopted a 3-
equation simultaneous equation model to capturentkerelationship between labor
force participation and health. The study utilizeshual data on white males with a
history of significant labor force attachment froine Michigan Panel of Income
Dynamics (PSID). The findings by Haveman, et apport that of Grossman and
Benham in concluding that prior health limitatidresse a significant negative effect on
work time and wages.

Another study examining the impact of health stasvork hours is Susan
Ettner, et al. (1997). This study examined thedof psychiatric disorders on
employment and conditional work hours and incomeguthe National Comorbidity
Survey (NCS). Ettner, et al. found small and samet insignificant effects of health on
work hours depending on whether two-stage instriuaheariables (IV) estimation or
ordinary least squares (OLS) was used. The dleghiction in conditional work hours
was only observed for men.

Ronald Kessler and Richard Frank (1997) also exathihe relationship between
psychiatric disorders and work impairment by ugimggsame data as Ettner, et al.
Kessler and Frank examined eight job conditionagisluster analysis. Unlike Ettner, et
al., Kessler and Frank found significant reduciiomworkdays. This result also varies
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significantly depending on the constellation ofodders and the occupation in which the
worker is employed. Other works on the economiieat$ of poor health include Thomas
Chirikos and Gilbert Nestel (1985), Jean Mitchell &ichard Burkhauser (1990) and
Matthew Kahn (1998).

The study by Chirikos and Nestel was based oniaredression of retrospective
history of self-reported health appraisals on hafinsork and wages over a ten-year
period. The authors found enough evidence to stupip® significance of prior health
status on labor hours and wages, but determinestitiegest effect to be for hours
worked, not wages. Mitchell and Burkhauser estauidihe extent to which arthritis
limits the ability of workers to fully function ithe workplace. The study is also based
on a simultaneous tobit model similar to Chirikosl &estel. Mitchell and Burkhauser
found that a history of ill health (in this casetl&itis) has a greater effect on hours than
on wages.

Kahn (1998) investigated the effect of diabeti¢usan health on a more general
scale than Chirikos and Nestel and Mitchell andkBauser. The findings of this study
suggest that the effects of diabetes duration gol@ment rates have lessened over
time. The study determined that even though pewjttediabetes still earn less than
their non-diabetic counterparts, diabetic income labor force participation rates are far
higher than in earlier years. Overall, improversantlabor market participation for
diabetics can be attributed to changes in the E8eieurity Disability Insurance System

and technological advances that improve the qualitife for diabetics.
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3.3.2 Health and Schooling: A Brief Review of Deveped Country literature

Barbara Shapiro, et al. (1995) documents the &figochronic illness on school
attendance of children in the United States. Tadyscollected data on children and
adolescents with sickle cell disease in order to gdormation on the natural history of
pain and its impact on school attendance and slébp.data was based on a home diary
experiment from a self-report system used for nesean sleep and circadian rhythms.
Shapiro, et al. found that sickle cell patientsorégd missing 41% of school days on
which they reported pain versus an average of 9%ays without pain. On average, 2.7
consecutive school days over a period of 10 montre associated with clinic visits or

other medical problems related to sickle cell dsgea
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Chapter 4
Research Design
This chapter describes the data and methods ngbdistudy. The first section
explains the objectives and hypotheses underlyirsgdissertation. The second section
details the source of data used in the analydie third section describes the variables
used in the estimation of the models presenteldarstudy. The fourth and fifth sections

focus on the methodologies and findings of theystud

4.1 Objectives and Hypotheses

The objective of the study is to evaluate the aheects of malaria on labor
supply and schooling outcomes. To arrive at tbel ghe results of the two-period
household utility model developed in chapter twe @pplied to a sample of household in
the Sub-Saharan Africa region. The first goabigstimate the equations for the demand
for education (3.3.1) and labor supply (3.4.4).

Assuming a linear specification for both schoolargl labor supply, equations
(3.3.1) and (3.4.4) can be written as:
S=p6,+BH+L5,P,+B,A+B,S +u+e (4.1)
L=fy+ BH + B, + BN + fow+ B A+ E+ SN+ pi+a (4.2)

In equation (4.1), the demand for schoolir®) (s conditioned on health status

(H), price of schooling B ), socio-demographic characteristios)( and school
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infrastructure @ ). Health status, which is characterized in thislg as the incident of
iliness is defined as the presence of malaria.didglconstant all other factors that may
influence the demand for human capital, malarexigected to decrease the demand for

schooling; therefore, a negative sign is expectefl o Improvements in school

amenities and the quality of teachers denoted aré&obther factors influencing
schooling outcomes in equation (4.1). These viasaaire expected to positively impact
the demand for schooling. On the other hand, as®se in the level of price indicators

such as the price of educati®y, will decrease the demand for school.
In equation (4.2), labor supply is conditioned @alth(H ), price of consumption
goods (), wages, non-labor incom¥ (), socio-demographic characteristios)

education E), and community infrastructurd ). Holding all other factors constant in
equation (4.2), the partial effect of health orokabupply (8,) is expected to yield a

negative sign for those who are sick with malafm the contrary, increases in the price
of non-health consumption goods, wages, the lelvetiocation and community
infrastructure are expected to increase the lalyoply in equation (4.2). Furthermore, an
increase in non-labor incom¥ (), is more likely to reduce labor supply. As iratied in
chapter two, current health status poses an esbimpitoblem in the labor supply and
schooling models. Current health statts)(in both models is determined by
immeasurable factors such as the inherent headthiokthe individual.

The second goal of this study is to determine #ierg to which improvements in
preconditioning factors of the socio-economic ahggical environment have impacted

the incidence of malaria in Sub-Saharan Africa. dentioned earlier in the chapter two,
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the framework suggested by Rosenfield (1984) hagjitdi the relevance of socio
economic factors that act as baseline inputs lmedhealth production function (Figure
B2). According to Rosenfield (1984), these facimedetermine health outcomes in
tropical environments. In this study, Rosenfiell@mework is used to evaluate the
effect of changes in preconditioning factors of $beio-economic environment on health
status over time. The goal is to determine howdikease environment has been altered
by changes in baseline health production variafles as income and health care
availability.

The unit of analysis for both the labor supply antooling models is the
household. In the analysis of the disease envieminthe unit of analysis is at the
household and community levels. Income measuratéoanalysis of the disease
environment are aggregated at the household levdé @wata on health facilities are

derived at the community level.

4.2 Description of Data

The data used in this study are part of the LiBtgndard Measurement Surveys
(LSMS). The World Bank began the surveys in th&0dsXor the purpose of developing
new methods of monitoring levels of living, idewtifg the effects of government
policies, and advancing communications betweenetid® collect and use data as well
as policymakers around the world. To date, the B3Ms been conducted for the
following five Sub-Saharan Africa countries - Cdtesoire, Ghana, Malawi, South
Africa and Tanzania.

34



The Cote d’lvoire LSMS is the oldest of the fiveitig standard surveys, which
began in 1985 and ended in 1988. The living stahdgiarveys for Ghana, Malawi, South
Africa, and Tanzania are more current. HoweveiMBSor Malawi and South Africa
are each limited to one wave of information. Ghand Tanzania contain the most
recent and detailed panel information of the fivardries surveyed in Sub-Saharan
Africa. LSMS Ghana however, lacks detailed infotimraon household health compared

to LSMS Tanzania.

4.2.1 The Kagera Region of Tanzania

The analyses in this study are based on data fneritanzania Living Standard
Measurement Survey. The dataset is arguably tts detailed of all five living standard
surveys for measuring the effect of health stafub® Sub-Saharan Africa population.
The living standard survey for Tanzania was coretligt the Kagera region of the
country. Kagera is located on the western shoteaké Victoria adjacent to Uganda,
Rwanda, and Burundi. Kagera is thd"18rgest region in Tanzania and its regional
capital Bukoba Town is about 1,500 kilometers fritv@ country’s capital, Dar Es
Salaam. The region covers a total of 40,838 sckibmmeters and lies at 3,750 feet

above sea level

® Location information is derived from the Tanza@laamber of Commerce Industry and Agriculture
website at www.kagera.org.
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Figure 2: Map of Kagera Tanzania

Surce: Tanzania Chamber of Commerce Industry amitéiture

The Kagera region comprises of five districts nigmiBukoba (the regional

capital), Muleba, Karagwe, Biharamulo and Ngar&e €ntire region has a population of

approximately 2 million people (Table 1). The mpspulous region Bukoba, has a

population of over 470,000. Total population foe Kagera region is expected to

increase by 400,000 for the year 2007.

Table 1: Kagera Population

Kagera Population

Average Household

District Population No. of Households | Size

Bukoba 476,351 64,510 4.3
Karagwe 425,476 89,047 4.8
Muleba 386,328 79,107 4.9
Biharamulo 410,794 67,131 6.1
Ngara 334,939 49,082 6.8
Total Population Kagera District 2,033,888 394,128 5.2

Projected population for 2007: 2,417,000
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4.2.2 Current State of Malaria and Other Illnessesn Kagera

Although malaria is generally prevalent throughdahzania, it is a big public
health concern in Kagera where malaria is the fepdause of death On July 10 2006,
the Tanzania Red Cross National Society (TRCNS)rted a rise in the number of
reported malaria cases in Kagera. The rise inrtega@ases had resulted in a drastic
increase in malaria related mortality in the regidine two districts most affected by the
outbreak were Karagwe and Muleba. From Januakep 2006, the number of deaths
among children under the age of five rose to 3j@4daragwe and 3,542 in Muleba from
about 300 deaths in January of 2006.

Coupled with the threat of malaria in the regiothis prevalence of HIV/AIDS in
Tanzania. In 1983, the first reported cases of/HIMS in Tanzania were from the
Kagera region. The first cases of HIV/AIDS in trea were reportedly imported from
neighboring countries as a result of Kagera hathiegargest common border with other
countries in east Africa. Like most regions iniéé, there are too few hospitals in
Kagera to sustain the extent of disease prevaliarte region. In 2006, the TRCNS
estimated that there are 13 hospitals, 13 clirind,202 dispensaries providing health
care serving a population of over 2 million in tkagera region.

The Living Standard Measurement Survey (LSMS) ef TAnzanian region of
Kagera began in 1991 with the goal of measuringrtipact of adult mortality
(predominantly due to AIDS) on households and eatalg the effectiveness of policies

geared toward preventing the disease in this Stlat@aection. The desire for a LSMS

" According to the Tanzania Chamber of Commercestigiiand Agriculture malaria is the leading cause
of death in Kagera, Tanzania.
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style survey in Kagera was prompted by the distuybate of HIV infection and AIDS

death of the adult population in Kagera.

4.2.3 LSMS Tanzania - Kagera

The LSMS in Tanzania-Kagera now consists of fiveegof household and
community level data from 1991-2004. Over 800 letwadds were surveyed in the first
four rounds (1991-94). The final round (2004) astssof over 2700 households from the
original baseline, which were re-contacted 10 tyéddrs later. The sections of LSMS
Tanzania-Kagera contain responses to questionsvastarray of topics. Of relevance
to this study, are questions on current illneslspstand work hours, and other socio-

demographic information.

4.2.4 Attrition in LSMS Tanzania-Kagera

The Tanzania-Kagera LSMS had a low attrition rdt®086 from wave one to
four. The main reason for attrition in the LSMSIT@nzania-Kagera is death in the
household, which led to the relocation of the hbot® However, attrition in the fifth
wave is a bigger issue since wave five of the suwas conducted a decade later.
Section 4.6 presents the estimation problems plogedirition in surveys such as the

LSMS Tanzania — Kagera.

4.2.5 Sample Construction: Schooling
In Kagera, it is expected that children be enroliedchool at the age of seven
(Ainsworth, et al. 2005). School enrollment instbtudy is defined as students who
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reported enrollment in formal schooling in all 5wea of the survey. Children who were
being home schooled as well as those only atteriéiangnic schools were excluded from
the sample. The study also focuses on primaryataurcin Kagera as most children
interviewed in the survey fall within this category

Primary schools in the Kagera survey offer a maxmui seven grade levels.
The analysis in this study focuses on children agaen to 20 who are enrolled in
primary school at the time of survey. The meandugerved for the Kagera school
sample is 12 years. Chapter five presents addlt@raacteristics of the Kagera school

sample.

4.2.6 Sample Construction: Labor Supply

A sample of adults between the age of 18 and 65ctvasen as the likely work
force for LSMS Tanzania - Kagera. Majority of thagera work force reported working
as a farmer from wave one to wave five. The sedarg®st work category in Kagera at
the time of the survey was those working for soneeathher than himself or herself in
form of formal employment (wage employment). Satiployed individuals are the least

of the Kagera work force.

4.2.7 Definition: Prevalence of Iliness

Estimates of malaria prevalence used in this stwdybased on self-reported
measures. John Bound (1991) argued that selftepareasures of health may be more
reliable than other objective measures of hedltis expected that a self-reported
measure of health will be appropriate for identifymalaria in Africa given the
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commonality of the illness. In addition, the weeks of health systems in Sub-Saharan
Africa may contribute self-treatment versus formale for common ailments. Self-
treatment for malaria is common in Sub-SaharancAfwhere most people live on less
than $1 a day and are unable to afford physicia@ (& C. McCombie 1996). Studies
that are more recent however, indicate a huge aseren formal treatment seeking in
private health clinics and community health cen(@/akgari Deressa 2007).

The analysis to follow utilizes both doctor diagadsind self-diagnosed self-
reported episodes of malaria. A vast majorityegfarted malaria cases in the LSMS for
the Kagera region are self-diagnosed. Doctor diagd episodes only constitute a small
fraction of the total (Table 2a). Self-diagnosedsedes of malaria in the Kagera sample,
was lowest in wave four of the survey. Wave fivéhe survey had the highest number

of reported episodes (doctor and self-diagndsed)

Table 2a Episodes of lliness by Diagnosis Type

Malaria Diagnosis in LSMS - Kagera
Diagnosis Type Wave 1 Wave 2 Wave (3 Wave 4 Wave 5
Self-Diagnosed 418 590 538 393 1969
Doctor-Diagnosed 190 229 163 165 998

4.2.8 Definition: Malaria

The malaria status in the LSMS is based solelyetfrreported episodes of doctor
diagnosed and self-diagnosed cases. Respondehtsli$MS were asked to report all
types of acute illness within the past four weekd all types of chronic illness within the

past 6 months. The malaria sample was then deéisédclusive of all individuals who

8 Wave five of the LSMS for Kagera was administet@dyears after the wave four survey.
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reported a lack of school or work attendance dubeéamalaria illness in the past seven
days. To minimize measurement error with thisrde@in of malaria status, the
estimation process also controls for pre-existioigditions that can also result in low

attendance.

4.3 Description of Variables
The following sections describe the dependentiadejpendent variables selected

for the models in equation (4.1) and equation (foR¥ychooling and labor supply.

4.3.1 Dependent Variables

The outcome variable in the labor force participatequation (4.2) is the number
of hoursworked per week. This variable is defined as the nunabé&ours worked
within a seven-day workweek for adults aged 18-6be LSMS labor force sample is
made up of respondents between the ages of 185awti® reported work hours in the
past seven days as an employee, a farmer, or-araplbyed businessman. The outcome
variable in the schooling equation (4.1) is tinenber of school hours attended per week.
This variable is defined as the number of hoursgmein school during the school week

for those between the ages of 7 and 20.

4.3.2 Explanatory Variables

Factors that determine labor supply in equatio)(dte health status, (H), prices,
(P), non-labor income, (V), socio-demographic iaties, (A), education, (E), and
community infrastructure, (IN).
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Health Satus, H

In our conceptual framework, health status is ayprated using self-reported
measures of acute and chronic illness. This defmbf health status differs from actual
health by a measurement error, e:
Actual Health=H + e
The measurement error, e is sometimes treatechdemaand uncorrelated with other
determinants of health. A problem with such treaiims that ‘e’ is unlikely to be
random. For instance, in the labor supply cashyiduals who have reduced their hours
of work, are more likely to report poor health sgtfunctional limitations, and other
conditions (Chirikos and Nestel 1984). This caratigbuted to the existence of factors
that are known to the individual but unobservedhgyresearcher; described in the

theoretical framework gs. In this case, ignoring: would lead to biased estimates of

the measure of health status.

In addition, there are studies, which suggesttti@toncerns about non-random
‘e’ do not necessarily induce a bias on self-regmbrneasures of health. One case is
when an instrumental variables approach is usedpture the other part of H that is not
addressed by self reported H (Ettner 1997). Algmself-reported health may bias the
estimated coefficients downwards, the endogenéisglf-reported health may also bias
the estimated effect upwards. Therefore, the tifiexts may cancel out unlike in the
case of more objective measures of health thabiased towards zero only.

