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Abstract

The purpose of this article is to stimulate diseussbout the links between malaria pandemic
and crop production, and to broaden our understgnali the effect of malaria in terms of its
economic burden on households and national econdevielopment of endemic economies. It
begins with a theoretical framework, emphasisingnemic development imperative of
malaria, and the implication for agricultural dey@ihent. Using propensity score matching,
the likelihood of malaria infection was evaluatedrelation to key socioeconomic variables
among infected and uninfected households in agull communities of Yobe State.
Similarly, the linear regression provides empiriealdence to suggest that the instrumented
malaria indices significantly reduce crop productaamong malaria infected households. The
economic loss approach further stresses the econionpierative of the opportunity cost of
labor among malaria infected households. The eogbiresults suggest targeting farmers with
malaria-specific control and prevention programthistate.

Key words: Crop production, Malaria illness, household income, Propensity score matching,
economic development.
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INTRODUCTION

Malaria affects many more people in the developuagld, with over 3 billion people, or half

of the world’s population in 106 countries and iterres. The World Health Organisation
(WHO) estimated 216 million malaria cases in 20f0,instance, of which African region

accounted for 81%, also the number of estimatecamaaldeaths in 2010 were 655,000,
representing 91% in the African Region, includimgestimated 100 million malaria cases with
over 300,000 deaths per year in Nigeria. This cosgpavith 215,000 deaths per year in
Nigeria from HIV/AIDS (US Embassy in Nigeria, 2011)

Due to the direct and indirect costs, malaria haespread impacts on socio-economic growth
and development, especially in Africa; where in @@¥er 90 percent of deaths from malaria
were in Africa, where 45 out of 53 countries wemd@mic for the disease (WHO, 2008). These
estimates render malaria the preeminent tropicedsitec disease and one of the top three
killers among communicable diseases (Sachs andnigia|2002).

Malaria costs African Continent more than US$12idsil annually, and may also be largely
responsible for slow economic growth in African nties, which may account for as much as
1.3 percent per year (WHO, 2010). Malaria can camnsebidity, disability, or death; and all
three effects have direct and indirect costs that affect labour availability and productivity,
and ultimately, economic development. The direst€®@f malaria treatment and control, and
the impacts of these costs on the ability of faroudeholds to adopt new agricultural
technologies and improved wellbeing, are the bahegpicultural underdevelopment and
poverty in many countries south of Sahara, inclgditigeria. The social costs of government
spending on malaria control and treatment exertsemendous pressure on the financial
portfolios of poor countries. In the most heaviffeated regions, malaria accounts for 40% of
public health spending (Purdy al., 2013).Equally important are the indirect costs of seeking
health care and taking care of children and otlvene are infected by malaria and the

relationship of the indirect costs to the farm kabsupply and productivity.

The World Health Report (2002) noted there were 80800 million cases of malaria each
year, and that between 1 and 3 million deaths, Ignast children, were attributed to the
disease, so much so that every 40 seconds a akgdofl malaria, resulting in a daily loss of
more than 2,000 young lives worldwide. Accordinghe World Health Organization (WHO),
malaria kills over a million people each year, host Africa, where more than 90 percent of
deaths in 2006, came from malaria.



According to US Embassy in Nigeria (2011), malasaa major public health problem in
Nigeria where it accounts for more cases and de#s any other country in the world.
Malaria is a risk for 97% of Nigeria’s populatiotime remaining 3% of the population live in

the malaria free highlands.

Empirical evidence of the effect of direct and nedi costs of malaria on the households,
including farm-level analysis of labour availalyl&nd productivity are also relevant (Puedy

al., 2013; Asenso-Okyerest al., 2009a; Asenso-Okyeret al., 2009b). There is an
understanding, in heuristic terms, that malariaepas serious threat to economic development
in Nigeria. This study, using a case study, attexhpgb provide empirical evidence of the
susceptibility of households to malaria infectiontihe state in relation to key socioeconomic
characteristics. The study also tried to estalilighcause-effect relationship between malaria
illness and households’ economic wellbeing, inalgdifarm-level output reduction as a
possible reason for the state to be ranked ag#st tleveloped, and having the least total GDP
of about $2,011 in 2010 (C-GIDD, 2008). But thelgem of economic development in the
state had degenerated with the increased spatswfgence, especially the activitiesBuko
Haram which started in the state in 2011, and furthengounds the problem of food security

in the state.

Given the severe malaria impacts, this study exadthe effect of malaria on households in
Nigeria’s state of Yobe. In specific terms, thedstattempted to estimate the likelihood of
malaria infection, and the causal link between avafput and key malaria indices among the

households.

