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Malaria is the world’s most important parasitic infectious disease, and is a major 

cause of mortality and morbidity in many developing countries.  In this dissertation 

I study the interaction of malaria and economic development at both the macro- and 

micro-economic levels. 

In the first essay I examine the economic impact of malaria on income per 

capita using cross-country time-series data for 100 malaria prone countries between 

the years 1985 and 2001.  I try to explain the so-called “malaria gap,” which refers 

a general difference (gap) in parameter estimates found between macro- and micro-

economic studies of the impact of malaria on economic well-being.  By using more 

detailed data and controlling for a larger number of economic determinants of 

malaria than previous macro-economic studies, I am able to resolve most of the 

“malaria gap” associated with earlier studies in the literature.  I show that the 

impact of malaria on economic well-being is statistically significant but fairly 

small, which coincides with the findings of certain recent micro-level studies.  

Policy implications of these empirical findings are discussed. 

 In the second essay I turn my focus to the fact that malaria itself is an 

endogenous variable over which households and government have some control.  I 

start with simple plots of data that show that malaria has a negative correlation with 



national income per capita, whether looking across countries at a point in time, or 

looking at a single country over time.  Some countries have moved steadily over 

time from an equilibrium characterized by low income and high malaria, to a new 

equilibrium with a relatively high income and low rate of malaria.  I develop and 

estimate a simultaneous equations model to explain these relationships.  I 

distinguish three potential causal chains: the ability for decreases in malaria to 

increase income, the ability for increases in income to reduce malaria (reverse 

causality), and external factors that may lead to both higher income and lower 

malaria (incidental association).  I find that changes in income have a much 

stronger effect on malaria incidence than the other way around.  While a 1% rise in 

the number of malaria cases per million decreases income per capita by less than 

0.01%, a 1% rise in income per capita decreases the number of malaria cases per 

million by more than 1.1%.  If income were just 1% higher, 603,189 cases of 

malaria could be averted annually in the 100 countries of the sample. 

 In the third essay I take a completely different approach in that I use micro-

economic household survey data to examine how farming households in poor, 

malaria-prone areas respond to an outbreak of malaria.  I focus on their choice of 

cropping pattern, since they may shift away from labor-intensive, high-risk yet 

high-return crops towards those with lower risk and effort yet much lower returns. 

Households may also move away from formal jobs with long time commitments 

towards daily labor type activities in which they only work when healthy.  These 

hypotheses are tested using detailed data for 919 households of the Kagera region 

in Tanzania over the 1991-94 period.  To specify an appropriate econometric 

model, I first develop a theoretical model that captures the micro-economic 

processes that I highlight above.  The econometric results are generally consistent 

with the ideas in the theoretical model.  Outbreaks of malaria and other natural 

disasters, such as pest attacks and drought, prompt households to move away from 

chemical-input- and labor-intensive crops (e.g., sugarcane, tobacco, cotton) towards 

subsistence (e.g., cassava and sweet potato) and tree crops (e.g., coffee and 



banana). At the same time, they are found to be depending more on casual labor 

employment and remittance income, while cutting down expenditures on purchased 

agricultural inputs and net asset creation. 
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Chapter 1: Introduction 

 

1.1 Background and context 

This dissertation investigates three issues related to malaria.  Before I discuss each 

of those, I first provide a brief background and context of the problem. 

 Malaria is one of the major causes of human morbidity and mortality in 

developing countries.  In 2008, 247 million people got infected by this disease 

worldwide and 881,000 of those cases resulted in mortality (World Malaria Report, 

2008).  There are many vectors of malaria spread around the world, mainly among 

developing countries.  However, the intensity and epidemiology of malaria varies 

greatly with geography, demography, economic conditions and existing health 

infrastructure. 

 Geography and climatic conditions play a vital role in reinforcing the 

impact of malaria (Gallup and Sachs, 2001).  For instance, the impact of malaria is 

seen to be greater in tropical and sub-tropical regions than in temperate and desert 

regions.  Since temperature in tropical and sub-tropical regions varies between 18 

and 35 degree Celsius, it is an ideal condition for malaria transmission (Sachs and 

Malaney, 2002).  Greater proximity to water bodies and humidity greater than 60% 

are found to be ideal conditions for malaria (Pampana, 1963). 

 Pregnant women and children below the age five are most vulnerable to 

malaria in terms of mortality.  Pregnant women are more vulnerable because they 

experience depressed immunity during pregnancy, endangering the lives of both 

mother and the child (Sachs and Malaney, 2002).  A similar problem arises with 

children below the age of five as their immunity systems are not yet fully 

developed.  It is estimated that every 45 seconds a child dies of malaria worldwide 

(World Malaria Report, 2008).  In many cultures there is little social stigma 

attached to malaria as most of the time it is thought to be a case of simple fever.  