The determinants of health status (H) are evaluasetie existence of acute and

chronic illness. Acute illness is measured adgrnhiglent of malaria. Acute illness in the
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LSMS is defined as illness that limits the abitiywork, attend school or perform regular
chores. The incident of malaria in the surveyeorded by wave for individuals who
reported being incapacitated by malaria withinghevey period. Chronic conditions in
the LSMS are addressed as pre-existing health tonsli(such as HIV, Asthma and
Kwashiorkor, and Malnutrition) that prevent theindual from working or attending

school.

Prices (P), Education (E), and Socio-demographic Indicators (A)

The LSMS contains information on a collection otikehold expenditures on
food and non-food items including the price of fppdarmaceutical products, and school
fees. The LSMS price questionnaire consistedidiytfood items, thirteen non-food
items, and six pharmaceutical products collectedifigrent markets in Kagera. With the
exception of a few items, food items in the surw&ye weighted to the nearest 50 grams.
Pharmaceutical products were not weighted in tineesubut measured in tablets.
Complete pharmaceutical price information is ontgikable for three of the six items in
waves. A list of food and pharmaceutical itemgvaht to this study can be found on
Table A4.

In addition to questions on household expenditules|. SMS asks questions
about the educational attainment of each resporel@mny wave. The survey also asks
detailed questions on socio-demographic charatitsrisuch as age, sex, marital status,
and income. Household income in the LSMS is defia® the sum of six components:
employment income from self-employment in agrictdttnon-farm self-employment
income; income from rent; transfer income from vidiials and organizations; and other
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non-labor income. Because no information on wagesailable in the LSMS dataset,

household income is used as a proxy for the wag#dseianalyses.

Community and School Infrastructure (S and IN)

In each wave, community leaders are interviewethbyL.SMS. They are asked
to identify the local schools and hospitals in dnsrict. Representatives from each
school and hospital facility are then re-intervieve each subsequent wave on the
changes in the demand and supply of these fasilifidiree community infrastructure
variables were chosen for the labor supply equatidrnese variables measure access to
motorable roads, electricity and pipe borne water the schooling equation, the

number of teachers per school was chosen as th&euneeaf school infrastructure.

4.4 Econometric Strategy
Equation (4.1) and (4.2) can be estimated usingdst@ econometric methods

like OLS. OLS is unbiased in the absence of memsant error and unobserved

heterogeneity. However, as mentioned in the thieatdramework,H 7 is endogenous

to the labor supply model while, ardl;. is endogenous to the human capital

accumulation model. Given the possibility of enelogity in both models and the
likelihood of measurement error in the health statariable, OLS is biased.

There are several solutions when dealing with ueniesl heterogeneity. This
study considers three identification strategieagithe fixed effects, two stage least
squares (2SLS), and the limited information maximikelihood (LIML) estimators.

The fixed effects (FE) estimator captures all ueobsd, time in-variant factors that
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affect labor force participation and schooling. B§Eno means solves the endogeneity

problem and may also impose additional problenettoition bias and insufficient within

variation in panel data estimations. Given thatehdogeneity problem posed bl in

the labor supply equation ardly and in schooling equation will remain unsolvechgsi

FE, a more appropriate method of estimating (4ntl)(@.2) is by instrumental variables.
Another problem with the FE estimator is that ipmses a strict exogeneity assumption
on the regressors within the model.

Estimation by instrumental variables will involestimation of equation (4.1) and
equation (4.2) using factors such as the diseageoement, D, and prices, as valid
instruments for health. The instrumental varialbéggession can be implemented using
the 2SLS and LIML methods. Having more than ors¢érument in the instrumental
variables estimation also allows us to test overtifigng restrictions. Consistency of the
instrumental variables estimates rely on the vglidi the instruments. Invalid
instruments can produce 2SLS and LIML parametemeses that much more

inconsistent than OLS.

4.4.1 2SLS Estimation Methods: Two Stage Least Sques (2SLS)
Estimation of the effect of malaria on schoolimgl d&abor supply is based on the

structural equation
Vi =0, * By + X, + U, 1)
where y, is the outcome (hours of school and work) in tHeosting and labor supply

equations for individual at timet; h,is a vector of malaria and pre-existing health
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status indicators for an individualat timet; X, is a vector of socio-demographic,

school and community level infrastructure, prics] health status indictors. As

discussed earlier, health status in (1) is cordlatithu,, . Estimating the above
structural model through OLS is biased. To miggdie endogeneity problem in (1), the
analysis employs a 2SLS regression of the schoalmblabor supply models where the
reduced form equation is given by:

W =75 + R Zi + T X +V, ()

and Z,,is a vector of indicators of the disease envirorntnserving as additional
instruments in the reduced form estimation, gn& the reduced form error term.
Assuming thatZ, is uncorrelated with the structura} and provided that the disease

environment is sufficiently correlated with headtiatus then,
Cov(h,,z,)#0
Finally, the study estimates a panel 2SLS modsthboling and labor supply
where (2) is the first stage regression of healitus on a vector of instruments in (2) and
(1) is the second stage regression. The secogd stgression uses hours of school and
hours of work as the two outcome measures as @egpictequation (4.1) and equation
(4.2) and a vector of health status indicators el & a vector of socio-demographic,

school and community level infrastructure, and @riaicators as exogenous regressors.

4.4.2 Instruments
As discussed earlier, the likelihood of endogenigitlyoth equations can be

alleviated using instrumental variables. It waahentioned in chapter three that, P
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and D, are valid instruments for mitigating the egeheity ofh, in (1). Two

instruments of the disease environment availabteer . SMS data for the estimation of
the reduced form model in (2) are a rainfall seasditator and a measure of rainfall
amounts in the Kagera region.

A good instrument satisfies the following assummsie- It must be uncorrelated
with the error term and is correlated with the egefmus explanatory variable. As
mentioned earlier, having more than one instrunretite 2SLS estimation facilitates the
test for overidentification. The overidentificatitest can be implemented by first

estimating the structural equations in (1) to abthe 2SLS residuafg. Thenf, is
regressed on all exogenous explanatory variablég) ito obtain the R-square®.
Under the null hypothesis that all instrumentsiareorrelated withy,, nR? ~)(§ where

g is the number of instruments minus the total nemub endogenous explanatory

variables. If the null hypothesis is rejectedR”> the critical value in the chi-Square
distribution (Xj), it is safe to conclude that at least one ofitiseruments is not

exogenous.
Considering the known correlation between malan l@gh amounts of rainfall,

monthly rainfall estimates and a rainfall seasahadator can be considered as measures

of the disease environment (Chris Drakeley, e2@05Y. The LSMS keeps monthly

record of the rainfall amounts in Tanzania-Kagdrathe LSMS, monthly rainfall

records are measured in millimeters over a peri@@anonths. This record is only

available for four of the five waves of the LSMS fitanzania. To complete the rainfall

° Drakeley et al. (2005) found that plasmodium faéciim prevalence showed a negative relationship wit
altitude and rainfall amounts in Tanzania
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data, the LSMS rainfall estimates are merged wdtfiteonal rainfall data from the
NOAA National Data Centers for wave five.

High prevalence for malaria usually falls in thenygseason months, which varies
between regions in the Sub-Sahara. The rainy seasdhe Kagera district of Tanzania
are the short ‘Vuli’ rainy season, which falls beem October and January, and the long
‘Msimu’ rainy season from March to May. In additito instrumenting for the likely
endogeneity of malaria, controlling for the raihfadtterns using a season indicator
ensures that seasonal variations in labor forcécgzation and schooling are reasonably

captured.

4.5 Analyzing Improvements in the Disease Environnmg

The panel structure of LSMS also allows for a ditest of whether changes in
pre-conditioning factors have translated into inyeraents in the disease environment
over time in Kagera. Factors preconditioning expeso malaria used in this study are
access to community health facilities and changé®usehold income levels over time.
Using a difference-in-difference (DID) estimatdretestimated change in a

preconditioning factor from wave t-1 to wave t d@nobtained as:
O
0=V = Via
0
y, and y,, represent levels of measurable preconditioningfaatver time and is the

0
difference between predicted values of these faawer time. If the parameter is
significantly different from zero, it is safe torcdude that the preconditioning factors

have improved the disease environment in Kageratove.
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Using the first and last waves of the LSMS Kagamgrovements in the disease
environments are determined using the following BHiimation of malaria on two sets
of preconditioning factors. Two preconditioningtiars were chosen for the DID
estimation: a count of health facilities in Kagekeer time and changes in the levels of
household income in Kagera over time.
malaria = ,6’0 + é'oyear + ,6’1income+ ,6’2healthfaciliti05+ ,6’3year * income + ,84year * healthfacilities + u
In the above DID equation, the parameters of ilstel%and 'B4measure the effects of
changes in income and changes in the number athhfaallities on the incidence of

malaria. The parametey, captures the changes in the reported cases ofienaléinin

the sample between 1991 and 2004.

4.6 Other Identification Strategies

In addition to 2SLS and LIML, another identificati strategy explored in the
estimation of the labor supply and schooling equntis the Average Treatment Effects
on the Treated (ATET) estimator. Unlike the 2SI &IML the ATET takes into
consideration the different states of the healtkustindicator H). A thorough

evaluation of both equations using ATET is presgéimeAppendix D.
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Chapter 5
Research Results

This chapter presents the estimation resultd#isthooling and labor supply
models. Section 5.1 presents the sample evidemepisodes of malaria for the school
and work samples. Section 5.2 documents the s@mwollment characteristics of school
age children in Kagera. Section 5.3 details thersary statistics of the Kagera school
sample. Section 5.4 and 5.5 review the summatigta of the Kagera labor force
sample. Estimation results for the school and vearrkiple using OLS, FE, 2SLS, and
LIML are presented in section 5.6 and 5.7. Lastégtion 5.8 presents difference in

difference estimates (DID) of changes in the diseaw/ironment in Kagera.

5.1 Episodes of Malaria in the Study

The rates of reported malaria episodes by survaggéor the Kagera sample
ranges between a low of 7% and a high of 23% festiected school and work samples.
The percentage of reported malaria cases for @mldnrolled in school ranged between
7% and 13% from wave one to wave five of the LSNI&ble 2b). Unlike the school
sample, workers in Kagera reported a wider rangaaléria episodes by wave. The
malaria rate for self-employed farmers ranged behwEl% and 20% across waves.
Non-farm self-employed workers and individuals iage employment also reported a

similar range of malaria cases (between 9% and 28%6ss waves. Wave five had the
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highest number of reported malaria cases in the 31 children enrolled in school and
for most types of employment. Overall, fewer peaported being sick with malaria in
earlier waves than they did in more recent wavah@l. SMS; a finding consistent with

current trends in reported malaria cases for Taaz@mable A3).

Table 2b: Malaria Cases

Reported Malaria Cases By Wve
Wave | Wave | Wave | Wave | Wave

Sample 1 2 3 4 5
School Sample
% Reporting a Malaria Episode 7% 11% 12% 11% 13%
Work Sample

% of Self Employed (Farm) Reporting a Malaria Episo  11% 14% 13% 11% 20%

% of Self Employed (Non-Farm) Reporting a Malaria
Episode 13% 9% 11% 15% 23%

% of Wage Employed Reporting a Malaria Episode Wb 7%1| 15% 10% 12%

5.2 School Enrollment in Kagera

There were over 11,000 children between the adeamid 20 in the Kagera
sample from 1991 to 2004. Majority of these clatldwere introduced into the survey in
2004 (wave five). Approximately 6400 children chsol age were enrolled in school in
at least one wave of the Kagera survey. In wawe the school enrollment rate for
children in the survey was 49%. Between wave taa\save three, the overall
enrollment rate remained steady at 56%. By waxes 8chool enroliment for children of
school-going age had increased to 62%.

In terms of school enrollment rates by gender casitjpm, males were more
likely to be to be enrolled in school than femalekwever, enrollment for both groups

increased steadily in each wave with the excepifomaves two and three when female
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school enrollment stalled at 54%. In additionte overall low school enroliment in the
sample, the school starting age was well over sgears. In fact, the lowest grade level,
P1, consisted of students as old as age 16. iAdm§ is consistent with that of
Ainsworth, et al. (2005), which found that schoot@lment was delayed for orphans in
Tanzania and that children tend to drop out of stae to orphan status or death of an

adult in the family.

Table 3: School Enrollment Rate

Children Ages 7 to 20: School Enrollment

Wave | Wave | Wave | Wave | Wave
1 2 3 4 5
Total 2232 | 2112 | 1996 1821 3114
Number Currently Enrolled in School 1104 1186 11251048 1936
Percentage of Total Currently Enrolled in School %49 56% 56% 58% 62%
Percentage of Males Currently Enrolled in School %51 58% 59% 60% 67%
Percentage of Females Currently Enrolled in School 48% 54% 54% 55% 58%

5.3 Summary Statistics Kagera School Sample

Table 4 presents the summary statistics for thieeeidagera school sample for all
five waves of the LSMS data. The final primary@ahsample for all five waves of the
survey consisted of 4,189 students. This sampkwsas conditioned on having reported
current school enrollment. Therefore, the schaol@e excludes students who were at
home on vacation or holiday at the time of the syrv

The summary statistics for primary school studémthe Kagera showed that
school children in Kagera reported attending apionaxely 28 hours of school per week
between wave one and five of the study. The aeesafjool enrollment age in the

schooling sample was 12 years. Overall, there wene students in lower grade levels
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in the Kagera schools than there were in upperamrgrade levels. In particular, there
were 70% more students enrolled in the P1 (the dogeade level) than there were in P7
(the highest grade level). Again, this findingansistent with that of Ainsworth, et al.
(2005).

The average annual household income for parenischildren in primary school
in the Kagera survey was well below $200. Mostpts with children in primary school
in Kagera reported having less than an elementdryad education. However, fathers in
the sample were more likely to have completed pryrsahool than mothers. In terms of
malaria status, at least 11% of primary schooldcli reported an episode of malaria in
all five waves of the survey. However, the ratelofonic illness in the sample was much
lower than the malaria rate. Merely 3% of primachool children reported a chronic
illness in all five waves.

Other variables relevant to the Kagera school samplude school level
infrastructure variables and measures of the dostlacation. Approximately 10
teachers were staffed in a typical primary schodagera during the survey period.
However, each primary school in the Kagera sample staffed by a minimum of one
teacher and a maximum of 29 teachers. In ternessif, school students in Kagera live
relatively close to home and on average commutatahoee miles to school. Real
expenditures on tuition for primary school in Kamerere negligible as the average

household spent about’$2 year on school fees in the survey.

% 5chool fees in the analysis exclude expenditurel as money spent on books and supplies, school
uniform and transportation as most of these vaggmbbntained missing observations in the sample.
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Table 4: Summary Statistics

Kagera School Characteristics (1991-2004)

Std.
Variable Description Obs | Mean Dev. | Min Max
School Hours
Hours School Hours (Past 7 Days) 4189  28.311 12|68600 55.000
Grade Level
pl First Grade Level 4189 0.136 0.342 0.000 1.000
p2 Second Grade Level 4189 0.138 0.345 0.poo 1.000
p3 Third Grade Level 4189 0.128 0.384 0.900 1.000
p4 Fourth Grade Level 4189 0.121 0.326 0.000 1.000
p5 Fifth Grade Level 4189 0.104 0.306 0.000p 1.000
p6 Sixth Grade Level 418P 0.077 0.266 0.000 1.000
p7 Seventh Grade Level 4189 0.031 0.172 0000 01.00
Socio-Demographic
Characteristics
Age Age in Years: Range 7-20 4189 12.604 2.940 0r|0020.000
Gender Percent Male: 1 = male; 0 female 4189 0J5270.499| 0.000 1.000
Mother Education: 1 = primary education; 0 = no
Mother Education education 4189 0.136 0.343 0.00p 1.000
Father Education: 1 = primary education; 0 = no
Father Education education 4189 0.178 0.383 0.00p 1.000
Household Income Annual family income in dollars 881 199.531] 473.660 0.000 11880.640
School Characteristics
Teachers Number of teachers at school 4189 9671 1064.1.000 29.000
Distance Distance to school from home in miles 41893.276 26.109 0.000 500.000
Fees Annual school fees in dollars 4189 0.851 7501000 300
Health Satus
Malaria Malaria Cases 4189 0.113 0.317 0.00p 1.000
Chronic lliness Cases of Chronic lliness 41189 0.033 0.180| 0.000 1.000
Disease Environment
Malaria Season Rainfall Season 4189 | 0.279 0.449 0.00p 1.000
Rainfall Total Monthly Rainfall (mnf) 4189 | 388.829 287.313 2.700 872.300

#This variable is constructed from the Living Stamtdsleasurement Survey for Tanzania (1991-994) a@AA National Data Centers (2004)
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5.4 Summary Statistics Kagera Work Sample

Three employment categories where analyzed itatt@ supply estimation.
These employment groups are self-employment in facoupations, self-employment in
non-farm occupations, and wage employment (Table Ahe largest category of the
Kagera work sample was farm employment, which astsgifor 71% of the total
workforce. Workers in wage employment made up Db8%e total work sample. The
smallest employment category in the survey waséffeemployment non-farm group,
which accounted for 15% of the Kagera work sample.