2.0 THEORETICAL FRAMEWORK

21 Malariain Households Economy

The conceptual framework adopted by Asenso-Okgeet. (2009), which was developed by
the UN Secretariat to evaluate the impact of HN\DSlon agriculture was adapted in Figure 1.
It is true that malaria results in morbidity andrstimes death especially in the endemic
countries south of Sahara where Nigeria has tlyestpopulation. Malaria morbidity, whether
of the economically active population or not, aféelabor availability and productivity. When
active population is infected, labor availability constrained directly and indirectly through
care giving to other members of the household tefeby malaria. Therefore, the likely effect
of malaria infection on the household may be seghe loss of productive time, giving rise to

decrease in land area put under production, unyinfim operations, and consequently
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decreasing household farm income and food sec{(kggnso-Okyeret al., 2009). This view
was also supported by De Leire and Manning (200vt tan individual worker who
experiences onset of health impairment or absoillness becomes less productive or
unproductive, respectively while he is working & &r her current occupation. Two strands of
effect of labor availability on individual's incomestablished in economic theory are the role
of health over wage rate and the part it playshandecisions relating to supply of labor and,
decisions on how many hours of labor to supply galand Alaba, 2009). According to Alves
et al. (2003), healthy individuals are expected to possesgher level of human capital, and
would be more productive than those with poor Imeakt the household level, where
fundamental decisions are made, malaria stripsliigsnof their main sources of financial and

non-financial resources.

Malaria involves both direct and indirect costsstsoof treatment and prevention directly affect
investment in agriculture, and often lead to digsgvthereby causing disruption in the
economic and social prosperity of the householderOfimes, the household may engage some
mechanisms such as sale of productive and housakséts, including cash borrowing to cope
with cost of malaria treatment. Asenso-Okyeteal. (2009) noted that the direct cost of
treating and preventing malaria could constrain sebolds to adopt several measures,
including reduction in area under cultivation, giag of less labor-intensive crops, changes in
cropping patterns, adoption of labor-scarce innowat that may constitute less productive
farming techniques, and reduction in the use omfamputs. They further noted that the
potential impact of malaria for women engaged iadfgroduction can be very significant,
especially in some parts of Africa where women aatdor about 70 percent of agricultural
labor force and 60-80 percent of household foog<roducers (Todaro, 2000; FAO, 2010).
Consequently, malaria infected households may trés@doption of coping mechanisms such
as household labor reallocation and the hiringabbl, these strategies have cost implications.
Malaney (2003) noted that the heavy economic buidgrosed by malaria on households
could have significant micro-economic consequeseis interferes with household’s ability to
save and invest in education and physical capitderms of education, agricultural experience
may be acquired over time, especially in develogiogntries where majority of farmers do not
have formal education; as reported by Oehial. (2007) that over 90 percent of farming
population in agricultural communities in Nigeriad dhot have formal education. For this
reason farming knowledge represents an importacorjporeal asset, which can be lost,
especially through death of agriculturally resofutéarmer who may be responsible for spill-

over technology adoption in his area.



2.2  Epidemiology of Malaria

Malaria and poverty may have some link. Malaria hasen called the epidemic of the poor
(Asenso-Okyeret al., 2009). Malaria endemic countries had incomelgewrel1995 of only 33
percent that of countries without malaria (Galluy &achs, 2001). A closer look at the global
spread of malaria may suggest that the endemictgesirmay be found in tropical Africa,
especially south of savannah, Latin America andaAshich also coincide with world lowest
GDP per capita. However, we posit that malaria iglimatic phenomenon; being that the
environmental conditions of a region tend to suppbe more efficient malaria mosquito
vectors distribution and hence the intensity of disease, than associating malaria pandemic
directly with poverty in these countries. Climabterefore plays an important role in the spread
of malaria mosquitoes. Conditions such high humiditd rainfall in West Africa are known

favourable factors for breeding of malaria mosagsto

The name “malaria” was derived from the Italianalraria”, or bad air, to denote the fact that
malaria is associated with dirty environment — rhassand swamps characterised by rot and
decay that give foul air. The United States, in ¢laely times, had witnessed tragedies of the
disease then known as “fever and ague”, believetiftprians to have peaked around 1875.
Malaria had been a significant factor in virtuadllf of the military campaigns involving the
United States; in World War Il and the Viethnam War, instance, more personnel time was
lost due to malaria than to bullet” (USDHHS, 200¥he real cause of malariBlasmodium
parasite was discovered by the French Scientigihdise Laveran in 1880. In about 1900,
scientists working in India and Italy discoveredttnopheles mosquitoes are responsible for
transmitting malaria. Over 100 species of Plasmuodiwe known, but four of these commonly
infect humansPlasmodium falciparum is responsible for most malaria deaths, especially
Africa. Plasmodium vivax, geographically, is the most widespread specias, itiis less
problematic in terms of infection, but now mostbuhd in the tropics and Asi&asmodium
malariae has the greatest persistence in the blood tharotrey species, has been eliminated
from the temperate climate, but still persists inica. Plasmodium ovale generally occurs in

West Africa. Africa, especially south of Sahargyegrs to be the reservoir for mosquitoes.

2.3 Linkages between Malaria lllness and Economic Development

Figure 2 describes the relationship between malafétion and economic development with
substantial input from Abegunde and Stanciole (200@r starting assumption is that diseases
in general, and malaria, in particular deprive wlials of their productivity due to morbidity

and death. The effect of malaria is also widelyt & worker productivity lowers with
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increased sick leave, absenteeism, and prematutalityoof the workforce (Asenso-Okyeet

al., 2009). For many, the transmission period of melaoincides with the planting season,
which further lowers agricultural productivity, t#sng in food security problem as supply-
demand gap gets widened, causing the need to seska intervention, in terms of food aid,
which may predispose the household and/or natidmgb external interference through aids

and food politics.