Often it is only in severe cases that its impact is taken seriously. 
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 Since malaria affects human health, it also affects economic growth and 

development.  At the macroeconomic level, Gallup and Sachs (2001) have shown 

that a 1% increase in malaria morbidity index reduces income per capita by 0.03%. 

Malaria reduces national income by inhibiting investment, savings and tourism.  In 

the past, major investment projects in Mozambique and tourism in Greece, Portugal 

and Spain have suffered due to malaria (Sachs and Malaney, 2002). 

At the microeconomic level, malaria imposes direct economic costs.  It not 

only increases medical costs on treatment and prevention, but also causes those 

inflicted with the disease to forego income and employment opportunities due to 

prolonged illness.  Malaria episodes during childhood can result in impaired 

cognitive development, disabled learning ability and can encourage school 

absenteeism, which may result in inadequate human capital formation (Sachs and 

Malaney, 2002).  Furthermore, malaria provokes households to migrate from high 

malaria risk regions in the rural areas to low risk regions in urban areas, as seen in 

some newly independent countries (Durham and Lashley, 2007).  Given its long 

term preponderance in an affected region, malaria alters various strategic decisions 

at the household level including cropping choice, fertility, schooling, demography, 

migration and savings (Sachs and Malaney 2002). 

With respect to crop choice, for example, Conly (1972,1975) and 

Laxminarayan and Moeltner (2006) in the contexts of Paraguay and Vietnam, 

respectively, showed that repeated outbreaks of malaria caused households to shift 

their portfolio of crops in favor low-risk, low-return crops like cassava, sweet 

potato and away from high-risk, high return crops like tobacco and sugarcane.  

They also found high infant mortality due to malaria. High mortality among 

children below the age of five has contributed to high fertility rates, as parents tend 

to have more children to replace ones they lose. 
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1.2 Overview of Dissertation 

Keeping both macro and microeconomic implications of malaria in the forefront, 

the present dissertation examines the developmental implications of malaria at both 

micro- and macro-economic levels.  I document stylized facts from new ways of 

looking at data that relates malaria to economic outcomes.  Empirical evidence is 

taken from national-level time series data as well as from micro-level household 

survey data from a well-known malaria prone region - namely, the Kagera region in 

Tanzania.  The lessons of my theoretical and empirical investigations of malaria at 

both macro- and micro-economic levels are anticipated to facilitate development of 

public policies that could potentially reduce the burden of malaria in the developing 

world.  The dissertation is organized in the form of three essays, which are 

presented in the next three chapters.  The last chapter attempts to bring out the 

policy implications of the three main essays. 

The first essay (chapter 2) examines the macroeconomic impact of malaria 

on income per capita using cross country time series data for 100 malaria prone 

countries from 1985 to 2001.  I have attempted to precisely quantify the role of 

malaria in holding some countries back in terms of raising their standard of living. 

This idea has been examined before by Gallup and Sachs (2001).  However, there 

are a number of possible reasons why they may have overstated the relative 

importance of malaria.  First, earlier estimates were based on cross sectional data at 

fixed point in time for a lesser number of countries.  In my case, I use a time series 

to capture both the inter-temporal and cross-sectional variation in malaria overtime. 

Second, I look into malaria morbidity cases, irrespective of the type of malaria 

vector, rather than an exposure index constructed by multiplying the proportion of 

population exposed to malaria to the fraction of falciparum malaria cases among 

total cases of malaria (this was done by Gallup and Sachs, 2001).  Hence just by 

looking at the most dangerous vector falciparum as a representative vector of 

malaria, the global impact of malaria may have been exaggerated.  General malaria 
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morbidity data, on the other hand, is a comprehensive measure of the total impact 

of malaria which is being used in the current context.  Another major advantage of 

my approach is to use a formal economic model by which I can correctly identify 

the different directions of causality.   I include economic factors such as capital and 

labor in model specification in addition to other geographic, demographic, 

education and trade factors.  A theoretical model is used to explain the relationship 

between national income and malaria which makes use of the expanded properties 

of neoclassical production function (expanded to include a health factor).  I 

estimate country and time-wise fixed effects after categorizing the countries into 

two climatic zones – namely, tropical/sub-tropical and temperate/desert regions.  

Appropriate control variables are thus introduced to perform disaggregated analysis 

of the impact of malaria separately for two agro-economic zones.  Interaction terms 

are also allowed between malaria and time variables, on the one hand, and between 

malaria and climate variables, on the other.  Disaggregated data analysis and 

controlling for effects of various relevant factors in this context allows a more 

refined assessment of the impact of malaria on national income. 