The typical worker in the Kagera sample was agge#ts old, female and
married. Precisely, the gender composition ofkhgera work sample was 45% male
and 55% female. In addition, 56% of these worke¥se married at the time of the
survey and the average worker reported havingaat ke primary school education.
Workers in the Kagera sample earned an average8%.$3 dollars a year and worked
approximately 20 hours per week.

In terms of community level indicators, accessdmmunity infrastructure was
measured as the availability of to electric povpgre borne water, and motorable roads
in each community. With the exception of access mootorable road, most Kagera
workers reported living in communities without agg¢o either of the other two
community infrastructures. Specifically, 80% ofrkers in Kagera lived in areas
without pipe borne water, while 59% resided in ar@éhout electrical power. However,

96% of Kagera workers reported living near a mditer@aoad at the time of the survey.
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5.4.1 Farm Self-employment Characteristics

Two main types of farm activities were chosentha definition of the farm
employment work category. The first type of faratiaty refers to adults who reported
work hours on a farm or garden belonging to thewesebr their household at the time of
the survey. The second farm activity pertaingtisé who served as caretaker for
animals or transformed animal products belongintpéonselves or their households
during the survey period. These two types of fagtivity make up the single definition
of farm related self-employment used in the analysi

Table 5a presents the summary statistics for trgekéafarm sample. The
average age for a typical Kagera farmer in the fammployment category was 35 years.
Compared to other workers in non-farm self-employtnself-employed farmers are less
likely to be educated. Most farmers in the surliagl less than a secondary education.
Majority of the farmers were female and marrie@lf-8mployed farmers in the Kagera
survey earned on average $182.54 annually durmguhvey period. Farmers in Kagera
were also less likely to have access to commuaitgllinfrastructures such as motorable
roads, pipe borne water and electric power supphypared to workers in non-farm self
employment and wage employment. Ninety five paroéself-employed farmers lived
in communities near a motorable road, while 36% d@mkss to electric power and only

17% had access to pipe borne water.
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Table 5a: Summary Statistics

Kagera Self-Employment (Farm) Characteristics (1992004)

Variable Description Obs Mean ES)(t;I/ Min Max
Work Hours

Hours Number of hours worked per week 7,822 24.585 15.576 0.000 130.000
Socio-demographic

Characteristics

Age Age in Years: Range 18 - 65 7,822 | 35.038 13.929 18.000 65.000
Gender Percent Male: 1 = Male; 0 Otherwise 7,822 0.412 0.492 0.00(¢ 1.000
Education Highest Level of Education: 1 = Primdy Secondary; 3 = College 7,822 1.893 1.300 0.0006.000
Married Marital Status : 1 = Married; 0 Otherwise 822 0.580 0.494 0.00(¢ 1.000
Income Annual Income: Employment income in dollars 7,822| 182.54Q0 377.082 0.000 7401.588
Health Status

Malaria Malaria Cases = 1 if reported malaria iteast 1 wave; 0 otherwise 7,822 0.154 0.361 0.0001.000
Chronic lllness Chronic lliness = 1 if reportedahic iliness in at least 1 wave; 0 otherwise  7,822.107 0.309 0.000 1.000
Disease Environment

Malaria Season Rainfall Season: 1 = Interviewednhduainy season; 0 otherwise 7,822 0.885 0.319 0.0 1.000
Rainfall Total Monthly Rainfaft Total Monthly Rainfall measured in millimeters 700y 358.799| 278.346 1.00 872.300
Community Infrastructure

Electric Power Electric Power: 1= Access; 0 otheewi 6,886 0.364 0.481] 0.00Pp 1.000
Pipe Water Pipe Borne Water: 1 = Access; 0 otherwis 6,886 0.174 0.379 0.000 1.000
Road Motorable Road: 1 = Access; 0 otherwise 6,886.951 0.215 0.000, 1.000
Prices’

Food Average food price in dollars 6,393| 0.156 0.196 0.003 3.800
Pharmaceuticals Average pharmaceutical price iladol 5,445/ 0.032 0.106 0.001L 0.700

#This variable is constructed using estimates frioenliiving Standard Measurement Survey for Tanzgr881-994) and
NOAA National Data Centers (2004); Food items aefgived to the nearest 50 grams and pharmaceitéoa are measured

in tablets
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In terms of weekly work hours, self-employed farmigrthe Kagera survey
reported working on average 25 hours per week. nlineber of hours worked per week
for self-employed farmers were closer to the waskrs of those in non-farm self-
employment but lower than hours reported by workersage employment. When
asked about malaria status, 15% of self-employeddes in the survey reported being
incapacitated with malaria. This was the lowestgetage of all types of employment in
the Kagera work sample. Although, farmers repoldaer malaria rates on average,
they were also more likely to report having a clcoliness. Eleven percent of surveyed

farm workers in Kagera reported a chronic illnesatileast one wave of the survey.

5.4.2 Non-farm Self Employment Characteristics

A non-farm self employed worker in the analysideédined as an individual who
owns his/her own business or is employed by hiddraily in a non-farm sector. This is
the smallest employment category in all five wagkthe survey with (Table 5b). The
average age for workers in non-farm self-employne4 years. On average, non-farm
self-employed workers reported a higher income thase in the self-employment farm
category. Self-employed workers in the Kagera damere mostly male and better
educated than those in farm employment, but legsagtdd than workers in wage

employment.
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Table 5b: Summary Statistics

Kagera Self-Employment (Non-farm) Characteristics {991-2004)

Variable Description Obs Mean Dif/é. Min Max

Work Hours

Hours Number of hours worked per week 1,659 | 24.940 21.842 0.000 130.000

Socio-demographic

Characteristics

Age Age in Years: Range 18 - 65 1,659| 33.474 12.015] 18.0q0 65.000

Gender Percent Male: 1 = Male; 0 Otherwise 1,659 59D. 0.492 0.000 1.000

Education Highest Level of Education: 1 = Primdy; Secondary; 3 = College 1,659 2.001 1.151 0.0005.000

Married Marital Status : 1 = Married; 0 Otherwise ,689 0.586 0.493 0.00(¢ 1.000

Income Annual Income: Employment income in dollars 1,659| 221565 591.714 0.000 7401.588

Health Status

Malaria Malaria Cases = 1 if reported malaria iteast 1 wave; 0 otherwise 1,659 0.165 0.371 0.0001.000
Chronic lliness = 1 if reported chronic illnessainleast 1 wave; 0

Chronic lliness otherwise 1,659| 0.096 0.295 0.00( 1.000

Disease Environment

Malaria Season Rainfall Season: 1 = Interviewedhgdwainy season; 0 otherwise 1,669 0.820 0.384 00.p 1.000

RainfalP Total Monthly Rainfaft Total Monthly Rainfall measured in millimeters 131 308.379| 273.839 1.00 872.300

Community Infrastructure

Electric Power Electric Power: 1= Access; 0 otheewi 1,414 0.526 0.499 0.00p 1.000

Pipe Water Pipe Borne Water: 1 = Access; 0 otherwis 1,414 0.212 0.409 0.000 1.000

Road Motorable Road: 1 = Access; 0 otherwise 1,410.967 0.177 0.000 1.000

Prices’

Food Average food price in dollars 1,260| 0.199 0.260 0.003 1.500

Pharmaceuticals Average pharmaceutical price itadol 1,031] 0.044 0.124 0.00p 0.700

#This variable is constructed using estimates frioenliiving Standard Measurement Survey for Tanzgr881-994) and
NOAA National Data Centers (2004); Food items ageggivted to the nearest 50 grams and pharmaceitéine are

measured in tablets
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In addition, work hours for non-farm self-employm&vere closer to those
reported in farm employment. Specifically, the ragge worker in non-self employment
in the Kagera sample worked approximately 25 hausgek. These workers were more
likely to reside in communities with access to nmabde roads, pipe borne water and
electric power. Ninety seven percent of workeraan-farm self employment reported
living in a community with access to a motorabladpwhile 53% reported having access
to electric power and 21% had access to pipe boater.

In terms of health status, non-farm self-employedkers were more likely to
report episodes of malaria than workers in othegplegment categories. The malaria
rate for workers in this group was 17% for all fiwaves of the survey. On the contrary,

10% of self-employed workers reported a chronigetis in all five waves of the survey.

5.4.3 Wage Employment Characteristics

Wage employment in the analyses is defined as@m@nt by an employer who
is not a member of the employee’s household (ifemraor the government). The
employment characteristics for this work group @iesented below on Table 5c.
Workers in the wage employment category reportedkivg an average of 40 work
hours per week. This was the highest weekly wotkreifor all three work categories.

A typical worker in this cohort was 32 years oéamale, and better educated
than workers in other work categories. Unlike thosfarm employment, workers in
wage employment had better access to community ilgfvastructures such as electric
power, pipe-water, and motorable roads. Approxatya®6% of wage-employed
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workers had access to a motorable road, 25% hagsto pipe borne water, while 50%
had electric power supply at the time of the survé&jorkers in wage employment also
earned more income than workers in the other twegoaies of employment over the
sample period. Particularly, a worker in wage esgpient had twice the earning power
of a farm worker and earned 39% more income thsglfeemployed individual in
Kagera. Interms of health status, 16% of workemage employment reported being
sick with malaria during the survey period. Thaserof malaria infection is high relative
to that reported in farm employment but slightlwér than the malaria rate for those in
self-employed non-farm occupations. On the coptnaage workers were significantly
less likely to report a chronic illness when congghio their counterparts. Only 7% of
workers in wage employment suffered from a chraoiedition in at least one wave of

the survey.

5.5 Other Kagera Sample Characteristics

Food and pharmaceutical price data were useddiiaal to community
infrastructure as indicators of the Kagera workiemment. These variables are derived
directly from the LSMS dataset. The calculatioriaafd prices in the dataset is based on
an average of a 30 food items priced at differemts in time and weighted to the
nearest 50 grams. Pharmaceutical prices are mesuiablets in the survey. Table A4
provides a list of the food and pharmaceutical g#eglevant to this study. The prices
were collected for each item at the cluster lewdlere one cluster consists of 16
households. Food and pharmaceutical prices wdyauged in the labor supply
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estimation. Over the survey period for the Kageoak sample, food prices for all 30
items averaged at of 0.2 cents and peaked at 83l&0si Pharmaceutical prices for
selected items averaged at 0.04 and peaked aténis.

In addition, the estimated labor supply and sangatquations also include an
indicator of rainfall amounts and a measure of sealsrainfall variations. Rainfall
amounts in the LSMS were measured in millimeteer @a/60-month survey period from
wave one to four. Rainfall estimates for wave fivas derived from the NOAA national
data centers. Monthly rainfall estimates range@éen one and 872.30 millimeters over
the sample period (Table 4). For the school sampdmthly rainfall amounts averaged
at 384.706 millimeters over the sample period (€af) Average rainfall amounts for
the total work sample was 341.27 millimeters fomalves.

A malaria season indicator was also included enahalyses. The malaria season
indicator is a dummy variable capturing rainy aod-nainy months in Kagera.

Additional coverage of seasonal rainfall pattem&agera can be found in chapter four.
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Table 5¢: Summary Statistics

Kagera Wage Employment Characteristics (1991-2004)

Variable Description Obs Mean Ste(j/ Min Max
Work Hours

Hours Number of hours worked per week 1,987 | 40.650 21.095 0.000 130.000
Socio-demographic Characteristics

Age Age in Years: Range 18 - 65 1,987 | 32.389 11.637) 18.000 65.000
Gender Percent Male: 1 = Male; 0 Otherwise 1,987 0.721 0.449 0.00(¢ 1.000
Education Highest Level of Education: 1 = Primdy Secondary; 3 = College 1,987 2121 1.280 0.0006.000
Married Marital Status : 1 = Married; 0 Otherwise 1,987 0.508 0.500 0.00(¢ 1.000
Income Annual Income: Employment income in dollars 1,987 | 365.769 567.481 0.00p 7300.002
Health Satus

Malaria Malaria Cases = 1 if reported malaria iteast 1 wave; 0 otherwise 1,987 0.161 0.368 0.0001.000
Chronic lliness Chronic lliness = 1 if reportedahic illness in at least 1 wave; 0 otherwise 1,987.074 0.262 0.000 1.000
Disease Environment

Malaria Season Rainfall Season: 1 = Interviewedhduainy season; 0 otherwise 1,987 0.831 0.3f4 0m.p 1.000
Rainfalf Total Monthly Rainfaft Total Monthly Rainfall measured in millimeters 1871 335.444| 281.118  1.00( 872.300
Community Infrastructure

Electric Power Electric Power: 1= Access; 0 otheewi 1,679 | 0.496 0.500 0.00( 1.000
Pipe Water Pipe Borne Water: 1 = Access; 0 otherwis 1,679 0.245 0.430 0.000 1.000
Road Motorable Road: 1 = Access; 0 otherwise 1,679 0.958 0.200 0.00( 1.000
Prices’

Food Average food price in dollars 1,458 | 0.183 0.204 0.004 1.500
Pharmaceuticals Average pharmaceutical price iladol 1,188 | 0.042 0.122 0.004 0.700

#This variable is constructed using estimates frioenliiving Standard Measurement Survey for Tanzgr881-994) and NOAA
National Data Centers (2004); Food items are weijjhd the nearest 50 grams and pharmaceutical deemseasured in tablets
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5.6 Main Estimation Results

The estimation results of the causal effects dan@on school and work hours
are presented in this section. Section 5.6.1 sumasathe estimated results for the
school sample beginning with the first stage 2S&t8raates and the overidentification
test. Section 5.6.2 presents the 2SLS, OLS anek§iHts for the entire school sample.
As indicated earlier, the Kagera labor supply s&mpkategorized into three main types
of employment (namely, self-employed farmers, sefisloyed non-farm workers and
wage employed workers) in order to separately ifletite impact of malaria on each
group. A separate binary indicator is includeth@ analyses identify each work group.
Section 5.6.3 and 5.6.4 presents the first andngkstage estimation results for the three

employment groups in the sample.

5.6.1 First Stage IV Estimation Results - Kagera $ool Sample

First stage estimation results for the Kagera samae presented in Table 6a.
The three instruments used in the first stage @sigg for the disease environment are
one binary indicator of the seasonal variationsinfall and a level and squared
indicator of monthly rainfall amourits The first stage results show a significant
correlation between malaria and seasonal variatroranfall for the Kagera region. The
coefficient on the monthly rainfall indicator is athmagnitude. Even so, the first stage
results show a positive correlation of the threstriiments with the incidence of malaria.

A joint significance test of the instruments indesathe statistical significance of the

™ Analysis of the reported cases of malaria in therall Kagera data showed a non-linear relationship
between malaria episodes and rainfall amounts (Eig2).
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three instruments in the first stage. Table 6avshibat the partial F-test on the three
instruments is statistically significant at the i&gel.

The n*R-Sq test was used to test overidentifygggrictions in the first stage 1V
estimation process. The overidentification testased on the null hypothesis that the
instruments are uncorrelated with the error terrinefirst stage 1V regression. The
n*R-Sq estimate in the first stage estimation ¢28.with a p-value of 0.5982.
Therefore, the null hypothesis is rejected and gafe to conclude that at least one of the
IVs is not exogenous in the first stage estimatigithough the overidentification test
and n*R-Sq test confirm the validity of the instreits in the first stage estimates, they
do not guarantee the exogeneity of the healthstattiables in the second stage.