Diseases generally reduce intergenerational s&ild wealth transfer, to the extent that the
educational capital, especially for children canirbpacted negatively by malaria infection at
critical stages of child’'s development during pragey, and early childhood which
consequences may include anaemia, low birth wegid premature birth, leading to
educational disabilities, cognitive impairment gid/sical retardation. There are far reaching
implications of cognitive impairment, for instanicechildren, namely; producing a generation
suffering from educational difficulties in life -dividuals not well equipped, in terms of
academic qualification, skills, experience, reasgnietc due to mental and/or physical
challenges as a result of malaria infection — oamspire for equal opportunities in life with
their counterpart that did not suffer such healthllenges, thereby giving rise to generation of
social and economic inequalities. Inequality bresdsial disaffection in society; such is the
bane among groups and individuals causing all foahsnsecurity in our present world.
Socioeconomic inequality inevitably leads to demsmy, both at microeconomic and
macroeconomic levels. At microeconomic level, a dshwold in dependency may easily
become vulnerable and a source of different foriexploitation. The parallel applies at
macroeconomic level; in which the society becomegeddent on external aids to meet the
needs of its people. Unfortunately, such a socbetynot enjoy true political and economic
independence, to the extent that the stronger domantries would always want to influence

and dominate the internal decision machinery ofdogient countries.

Dependency also leads to reduced access to faotgeoduction, whether at household or
national levels, leading to low saving and investmend ultimately low gross domestic
product (GDP) and national income (NI)Diseases in general, deprive individuals of their
productive potential. According to Asenso-Okyetral. (2009), malaria burden may invariably
challenge individual or household income and sayiagd compete with investment activities.
From country perspective, diseases may reduceeklfgectancy and ultimately economic
development, thus depleting the quality and quawfitcountry’s labour force. This may result

into lower national output in national income. Nige like many developing countries, largely
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operates a labour-intensive agricultural econontyclvfurther explains the problem of labour
force incapacitation due to malaria. Moreover, franmacro-economic perspective, malaria
mortality has been observed to slow economic pssgby reducing capacity and efficiency of
labour force. Empirical evidence of the effectsnadlaria on national income concluded that
countries with substantial level of malaria gre8 % less per caput per year for the period
1965-1990 (Gallup and Sachs, 2001). The studyasserts that with a 10 percent reduction in
malaria economy may grow by as much as 0.3 per8amilarly, McCarthyet al. (2000) found

a negative association between higher malaria mityband GDP per capita, and that most of
the sub-Saharan African countries used in thatysindurred an average annual growth

reduction of 0.55 percent.

30 METHODOLOGY

In order to analyze the linkage between malaneeds and crop production among households
in the farming communities of Yobe State, we diedithe sampling frame into five: (i) the
entire state was divided into two agricultural zoh@nd Il in accordance with the delineation
by the Yobe Agricultural Development Program (YADEpnes | and Il comprised nine and
eight local council areas, respectively (ii) idén#tion and selection of local government
council areas (LCAs) having standard hospital fised. For the purpose of this study, two
local council areas were purposively selected fe@woh of the two agricultural zones, namely;
Bade, Fika, Geidam and Nangere, (iii) Adoption oADP enumeration units as “wards”.
Accordingly, four wards were randomly selected acte of the four selected local council
areas, (iv) random selection of 25 households whesels were diagnosed to have malaria in
each ward, and actually went down with malariaedi® during the cropping season of 2012,
and (v) selection of 25 (a near neighbor) househ@ltiose heads were not infected with
malaria during the same cropping season, but wieal lin proximity to the infected household
and also engaged in comparable crop enterprisdseasfected household. In developing the
sampling frame efforts were made to include ferhalgsehold heads in the lists.

This stratification procedure was to enable tharegton of the direct and indirect impacts of
malaria illness, on crop output as well as the apisigility of households on the basis of
selected key variables. By comparing crop outputsintected households with that of
uninfected households, we obtained an estimateh@fopportunity foregone in respect of

average days of incapacitation as an indirect imp&malaria illness on crop output.



3.1 Data Sourceand Description

The data consisted of patients hospitalized witharrainfection at Bade, Fika, Geidam, and
Nangere Local Council Areas of the state, betweenchl 1 and December 31, 2012 (this
forms the period during which farmers in the arbagin preparations for farming activities,
while actual operations begin with onset of raimason from May/June to October. It is
assumed that any health challenge during this gesiould likely have a negative effect on
crop outputs of the farmers. Data on the patigrgee obtained by retrospective laboratory
records reviewed by the nurses that compiled aolistnalaria patients (both out- and in-
patients) coming from the four LCAs selected. Infation obtained on the patients included
contact home addresses, which was also used tovile¢éethe selection of the near-neighbor

malaria-uninfected households as the control unit.

The sample was restricted to those patients whovad to hospital discharge and engaged in
farming during the cropping season of 2012. Thepdamlso was restricted to household heads
(including female household heads), and no othenlees of the households was involved. Of
course, in most cases of malaria illness, carergivethe household equally lose their days of
farm labor as the sick, but for this study onlyected household heads were considered. The
selected household heads with missing data on tapiocovariates were excluded from the
analysis, especially the PSM. In other words, arlypondents whose covariates matched in

the two groups were included in this analysis.