In general my results show that malaria has a smaller impact on national per 

capita income than existing macro-level studies (Gallup and Sachs, 2001; 

McCarthy, Wolf, and Wu, 2000; Ngeleza, Florax, and Masters, 2006).  Detailed 

comparison is not always possible because of the many ways in which the studies 

in this literature differ.  They tend to use a different measure of malaria incidence 

across countries, and traditionally have not considered time series data as I do here.  

In the case of Gallup and Sachs (2001), for example, my measure of malaria 

(morbidity per million people) tends to have a smaller effect on income than their 

measure of malaria (a constructed falciparum malaria index).  While my results 

show that malaria does indeed decrease national prosperity (a statistically 

significant result), it is economically small, at least compared to Gallup and Sachs 

(2001).  This makes my results, however, more consistent with very recent 
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evidence from studies that use micro-level data (e.g., Laxminarayan and Moeltner, 

2006).  In this sense I believe I have made an important contribution to the 

literature. 

Chapter 2 (the first essay) leaves unanswered the question whether or not 

there are feedback effects between malaria and a nation’s standard of living.  On 

this topic there is no empirical evidence in the current literature.  My idea is that 

economic growth and development may often occur for reasons unrelated to the 

presence of malaria.  Malaria affects labor supply but this is only one part of the 

production function and may not be as important as other factors in raising national 

prosperity.  If peoples’ income increases, this by itself lead to a reduction in rates of 

malaria. This can happen because people in developing countries may have the 

tools for prevention and treatment of malaria (e.g., mosquito nets), but these are 

very expensive for poor people.  Sustained reductions in malaria may therefore be 

possible only if people get more money in their pockets. 

Building on this idea, in Chapter 3 I examine the potential for a two-way 

causal relationship between malaria and income per capita. Simple plots of data 

show that malaria has a negative correlation with national income per capita, 

whether looking across countries at a point in time, or looking at a single country 

over time.  Some countries have been able to move from an equilibrium 

characterized by low income and high malaria, to a new equilibrium with higher 

income and lower rates of malaria.  I distinguish three potential causal chains: (a) 

the ability for decreases in malaria to increase income, (b) the ability for increases 

in income to reduce malaria (reverse causality), and (c) external factors that may 

lead to both higher income and lower malaria (incidental association).   

Knowing the relative importance of (a), (b), and (c) may be important for 

international development policy. If the negative relationship between malaria and 

national income is driven mainly by the positive effects of reducing malaria, so that 

income can increase, then the policymakers may want to redirect public 
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expenditures towards malarial prevention and treatment (Gallup and Sachs, 2001). 

If, however, rising incomes seem to be the preliminary contributor to the negative 

relationship between malaria and national income per capita, then the policy 

implications could be different. The government may want to focus expenditures 

on activities that grow the economy first and foremost, leaving malaria prevention 

and control to subsequent rounds of expenditure paid for with the newly generated 

income. Knowing the relative importance of these two channels is important since a 

number of countries appear to be trapped in an equilibrium characterized by low 

income per capita and high malaria rates.  

To get at this issue, I develop a simultaneous equations model of malaria 

and income per capita in chapter 3 (the second essay).  I start with a household 

whose utility is a function of consumption and as well as the household’s health 

status, as represented by malaria.  The latter is primarily decided by malaria in a 

strong malaria prone region.  Malaria in turn is affected by investment in malaria 

prevention and treatment as well as other exogenous factors, such as climate and 

health infrastructure.  Every household is a consumer as well as a producer, whose 

productivity is influenced by incidence of malaria as well as other factors, such as 

capital stock. This model highlights the conflict that arises between provision of 

resources towards malaria prevention and treatment, on the one hand, and their use 

to meet direct consumption of various other goods, on the other.  Diversion of 

resources towards consumption may enhance utility through better health, which in 

turn leads to an increase in household productivity.  

Econometrically the effect that malaria has on national income per capita is 

separated from the effect that income has on malaria. The problem of identifying 

channels (a), (b), and (c) is handled through use of appropriate instrumental 

variables.  This has been possible because each of the two equations (one in which 

malaria is impacting income and the other in which income is impacting malaria) 

lacks explanatory variables that are important for the right-hand side of the other 
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equation.  For example, the equation with income as the independent variable does 

not include determinants of malaria such as climate, geography, percentage of 

children in the population and number of physicians.  Likewise, the equation with 

malaria as the dependent variable does not include determinants of income such as 

tariff rates, labor intensity, and capital intensity.  This is how these separate effects 

are identified, and allow me to uncover the simultaneous relationship.  A series of 

specification tests are performed to check the robustness of the results. 