In addition to the instruments evaluated at thet 8tage, the first stage estimates
also provide a meaningful insight into the deteaniis of malaria in the Kagera school
sample. Two variables found to be significantlyretated with the incidence of malaria
in the school sample are age and the householdisigeon tuition. As presented in the
first stage results on Table 4a, age decreasgwdbability of reporting an incidence of
malaria in the Kagera school sample by 0.003%.th@rother hand, a unit increase in
household spending on school fees increases thalpiiby of reporting an incidence of
malaria by 0.002%. An explanation of the significpositive correlation between the
probability of reporting an episode of malaria &eadisehold spending on education lies
in basic economic theory. The positive correlatiaicates a likely tradeoff between
household spending on education and household spead health. In other words, the
more the household allocates resources to edudhtoless it has left to allocate to
health.
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Table 6a: First Stage Results

Kagera School Sample

Dependent Variable: Malaria (N = 4189)

1st Stage Explanatory Variables Coefficient Standat Error t P>t
Age -0.003917* 0.002121 -1.85( 0.065
Grade 1 -0.005497 0.016421 -0.330 0.738
Grade 2 0.026833 0.016353 1.64D 0.101
Grade 3 0.008775 0.017239 0.51p 0.611
Grade 4 0.026348 0.018167 1.450 0.147
Grade 5 0.036911* 0.019930 1.850 0.064
Grade 6 0.033975 0.022608 1.50D 0.133
Gender -0.014960 0.009957 -1.500 0.133
Mother Education 0.003289 0.015023 0.220 0.827
Father Education 0.006277 0.011492 0.550 0.585
household Income 0.000002 0.000011 0.180 0.858
Distance to School 0.000229 0.000205 1.120 0.264
School Fees 0.002353*** 0.000744 3.16 0.002
Number of Teachers -0.001640 0.001219 -1.350 0.179
Chronic lliness -0.014631 0.028712 -0.510 0.61
Instruments
Rainfall Season 0.036441*** 0.013810 2.63D 0.008
Total Rainfall -0.000132 0.000084 -1.59p 0.112
Total Rainfall Squared 1.10E-07 0.0000001 1.170 4.2
F-Statistic (P-value) 2.73 (0.000)
Joint Significance - IVs Only (P-value) 7.11 (0.000)
Overidentification Test - N*R-Sq (P-value) 1.0285@82)

***] 0% Significance Level **5% Significance Level % Significance Level
Overidentification Test (N*R-Sq): Rejectldt least some IVs are not exogenous

The malaria season indicator is positively reldtethalaria incidence and
statistically significant even though the magnitadi¢he coefficient is small. The
coefficients on the rainfall amount variables aoé individually statistically significant.

However, an overall test reveals the joint stagatsignificance of all the instruments in

the schooling estimation at the 1% level.
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5.6.2 2SLS, OLS and FE Estimation Results - Kagerachool Sample

Table 6b presents the 2SLS, OLS, and FE estimagguits for the dependent
variable school hours for the Kagera school samplee table shows a statistically
significant causal relationship between malaria sacttbol hours. The incidence of
malaria in the Kagera school sample is associatddar23.67 hour decrease in weekly
school attendance. This estimate is statisticadjgificant at the 1% level. OLS and FE
estimates of the relationship between malaria ahdd hours also show a significant
causal effect although the magnitudes of the caefits for both regressors are smaller
than the estimated 2SLS effect. Unlike 2SLS malestimates, the OLS and FE results
are likely to be biased downwards due to the endeieof malaria.

Beside the malaria variable, another health siatlisator in the school sample
estimations is chronic illness. This variablensignificant in explaining school hours for
the Kagera school sample. This lack of signifieaoan be attributed to the relatively
small number of students in the Kagera sample tegoa known form of chronic iliness
(see Table 4). Another indicator of the numbesasfool hours attended per week is age.
2SLS estimates show that being a year older inesea@sekly school attendance by 0.82
hours.

Grade level was also a strong indicator of sclatteindance. The omitted grade
level in the analysis grade seven. With the exoepif students in the®grade, hourly
school attendance per week is positively correlatital grade level for all grades. In
particular, students who had completed tegeade have the highest hourly school

attendance rate compared to those in grade sevka tne of survey.
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In addition to age in the schooling equation geradigo proved significant in
predicting school hours. Males in the Kagera sthample are less likely to attend
school on a weekly basis compared to females.attiqoular, male students in the Kagera
sample attended 1.076 fewer weekly school hourpeoed to female students.
Furthermore, 2SLS, OLS, and FE estimates all slhatvfamily income increases weekly
school attendance by 0.002 hours a week. Howpaeental education proved
insignificant in explaining school attendance.

In terms of the indicators of school infrastruetand the cost of schooling, school
fees and the number of teachers in a school aredigniificant predictors of school
attendance. School fees, an indicator of the @losthooling is significant in both 2SLS
and FE estimations at the 10% level or better. 28&timates show that a one unit
increase in school fees increases weekly schamddince by 0.065 hours, while OLS
and FE estimates predict a much lower effect. dreeicted positive relationship

between weekly school attendance and school femgiigterintuitive.
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Table 6b: Second Stage 2SLS Results

Kagera School Sample
Dependent Variable: Hours of School Attended Peek\(l = 4,189)

Two Stage Least Squares Ordinary Least Squares FideEffects
Variables Coefficient Std. Error Coefficient SEfror Coefficient Std. Error
Malaria -23.674%* 9.018 -2.918*** 0.534 -2.064*** 0.802
Age 0.820*** 0.097 0.900*** 0.067 0.682*** 0.198
Grade 1 -0.563 0.681 -0.735 0.541 -0.031 0.983
Grade 2 8.902** 0.732 7.698*** 0.540 8.829*** 1.231
Grade 3 9.012%** 0.723 8.573*** 0.569 10.883*** 1.410
Grade 4 9.424%* 0.795 8.573*** 0.607 9.903*** 1.573
Grade 5 6.441%** 0.907 5.881*** 0.673 6.289*** 1.740
Grade 6 8.365** 1.009 7.694%** 0.753 7.512%** 1.937
Gender -1.076** 0.433 -0.881*** 0.335
Mother Education -0.407 0.624 -0.689 0.490 -0.145 0.913
Father Education 0.107 0.484 0.067 0.362 -1.755%** 0.681
Income 0.002%** 0.000 0.002*** 0.000 0.002*** 0.001
Distance to School -0.012 0.009 -0.016** 0.007 -0.011 0.008
School Fees 0.065* 0.039 0.024*** 0.006 0.013 0.022
Number of Teachers 0.057 0.052 0.080** 0.041 -0.149 0.193
Chronic lliness -1.462 1.205 -1.413 1.010 2.453 1.442
Constant 15.675%+* 1.958 12.304*** 0.934 16.177** 2.886
Hausman Statistic (p-value) 31.42 (0.009)

***] 046 Significance Level **5% Significance Level % Significance Level
Note: Malaria = 1 if reported at least one episofdmalaria in all 5 waves; 0 otherwise. Age = aggears; Grade 1-7 = Completed Primary School Gtagels; the omitted group is grade
7. Gender = 1 if male, 0 otherwise; Mother/FatBa@ucation = 1 if mother/father has at least a prynsahool education; O otherwise. Household Inceniecome in dollars; Chronic iliness
= 1 if reported at least one chronic iliness; Ceotlise Distance to School = Estimated distancesteavfrom home to school in miles. Number of teagl(this is a community level variable)
= Number of teachers per school.
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Higher school fees might reflect higher schoolliggawhich is not controlled for
in the estimation. In addition, parents who sperae on school related expenses may
be inclined to encourage higher school attendaoogared to those who spend less.
The positive relationship between school attendamcktuition can also be attributed to
school quality and perhaps a public versus prigsateol quality phenomenon since the
majority of students in the survey were enrollegirlic schools. In fact, there are no
records of child enroliment in private schools ttoe first 4 waves of the survey and the
fraction of reported enroliments in public schaoilvave five is small. In addition to
school quality, other unobserved factors such ielyecharacteristics or family values
regarding education could be driving the obsenféste

As described in chapter four, the main proxy fdra®l infrastructure in the
estimation is number of teachers per school. 28\&EFE estimates of the relationship
between the number of teachers per school and katiendance are statistically
insignificant. However, the OLS coefficient for®ol infrastructure is statistically
significant and suggests that an additional teastadfed in a Kagera school moderately

increases school attendance by 0.08 hours per week.

5.6.3 First Stage IV Estimation Results - Kagera Wi Sample

The first stage results for the Kagera work sanapéepresented in Table 7a. The
instruments in the first stage 2SLS regressiontferwork sample are identical to those
used in section 5.6.1 for the school sample. ke instruments for the disease
environment for the labor supply sample are joisthtistically significant in the first
stage. The n*R-Sq test was done to ensure thegenédy of the instruments in the first
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stage. With agy? statistic of 3.479 and a p-value of 0.1756, #age to conclude that at

least one of the three instruments is not exogeimotlee first stage.

As indicated earlier, studies evaluating the clefacts of malaria on labor
supply have thus far focused on farm employmerte motivation behind
disaggregating the Kagera work sample by employryget was to determine the extent
to which type of employment influences the incident malaria, with the expectation
that farm employment increases the likelihood aftacting malaria. To clarify this, the
analyses begin with evaluating the employment tggeators in the first stage 2SLS
estimation.

According the first stage results, workers in waggloyment have a higher
probability of reporting an episode malaria comgarethose in self-employment. There
is no statistically significant difference in thecidence of malaria between workers in
farm employment and those in self-employment. Tifexceof malaria on workers by
type of employment is further investigated in the@d stage through interacting malaria
with employment type variables.

As seen on Table 7a, age is a significant indroatonalaria incidence for the
work sample. However, the magnitude of the agecefin the adult work sample is
rather small. Chronic illness and food prices g@isaved significant in the first stage
work sample estimation. Chronic iliness for thérenvork sample increases the
incidence of malaria for working adults by 2 pettegye points. On the other hand, food
prices have the strongest effect on malaria in@den terms of magnitude. With the
exception of the age, chronic illness and foodgsjother regressors in the labor supply

estimation proved insignificant in explaining timeidence of malaria; a finding similar to
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that obtained the first stage estimation for thgéta school sample. An overall

significance of the malaria first stage regressuas evaluated using a joint F-test. The

joint F-test confirmed the statistical significarafehe first stage labor supply 2SLS

estimates at the 1% level.

Table 7a: First Stage Results (without interacteams)

Kagera Work Sample
Dependent Variable: Malaria (N = 5,876)
1st Stage Explanatory Variables Coefficient Std. Br t P>t
Farm Employment -0.016 0.011 -1.510 0.131
Wage Employment -0.0009*** 0.013 -0.670 0.502
Age in Years 0.001 0.000 2.820 0.005
Gender 0.003 0.009 0.370 0.715
Education -0.001 0.004 -0.200 0.845
Married -0.008 0.009 -0.83 0.408
Income -8.60E-06 0.000 -0.800 0.422
Chronic Ill 0.021* 0.013 1.670 0.096
Electric Power -0.006 0.013 -0.450 0.653
Pipe Water -0.010 0.014 -0.710 0.480
Motorable Road -0.027 0.029 -0.950 0.344
Pharmaceutical Price 0.099 0.094 1.050 0.295
Food Price 0.051* 0.029 1.760 0.079
Instruments
Malaria Season -0.110** 0.044 -2.510 0.012
Total Rainfall -0.0002*** 0.000 -3.94Q 0.000
Total Rainfall Squared 2.86E-07*** 7.08E-08 5.110 .0@
F-Statistic (P-value) 3.26 (0.000)
Joint Significance - IVs Only (P-value) 9.07 (0.000)
Overidentification Test - N*R-Sq (P-value) 3.4791(156)

Overidentification Test (N*R-Sq): Rejectkat least some IVs are not exogenous
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5.6.4 2SLS, OLS and FE Estimation Results - KageM/ork Sample

This section presents the main estimation resoitde Kagera work sample.
First, the 2SL¥ estimates for the work sample are presented ote Tbwithout
interaction terms. In Table 7c, the complete waakple results are presented with
interaction terms to determine the extent to winellaria limits work hours for each
employment type.

2SLS estimates of work hours without interactibmalaria with type of
employment (Table 7b) show that a typical Kagerakeowho reported being sick with
malaria lost 13.9 hours of work per week over m@gle period. This estimate is
however insignificant at the 10% level. OLS anddsimates of the causal effects of
malaria on labor outcomes also indicate a lossaaldy work hours. Although, the
coefficients derived by the OLS and FE estimatoessggnificantly smaller in magnitude
than the 2SLS result, the OLS and coefficients atana are statistically significant at
the 5% and 10% levels.

Table 7b also shows a negative casual effect@nibillness on the Kagera
work sample. 2SLS estimates of the effect of cierdimess for all types of employment
indicates that being chronically ill decreasesrthimber of work hours by approximately
2.5 hours a week. OLS and FE effects of chromeds on work hours are similar to
those obtained by 2SLS and range between -2.681a6l hours per week. Estimates of
the casual effect of chronic iliness on weekly wbdurs are significant at the 1% level

for 2SLS and OLS and at the 5% level for FE.

120LS and FE results are presented solely for thpqse of comparison. Given the endogeneity of rislar
status in the estimation of the schooling and laupply models, OLS and FE estimates of the causal
effect are biased.
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Table 7b also shows the effect of occupation @oit work hours. 2SLS
estimates suggest that workers in farm employmedtiaose in wage employment work
more hours on average than those in self-employmglhthree estimators confirm that
workers in farm employment worked 15 hours morevpeek than those in self-
employment; whereas, those in wage employment mgppb-21 more hours of work per
week compared to those in self-employment. Alihestes on work hours by
employment type are significant on the 1% level.

Other statistically significant indicators of latgupply for the Kagera adult
sample are, age and gender, marital status, incamdegcommunity infrastructure. In
terms of age and gender, 2SLS estimates show ¢inad b year older increases work
hours by approximately 0.040 hours per week, windimg male increases work hours by
4.46 hours per week. 2SLS estimates also shownthaied workers work on average
1.77 hours more than their unmarried counterpatso, household income slightly
increases the number of weekly hours by 0.006 hioufse 2SLS estimation.

In terms of community infrastructure, access taorable road, electric power,
and pipe borne water are all statistically sigmificindicators of work hours using 2SLS.
Access to a motorable road increases the numbesws worked per week by 4 hours
while, electric power supply increases work howrd /5 hours per week. Accessibility
of pipe borne water also increases weekly work sibyr3.3 hours. Pharmaceutical and
food prices proved insignificant in predicting wdrurs in the 2SLS, OLS, and FE
estimates. In addition, education had no stasiByisignificant effect on the number of

hours worked per week for the Kagera work sample.
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Table 7b: Second Stage 2SLS Results (without ictieraterms)

Kagera Work Sample
Dependent Variable: Number of Hours Worked Per WeéEek 5,876)
Two Stage Least Squares Ordinary Least Squares FideEffects
Variables Coefficient Standard Errof Coefficient  tar®lard Error Coefficient Standard Error
Malaria -13.914 8.730 -1.368** 0.544 -1.184* 0.619
Farm Employment 15.306*** 0.502 15.737** 233 15.893*** 0.530
Wage Employment 20.783*** 0.576 21.093** 534 16.572%** 0.723
Age in Years 0.040** 0.017 0.024* 0.014 -0.215 0.087
Gender 4.459%** 0.432 4,573%** 0.401
Education 0.238 0.170 0.217 0.156 -0.592* 0.349
Marital Status 1.786*** 0.416 1.848** 0.386 2.558** 1.048
Income 0.006*** 0.000 0.006*** 0.000 0.40* 0.001
Chronic lliness -2.468**+* 0.608 -2.688*** 0.85 -1.452** 0.705
Electrical Power 1.529%** 0.572 1.043** 0.497
Pipe Borne Water 3.312%** 0.648 3.868*** 60
Motorable Road 4.114%*= 1.310 4.723%*= 1.234
Pharmaceutical Price 1.680 4.411 -1.199 3.170 87.09 7.048
Food Price -1.025 1.410 -1.028 1.186 1.742 1.456
Constant -1.770 1.906 -3.767 1.452 14.276 3.406

Hausman Statistic (p-value)

24.43 (0.0274)

***] 046 Significance Level **5% Significance Level % Significance Level
Note: Malaria = 1 if reported at least one episofimalaria in all 5 waves; 0 otherwise Farm emplegir= 1 if worker is a self employed farmer; O ottise. Wage Employment = 1 if
worker is employed by a firm or government; O ottise (base group is self employment non-farm). Agee in years; Gender = 1 if male, 0 otherwiseidadon = 1 if worker has at least
a primary school education; 0 otherwise; Maritatiss =1 if worker is married; 0 otherwise. Incom@eome in dollars; Chronic iliness = 1 if reporideast one chronic iliness; 0
otherwise Electrical power (this is a householeléndicator) = 1 if worker resides in a residemé#h electrical power; 0 otherwise. Pipe Borne wéthkis is a community level indicator) =
1 if worker lives in area with access to pipe bom@er; 0 otherwise. Motorable road (this is a camity level indicator) = 1 if worker lives in areath motorable road; O otherwise.
Pharmaceutical prices = average price of selediachpaceutical products priced at the communityll&see chapter four for further description). Foites = average price of selected
food items priced at the community level (see chafotur for further description)
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Table 7c presents a comprehensive evaluationeatdhsal relationship between
the malaria incidence and work hours by type ofleytpent. This particular estimation
differs from the parsimonious 2SLS estimation pnése in Table 7b as interaction terms
between malaria and the employment type indicatmsntroduced. Interacting malaria
with employment variables facilitates the assessmoktihe causal effect of malaria from
one sector to the other. The first stage estimzitédss model are presented in the
appendix on Table A7. The comparison group inélstimation is the self-employment
group.