3.2 DataAnalysis

3.2.1 Propensity score matching

There are three interrelated challenges that impagact analysis, namely; finding a feasible
counterfactual outcome (the predicted outcome @ dhsence of malaria illness, i.e., what
would have happened to the outcome of malaria-ieéebouseholds had the household heads
not been exposed to malaria during the croppinge®alinking the impact to malaria illness,
and not any other interposition, and the difficutfydealing with long and unpredictable lag
times (Nkonyaet al., 2007).

The problem of self-selection biases is the northerathan the exception in most impact
analyses, and which is often addressed using soamehing model(s), our present study may
be viewed along similar analytical lines by usingasi-experimental approach such as the
propensity score matching (PSM). The malaria ifé@d¢touseholds and uninfected households
constituted the two groups being assessed for skisreptibility to malaria iliness, on the basis

of the key socioeconomic variables common to thedvoups.



Generally, from impact assessment literature, tregaae impact on households affected by a
cause, referred to as average effect of the tredtiore the treated (ATT), is defined as the
difference between the expected outcome of thessaand the expected outcome the same
households would have received had they not beposexl to the cause (Starks and Garrido,
2014; Lanehargt al., 2012; Austin, 2011; Caliendo and Kopeinig, 2005)

In this study, malaria illness is an interferencighvability of households to produce their
optimal crops output levels in terms of indicatdf®) for individual household (i). The
potential outputs Y are therefore defined a§D¥) for each individual! household, where; i =
1,..., N, and N denotes the total population (@alee and Kopeinig, 2005). There are two
possible treatments (e.g., malaria-infected andhfaoied) and each individual, i, has a
potential output for each condition, i.e.;(%) for infected and {0) for uninfected. The

treatment effectr) for an individual household (Yis written as:
7i = Yi(1) - Yi(0) . (1)
ATT = E(Y1| M =1) -E(Yo|M = 1) . (2)

Where, ATT = average effect of the treatment (oram infection) on the treated (or
infected), M = malaria infection (M = 1, if infectenith malaria, and M = 0, if not infected
with malaria). ¥, = outcome (crop outputs) of households exposedaiaria illness; ¥ = crop

output of the same household, when not exposedataria illness.

The counterfactual crop output mean for malariadtéd householdsE[Y(0) M| = 1], is not
observed, which must be substituted for so thataveestimate the ATT, if not it would result
in self-selection biases since malaria-infectedskbolds and the uninfected households can be
very different in all essential indicators with without malaria infection. For instance, it may
be noted that:

ATT = [E(Y4| M = 1) -E(Yo| M = 0)] - [E(Yol M = 1) -E(Yo| M = 0)] .. (3)

The expression in the first square bracket is ofadde — it is the difference of crop output of
malaria infected households and uninfected houdsh®he second expression is unobservable
sinceE(Yq|M = 1) is unobservable, and therefore representssdlieselection bias in the first
expression. This bias results because the cropubdl@t malaria uninfected households
obtained may not be equal to the crop output thalana infected households would have
obtained without infectiofE(Yo |[M = 1) is not equal t&(Yo IM = 0). The difference in the
output between the two matched groups may be uodelrss the impact of malaria illness on

the infected households.



Propensity score matching (PSM) was used to matalarra infected household heads and
uninfected household heads in terms of observahte comparable covariates expected to
impact crop output. PSM is the estimated probabdftbeing infected with malaria illness, in
this study the logistic model was used for thenestion.

3.2.2 Effectsof Malarialllnesson Crop Production

Possible attribution of the reduction in crop owtpumalaria illness was attempted using R-
regression package, version 3.1.3. The linear madsl selected to fit the regression line for
crop output Y on malaria indices, namely; daysnofpacitation X cost of malaria treatment

Xs, frequency of malaria illnessgXand distance to source of treatmepd. X

3.2.3 Theoretical expectations of theresults
The following theoretical assumptions were usedupport the results of estimation, in terms
of weight and direction of the estimates:

i) Days of incapacitation: The period of incapacitatim this study referred to
complete absence of household head from farm woeektd malaria illness. Days of
incapacitation of the household heads would bribgua decline in crop output
(negative effect).

i) Frequency of malaria illness: Directly reduces #teeams of potential days of
household labor. Consequently, high frequency oflaraa illness would be
accompanied by low crop production (negative effect

iii) The out-of-pocket expenditure on malaria treatm&hts would leave less cash for
investment in crop production and their househadds. It therefore has a direct
negative effect on the household crop producti@yétive effect).

iv) Distance to the source of malaria treatment: #xpected to reduce available cash
for crop production, through the transportationefand time taken to travel
(negative effect).

V) Farm size: Normally farming would require laborther from hired or/and
household labor force. The high financial burdemieet the labor demand under
lean financial situation could predispose a houkkhead to stress, which in turn
could make the household head susceptible to radlemess. Therefore, the size of
farm holding may have positive or negative effattcoop output, depending on the
size (+/-).

Vi) Household labor: In a rural agricultural settingubehold labor is expected to be

less likely to predispose a household head to maalaress. It is expected that large
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amount of available labor force would ease the mishment of the farm tasks,
thereby giving little room to stress and malariagts (negative).

vii)  Household size: Is expected to be less likely tedimpose household heads to
malaria illness. Large households in typical adtical setting usually supply the
labor force for farm activities, consequently makithe work less rigorous and
stressful. However, with greater emphasis on chddcation, the notion of large
household having positive impact on agriculturadarction may no longer hold in
most rural communities in the state (negative).

viii)  Education: Educated household heads is expectbd tess susceptible to malaria
infection, having acquired better knowledge aboalama prevention and control
methods, compared to uneducated household heagisijrey).

iX) Age: The household head may be less likely to leelipposed to malaria illness,
depending on the age. Older age may be less sudedptthe infection, compared
to younger individuals (negative).