The first two essays consider implications of malaria at the macroeconomic 

level, but they do not examine the microeconomic mechanisms through which 

malaria impacts household income.  The third essay (Chapter 4) attempts to trace 

the impact of malaria at the microeconomic level.  For this study I was able to gain 

access to a novel dataset from a malaria prone region of Tanzania, the Kagera 

region.  Here, malaria is an epidemic due to its geographical location, acute 

poverty, and absence of infrastructure, basic amenities, formal insurance, and credit 

markets.  These limitations force the households to adapt strategies to deal with 

crop failure and make suitable choice of cropping pattern and other economic 

activities.  Against this backdrop, the third essay uses the Kagera Health 

Development Survey (KHDS) data for 919 randomly selected households 

interviewed annually from 1991 to 1994 to test a major hypothesis that households 

adapt to malaria risk and frequent natural calamities by shifting from crops that are 

with high-risk (but high-return) to those having low-risk (but low-return).  These 

latter crops tend to be less labor intensive and do not require long term 

commitment, planning, or investment. 

The idea behind the main hypothesis is that, first, the outbreak of malaria 

reduces family labor supply.  Second, occasional but persistent illness due to 

malaria often degenerates ‘standard labor’ with normal working capabilities to a 

‘non-standard one’. Third, the two above-stated effects reduce total family income 

– whether generated inside through family enterprises, or earned through market 
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participation.  Fourth, expenditure incurred on cure and treatment of malaria tends 

to further reduce family income, curtailing household resources for potential 

investments in agricultural and non-agricultural activities.  Fifth, households are 

forced to run down their past savings and rely on remittance income and even 

engage in casual labor activities.  The ease with which a household makes the 

above stated adjustment greatly depends on the household’s dependence on 

farming activities and its access to various instruments at the household, 

community, market, and government levels.  

A theoretical model is developed to explain the microeconomic processes 

involved in making choice of crops, economic activity and expenditures on 

agriculture inputs and health in the presence of malaria.  For simplicity, I 

concentrate on only one risk (malaria) and on land and labor allocation across two 

crops – a subsistence crop and a cash crop.  The allocation of labor takes place 

between agricultural and non-agricultural activities.  A subsistence crop is 

generally consumed entirely on the spot, whereas cash crop is sold entirely in the 

market.  Households incur health expenditures for malaria prevention and 

treatment. Households maximize their utility by consuming subsistence crops and 

cash obtained through selling cash crops in the market.  I use a profit function 

approach to decide on land and labor allocation decisions, as in a typical 

agricultural household model, wherein input application and asset investment 

decisions are also accommodated.  I derive the reduced form equations by 

optimizing the profit function as well as the utility function, irrespective of whether 

the two optimization exercises are separable or not. 

The reduced form equations of the above-stated model are then estimated 

with the Kagera data in a seemingly unrelated regression (SUR) structure for 

deciding on the roles of six classified crop categories, four major income sources, 

net asset holding, and expenditures on agricultural inputs used and health care. The 

impact of malaria and disaster and their interactive effects are found to be 
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significant on all these dependent variables.  Household characteristics (e.g., gender 

of household head, health status of family, asset holdings, size of the family) are 

typically statistically significant with anticipated signs. Community level variables 

which work as safety net for the households amidst disasters and malaria outbreaks 

such as access to irrigation, cooperative, post and telecommunication, banking, 

market etc. are found to play important role in microeconomic decision processes. 

The results are found to be robust and consistent with the hypothesis. 

In the final chapter I review the results from these essays and put them into 

context with some of the rest of the literature on malaria.  I end with overall 

conclusions, identify limitations of this research, and provide suggestions for 

further research. 
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Chapter 2: Malaria and National Income: A Longitudinal Macro Perspective 

 

2.1 Introduction 

Despite a number of medical advances concerning malaria, it remains a major 

problem in much of the developing world (Packard, 2009).  This is due to factors 

like persistent poverty in certain tropical and sub-tropical regions, parasite 

resistance to affordable anti-malarial drugs, human migration into malaria-prone 

areas, weakening public health systems in some countries, engineering projects that 

sometimes lead to water logging, and global climate change (Sachs and Malaney, 

2002).  In response, the international community has launched efforts such as ‘Roll 

Back Malaria’ and ‘Global Fund for AIDS, Tuberculosis and Malaria’ to control 

the disease.  One motivation of such programs is to reduce malaria morbidity and 

mortality and thereby achieve the potential gains in economic development that are 

anticipated to follow from malaria reduction and health improvements (Gomes, 

1993).  Recently Packard (2009) has identified serious methodological deficiencies 

in the macroeconomic approach towards estimating the cost of malaria in terms of 

loss in GDP per capita or in its growth.  We have tried to address some of his issues 

in this chapter and in the next chapter to overcome some of the limitations of the 

existing studies. 