The overidentification test for the comprehengalmr supply model is presented
on Table A7. They? statistic and a p-value for the N*R-Sq test ard.@8 and 0.0833,

respectively. Therefore, the comprehensive maalld the test overidentification test
suggesting that all the instruments in the firagstare exogenous.

The previous work sample results presented oneTablsuggested a statistically
insignificant causal effect of malaria on weeklyriwbours. Once malaria incidence is
defined as a function of employment type, the clsiiiect of malaria on labor supply (in
terms of work hours) is now centered on farm emmlent. In essence, associating
malaria with type of employment concentrates théaneeffect into the farm
employment sector where farmers lose approxim&®gliyours of work per week
compared to workers in self-employment. This eatams statistically significant at the
5% level in the 2SLS regression. In terms of tiiece of malaria on wage employment,
the comprehensive model produced statisticallygméicant results indicating no
decipherable causal relationship between maladanaork hours for workers in wage

employment compared to those in self-employment.
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Although the 2SLS results in the comprehensiveehambnfirm a negative causal
relationship between malaria incidence and workriahe concern over the validity of
the rainfall instruments in the first stage remaiiitie failed overidentification test on
Table A7 arises from the estimation of 2SLS innmstental variable settings with weak
instruments. This particular problem was worsdnethe inclusion of additional
instruments to in the comprehensive mbdel

Recently in empirical economic literature, consenave been raised over the
reliability of inference based on conventional instental variables settings using 2SLS
when the instruments are only weakly correlatedh Wit endogenous regressors. Older
studies including that of John Bound, et al. (199%phasize the potential pitfalls of
estimating 2SLS in the case of weak instrumentse mMost citied example in these
studies is that of Joshua Angrist and Alan Krug6e1) (AK-91), which estimated
wage equations using quarter of birth as an ingtnirfor educational attainment. Paul
Bekker (1994), Bound, et al. (1995), Gary Chamhe@ad Guido Imbens (2004) and
Jeffery Wooldridge and Guido Imbens (2007), to nanfiew, contend that the results
obtained by AK-91 are influenced by weak instrurserlthough, the standard errors
reported in AK-91 are reasonable and the specifiedel passed the overidentification
test, the coverage properties are still very paggssting that 2SLS estimates may be
misleading especially in the case of many weakunsénts Wooldridge and Imbens

(2007).

13 Introducing interaction terms to the labor suppigdel to create a comprehensive model (Table A7)
necessitated instrumenting for the additional eedogs regressors (i.e. the interaction terms betwee
malaria and employment type).
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Table 7c: Second Stage 2SLS Results (with intemad¢érms)

Kagera Work Sample
Dependent Variable: Number of Hours Worked Per Weékk 5,876)
Two Stage Least Squares Ordinary Least Squares FideEffects
Variables Coefficient Std. Err. Coefficient Stdr.Er Coefficient Std. Err.
Malaria 4.909 11.851 -1.035 1.105 -2.184* 1.236
Malaria * Farm Employment -35.100** 16.302 .207 1.237 1.727 1.369
Malaria * Wage Employment 14.946 21.015 -1.218 536. -2.135 1.738
Farm Employment 19.961*** 2.200 15.773* 0.478 15.647*** 0.569
Wage Employment 19.263*** 2.624 218%% 0.568 16.802*** 0.749
Age in Years 0.041** 0.019 0.024* 0.014 .246** 0.087
Gender 4,384+ 0.450 4 579%* 0.401
Education 0.181 0.193 0.214 0.156 -0.572* 0.349
Marital Status 1.760*** 0.483 1.854*** (B8 2.586** 1.048
Income 0.006*** 0.001 0.006*** 0.000 Qm4*** 0.001
Chronic lliness -2.165%*** 0.699 -2.680*** B53 -1.449** 0.705
Electrical Power 1.753*** 0.642 1.043** 0.498
Pipe Borne Water 3.090*** 0.731 3.875*** 560
Motorable Road 3.978** 1.453 4.714%* 1.234
Pharmaceutical Price -5.343 5.304 -1.155 3.171 9%.9 7.047
Food Price -1.099 1.560 -1.030 1.186 1.728 1.456
Constant -4.125 2.298 -3.818 1.458 14.379 3.408

Hausman Statistic (p-value)

29.30 (0.0147)

***] 06 Significance Level **5% Significance Level % Significance Level
Malaria*Farm = malaria interacted with farm emplamhindicator. Farm = 1 if worker is a self-empldyfarmer; O otherwise. Malaria*Wage = malaria iatéed with wage
employment indicator. Wage = 1 if worker is empldy®y a firm or the government; 0 otherwise. Nom¥faself employment is the omitted group.
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5.7 Limited Information Maximum Likelihood (LIML) E stimation

The main concern with estimating 2SLS in casel wiak or irrelevant
instruments involves the construction of confidemtervals with good coverage
properties. Wooldridge and Imbens (Summer, 20t shat although, conventional
methods such as 2SLS and LIML are rarely misleadingn there are many weak
instruments, LIML is generally much better than 3SUn particular, LIML has better
properties compared to 2SLS when proportional achests to the LIML standard errors
are made. A simple adjustment to the LIML inferestatistics for the endogenous
explanatory variable can be made as proposed icdtaMoreira (2001). Moreira
developed reliable statistical inference tests Wwétter coverage for structural parameters
based on instrumental variable settings with waskuments. Moreira showed that
confidence regions based on the likelihood ratiR)(ktatistics have coverage
probabilities close to their nominal levels no reatiow weak the instruments. Others,
such as Jean-Marie Dufour (1997), have also shalatd_R-type tests behave more
smoothly in the presence of identification problesompared to Wald-type tests

The instruments in the labor supply estimationveeak as indicated by the
overidentification test (Table A7). The resultestimation under weak instruments is
that the obtained 2SLS inference statistics arerpiatly misleading. A viable
alternative to 2SLS under weak instruments is LIMHowever, conventional LIML
standard errors are invalid, but proportional atipents can be made. The labor supply
and schooling equations are re-estimated in sebtibid and 5.7.2 using the LIML

estimator based on the conditional likelihood ré&bR) approach developed in Moreira.

4 Dufour (1997) shows that LR-type tests do not e indentifiability; a property not shared by
Wald-type statistics.
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In addition, the Anderson-Rubin statistic, the laagge Multiplier score, and the Wald

statistic are reported alongside the Moreira ClaRisic for comparison.

5.7.1 Limited Information Maximum Likelihood (LIML) Estimation Results -
Kagera School Sample

Table 8a provides the LIML estimates for the Kagsrhool sample. The
objective of the LIML estimation is to provide potelly better inference tests given the
possibility of weak instruments. Although the weagtrument problem is a bigger
concern in the labor supply estimates, the LIMLuhessprovide a sensitivity check for the
schooling estimates in section 5.6.2.

The causal effect of malaria on the Kagera schawoiple obtained using the
LIML estimator is similar to that obtained by th8L2S estimator. According to the
LIML estimates, malaria is associated with a 24rHoss in school attendance per week.
The CLR statistic for malaria indicates that thdarna coefficient is statistically different
from zero at the 1% level. The Anderson-Rubinistiat the Wald statistic, the Lagrange
Multiplier score also indicate the statistical sfgqpance of the causal effect.

Table 8a also displays the estimated LIML coeéits for the other variables in
the Kagera schooling model. Standard errors ara@ighfor the LIML estimation
therefore, additional inference on other varialnethe model is invalid. Nonetheless,
the estimated LIML coefficients are similar in méagdes to those obtained in the 2SLS
estimation of the Kagera schooling model. Thedfio& of the malaria effect on the
Kagera school sample generated by the LIML estimatalso comparable that obtained
via OLS and FE.
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Table 8a: LIML Results

Main Estimation Results: Kagera School Sample

Dependent Variable: Hours of School Attended Peek\(&l = 4,189)

LIML 2SLS
Variables Coefficient Std. Error Coefficient SEtror
Malaria -24.064 8.951 -23.674%** 9.018
Age 0.8501 0.098 0.820%** 0.097
Grade 1 -0.562 0.683 -0.563 0.681
Grade 2 8.925 0.734 8.902*** 0.732
Grade 3 9.019 0.725 9.012*** 0.723
Grade 4 9.433 0.797 9.423*** 0.795
Grade 5 6.45 0.908 6.441%** 0.907
Grade 6 8.385 1.01 8.364*** 1.009
Gender -1.079 0.434 -1.076** 0.433
Mother Education -0.68 0.726 -0.407 0.624
Father Education -0.102 0.667 0.107 0.484
Income 0.002 0.0004 0.002*** 0.000
Distance to School -0.011 0.009 -0.012 0.009
School Fees 0.067 0.039 0.065 0.039
Number of Teachers 0.059 0.052 0.057 0.052
Chronic lliness -1.578 1.173 -1.462 1.205
Constant 15.675*** 1.958
Hausman Statistic (p-value) 31.42 (0.009)

***]0p Significance Level **5% Significance Level % Significance Level

CLR Test: Ho: b[malaria] = 0.0000

Likelihood Ratio Statistic: 9.7279; Critical Value 3.8415; Reject H
Anderson-Rubin Statistic: 10.7741; 95% Critical Vale: 7.8147; Reject
Wald Statistic: 7.1322; Critical Value: 3.8415; Regct Hy

Lagrange Multiplier Score: 9.2363; 95% Critical Value: 3.8415; Reject H
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5.7.2 Limited Information Maximum Likelihood (LIML) Estimation Results -
Kagera Work Sample

Table 8b presents the LIML estimation resultstfer Kagera work sample. The
LIML estimates on Table 8b account for the weakrimaent problem. As indicated
earlier, LIML estimates have improved coverage progs over 2SLS in settings with
weak instruments. Therefore, a gain in statistid@rence power is expected with LIML
over 2SLS. Table 8a presents LIML results along28LS, OLS, and FE estimates for
comparison.

The LIML estimates of the causal effect of malan work hours are similar to
those obtained using 2SLS with the exception afrggroved significance of the
coefficient. The 2SLS results described in sechd@h4 revealed a negative casual effect
of malaria on work hours, which was statisticallynsficant at the 15% level. LIML
estimates of the same specification using rai@i@bunts and a rainfall season indicator
as instruments produced similar results. In paldic the LIML coefficient on malaria
suggests that workers in Kagera lose approximatgllyours to malaria per week.

Table 8b also presents the test CLR, Anderson+R¥dald, and LM statistics for
the work sample. The CLR test verifies the extdrihe weak instruments problem and
confirms that the malaria effect for the Kagera kvesmple is not different from zero.
Anderson-Rubin, Wald, and LM tests also suggedtttieamalaria effect is not different
from zero. In all, it is reasonable to concludattiine rainfall instruments do not properly

mitigate the endogeneity of malaria in the labqrEy equation.
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Table 8b: LIML Results

Main Estimation Results: Kagera Work Sample

Dependent Variable: Number of Hours Worked Per Wekk 5,876)

LIML 2SLS
Variables Coefficient Standard Error Coefficient tar®lard Error
Malaria -15.746 9.434 -13.914 8.730
Farm Employment 15.275 0.512 15.306*** 0.502
Wage Employment 20.771 0.585 20.783*** 0.576
Age in Years 0.041 0.017 0.040** 0.017
Gender 4,452 0.436 4,459%** 0.432
Education 0.234 0.172 0.238 0.170
Marital Status 1.777 0.42 1.786%** 0.416
Income 0.006 0.001 0.006%** 0.000
Chronic lliness -2.431 0.618 -2.468*** 0.608
Electrical Power 1.539 0.579 1.529%** 0.572
Pipe Borne Water 3.292 0.655 3.312%** 0.648
Motorable Road 4,082 1.325 4,114%** 1.310
Pharmaceutical Price -1.443 4,478 1.680 4,411
Food Price -0.923 1.437 -1.025 1.410
Constant -1.54 1.973 -1.770 1.906
Hausman Statistic (p-value) 24.43 (0.0274)

***1% Significance Level **5% Significance Level % Significance Level
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Likelihood Ratio Statistic: 3.4720; Critical Value 3.8415; Fail to Reject H
Anderson-Rubin Statistic: 6.9141; 95% Critical Valwe: 7.8147; Fail to Reject
Wald Statistic: 2.9395; Critical Value: 3.8415; Fdito Reject Hy

Lagrange Multiplier Score: 3.0182; 95% Critical Value: 3.8415; Fail to Reject



5.8 Difference in Difference Estimates of Changen the Disease Environment

The results of the DID estimation of changes edisease environment due to
increases in income levels and the number of héadihties in Kagera are presented
below on Table 10. The ‘year’ variable captureandges in malaria prevalence over time
in Kagera from 1991-2004. As indicated below obl&&l0, an increase in reported
malaria cases occurred between 1991 and 2004isélseche DID estimates show that
malaria prevalence in the region increased by 4886gmt over the sample period and is
statistically significant on at the 1% level.

In terms of improvements in the disease envirortroeer time due to rising
income levels, the derived DID estimates are counitetive. The coefficient on the
income interaction term is positive suggesting thataria prevalence has increased over
time with changes in income levels. Although, tn@gnitude of the coefficient on the
income interaction is negligible, it is statistigadignificant at the 10% level. One reason
for the observed relationship is that even thouglome levels have risen over time, the
disease environment may have worsened at a femster p

On the other hand, the effect of a rise in the Inemnof health facilities is also
suspect. The model failed to confirm a statislycsilgnificant improvement in the
disease environment due to changes in the numbezalih facilities. The coefficient on
the health facilities interaction with time is ntimeless negative although statistically

insignificant.
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Table 10: Improvements in the Disease Environment

DID Estimates of Improvements in the Disease Envimment
Dependent Variable: malaria (N = 14,647)

Variable Coefficient Std. Err. z P>|z]

income -0.0094 0.0056 -1.69 0.090
health facility -0.0254 0.1089 -0.23 0.816
year 0.4348 0.0361 11.41 0.000
year * income 0.0098 0.0056 1.75 0.081
yr * health facility -0.1394 0.1132 -1.23 0.218
_cons -1.3159 0.0299 -43.89 0.000

Chi-Sq Statistic = 197.15
P>Chi-Sq = 0.000

A joint significance test of the estimates in TalD reveals the statistical
significance of the income and health facilitiegdigators in predicting changes in the
disease environment over time. A consistent canatuabout the disease environment
cannot be reached from Table 10. However, thdteeganerated by the DID estimator
make intuitive sense when looking at the reportesks of malaria in Tanzania over time
and the current state of the disease in the Kageian.

The upward trend in reported cases of malarid &mzania on Table A3 suggests
an increased persistence of the disease irrespaiftihe changes in the socio-economic
environment. In addition, the recent report by TRICNS of a rise in the number of
malaria cases in Kagera for the year 2006 lendesa@iidity to the results obtained by
the DID estimator. A 43% increase in malaria pkenee in the LSMS sample over time
and the recent report by the TRNS in Kagera suggpstsible adaptation of the malaria
virus over time to the disease environment. Ewedesf such adaptation of the malaria
virus to treatment in Sub-Saharan Africa has bexuhented in recent epidemiological

literature (Bloland 2001).
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5.9 Other Findings

This study also made additional attempts to bettatify the labor supply
equation using Average Treatment Effects on thaf€e(ATET). The Average
Treatment effects estimator has been mostly utilinehe labor supply literature to
measure the impact of specific interventions owatcome of interest. In health
economics literature, studies using the ATET edbmanalyze the effect of specific
health interventions on health related outcomest@ample is Gabriel Picone, et al.
2006). As an extension to the analyses in se&iénthe ATET estimator was also
applied to both the labor supply and schooling nedA description of the ATET
estimator and how it was applied to the data as agehe results derived from the
analyses are presented in Appendix D.

As part of the identification strategy, a sepagatalysis carried out in the study
involves substituting household income for a measidithe household wage rate in the
labor supply model. The structural labor supplydeigresented in chapter two defines
labor supply as a function of household healtlcgs;i wages, non-labor income, socio-
demographics, and community level infrastructudewever, the analyses so far have
relied on household income as a proxy for the watg As an extension to the labor
supply estimations in section 5.6, the model isg@mated using a proxy for the wage
rate, which was defined in terms of the numberafra worked per member of the
household. This particular specification yieldedigal effects identical to those obtained
in previous regressions, but the proxy wage vagialds statistically insignificant. A

formal table of the results for the wage rate regjign will not be presented in this study.
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Chapter 6
Conclusion
This chapter summarizes the main findings of fifieces of malaria on schooling
and labor supply. Section 6.2 discusses the patigjications of the findings in the
study. Additionally, the limitations of this reselh and opportunities for future research

are discussed in section 6.3 and 6.4, respectively.