X) Farming experience: This would be less likely tedispose household heads to

malaria illness (negative).

3.2.4 Economic loss approach

The monetary value of the production, as a funcffgrof days of incapacitation was computed
using theEconomic Loss formula:

US$-equivalent = f(FA) . (4
Where, k= average number of days of farm time lost dumataria illness, A= average labor
wage/man-day (in US$-equivalent). For the purpdsestimating the economic value of the
average days of incapacitation (ADI), we establistveo benchmarks, namely; national daily
minimum wage (NDMW), and average (Yobe State) d&lyor wage (YDLW) rate. The
NDMW of N591.78 (or US$3.65) in Nigeria was based on th&l28pproved national
monthly minimum wage of=M3,000 (or US$111.11) per capita, and YDLA.8QQ or
US$4.93) per capita is the current daily labor wiade in Yobe State. However, the daily labor
wage rate can be different in time and space adtesstate depending on the demand and
supply of labor.

'Exchange rate at the time of this study wd$Rlto US$1
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40 EMPIRICAL RESULTS
4.1  Propensity Score Matching for Malaria-infected and -uninfected Households

This approach attempts to establish the suscaptibflhuman population to malaria illness on
the basis of certain socio-economic variables. @hs¥ems to be an intricate relationship
between malaria infection and a host of factors dledine the living of the populace. Malaria
parasites, especialliPlasmodium falciparum are present in the human body of Africans,
especially sub-Saharan African, but not everyonesgdown with malaria illness because
certain factors must predispose an individual tolanme illness, such as the functional
immunity level and stress factors. This analysismpted to establish a link between malaria

illness and individual’s socioeconomic charactersst

The logit model was used to analyse the propessityes of the comparable variables between
the infected and uninfected households, namely;Cdge household size (3%, education (%),
farm size (>4), household labor (8, and farming experience {X The object of this approach
is the likelihood of malaria infection among theotgroups, which is the dependent variable,
and the observed covariates as independent vasiallaly the infected and uninfected
households with comparable propensity scores waed for estimation of ATT. Consequently,
out 1145 original number of observations, only o&&ervations were matched, and used for

the analysis.

The overall effect, ATT estimate was negatively astdtistically significant (P<0.001),
implying that infected households could be lesslfiko be infected with malaria after match
balancing between the two groups, in other word, nheded adjustments through balancing
that would making infected households less suddeptto malaria illness (Table 1).
Furthermore, Figs 3-8 indicate that the matchingvben infected and uninfected groups was
generally good, except at higher levels of somiefcovariates such as farm size, and farming

experience.

Table 2 suggests that household heads with higipes, ehousehold sizes, higher household
labor, and farming experience were less likelypéoinfected with malaria, with only farming
experience that was significant (P<0.001). The tregaign of the coefficients theoretically
implied that susceptibility to malaria illness wdulecrease among household heads with every
unit increase in age, household size, householor labd farming experience while malaria
illness would likely increase with a unit increase education and farm size. There is

preponderance of evidence in literature that temdsuggest that individuals become less
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predisposed to malaria illness as they grow ol8ao{v and Omumbo, 2006; Charlwoetdl .,
2001; Kahnet al., 1999). In other word, malaria infection has dirgal age structure; for
instance, age 0-5 years appears to be the moseptilde period to malaria infection.
Independent estimates of malaria mortality amorighen under five years in Burundi, The
Gambia, Ghana, Kenya, Senegal, Sierra Leone, amdaha gave a median of malaria-
specific mortality rate of 9.33 per 1000 childregr year (Jamisost al., 2006). Nwaorgu and
Orajaka (2011) gave 0-4 years as most susceptdrledoto malaria infection in Nigeria. The
WHR (2002) reported a daily loss of over 2000 aleitd worldwide from malaria illness.
Similar findings were reported by the US Embassiigeria (2011), that malaria in Nigeria
has accounted for an estimated 86% mortality dfiodm less than 5 years of age in 2010. The
median of malaria-specific mortality of older chidd, age 5-14, was 1.58 per 1000 per year.
Among adults, age 15 years or older, the mediammaamortality rates were 0.6 per 1000 per
year (Snow and Omumbo, 2006). Similarly, malari@gtion during pregnancy was reported
to have far reaching consequences, such as reduwdtimirth weights and infant survival rates,
and expectant mothers who survive severe maldness may end up having children with
epilepsy, behavioural disorders, or cognitive immpant (Holding and Snow, 2001). Women
are considered as a vulnerable group, even to siseattacks, and because malaria infection
generally predisposes a person to other opportamigections coming from different diseases,
women could be more easily susceptible to diffeflenins of ailment, which could have
serious implications for households’ food situatiorareas where women play leading role in
food production. Todaro (2000) and FAO (1996) fouhdt women accounted for about 70
percent of agricultural laborers, which also acdednfor 60-80 percent of the food crop
producers both for household consumption and $alenalaria endemic areas such as sub-
Saharan Africa, frequency of exposure to malarralma a good determinant of the functional
immunity to the disease from birth. Snow and Maf&b02) noted “the speed with which a
population acquires functional immunity to the seveonsequences Bf falciparium infection
depends on the frequency of parasite exposure Bioth as measured by the intensity of
parasite transition in a given locality”. Therefoohildren conceived, born and/or brought up
in malaria endemic environment are more likely tovere malaria infections, since they tend

to develop functional immunity early in life.