 The current chapter stops short of estimating a multitude of relations 

relevant in this context – especially in the absence of a comprehensive and 

exhaustive set of cross-country data, it attempts to provide a refined single equation 

estimate of the impact of malaria on GDP per head, after controlling for several 

fixed effects and also after stratifying of the cross country sample into several 

homogeneous categories. As a result, the impact of malaria coefficient turns out to 

be much less than what has been predicted earlier by Sachs and his associates. By 

implication, if malaria imposes a lesser burden on growth, other development 

parameters have assumed much greater significance. 
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 This chapter thus examines malaria-income relationship in the context of 

historical experience of 100 countries that have had separate experiences with 

respect to malaria over time.  More specifically, I have examined three research 

questions. First, how much does malaria affect GDP per capita in malaria-stricken 

countries?  Second, to what extent do alternative explanations for countries’ 

income and growth prospects, such as climate and other geographical factors, play 

a role? Third, is it possible to provide an explanation of the so-called “malaria gap” 

that has been identified in Gallup and Sachs (2001) and McCarthy, Wolf and Wu 

(2000)?  The malaria gap refers to a disparity in estimates of the impact of malaria 

on economic development between those obtained from the macroeconomic and 

microeconomic levels.  In particular, the estimates at the microeconomic level tend 

to be smaller than those at the macroeconomic level (Gallup and Sachs, 2001).  

One reason for the larger impacts at macroeconomic level could be presence of 

various economic and non-economic externalities that prevent taking advantage of 

economies of scale, discouraging tourism and foreign direct investment that occur 

over and above the individual effect of malaria (Malaney, Spielman and Sachs, 

2004).  Microeconomic estimates, on the other hand, look at shorter periods of time 

and examine impacts limited to individual or household level.  The macroeconomic 

impacts of malaria on living standards are of longer term as they involve decisions 

to attend school, to save and to migrate. Malaria can potentially change the long 

term income streams in a far more remarkable fashion than is indicated by case 

analysis of costs borne by households. Hence, the gap between microeconomic and 

macroeconomic estimates can be due to certain economic externalities which are 

often lost sight of while assessing the direct effects of malaria on at the micro level 

(Malaney, Spielman and Sachs, 2004).  

The answers to the above stated three questions have implications not only 

for appropriate and accurate malaria impact assessments but also for the choice of 

policies to control malaria.  I introduce several refinements in statistical estimation 
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of the macroeconomic effects of malaria on GDP per capita.  First, the impact of 

malaria on a region can be better captured at an aggregate level via time series 

rather than at one or two points in time.  This can be seen visually in Figure 2.1 , 

which plots the time series variation of malaria cases in Sub-Saharan Africa, where 

malaria is endemic.   One factor to consider is that the malaria parasite often 

remains inside its host in latent form even when the symptoms disappear, so people 

often misguidedly stop taking their anti-malaria drugs prior to complete eradication 

and thereby allowing it to re-emerge and to spread to others through mosquito bites 

(Filmer, 2005).  In other words, malaria, often has a temporal dimension – its full 

effects can only be seen over time, as well as over space.   

 Second, given the strong interdependence between climate and geography, 

on the one hand, and the incidence of malaria, on the other, it is expected that 

tropical and semi-tropical countries would form environments distinct from those 

of temperate and desert countries, so that the impact of malaria on development 

would be different. I therefore divide countries into two regions - namely, 

tropical/sub-tropical and temperate/desert regions - to study the differences in 

impact of malaria between the two groups of regions.   In this process, I also 

identify a few other stratification categories across countries, which may reveal 

quite different effects of malaria on GDP per capita from one such category to 

another.   

 Third, Gallup and Sachs (2001) have used an index of malaria morbidity - 

precisely, the probability of getting affected by falciparum malaria in a country 

multiplied by the proportion of falciparum cases in the total of all malaria cases, to 

assess the impact of malaria on GDP per capita.   On the other hand, I use actual 

morbidity data on all types of malaria.  Falciparum is a major malaria type but 

corresponds to only 35% of total malaria cases according to World Health 

Organization data.  Both measures have their own distinct advantages and 

disadvantages.  The index used by Gallup and Sachs (2001) is exogenous to other 
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independent variables used to explain GDP per capita, thereby reducing the 

potential for multicollinearity. While actual morbidity is a broader measure than an 

index for assessing the full economic burden of malaria on development, applying 

it to only the single malaria vector falciparum has its own limitations.  My overall 

measure of malaria morbidity, on the other hand, has variation over time and may 

therefore have simultaneity with GDP per capita as well as other explanatory 

variables.  After estimating the impact of malaria morbidity on GDP per capita in 

the presence of appropriate controls in the present chapter, I explicitly address the 

issue of simultaneous variation in malaria morbidity and GDP per capita over time 

in the next chapter. 