6.1 Summary of Findings

This dissertation is the first attempt to empilticaneasure the causal effect of
malaria on schooling in Sub-Saharan Africa. HIso the first attempt to investigate the
effect of malaria on different sectors of employmiarthe region. The causal effects of
malaria on economic outcomes are examined for t@y and adult segments of the
population in the Kagera region of Tanzania usiaggb data from 1991-2004. The main
findings drawn from this study are summarized below

Health status as described in chapter four is imameasured as the incidence of
malaria. Given that malaria status is endogenoesjuations (4.1) and (4.2), a seasonal
indicator of the variations in rainfall patternsTianzania and a rainfall amount variable
are used as instruments to mitigate the endogepeitjem, while also controlling in the

estimation for the existence of chronic illness.
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This dissertation finds a negative causal relatgm between malaria and school
attendance for children of schooling age in Kagdtallowing the same definition of
health status, the effect of malaria on adults ofikimg age in Kagera is inconclusive.

In terms of the school sample, this dissertatiaddithat children of schooling age in
Kagera may lose up to 24 hours of school per weektd malaria. The largest causal
effects generated for the school sample was detsed) the 2SLS and LIML estimator
at 23-24 hours lost in school attendance per w&tkndard regression methods such as
OLS and FE generate modest estimates suggestidjroar decrease in weekly school
attendance attributable to malaria.

The attempt to mitigate the endogeneity of malariarder to obtain unbiased
estimates of the causal effect of malaria on l&oply proved insufficient. Although
similar instruments were employed in the labor $yipptimations and the results point to
a negative causal effect, identification problenikiv the model could not be resolved.
Therefore, inference on the malaria effect is iildvahd the overall evidence on the
causal effect of malaria on the Kagera work sanspieconclusive.

Even though this study finds that the effect ofaria on healthy work days is
inconclusive; it is important to note that thisdtudoes not measure the impact of
malaria on labor productivity. Malaria may verylinmpact labor productivity more
than it influences labor supply. In addition, gtert-term effects of missing work may
also be mitigated by labor substitution; a phenarmnemot studied in this dissertation. It
is likely that the extent of economic loss fronmédss may be minimized through family

labor substitution, even if the time contributedablabor substitute is not as productive as
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the time lost. Therefore, in some cases the tfadebetween the number of hours
worked and labor productivity.

Another element of health status in equation (4rig (4.2) is chronic illness.
This study finds a negative effect of chronic ilseon labor supply. In particular,
chronic iliness can be related to a loss of 1-2sauweekly school attendance for the
school sample and similarly for the labor suppimpke. The effect of chronic illness on

school attendance is statistically insignificant.

6.2 Policy Implications

This dissertation has shown that malaria limiessamber of healthy school days
in Sub-Saharan Africa. The adverse effects of natn schooling are likely to exceed
school absenteeism, as absenteeism may increhge fand school dropout rates for
children. Therefore, policies geared towards ni@lkaradication in Sub-Saharan Africa
will not only benefit the health of the populatidnut also enhance the quality of human
capital in the region. Malaria eradication in Ssdharan Africa is feasible. However,
some methods of eradication of the malaria virngehzeen strongly opposed by policy
makers.

Successful efforts to eradicate malaria in theigtdalized world involved house
spraying of residual insecticides (such as DDT) amitmalarial drug treatment (CDC —
Eradication of Malaria in the U.S.). While eradioa was a success for industrialized
countries, developing countries face a bigger alesta their efforts to wipe out the
disease. DDT spraying is by far the cheapest ndedheradicating malaria. However,
environmental concerns have led to its ban in moghtries. Since many Sub-Saharan
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African countries depend on international aid todumany disease prevention and
treatment programs, they face the likelihood ofaaanctions if DDT is used for
eradicating malaria.

Beyond eradication, other costs of malaria treatraad prevention include the
costs of insecticide treated nests for househal@&ib-Saharan Africa and the emergence
of drug resistant plasmodium falciparum. The digsts of malaria prevention and
treatment also eat into the meager incomes of Ihalde in Sub-Saharan Africa. Guyatt
Brooker, et al. (2000) showed that the actual cokpsevention and treatment for
households in Sub-Saharan Africa are unrealisyiedpensive in a region where most
people live on less than $1 a day. Ettling, e(1894) also evaluated the financial burden
of malaria on households in Sub-Saharan Africafandd that over 25% of earnings in
low-income households in Malawi is spent on malaeatments.

The findings in this dissertation suggest that maldoes limit the number of
healthy school days for children in Sub-SaharamcAfr Cumulative effects of absenteeism
can indeed translate in to indirect costs to sgereterms of human capital accumulation.
Effective malaria control policies may salvage slodses and improve overall economic

welfare in the region.

6.3 Limitations

A major limitation of this research is the lackstfong instruments for mitigating
the endogeneity of malaria, especially for the tatagpply model. Finding a better
measure of the disease environment that is coecklaith malaria incidence should
improve the indentifiability of the causal effeot the labor supply sample. Other
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potential instruments for malaria in the labor dy@md schooling models are the cost of
anti-malaria drugs and geographic elevation. Altiig the LSMS collected data on
prices for Chloroquine, a malaria treatment drugginformation is available in the
survey on anti-malaria drugs. Drakeley, et al0O&0etermined that malaria is
negatively correlated with altitude in TanzaniathAugh data on geographic elevation
lacks significant variation, this problem can bemome by interacting geographic
elevation with other variables such as regionattifiers in the model.

In addition to the problem of weak instrumentsytaer problem faced in this
study is the unavailability of panel type datadtiner countries in Sub-Saharan Africa.
There are relatively few panel data collected omnslkebolds in Sub-Saharan Africa.
Although LSMS datasets are available for 5 coustineSub-Saharan Africa to date,
most of these datasets are limited to one waveevdtiiers lack detailed information on

household health.

6.4 Future Research

Future research should consider the cumulativeaingf malaria on labor supply
and schooling. This can be done by estimatingtbbability of repeating a grade due to
repeated episodes of malaria for the children bbstage. The cumulative impact of
malaria on labor supply can be analyzed througmasing the extent of job loss
stemming from multiple episodes of malaria. Fut@search should also address the
costs and benefits of malaria eradication andraataria treatment initiatives possibly

through field experiments.
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Appendix



Appendix A: Tables
Table Al: Number of reported cases of HIV, TB andl&fia

Country HI1V Prevalence ( 2005) TB Prevalence ( 2004) Malaria Prevalence ( 2002)
Global 38 600 000 14 602 353 408,388,001
Sub-Saharan Africa 24 500 000 3843 167 43 614 238
Angola 320 000 48,006 1409328
Benin 87 000 9,779
Botswana 270 000 46,815 28858
Burkina Faso 150 000 41,049 1451125
Burundi 150 000 36,473 1808588
Cameroon 510 000 1,556
Central African Republic 250 000 21,882
Chad 180 000 53,448
Comoros 500 740
Congo 120 000 18,035 2640168
Coéte d'lvoire 750 000 116,349
Democratic Republic of Congo 307,554
Djibouti 15 000 1,585 5021
Equatorial Guinea 8900 18,498
Eritrea 59 000 403,098 75386
Ethiopia 4,619 427831
Gabon 60 000 4,858
Gambia 20 000 81,480
Ghana 320 000 37,739 2830784
Guinea 85 000 4,713
Guinea-Bissau 32 000 297,330 194976
Kenya 1 300 000 9,782 124197
Lesotho 270 000 14,493
Liberia 63,606
Madagascar 49 000 63,159 1543130
Malawi 940 000 75,845 2853317
Mali 130 000 14,975 723077
Mauritania 12 000 1,670 167423
Mauritius 4100 123,360 22
Mozambique 1800 000 11,767 4458589
Namibia 230 000 38,850 442527
Niger 79 000 683,847 681707
Nigeria 2900 000 58,658 2605381
Rwanda 190 000 387
Senegal 61 000 51,383
Sierra Leone 48 000 66
Somalia 44 000 45,215 96922
South Africa 5500 000 316,260 15649
Sudan 350 000 131,543 3056400
Swaziland 220 000 11,580 14863
Togo 110 000 43,012
Uganda 1 000 000 179,843 7216411
United Republic of Tanzania 1 400 000 180,069 78898
Zambia 1100 000 81,187
Zimbabwe 1700 000 87,006 1252668
North Africa 440 000 78 978 424
Algeria 19 000 17,432 307
Egypt 5300 25,364 10
Libyan Arab Jamahiriya 1,146 107
Morocco 19 000 32,640
Tunisia 8700 2,396
WHO Estimates 2005 WHO Estimates 2004 WHO Estimates 2002




Table A2: Per Capita Health Expenditures in SubaBah Africa

Per capita total expenditure on health at averagexehange rate (US$)
Country 2000 2001 2002 2003 2004
Angola 155 21.7 18 23.9 25.5
Benin 15.1 16.7 16.8 20.8 24.2
Botswana 129.8 | 129.8| 143.9 231.6 3286
Burkina Faso 111 11.3 13.7 18.9 24.2
Burundi 3.4 3.1 3 2.7 3
Cameroon 30.7 31.3 34.8 44.3 50.7
Cape Verde 55.5 61.3 66.2 7.7 97.8
Central African Republic 9.8 9.7 10.5 12.1 132
Chad 10.7 11.8 12.3 16.3 19.6
Comoros 8 7 9.6 12.7 13.2
Congo 19.8 19 20.1 241 27.6
Céte d'lvoire 29.5 24.1 25.6 30.8 33
Democratic Republic of the Congo 9.8 4.3 3.8 41 7 4
Equatorial Guinea 42.9 64.9 166/6  111. 168.2
Eritrea 8.9 8.4 7.4 8.7 9.9
Ethiopia 51 5 4.9 5 5.6
Gabon 164.4 | 190.7| 190.3 206.3 2313
Gambia 21 20 16.9 17.4 18.5
Ghana 17.4 18.6 18.8 24.2 27.2
Guinea 17.2 18 20 22.1 21.8
Guinea-Bissau 7.4 6.2 7 7.6 8.7
Kenya 18.1 17.7 18.6 19.9 20.1
Lesotho 28 30.8 25.8 39.7 49.4
Liberia 5.8 6.1 5.1 5.4 8.6
Madagascar 6 10 10.3 10.9 7.3
Malawi 9.2 11.3 16 18.3 19.3
Mali 14.3 16.1 16.3 20.7 23.8
Mauritania 11.3 9.1 13.3 13.9 14.5
Mauritius 1422 | 142.2 167 180.3 2223
Mozambique 11.3 9.3 10.3 10.6 12.3
Namibia 126.1 | 109.9 97.4 1474 1898
Niger 5.3 6.2 6.4 7.6 8.6
Nigeria 18 19.1 18.8 20.8 23
Rwanda 9 8 8.3 13.4 155
Sao Tome and Principe 20.8 30. 314 45. 47.8
Senegal 19 20.3 24.2 31.6 394
Seychelles 403.5 | 406.5| 463.1 5154 5344
Sierra Leone 5.4 5.8 6.8 6.8 6.6
South Africa 235.6 216 198.4| 300.7 390.p
Swaziland 82.7 67.3 63 111.4 145.8
Togo 11 121 12.9 15.6 17.9
Uganda 15.6 16.9 17.7 175 19
United Republic of Tanzania 10.8 10. 104 10,6 12
Zambia 171 18.7 21.2 23.9 29.6
Zimbabwe 44.4 65.1 150.5 39.9 27.2

Source: World Health Statistics
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Table A3: Annual Reported Malaria Cases — Sub-%aBauntries (WHO Estimates)

Annual Reported Malaria Cases - Sub-Sahara Countrig
Country 2003 2002 2001 2000 1999 199§ 1997 1996 5199 1994 1993
Angola 1,409,328 1,385,597 1,635,884 1,471,093169028| 893,232 . 156,603 667,316 722,981
Benin . . 779,041 707,408 709,348 650,025 670,85623,396 579,300 546,827 403,327
Botswana 22,418 28,858 48,237 71,403 72,640 59,696101,887 80,004 17,599 29,591 55,331
Burkina Faso 1,451,126 1,203,640 1,032,886 &6/,8 721,480 672,752 582,658 501,020 472,365 502,275
Burundi 1,808,588 2,855,868 3,057,239 1,936,58887,301 670,857 974,226 932,794 831,481 828,429
Cameroon . . 664,413 787,796 931,311 ,3284| 189,066 478,693
Cote d'lvoire . 400,402 1,491,943 . . 983,084,109,011| 755,812 " 421,048
Central African Rep 95,644 140,74p 89,614 124,96 105,664 99,718 95,259 100,96R 82,057 82,012
Chad 386,197 369,263 392,815 395,205 343,18@78,048 293,564 278,225 234,869
Comoros 3,718 9,618 9,793 3,844 . 15,509 7015, 13,860 12,012
Congo . " " . . 17,122 9,491 14,000 28,008 935, 15,504
Djibouti 5,036 5,021 4,312 4,667 6,140 5,92( 4,314 6,105 5,982 6,140 4,166
Equatorial Guinea . . .. .. . .. .. 12,530 ,82% 17,867
Eritrea 72,023 75,386 125,746 119,185 147,062 05,1 . 129,908 81,183 " "
Ethiopia 565,273 427,831 400,371 383,382 647,919 4,90 509,804 478,411 412,609 358,469 305,616
Gabon . 80,247 57,45( 74,310 54,849 248 70,928
Gambia " " " . 127,899 . 325,555 266,189 5,9 299,824 .
Ghana 3,552,869 2,830,784 3,383,025 3,349,528 [DB9% 1,745,214 2,227,762 2,189,860 1,928,816 17692, 1,697,109
Guinea " - 889,089 807,895 817,949 802,210 ,7B12| 600,317 607,560 -
Guinea-Bissau 194,976 202,379 246,316 197,454 1132, 10,632 6,457 197,386 . 158,748
Kenya 124,197 132,590 74,194 122,792 80,718 ,7773022| 4,343,190 6,103,447
Liberia . . . " " 777,754 826,151 239,998 .
Madagascar 2,114,400 1,543,130 1,429,491 1,383,23%41,474 " " . 196,358 . .
Malawi . 2,853,317 2,955,627 3,774,982 4,193,145982659| 2,761,269 6,183,290 . 4,736,974 4,686(201
Mali 809,428 723,077 612,895 546,634 530,197 12,234384,907 29,818 95,357 263,100 295,787
Mauritania 167,423 243,942 259,093 253,513 18,1 189,571 181,204 214,478 156,080 43,892
Mauritius . 22 61 62 73 52 65 82 46 65 54
Mozambique 5,087,865 4,458,589 3,978,397 3,278|52836,640| 194,024 " 12,794 . . "
Namibia 444,081 442,527 537,115 519,113 429,571 ,1383| 390,601 345,177 275,442 401,519 380,530
Niger . 681,707 606,802 646,757 815,895 872,925 8,855 | 1,162,824 778,175 806,204 726,666
Nigeria 2,608,479 2,605,381 2,253,519 2,476,608 651486| 2,122,663 1,148,542 1,149,435 1,133,026 5]004| 981,943
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Table A3: Annual Reported Malaria Cases — Sub-%aBauntries (WHO Estimates)

Annual Reported Malaria Cases - Sub-Sahara Countrige (Contd.)
Country 2003 2002 2001 2000 1999 1998 199y 1996 5199 1994 1993
Rwanda 856,233 915,916 906,552 1,279,581 11493 | 1,145,759 1,391,931 371,550 733,203
Senegal 1,120,094 1,145,112 948,823 861,27 .. 628,773 450,071
Sierra Leone . . . . 409,670 249,744 209,312 197, .
Somalia 23,349 96,922 10,364 10,364 9,05b . . . . " 3,049
South Africa 13,446 15,649 26,506 64,622 51,444 44%, 23,121 27,035 8,750 10,28¢ 13,285
Sudan 3,084,320 3,056,400 3,985,702 4,332,827 48@&% 5,062,000 4,065,460 4,595,0p2 6,347,143 &H62, 9,867,778
Swaziland 36,664 14,863 19,799 45,581 30,420 4,410 23,754 38,875 .
Tanzania 10,712,526 7,489,890 . . 423,967 306534, 1,131,655 4,969,273 2,438,040 7,976,590 8,407,3
Togo . 431,826 398,103 412,619 368,472 366,672852,334 . 328,488 561,324
Uganda 12,343,411 7,216,411 5,622,934 3,552/,859708B00| 2,845,811 2,317,840 1,431,068 2,19127/4701662
Zambia . 2,010,185 1,139,489 2,992,203 3,390,63 .. 3,215,866 2,742,118 3,514,000 3,514,000
Zimbabwe 1,252,66 1,609,296 1,533,960 1,804,478719,960| 1,849,388 1,696,192 761,791 324,188 7847,

Source: WHO Reported Malaria Cases

100



Table A4: Construction of Price Variables

Food Items Measurement Pharmaceutical ltems Measument
Raw Cassava Grams Aspirin Tablets
Dry Cassava Grams Paracetamol/Panadol Tablets
Cassava Flour Grams Nivaquine/Cloroquine Tablets
Maize Flour Grams
Sorghum Grams
Finger Millet Grams
White Bread Grams
Rice Grams
Sugar Grams
Sweet Potato Grams
Irish Potato Grams
Kidney Beans Grams
Salt Grams
Groundnuts Grams
Tomato Grams
Cooking Banana Grams
Sweet Banana Grams
Orange Grams
Cooking Oil Grams
Local Brew Grams
Tea Leaves Grams
Onions Grams
Chicken Eggs Grams
Chicken Grams
Beef Grams
Goat's Meat Grams
Fish Grams
Peas Grams
Fresh Milk Grams
Milk Powder Grams
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Table A5: Summary Statistics — Total Work Sample

Kagera Work Characteristics (1991-2004)

Std.