The logistic regression estimates for householé sizd household labor suggest that large
household size and household labor may be les$y like predispose household heads to
malaria illness. In traditional agricultural segfjrhousehold members often supply the needed

labor force for farm work. Where sufficiently largenount of household labor is available, the
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emotional pressure and stress household headsgutdmwough in sourcing labor for the work
would reduce, which would in turn make the houseét@ad less susceptible to malaria illness
and many other diseases. Therefore, householdsemay greater relief from pressure on
labor, especially at the peak of farming operatiavisen most of the farm activities demands
for labor. Perhaps, due to the drudgery naturggatalture, as well as the practice of multiple
wives in Muslim communities in the state, familysegm is structured in favour of large
household size which also supplies farm labor tedies up stress that would predispose
household heads to different types of illnesses.

However, viewed from perspective of impact on poyearger families could be associated
with poverty and other vulnerability that may exdgusuch households from good quality
living (Nkonyaet al., 2007). The result also showed that Farming eepee was significantly
(P<0.001) less likely to predispose to malariagtiemn among household heads in the state.
This may be possible because as people acquire expegience in growing of crops they are
likely to be better able to manage agriculturalivatets, and such questions as “how” and
“where” to source labor and finance for farming;.ethereby reducing possible stress that
would lead to malaria illness. The results furtbieggested that educated household heads may
be more likely predisposed to malaria infectiomtcary to the assumed expectation. Educated
farmers may be resourceful and the reservoir ohifag knowledge, and may be responsible
for many spill-over agricultural technologies irs @ommunity, to the effect that the death of
such key individual, perhaps, due to malaria ikneuld have a serious negative impact on

agricultural production in his area of his/her ughce.

Table 2 further shows that households having lafgen size were more likely to be infected
with malaria in accordance with the theoretical uagstions, with the farm size being
significant (P<0.05). Perhaps, household heads large farm size may be more susceptible
to malaria illness because of the drudgery natfierap farming in the state, which subjects
farmers to a lot of emotional stress, thereby mmabing them to malaria. This may be
compounded by poverty, in which most farm familiasthe state may be undernourished
thereby become more vulnerable to many infectiotdyding malaria. Moreover, the Muslim
pudder system in which women, particularly wives are kiepseclusion further reduces labor
force that would have come from women, therebytipgitthe heads of households under

emotional pressure.
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4.2  Estimated Effectsof Malaria lllness on Crop Output

The nature of the instrumented variables may sugges presence of multicollinearity
problem. Consequently, the Condition Number (CN)swanalysed for the severity of
multicollinearity (Wijekoon and Dissanayake, 201Bhe estimated effects of the key malaria
indices, namely; days of incapacitation, cost ofama treatment, frequency of malaria illness,
and distance to source of treatment, are presemiddble 3. In order to confirm the presence
or otherwise of multicollinearity, a linear multiboearity check was done, with Condition
Number being 8.657672, which was not significantjebon and Dissanayake (2013) noted
that the condition number in the interval (30, 1@@jicates multicollineariy, and condition
number of greater than 100 indicates severe militieariy. Furthermore, analysis of the
Variance Inflation Factor (VIF) showed that; X 13.82192, X= 8.03369, X = 9.84882, and
Xi10 = 3.920889. Figure 9 shows that the VIFs greatantiO for all values indicate
multicollinearity (Wijekoon and Dissanayake, 201Bj)om the above regression equation, only

the days of incapacitation {Xhas VIF greater than 10.

4.2.1 Daysof malariaincapacitation

The days of incapacitation (DMI) constitute actlador days lost from carrying out normal
activities like farming as a result of malaria-gfiedll-heath. During the period of malaria
incapacitation, a typical farmer may stop work @t or completely due to debility arising
from malaria infection. Consequently, labor availgband productivity may suffer a setback.
Under severe malaria attack labor may not be availan the farm at all during the period of
incapacitation while in a situation of mild malaatack, the intensity or productivity of labor,
which is measured by work done per unit time, maydduced. The loss of workdays as a
result of malaria-specific illness had accounted tfee decline in farm outputs (Alaba and
Alaba, 2009; Rwaheru, 2011). Table 3 shows thenaséid effects of malaria indices on crop
output in the rural communities of Yobe State. Thefficient of days of incapacitation was
negatively significant (P<0.001), the negative ssgpported the theoretical expectation, that
malaria illness would cause real crop output rdadactThis finding has implication for
increased poverty among households in malaria elcdggnicultural communities, which may
give rise to a vicious circle of low crop outputMoagricultural investment-high poverty
continuum. Malaria-specific incapacitation therefoiconstitutes an important poverty

dimension that cannot be ignored in malaria.