 The remainder of the chapter is organized as follows. Section 2.2 provides a 

short overview of the literature.  Section 2.3 describes the dataset used as well as 

the empirical approach employed therein.  This is followed by presentation and 

interpretation of econometric results in three subsections. Section 2.4 compares the 

findings of this chapter with those of Gallup and Sachs (2001), McCarthy, Wolf 

and Wu (2000) and Ngeleza, Florax and Masters (2006).  In the concluding section 

(2.5), I highlight the key findings of the study and their implications for health and 

development policy.  

 

2.2 Review of Literature 

I review two broad types of literature.  The first type examines the relationship 

between health in general and economic development, whereas the second type 

focuses more narrowly on the relationship between malaria and development.  Not 

surprisingly, there is much similarity between the two approaches in terms of 

underlying issues and estimation procedures.  It is no surprise therefore that a 

number of points made by the two sets of authors are identical or nearly identical. 

The health and development literature identifies the detrimental effect of 

poor health on income per capita (Bloom, Canning and Sevilla, 2003).  Bad health 
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reduces the productive capacity of a country by adversely influencing physical 

strength, absenteeism, educational attainment and total factor productivity (Bloom, 

Canning and Sevilla, 2004; Cole and Neumayer, 2005).  The incidence of various 

diseases like HIV/AIDS, malaria, tuberculosis etc. also dampens both GDP and its 

growth rate by negatively affecting labor productivity through imposition of both 

direct and indirect costs (Bloom, Canning and Sevilla, 2004).  The existing 

literature identifies a two-way causal relationship between income per capita and 

general health status, and also recognizes that there is a lagged adjustment between 

them (Bloom, Canning and Jamison, 2004).  The literature also highlights the 

possibility that there may be threshold effects such that the relationship between 

income per capita and health may be non-linear (Strauss and Thomas, 1998).  So, 

the literature calls for application of sophisticated econometric techniques.  The 

need for using instrumental variables arises in many cases due to potential 

endogeneity of some of the explanatory health variables (Cole and Neumayer, 

2005).  

The malaria and development literature looks upon malaria as a major 

deterrent to economic growth.  It also confirms a consistent negative impact of 

malaria on GDP and its growth, even after suitably controlling for the roles and 

contributions of other growth-influencing factors (Gallup and Sachs, 2001). 

However, malaria has been practically eliminated in temperate zones and its 

incidence significantly reduced in semi-tropical and island states.  But it has re-

appeared with greater vengeance in tropical regions in recent years partly due to 

resistance developed to malaria control medicines and fumigants, and also partly 

due to the failure by several developing country governments to combat malaria in 

endemic regions.  Gallup and Sachs (2001) have debated over malaria’s role as a 

cause or an effect, but argued that its severity is determined mainly by climate and 

ecology.  However, they have admitted that through use of bed nets, higher levels 

of development, larger government health budgets and greater effectiveness in the 
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allocation of those budgets, it is possible to control malaria, though with some lags 

(Gallup and Sachs, 2001).  

According to McCarthy, Wolf and Wu (2000), increase in malaria cases per 

million by one unit reduces growth rate of GDP by 0.06% in malarious countries 

and also reduces growth by 0.25% in endemic countries.  Moreover, both 

McCarthy, Wolf and Wu (2000) and Sachs and Malaney (2002) recognize the 

possibility of two-way causality between malaria and economic growth, which 

needs to be studied carefully before specifying the most appropriate economic 

model and lag structure.  The literature also admits of huge direct and indirect 

social burdens of malaria in terms of direct and indirect costs imposed on labor 

(Sachs and Malaney, 2002). Malaria creates a collective negative externality by 

affecting local trade (including tourism), internal mobility, specialization and 

worker productivity, infant mortality, savings and investment, school attendance 

etc. – all factors acting as long term deterrents to economic growth  (Malaney, 

Spielman and Sachs, 2004).  The literature thus seems to suggest the need for a 

global level integrated approach to combat malaria (Hotez, Molyneux and Fenwick, 

2006).  

It is important to recognize in this context that institutions and technology 

too could influence the national income through several possible channels, thus 

highlighting the need for a better understanding of the impact of malaria on income 

(Ngeleza, Florax and Masters, 2006).  Ngeleza, Florax and Masters (2006) have 

tested for partial relevance of both institutions and technology in a spatial model 

allowing for spatial error autocorrelation, correlation across equations and presence 

of spatially lagged dependent variables.  However, their results are based on 

intuitive reasoning rather than derived from theory or founded on rigorous 

empirical testing of data, so that one can possibly argue that an alternative 

formulation of structural equations could produce an altogether different result. 

Their paper uses five-year moving average data at several time points rather than 
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tracing the time series of endogenous income determination process.  In contrast, 

the current chapter attempts to capture the dynamics of the interaction between 

income and malaria in a simple single equation framework against actual time 

series data spanning over a period of 17 years. 