Variable Description Obs Mean | Dev. Min Max
Work Hours
Hours Number of hours worked per week 11,955| 19.89| 19.14 0 130.00
Employment Type
Farm Employed Self Employment in the Agriculturacgr 11,050, 0.71 0.45 0 1.00
Self Employed Self Employment in Non-Agricultuctor 11,040 0.15 0.36 0 1.00
Wage Employed Wage Employment in Private or Govemtr$ector 11,042 0.18 0.34 0 1.00
Socio-demographic
Characteristics
Age Age in Years: Range 18 - 65 11,955 33.94| 13.52 18 65.00
Gender Percent Male: 1 = Male; 0 Otherwise 11,955 0.45 0.50 0 1.00
Education Highest Level of Education: 1 = Primay; Secondary; 3 = College 11,9%5 1.8 1.29 0 6.00
Married Marital Status : 1 = Married; O Otherwise 11,955| 0.56 0.50 0 1.00
Income Annual Income: Employment income in dollars 11,955| 189.93 409.61 0 7401.59
Health Status
Malaria Malaria Cases = 1 if reported malaria iteast 1 wave; 0 otherwise 11,955 0.1 0.36 0 1.00

Cases of Chronic lllness = 1 if reported chroritei$s in at least 1 wave; 0
Chronic lliness otherwise 11,955 0.10 0.30 0 1.00
Disease Environment
Malaria Season Rainfall Season: 1 = Interviewedhduainy season; 0 otherwise 11,955 0.8 0.39 0 001.
Rainfall Total Monthly Rainfaft Total Monthly Rainfall measured in millimeters 1042| 341.27| 280.69 1 872.30
Community Infrastructure
Electric Power Electric Power: 1= Access; 0 otheewi 12,009| 0.41 0.49 0 1.00
Pipe Water Pipe Borne Water: 1 = Access; 0 otherwis 12,009| 0.20 0.40 0 1.00
Road Motorable Road: 1 = Access; 0 otherwise 12,009 0.96 0.21 0 1.00
Prices’
Food Average Food Price in dollars 9,394 0.17 0.21| 0.002 3.80
Pharmaceuticals Average Pharmaceutical Price iardol 7,707 0.04 0.12| 0.001 0.70

#This variable is constructed using estimates froenltiving Standard Measurement Survey for Tanzék881-994) and NOAA
National Data Centers (2004); Food items are weijkt the nearest 50 grams and pharmaceutical aegmseasured in tablets
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Table A6 First Stage 2SLS Results (with interacterms) — Kagera Work Sample

2SLS First Stage

Dependent Variable: Malaria in Farm

Dependent Variable: Malaria in Wage

Dependent Variable: Malaria Employment Employment
1st Stage Explanatory Variables Coefficient Std. Br Coefficient Std. Err. Coefficient Std. Err.
Farm Employment -0.0796 0.0872 0.2497*** 0.0751 06D 0.0334
Wage Employment 0.0015 0.1099 0.0325 0.0947 0.2946* 0.0421
Age in Years 0.0009*** 0.0003 0.0006** 0.0003 0.@00 0.0001
Gender -0.0034 0.0095 -0.0027 0.0082 0.0032 0.0036
Education -0.0007 0.0037 -0.0032 0.0032 -0.0017 01310
Married -0.0077 0.0091 -0.0029 0.0078 0.0035 0.0035
Income -9.00E-06 0.0000 -5.10E-06 9.32E-06 6.88E-08 4.14E-16
Chronic Ill 0.0214* 0.0128 0.0228** 0.0110 0.0069 .0049
Electric Power 0.0053 0.0127 0.0111 0.0110 0.0017 .004®
Pipe Water -0.0094 0.0143 -0.0121 0.0123 0.0025 055.0
Motorable Road -0.0264 0.0288 -0.0255 0.0248 -6010 0.0110
Pharmaceutical Price 0.0940 0.0948 0.0073 0.0816 0960*** 0.0363
Food Price 0.0503* 0.0291 0.0281 0.0211 -0.0017 1120
Instruments
Rainfall Season -0.1169 0.0741 0.0199 0.0638 0.0112 0.0284
Total Rainfall -0.0395*** 0.0138 0.0011 0.0119 0220 0.0053
Total Rainfall Squared 4.28E-07*** 1.58E-07 -3.46B- 1.36E-07 -6.66E-08 6.05E-08
Season*Farm Employment 0.0352 0.0909 -0.1015 0.0783 -0.0113 0.0348
Season*Wage Employment -0.2905 0.1139 -0.0452 0.981 -0.1548*+* 0.0436
Total Rainfall*Farm Employment 0.0173 0.0150 -0.022 0.0130 -0.0028 0.0058
Total Rainfall*Wage Employment 0.0089 0.0174 -0002 0.0149 -0.0213 0.0066
Total Rainfall Sq*Farm Employment -1.71E-07 1.71E-0 2.69E-07 1.47E-07 8.47E-07 6.56E-08
Total Rainfall Sq*Wage Employment -7.46E-08 1.94E-0 1.01E-07 1.67E-07 2.69E-07*** 7.45E-08
Constant 0.3046 .0767 -0.0099 0.0661 -0.0075 0.0294
F-Statistic (P-value) 2.49 (0.0001) 11.06 (0@O 34.97 (0.0000)

Joint Significance - IVs Only (P-value)

3.29 (CD6)

2.38 (0.0109)

5.40 (0.0000)

Overidentification Test - N*R-Sq (P-value) 11.1680833)

Omitted group in first stage is Non-farm Self Empieent group; Overidentification Test (N*R-Sq): Retjél,. Vs are exogenous
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Appendix B: Figures

Figure B1: Estimated incidence of clinical mala@sodes — caused by any species — resulting fsoah fransmission,
country level Averages, (2004)
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Figure B1 is derived from: WHO — World Malaria Rep2005
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Figure B2: Rosenfield’s Conceptual Framework foopical lliness
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Figure B2 is derived from: Rosenfield (1984)
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Figure B3: Relationship between Episodes of Maland Rainfall Amounts
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* Figure B3 shows monthly rainfall estimates pldtegainst malaria cases per month for the year-1994 and 2004.
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Appendix C: Two Period Household Health, Human Capal, and labor Supply
Model

Health and Education Model

UM (CH Hi (HE L Bas ) Hic(HE L), L) + AU (CELHE (HIE L), L) (3.2.1)
PL(CL +C2)+ Py (HIf, +HIZ +HIZ)+ RS =w, (L) +V +wd (L) +wd (L2,5)  (3.2.6)
Hi =Hioc (HE o Lo A D, o €Lk ) (3.2.2)
Hi =H (Hl L AD, i €) (3.2.3)
H2 =HZ(HI;, L5 H,  HE AD, 1 ,€7) (3.2.4)
S =Sc(SHEAS 485 ) (3.2.5)
Wi =Wy (Huo L AEINave,, ) (3.2.7)
Wk =wi (HE LY SEAE IN,a,€, ) (3.2.8)

Wi =w2 (H2,L%,SAE IN,a,el) (3.2.9)

Utility Maximization Problem: Period 1

L=maxU =U*CL, HL (HI} L5 ) HE(HIL, LY ), LS AE$)
+PUA(CEHE(HIG L) LY AE Q)
+ AWy (L) +V + wi (L) + wii (LG, Si)
-P(CL +C2)-Py, (HI _ +Hl ¢ +HI2)-PS;]
ou’

le_] :E_APC =0

ou ! oH }
HE L HoK |~ AP, =0
HoK [aH,ﬁK][aHlﬁ'K] "

Lo |5 Lo ) =
OHL | oHIL 0S, J\ oHI}
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Sk 1 AP, +/1(avll'i J{i} =0 Rewritten{a\’l’Ii ](@J =P,
35, )\ ast 35, ) st

Demand for Education in period one

Sk =S(Hi;Ps, A S,y e ) (3.3.1)

Figure C1
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Health and Labor Productivity Model

Case 1. H* is endogenous; Individual chooses C, Hind L

L=maxU =U*(CL,HL  (HIL LY ) HE(HIL, LY), L5 AE &)
+BUZ(CE,HA(HIZ, %), L4 AE$)
+ AW (L) +V o+ wh (L) + w2 (L3 + Sy)

= P(Cl +CJ) = Py (HIf « + HIj + HIE) = P.S,]

ou ?
Cﬁ :E_/‘PC =0

2 2
HIZ: au_z GLHZ -AP, =0
oH; \ oHI ]

2 2
L2, GLZ 0H2H +AwWf =0
a2 ) oL

Reduced Form Equations for C, HI, and L

C=C(P.,P, .V,AED,IN,u,a)
HI =HI(P.,P, .V,AE,D,IN,xa)

L2 =L(P.,P, .V,AE,D,IN,ua)

Case 2: H is given; Individual chooses C, and L

ou ?
Cﬁ :E_/‘PC =0

ou?
LZH:(GLZ J+)lwﬁH,i =0

H
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Structural Equation for L

Lﬁ = L(Hﬁ ;wﬁ P .V,AE,IN,u,a) (3.4.4)
Figure C2
W,

L(HZ ;WE PV, A E,IN, 4,a)
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Dictionary of Variables in Theoretical Framework

A = Socio-demographic Characteristics (age, geraer marital status)
C!, = Household Consumption of Non-Health Goods iridée®ne
C/ = Household Consumption of Non-Health Goods iridéefwo

D = Disease Environment

E = Education
H! _, = Household Health less that of the Child in Pe@
H, = Child Health in Period One
H 2 = Overall Household Health in Period Two
HI = Health Inputs
HI;,_, = Household Health Inputs less that of the Chil&@émiod 1
HI = Child Health Inputs in Period 1
HI/ = Overall Household Health Inputs in Period 2
IN = Community Infrastructure
L' = Labor Supply in Period One
L? = Labor Supply in Period Two
L},_. = Labor Supply (Household minus Child) in periateo
L}, = Labor Supply (Child) in period one
L? = Household Labor Supply in period two
P, = Price of Health Inputs

P; = School Fees
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S« = Child Schooling in Period 1
§K = Accumulated Human Capital by Period 2

S = School Infrastructure
V = Non-Labor Income

W;,_ = earnings (Household minus Child) period one
w, = earnings (Child) period one
w;, = Household earnings period two

a, &, M, e=errorterms

112



Appendix D: Analysis of Malaria, Labor Supply and Shooling using Average
Treatment Effects on the Treated (ATET)

OLS, FE and 2SLS, and LIML estimates of the caaffatt of health status on
schooling and labor supply outcomes were presanttte previous sections. This
section explores a different estimation procedardurther identification of the
parameters in (1) of chapter four. The approadseh for further identification of the
schooling and labor supply equations is based emtéthod of average treatment effects
on the treated (ATET) with instrumental variabléslike the estimation procedure
detailed in section 4.4.1 of chapter four, whichages the different states of treatment
within the sample, estimating ATET considers défarstates of the health status
indicator.

In general, estimating equation (1) of chapter tou2SLS assumes that the
predicted person specific gain from treatment r® Zgven a vector of observables. This
is equivalent to the ATET case of estimating equea(B) below:

E(y[h, X) = 1, +ah+gy(X) 3)
Whereh is the endogenous binary treatment indicator \mithl denoting treatment and

h =0 otherwise,X denotes a vector of observable variables, gy(X is the expected

value of the person specific effects of treatmemiditional on the observables. In
previous chapters, it was assunigd, —v, | X) = ; wliere yand \s are the person
specific effects of treatment. If this assumptimhds true, the gain from treatment is the

same for everyone in the treatment group in (3)estonating the effect of health status

on the schooling and labor supply models by thedsted 2SLS procedure is sufficient.
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If theE(v, —v, | X) # 0, the effect of malaria is not the same for eveeyomthe

sample and 2SLS is insufficient. Clearly, makinglsa restrictive assumption as

E(v, —v, | X) =0 is highly unrealistic in this case, as one mayeexphat the effect of

malaria on school and work hours vary from onevialial to another. In other words, to
allow for varying effects of malaria on the schaat work outcomes, the assumption of

zero person-specific gains from treatment is radawederive the ATET estimator:
E(y[h, X) =t +ah+hg,(X) =g, (X)] (4)
Whereg,(X) - g,(X ) measures the average gain of treatment to aipantit

with characteristics X. To identify the parameter$4), two assumptions are required
about treatment assignment. The first assumpsioaferred to as conditional
independence or selection on observables or unoodémness.

Assumption (1a): Unconfoundedness or Conditional Independence

(Yo, ¥:) OO X
Conditional independence states that condition{ othe outcomes are independent of
treatment’. A weaker conditional independence assumptiorbeaspecified if one is
only interested in the treatment effect on thetéeéa
Assumption (1b): Weak Conditional Independence
Y, Uh| X
Assumption (1b) implies that there is no omittadiable bias onceX is
controlled for. Alternatively, this implies thatadaria status in our sample is exogenous.

Assumption (1b) is not sufficient in our case kniogvthe likely endogeneity of malaria

15 A and Y, are the outcomes for the treated and non-treatmapgt respectively.
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status; therefore, the analysis relies on assumgtia). Assumption (1a) is not directly
testable however; there are indirect ways to asse3$e test of conditional
independence relies on estimating the causal dffiatis known to equal zero. If the
null hypothesis is rejected, then the likelihoocdtonditional independence is less
plausible (Imbens and Wooldridge 2007). In additio (1a), equation (4) also relies on
the overlap or matching assumption.
Assumption (2): Overlap
O<Prlh=1] X]<1

Under assumption (2), there exist treated andtreated cases for each value
of X , in the sense that there is overlap between #a¢etd and untreated sub-samples.
Although, this assumption is not required to idigrithe treatment parameters for the
treated group, it is needed for identifying thetreent parameter for a randomly selected
individual within the sample. The lack of overlegn be detected by plotting the
distribution of the covariates by treatment groupgcause this becomes cumbersome in
cases with more than two covariates, a direct nietfi@etermining overlap is to

examine the distribution of propensity score inhbiméatment groups.

ATET Method: Propensity Score Matching Methods
Matching by propensity score is recommended aayata control for
confounding factors that may bias the effect cdtimeent in observational studies (Sascha

Becker and Andrea Ichino 20062) Propensity score matching estimates are supterior

18 According to Becker and Ichino, “propensity scoretching method is a way to correct the estimatiomeatment
effects controlling for the existence of these caomiding factors based on the idea that the bieslisced when the
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other matching estimators when the dimensionafigbservable characteristicX() is

high (Rajeev Dehejia and Sadek Wahba 2002). WhenaoKa small dimension,
matching is straightforward and non-propensity scoatching methods are sufficient for
deriving unbiased estimates of the treatment effébis study, explores 4 matching
methods namely, stratification matching, nearegghi®r matching, radius matching,
and kernel matching methods, all of which can dendd in terms of propensity scores.

The propensity scor@(X) is the probability of an individual receiving ttegent
conditional on observables, X. 0f< p(X) <1 and p(X) is a consistent estimate
of p(X), then a consistent estimator of the ATET can kainbd using a parametric

probit or logit model as:

ATET :(NZhJ {N‘lim - BOOIY, /L= B »}

——
In the analyses to follow, consisteATET estimates are obtained using 4 propensity

score matching methods with the logit model.

Matching on propensity score is based on pairorggarable treated and control
units in terms of observable characteristics, whighassumed independent of treatment.
Due to the unobserved heterogeneity problem wighhialth status indicator, malaria, an
instrumental variables approach to ATET will bedis@ mitigate this problem. This is
arrived at in the estimation process by addingrieuments to the list of covariates
when estimating the propensity scores which willubed in calculating the treatment

effects.

comparison of outcomes is performed using treateldcantrol subjects who are as similar as possit@etker and
Ichino 2002).
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The stratification, nearest neighbor, radius, le@rthel matching methods are the
four most widely used propensity score matchingho@s. The reason for using all four
methods in this study is mainly for comparison.clicane of these propensity score
matching methods differ by the process of seleabiothe comparison units (matches)
and selection of one method over another boils dimnatradeoff between the quality
and quantity of matches (Becker and Ichino 2002).