One of the cardinal goals of Millennium Developmé&aols (MDGSs) is halving extreme

poverty by 2015. However, malaria-specific incatsmn has the capacity to reverse the
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celebrated gains of MDG | in many endemic countridgee UN-MDG program, especially the

goal of halving extreme poverty, has come to an éntl much socioeconomic evidence has
shown the presence of extreme poverty in the s@aeld it be that malaria infection is the

factor behind the reversal trend? Threat to cragyction in rural communities of the state
also means threat to life, because life revolvesuradt crop production among the farm
families. Perhaps, malaria illness, and the combiedfects of other factors, such as
insurgency, especially the menace of Boko Haraimateé change impacts, etc, might have
accounted for the state remaining as one of theresbostates in terms of economic

development in Nigeria.

4.2.2 Cost of malariatreatment

The cost of malaria treatment may be viewed from $tand points of public spending and the
out of pocket expenditure (OPE) of households. T¢tisdy analysed only the OPE of
households on malaria treatment. The results shoivatl the cost of malaria treatment
negatively impacted (P<0.05) on households croplytion, which may be interpreted from
the OPE stand point to mean less money would biéabieto households in the state in terms
of investment in crop production, education of hehad members, as well as saving to
cushion future financial pressures on househotdsther word, the OPE on malaria treatment
constitutes a deprivation of households in termpregent and future development plans, such
as investment in physical assets, agriculture, mqgayf schooling costs, and provision of
adequate daily food needs. The combined effectthede costs would negatively impact
households. Asenso-Okyeet al. (2009) observed that the cost of treating andeng
malaria could lead households to reduce farm gukmting of less labor intensive crops,
changing cropping pattern, adoption of labor-scanoc@vations that may be less productive.
Asante (2009) further noted that expenditure onanel like any other treatment costs would
reduce funds to hire casual laborers and to buytinpke fertilizers and improved seeds.
Furthermore, the use of personal savings for treatraf malaria illness may cause a financial
dislocation of household’s future plans. Chum (9006ted that even when cash is readily
available to pay for the cost of malaria treatméms available cash is usually budgeted for
other household needs, such as investment, ingudayment of school fees, buying of
agricultural inputs, clothing, repairs, etc. The w$ savings to finance cost of treatment would
require adjusting the household’s daily needs.thewoword, the use of household cash savings
for medical treatment is not an indication of casfailability, but some form of opportunity
foregone. On the other hand, the increased spemhgimgtional governments, and international

agencies on malaria prevention and control, suctlisisbution of mosquito treated bednets,
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constitute opportunity foregone in the macroecomodavelopment of national economies. At
the continental level, malaria costs Africa overfd3 billion annually and it is expected also

to have slowed down economic development in thémemt (WHO, 2010).

4.2.3 Frequency of malariaillness

An individual may suffer from malaria illness mpleé times during a production season,
depending on the functional malaria immunity ofiadividual, and the severity of malaria in

the locality. Table 3 further shows that the frempye of malaria illness among the farm

households had a significant (P<0.001) negativecefbn crop output. This study further

showed that, on the average, individual househetatived three bouts of malaria attacks
during the cropping season, which could negativmlyact food security. In a similar study on

the impact of malaria on food production in Westeéfighlands of Cameroon, Endah and
Ndambi (2006) noted that malaria posed a serioalieciye to food security as a result of the
vulnerability of farmers living in malaria proneeass. The high frequency of malaria iliness, on
the other hand, has implication for increased pgvamong households in terms of OPE on
malaria treatment, which in addition to indirectstof crop output reduction, could bring a

household under a serious economic burden.

4.2.4 Distanceto source of treatment

The cost incurred in terms of transportation fdres one’s location to another for the purpose
of receiving medical treatment, and the time talcereach the source of treatment, depend on
the distance. The fare incurred and time lostandling to the source of treatment constitutes
the opportunity cost of treatment. The results ssgghat the opportunity cost of receiving
malaria treatment was the decline in crop outpbiclvwas significant (P<0.05), implying that
the value of the travelling time and fare paideaah the treatment site — proxy for distance to
source of malaria treatment — would impact neghtiva crop production of malaria infected
households. The cost incurred to reach sources afarrm treatment may be further
compounded by the fact that often times, malarfacted individuals do not go to hospital
alone, but in company of care-givers, which mayhierr increase the economic burden and
plunge households further into poverty by redudingir ability to expand crop production,

which constituted the main source of livelihood agehe rural households.
4.3  Estimated Value of Farm Labor Forgone

An average of 19.06 workdays was lost as a diréetteof malaria-specific illness during the

cropping season, which also represented the actagé and/or revenue foregone by malaria
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infected households. Using Economic Loss approact,the opportunity cost of labour, the

economic implications of malaria illness was coneplut

The proxy for opportunity cost of labour was beneahked in the Nigerian national minimum
wage (NMW) and the Yobe State average daily lalveage (YADW) rate. Using the NMW
and YADW, the average days of incapacitation of0&9days translated te-14,279.32 (or
US$69.44), and=hb,248 (or US$94.12), respectively. The economialyais of days of
incapacitation recognises the methodological diffies involved in the valuation of the
opportunity cost of labor due to incapacitationr Roany people, agriculture is not just the
production of food for the households, or for comeeeand industrial production, but it is also
a way of life, around which the world revolves fmany rural households. For this reason
many elements of cost connected with opportunist oblabor (as a result of illness or death)
do not lend themselves for valuation in monetarymse thereby complicating the
methodological challenges involved in the valuatitathnique. In order to reduce this
complexity, the opportunity cost of labor due toathe of household heads as a result of
malaria-specific illness was not assessed in thidys moreover, data for this study were

collected from the cross-section of farmers follogvtheir discharge from hospitals.