 

2.3 Model specification, description of data, methodology and empirical results 

In this section I describe the model used to study the impact of malaria incidence 

on real income across countries and over time.  The underlying idea comes from 

the typical neo-classical production function relating output (Y) to the capital stock 

(K) and the labor force (L), subject to constant returns to scale and diminishing 

returns to a variable factor: 

( , )Y AF K L=  

where A is an exogenous parameter. Using the property of constant returns to scale, 

the same production function can be re-written as 

, ( , , )Y K LAF AF k l h
N N N

 = = 
 

 

N stands for total population, l stands for labor force participation rate, and k stands 

for physical capital per head.  Human capital factor per head (h) may influence Y/N 

in two broad ways.  First, it may influence the total factor productivity, i.e., A=A(h). 

In the current context, malaria may be interpreted as affecting h. Second, an 

alternative formulation could be malaria entering as a multiplicative factor to the 

labor force participation rate l, thus influencing labor productivity, besides having 

also having  impact on income per head through influencing the efficiency of 

physical capital per head, k (thus, malaria also entering as a multiplicative factor to 

k).  In this chapter, I shall work with both formulations assuming that several 

factors, including malaria, are affecting this h factor.  In formulation (I) the malaria 

variable enters the model independently of k and l, thereby directly affecting the 
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total productivity parameter A, whereas in formulation (II) malaria enters as 

multiplicative factor to both k and l. 

Formulation (I): 

( )0 1 2 1 3 4 5 6 7

8 9

ln ln ln ln ln ln
ln ln ...(2.1)
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Formulation (II): 
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In both formulations, Gross Domestic Product (GDP) per capita in 

purchasing power parity prices (PPP) for country i at time t is explained in terms of 

both proximate and underlying determinants.  Drawing on Neoclassical Growth 

Theory (Solow 1956, 1957; Mankiw, Romer, and Weil, 1992), and assuming 

countries are at their steady-state income levels, I include the following sources of 

income differences: the extent of labor force participation (l=L/N), physical capital 

investment per head (k=K/N) (of course with a lag), and per head human capital 

investment (h=H/N).   Human capital investment, h is presumed to include three 

factors: (i) malaria morbidity cases per million of population (m), (ii) secondary1

The climatic variable (C) is a dummy indicating whether the country 

belongs to a predominantly sub-tropical/tropical climate (C=1) or temperate/desert 

 

school enrollment rate (S) and (iii), life expectancy (McCarthy, Wolf and Wu, 

2000).  Also, included are several underlying determinants of income differences 

such as measures of the quality of political institutions, I (Hall and Jones, 1999; 

Rodrik, Subramanian, and Trebbi, 2004), trade policy T (Sachs and Warner, 1995; 

Dollar and Kraay, 2004), climate zones, C (Masters and McMillan, 2001; Gallup 

and Sachs, 2001), the geographic composition of population represented by the 

share of the population living near a coast, CP (Gallup and Sachs, 2001).  

                                                           
1  We cannot include primary education because  of serial correlation in time series with secondary 
education 
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zone (C=0).  The idea behind this classification is to allow for interaction with 

malaria variable for testing of the hypothesis that the economic effect of malaria is 

more harmful in sub-tropical and tropical climates as compared to desert and 

temperate regions. If the geographic specificity argument for malaria made by 

Gallup and Sachs (2001) is valid, I would expect to find (α3 as well as α3+α6) 

negative, indicating that malaria has a stronger detrimental effect on GDP per 

capita tropical and subtropical regions than in temperate/desert zones.  The 

specification of this equation is otherwise kept as close as possible to the one used 

by Gallup and Sachs (2001) so as to achieve some comparability with their 

benchmark estimate of the impact of malaria. 2

 

  In formulation II, I also allow for 

interactions between malaria and both labor force participation and capital 

investment.   Available literature seems to suggest the hypothesis that both (β1+ 

β10) and (β2+ β11) would be positive, but β10 and β11 would be negative for tropical 

/semi-tropical regions.    

2.3.1 Data Source 

The dataset for this study uses information for 100 countries for which malaria 

cases per million population are reported by the World Health Organization’s 

World Malaria Report. Data on GDP per capita at purchasing power parity prices, 

capital investment as percentage of GDP and the percentage share of labor in the 

population are collected from the Penn World Tables.  Data on enrollment in 

secondary education and life expectancy are obtained from World Bank’s World 

Development indicators.  Figures on the percentage of population within hundred 

kilometers of the coast are available from the United Nations Environmental 

Program.  Information on the quality of institutions, an index varying from -2 to +2, 
                                                           
2  The distinctions between our formulation and that of Gallup and Sachs (2001) are we have 
included capital investment per head and share of labor in population which is not included in their 
formulation. The rationale behind inclusion of capital investment per head and share of labor in 
population in our model is to keep our formulation close to a neo classical production function.  
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where higher numbers indicate better institutions, is obtained from the World Bank 