The stratification matching method provides AT&Stimates which are based on
dividing the range of variation of the propensitpies into intervals (blocks) such that
within each block, treated and untreated units ltavaverage the same propensity score.
After matching, the ATET estimates are then obthiag an average of the ATET of each
block with weights given by the distribution of ttreated units across blocks. One
disadvantage of this method is that it ignores olag®ns in blocks where either treated
or untreated units are missing. On the other htdrednearest neighbor method makes up
for this deficiency by taking each treated unit éochting the untreated unit with the
closest propensity score as a match (i.e. the seaegghbor to each treated unit). After
matching is complete, the ATET estimates are ddragethe average of the difference
between the outcome of the treated units and ththieaccontrol/untreated units. While
this method ensures that all treated units findagchy it does not necessarily improve the
quality of the matches for those, which would hbeen disregarded using the
stratification method.

The radius method offers a solution to the abafee@ncy. The radius matching
method pairs the treated units only with the unié@anits whose propensity score fall in
a predefined radius (neighborhood) of those ottbated units. The downside to this
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method lies in the specified radius in that, if tadius is set too small, it is possible that
no matches exits in the neighborhood because dighloorhood contains no untreated
units. Alternatively, specifying a small radius@improves the quality of the matches.
Another matching approach is the kernel method¢kvis based on matching treatment
units using a weighted average of all control/uated units with weights that are
proportional to the distance between the propemssityes of the treated and untreated
units. All ATET estimates for the schooling anddasupply equations are presented

below.

ATET Assumptions

Although the ATET assumption of unconfoundednessot directly testable,
Imbens and Wooldridge (2007) propose an indirestt(tbescribed under assumption (1)).
When the indirect test is applied to the labor $yppd schooling model, neither model
passes the conditional mean independence tesiddition to the test of conditional
independence, Imbens and Wooldridge (2007) suggéisect way of assessing overlap
in ATET estimations (described under assumptioh (Zyo histogram plots of the
propensity scores for the labor supply and schgotiodels are used to access the
overlap assumption (Figure D1). The histogramspébiow considerable evidence of

overlap in the distribution of the propensity ssofer both samples.
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ATET Estimation Results — Comparison of Means (Scha Sample)

Table D1 presents the sample means for the twgadson groups of the Kagera
schooling sample. Of the 4,951 observations frioenktagera school sample, 549 fall
into the treatment group for the ATET analysescofmparison of means by the number
of school hours attended per week suggests tha¢ tivdhout treatment attend on
average 3 hours more school per week than thosetrgdtment (i.e. children reporting
an episode of malaria). However, children in tleated group were of similar age to
those in the control group. In terms of the geradenposition of both groups, females
were just as likely to be in the treated group ases1 Surprisingly, parents of children in
the treatment category are more likely to be edttHtan those without treatment even
though those in treatment are more likely to coroenfhouseholds with lower income.
Furthermore, the likelihood of falling into treatnmeloes not seem to vary by the pre-
existence of chronic illness since fewer childnmethie treated group have a chronic

illness.

Table D1: ATET Comparison of Means — Kagera Scl8aohple

Sample Means of Characteristics for the Kagera @ckample (N = 4,189)

Mother Father Household | Chronic | Malaria Total School
N Age | Gender| Education| Education Income llness | Season| Rainfall | Hours
Treated
Group
Mean 549 | 12.51 0.5 0.27 0.29 157.48 0.0p 0.32 849.625.58
Std. Dev. 12,51 0.50 0.44 0.45 355.13 0.14 0.47 294.79 13.97
Control
Group
Mean 4402| 12.52 0.53 0.21 0.26 171.31 0.03 0.22 .638[L 28.26
Std. Dev. 3.00 0.50 0.41 0.44 452.07 0.7 .420 | 287.74 12.76

Note: School hours = number of hours of schoohdite in a week; Age = age in years; Gender = laien0 otherwise;
Mother/Father education = if mother/father hasast a primary school education, 0 otherwise; Huolgelncome = income in
dollars; Chronic iliness = 1 if reported at leasé@hronic iliness, 0 otherwise; Malaria seasonifanionth of interview falls within
malaria season, 0 otherwise; Total Rainfall = emimounts in mm.

119



ATET Estimation Results — Treatment Effects (SchooGample)

Four types of matching estimators in the estinmatibthe treatment effects were
explored in the ATET analyses. All estimates @f tteatment effect use rainfall amounts
and a rainfall season indicator as instrumentse résults of all four matching estimators
are presented on Table D2 for the purpose of casgar The radius matching method
by definition matches treated units only with cohtinits whose propensity score fall in
a predefined radius of those of the treated unitsee analyses using radius matching first
compares neighbors within a (0.001) radius; thiea radius is gradually expanded for a
more realistic comparison of both groups giventitlet range of the estimated
propensity scores (Table 02)

Radius matching estimates of the treatment effagje between 2.397 and 3.865
school hours per week lost due to malaria ilinddsing the nearest neighbor,
stratification, and kernel matching methods alleyate the same treated effects as the
radius method. All estimates of the treatmentatféee statistically significant but far
smaller in magnitude than the 2SLS estimates deiiiveection 5.6.2. The estimates
produced by the propensity score matching methoelk@vever very close to those
derived with the OLS and FE estimators. Findinggeatment effects similar to OLS

are not uncommon in practice. Picone, et al. (2@86mated treatment effects on

" Note that the tradeoff of expanding the radiumaich pairs with very close propensity scores is a
decrease in the number of possible matches. AssihoWwable D2, the number of close matches falls
drastically when a smaller radius is defined.
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individuals with Acute Myocardial Infraction (AMLDsing Medicare claim data and

found no advantages over using a standard leaatessjtegression.

Table D2: ATET Results — Kagera School Sample

Malaria Impact: Estimates of treatment effect
Propensity Score Range [.04736965, .40351615]

Matching Method Number Treated Number in Control EAT Standard Error
Radius

r=0.001 524 4171 -2.397 0.650

r =0.0001 507 3140 2.793 0.673

r = 0.00001 331 609 -3.865 0.932
Nearest Neighbor 525 485 -2.811 0.866
Stratification 461 3715 -2.70¢ 0.692
Kernel 525 4231 -2.639 0.617

a Analytical standard

b Bootstrapped standard errors with 250 replication

5.7.4 ATET Estimation Results — Comparison of Meang/Nork Sample)

A comparison of means by work category is presemé&able D3. Comparison
of means for the farm employment category yield2@8ltreated units and 6637 control
units. In terms of non-farm self-employment, 27&rkers fall into the treated group
while, 1369 make up the control group. On the oki@and, wage employment generated
316 treated units and 1668 control units. Althqugin-farm self-employment had the
least number of workers in both treated and comprolips this employment category also
had the highest percentage of workers in treatmeat percentage of total workers in
each group. Seventeen percent of non-farm seliamg workers reported having
malaria compared to 15% of self-employed farmetsE6%6 of workers in wage

employment.
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As shown on Table D3, the largest difference iareavorked per week between
workers in the treated group and those in the obgtoup is also for the non-farm self
employment category. Workers in the treated gfoupon-farm self employment
worked 10 fewer hours per week than those in getéd farm employment group and 23
hours less per week than those in treated wageosmpeht category. In terms of wages,
treated workers in self-employment earn less inctitaa their other treated counterparts.
In particular, treated units in wage employmenhear average 65% more income than
treated units in self-employment while, treatedsaim farm employment earn 7% more
than treated units in self-employment.

Also, a majority of treated units in farm employmhare more likely to be female
and less educated than the treatment units in ethptoyment classifications. In terms
of pre-existing health conditions, treated and eatied farmers are more likely to have an
existing chronic condition than workers in otheogps. In addition, the treated units are
in every work classification on average more likilyoe chronically ill compared to
workers in the control units.

On the contrary, comparisons of means for thefaliiand malaria season
variables yielded counter-intuitive results of bt#ated and control units for each work
sample. For all three classification of employmeainfall amounts for the survey period
are greater for workers in the treated units coegbén those in the control groups.
Likewise, those in treatment are less likely toorgeing in malaria season compared to
those in the control group. This calls to questlmvalidity of the two instruments in

the ATET estimations to follow. However, as shayalier in figure B3, the overall data
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suggests a non-linear relationship between episoldeslaria by wave and rainfall

amounts, which may in part explain the observatioable D3.

ATET Estimation Results — Treatment Effects (Work &mple)

Panels A - D of Table D4 present the treatmergog$ffor the dependent variable
‘work hours’ using the radius, nearest neighbagtsication, and kernel matching
methods. As indicated earlier, the farm employnggaup is the largest of the 3 work
categories. The analysis begins with the treatragatt with the farm employment work
group (Panel A; Table D4).

According to the ATET estimates using 4 types ateching methods, self
employed farmers in Kagera who reported being digikng the sample period lost
between 1.712 and 2.640 hours of weekly work hotitee lowest treatment effect for
this work group was derived by the 0.001 radiuscmag method. Although, the
0.00001 radius generated the largest treatmerttéf2640 hours), it also paired the
least number of workers in both treatment and obgtoups (Panel A; Table D4). All
estimates of the treatment effects for the farmleympent sample are statistically

significant at the 1% level.

123



Table D3: ATET Comparison of Means — Kagera WorkSia

Sample Means of Characteristics for the Kagera WorkSample

Pipe Total
Marital Chronic Electric Borne Motorable Drug Food Malaria Rainfall Work
Age Sex Education Status Income lliness Power Water Road Prices Prices Season (mm) Hours
Self
Employment
(Farm)
Treated Group
(N = 1208) Mean 35.52 0.38 1.64 0.63 157.p7 0.12 410 0.18 0.94 0.03 0.19 0.79 322.85 184.60
Std.
Dev. 13.74 0.49 1.23 0.48 335.45 0.32 0.49 0.38 30.2 0.10 0.26 0.41 284.36 12.p2
Control Group
(N = 6637) Mean 34.93 0.42 1.93 0.57 187.p4 0.10 370. 0.17 0.95 0.03 0.16 0.90 364.5 19.79
Std.
Dev. 13.97 0.49 1.30 0.49 384.93 0.31 0.44 0.38 210. 0.08 0.21 0.30 276.68 12.p7
Self
Employment
(Non-Farm)
Treated Group
(N =275) Mean 34.01 0.57] 1.80 0.61 146.[78 0.11 610. 0.24 0.96 0.04 0.23 0.70 261.0 8J30
Std.
Dev. 12.38 0.50 1.08 0.49 419.97 0.32 0.44 0.48 20 0. 0.12 0.31 0.46 269.47 14.p4
Control Group
(N =1369) Mean 33.37 0.60 2.06 0.58 24470 0.09 62 0. 0.20 0.97 0.04 0.19 0.84 319.6 13.49
Std.
Dev. 11.93 0.49 1.16 0.49 634.92 0.29 0.44 0.4D 18 0. 0.11 0.27 0.37 275.04 18.10
Wage
Employment
Treated Group
(N = 316) Mean 32.66 0.68| 1.81 0.55 423.78 0.09 570. 0.27 0.95 0.04 0.21 0.72 290.57 31.25
Std.
Dev. 11.20 0.47 1.21 0.50 610.39 0.28 0.5 0.44 220. 0.10 0.24 0.45 279.74 23.01
Control Group
(N =1668) Mean 32.36 0.73 2.18 0.50 360.[78 0.07 .56 0 0.26 0.96 0.03 0.19 0.86 343.11 33.01
Std.
Dev. 11.72 0.44 1.28 0.50 568.36 0.26 0.5 0.44 19 0. 0.10 0.27 0.35 280.68 22.68

Note: work hours = number of hours worked per wégle = age in years; Gender = 1 if male, 0 otheewkiducation = 1 if worker has at least a primafyo®| education; 0 otherwise; Marital status =Wafker is
married; O otherwise. Income = income in dollarer@ic illness = 1 if reported at least one chralhiess; 0 otherwise Electrical power (this isaubehold level indicator) = 1 if worker residesiresidence with
electrical power; 0 otherwise. Pipe Borne wateis(iha community level indicator) = 1 if workevdis in area with access to pipe borne water; Onwtbe. Motorable road (this is a community leveligator) = 1 if
worker lives in area with motorable road; O othemviPharmaceutical prices = average price of selggtarmaceutical products priced at the commuengy! Food prices = average price of selected faods priced
at the community level Malaria season = 1 if masftinterview falls within malaria season, 0 othesgji Total Rainfall = rain amounts in mm.
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Panel C details the results of the ATET estimatifum the wage employment
sample. The results of in Table D4 show that wizrke wage employment lost -11.05
hours weekly work hours to malaria during the symperiod. This estimate is significant
at the 1% level using the 0.0001 radius matchinthote No other treatment estimates
of radius matching method or other matching alpang are significant for the wage
employment sample and will not be discussed.

Results for the total sample using all four matghinethods are presented in
panel D. For the entire work sample, a 0.001 sachatching and kernel matching
methods produce statistically significant estimatethe ATET at the 5% level between -
1.052 and -1.537 hours. Similar results were gardrusing a 0.0001 radius matching,
which was significant at the 10% level.

As seen previously with the ATET results for tikb®ol sample, propensity score
estimates may produce results parallel to OLS.h\t¥ie exception of the ATET results
derived for the self-employment and wage employnsaniples the estimated treatment
effects mirror the causal effects generated udiagdsard OLS. In addition, propensity
score methods appear to mirror OLS estimates tsecthe range of the propensity

score estimates (Table D4).
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Table D4: ATET Results — Kagera Work Sample

Panel A - Self Employment (Farm) Malaria Impact: Edimates of treatment effect

Propensity Score Range [.06469756, .44094733]

Number Number in Standard
Matching Method Treated Control ATET Error
Radius
r=0.001 561 3495 -1.712 0.549
r=0.0001 536 2468 -2.029 0.586
r = 0.00001 310 442 -2.640 0.882
Nearest Neighbor 564 505 -2.246 0.73
Stratification 510 3445 -1.860 0.582
Kernel 564 3558 -1.785 0.582

Panel B - Self Employment (Non-Farm) Malaria Impact Estimates of treatment effect

Propensity Score Range [.0134235, .78899154]

Number Number in Standard
Matching Method Treated Control ATET Error
Radius
r=0.001 58 142 -6.178 2.724
r=0.0001 15 15 -8.767 8.034
r=0.00001 2 2 11.75 11.750
Nearest Neighbor 78 65 -4.513 3.485
Stratification 70 318 -3.925 2.180
Kernel 78 347 -4.814 2.1%9

Panel C- Wage Employment Malaria Impact: Estimatef treatment effect

Propensity Score Range [.05082005, .56096773]

Number Number in Standard
Matching Method Treated Control ATET Error
Radius
r=0.001 86 397 -2.763 2.739
r =0.0001 38 53 -11.051 3.709
r = 0.00001 5 5 -6.400 10.668
Nearest Neighbor 98 84 1.250 3.793
Stratification 79 529 -4.029 2.823
Kernel 98 580 -1.131 2.543

Panel D - Malaria Impact (Total): Estimates of treament effect

Propensity Score Range [.06072613, .22507454]

Number Number in Standard
Matching Method Treated Control ATET Error
Radius
r=0.001 842 5360 -1.537 0.694
r =0.0001 821 4554 -1.318 0.713
r = 0.00001 641 1240 0.650 0.923
Nearest Neighbor 843 757 0.723 0.944
Stratification 843 5428 -1.052 0.682
Kernel 843 5428 -1.425 0.6%0

a Analytical standard

b Bootstrapped standard errors with 250 replication
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Figure D1: ATET Assumptions — Overlap

Test of Overlap — Total Kagera School Sample Te€herlap — Total Kagera Work Sample

0 1 0 1
2 8
& SE
2 >
g 2
o o
o [(a]
2 o
© T T T T T T T T O - T T T T T T T T
ol 2 3 4 ol 2 .3 4 A .15 2 25 .3 b AP 2 $25)

Estimated propensity score Estimated propensity score

Graphs by malaria Graphs by malaria

127



About the Author

Born in Nigeria, Taiwo Abimbola relocated to thaiteéd States of America in
1998 to obtain her undergraduate degree from Limtiwliversity of Pennsylvania. She
graduated summa cum laude with a B.A. in Econofnaa Lincoln University in 2002.
In 2004, she earned an M.A. in Economics at thevéisity of South Florida (USF).
Thereafter, Taiwo was accepted into the PhD progrithe USF College of Business,
where her main areas of research were Health Ecos@nd Development Economics.
While attending USF, Ms. Abimbola was an instrud¢tsrboth Economics of Health

Care and Principles of Microeconomics courses.

128



	Malaria, Labor Supply, and Schooling in Sub-Saharan Africa
	Scholar Commons Citation

	/var/tmp/StampPDF/tzzvwjfBzj/tmp.1298569684.pdf.QHIQK