The economic implication of farm labor foregone doienalaria illness brought to the fore the
economic imperatives of malaria in household econoim Yobe State, for instance, where
extreme poverty ranks highest in Nigeria (C-GIDMO03), a loss of one workday or the
opportunity cost of labor foregone, based on theWgr YADW is equivalent to US$3.65 or
US$4.93, respectively. This should be understoagpoesent the means of subsistence for the
household, since many household subsisted on tessa dollar a day (Oclat al., 2013).
Therefore, the absoluteness of the value of daysoalpacitation may mean little, unless it is
viewed from the stand point of extreme povertyagitn, in which much more than dollar and

cent are at stake, such things as decent livitigesteem, etc.

CONCLUSION

Malaria affects more people in the developing wottdthe extent that many believe it is a
disease of poor countries. Although the Italian Frmaa” means “foul air”, and the over 3

billion people in 106 countries and territoriessposed to malaria are largely in developing
countries of Africa and Asia, malaria is a climagibenomenon. Malaria is responsible for
more deaths in the world than any other diseastydmg an estimated 100 million malaria

cases with over 300,000 deaths per year in Nigeria.
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This study attempted to analyse the farm-level alirend indirect effects of malaria on
households. Using propensity score matching, ka&ditiood of malaria infection was evaluated
in relation to age, household size, farm size, féabor, education, and farming experience
among infected and uninfected households. Similanky linear regression provided empirical
evidence that the instrumented variables had sogmfly reduced crop out among malaria
infected households. The economic loss approadahg tise opportunity cost of labor foregone
further stressed the economic imperative malariargrthe infected households In all, the
empirical analysis recommends a targeted malangrpm for the safeguard of farmers as it

were for pregnant women and children aged 0-5 years
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Table 1: Mean treatment before and after match balancing

Variable Before After P-value
Age (X1)

Mean infected 44 .97 44 .97 0.165
Mean uninfected 45.8.6 45.997 0.0399**
Household size (¥

Mean infected 8.9304 8.9304 0.4644
Mean uninfected 9.0992 9.0397 0.5600
Education (%)

Mean infected 1.9974 1.9974 0.1195
Mean uninfected 1.8198 1.95140.6277 0.6277
Farm size (%)

Mean infected 2.4764 2.4764 0.2657
Mean uninfected 2.376 2.4727 0.9588
Farm labor (%)

Mean infected 89.083 89.083 0.3981
Mean uninfected 91.084 90.292 0.5485
Farming experience gX

Mean infected 8.5866 8.5866 0.0000***
Mean uninfected 10.123 8.4032 0.090*

* p<0.1, **P<0.05, and ***P<0.001
Estimates are the mean effects before and afteshingt for each variable, indicating possible
adjustments that could be made between infecteduaimdected groups. Only the mean effect
of uninfected age after matching was significartQB5).
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Table 2: Logistic regression coefficients using R package

Variable Coefficient Std. error Z- value Pr(>|z|)
Intercept 1.747733 0.401963 4.348 1.3H%*0
Age (X1) -0.007350 0.006534 -1.125 0.2606
Household size (3 -0.029539 0.018820 -1.570 0.1165
Education (%) 0.059037 0.037415 1.578 0.1146
Farm size (%) 0.077976 0.044013 1.772 0.0765 *
Farm labor () -0.000836 0.001508 -0.554 0.5794
Farming exp (%) -0.073730 0.013892 -5.307 1.11e-07 ***
ATT -242.51 -4.2276 2.3624e-05***

*** P<0.001, *P< 0.01, *P< 0.10, NS Not significan

Table 3: Effects of malariaindiceson crop production in Yobe State

Variable Estimate Std. Error t-value Pr(>|t|)
Intercept 2354.15040 25.10832 93.760 2e-16 ***

X7 Days of incapacitation -77.89928 4129 -18.866 2e-16 ***

Xg Cost of treatment -64.73603 29.71890 172. 0.0297 *

Xgo Frequency of malaria illness -0.07543 1651  -4.568 5.74e-06 ***
X10 Distance to source of treatment -36.29820 071988  -1.902 0.0575*

R? 0.823

***P< 0.001, ** P<0.01, *P<0.05
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Malaria in the agricultural
household sector
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Fig. 1: Conceptual framework for malaria and adtize linkages, culled from Asenso-Okyere
et al. (2009)
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Fig. 9: Graph showing linear relationship amongwvaeables %, Xg, X9 and X
Y X % X X0

Y 1.0000000 -0.9040762 -0.8377732 -0.834137RAED149

X7 -0.9040762 1.0000000 0.9214103 0.9458558 UB3®

Xg -0.8377732 0.9214103 1.0000000 0.8936291 OEH

Xg -0.8341376 0.9458558 0.8936291 1.0000000 10187

X10-0.7469149 0.8367236 0.8519008 0.7910187 1@IWO

Where, Y=crop output, %days of incapacitation, g&cost of treatment, g<frequency of
illness and X¢=distance to source of treatment.
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