Sources.  Openness to trade, defined as the proportion of exports and imports over 

GDP, is obtained from the Penn World Tables.  As this measure of openness to 

trade is rather endogenous and widely criticized, I have alternatively used the Sachs 

and Warner index3

I construct a time series spanning the years from 1985 to 2001 to study the 

association between malaria incidence and GDP per capita, controlling for the key 

factors identified above.  All variables are available annually for the time period 

under study with the exception of quality of institutions and proportion of 

population within one hundred kilometers of the coast.  These two variables are 

available only for the years 1985, 1990, 1995 and 2000.  I use simple linear 

interpolation to fill in the yearly data gaps for these variables.  Table 2.1 presents 

descriptive statistics on all the variables averaged over years 1985 to 2001.  

 of openness and agricultural exports as a share of GDP as well, 

as reported in Appendix respectively.  The former is obtained from Sachs and 

Warner (1995) and the latter is taken from FAO statistics.  It may be noted in this 

context that alternative measures of openness yield fairly similar results.  

 

2.3.2 Econometric Method and Estimation Results 

To control for unmeasured omitted factors varying by country, I introduce country 

specific fixed effects in the regressions attempting to capture the effects of malaria 

on GDP per capita.  I do so first for all countries in a pooled regression and then 

again after dividing the countries into two groups - tropical/semi-tropical and 

temperate/desert.  I also introduce labor force participation and human capital 

factors in a sequence to see what effect this change has on the malaria impact 

coefficient.  Table 2.2 includes all the countries in the sample. Tables 2.3 and 2.4, 

                                                           
3 An alternative measure of openness defined as a binary index which is assigned the value 1 when 
an economy is deemed to be open and 0 when it is deemed to be closed (Sachs and Warner  1995) 

 



20 

 

by contrast, are limited to the observations from temperate and desert countries, 

and semi-tropical and tropical countries alone, respectively. 

 From Tables 2.2, 2.3 and 2.4 it can be seen that the impact of malaria falls 

as I introduce more and more control variables into the regressions - namely, 

percentage of labor in population, enrollment of students in secondary education 

and life expectancy term.  I start with a specification very similar to Gallup and 

Sachs (2001) and then introduce more and more economic variables in the next 

specifications – i.e., in models 1 to 5.  As I introduce more and more control 

variables in this way, the impact of malaria appears to decrease.  However, it does 

remain negative and statistically significant, and might be expected. 

  Comparing Tables 2.2 and 2.3 I find that the point estimate of the impact of 

malaria is higher in the sample of tropical/subtropical countries than in the 

temperate/desert group of countries, in each case with the expected sign4

Next, I run a set of pooled country specific fixed effect regressions to study 

variations in the impact of malaria on GDP per capita due to climatic differences as 

well as inter-temporal variation, while introducing interaction effects between 

.  The 

impact is likely to be even lower at the global level if I could capture positive 

externalities generated by some countries which have effectively implemented 

malaria control programs and in some cases even eradicated malaria over time. The 

control variables used in the regression have the expected signs. In particular, 

labor-force participation (LAB), capital investment (CAP), enrollment in secondary 

education (SECON), life expectancy (LIFE), quality of institutions (INS), openness 

to trade (OPEN), and the share of population within 100 km of the coast (COAST) 

– all have positive and statistically significant effects on GDP per capita. 

                                                           
4 I perform Z tests to determine whether the coefficients are significantly different across 
specifications. The test follows a Standard Normal distribution (Clogg et al 1995). Z= | b1-b2/square 
root (SEb1

2 +SEb2
2)|= |-0.07-(-0.012)|/square root [(0.01172)2+ (0.008)2] = 4.006 >1.96.  The value 

is higher than the critical value of 1.96 and 3.89 for 5% and 1% respectively. Hence the malaria 
coefficients are statistically significant across two different climatic zones even at 1%. 
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malaria and climatic characteristics5.  The results of this model are reported in 

Table 2.5.  In Table 2.6, interactions are also allowed between malaria and lagged 

capital per head and the labor force participation rate to further assess the 

sensitivity of the effects of malaria on GDP per head when additional indirect 

effects are allowed.  In both of these tables, I introduce other human capital related 

variables one after another to see how the impact of malaria changes in the 

presence of suitable control variables.6

 Gallup and Sachs (2001) categorized the countries on the basis of their 

historical and geographical factors like socialistic background,  colonial history, 

  Note in Table 2.5 that the malaria impact 

coefficient falls in magnitude as more and more control variables are introduced. 

However, the interaction of malaria with climatic dummy variable doubles the 

impact of malaria which is clear from models 1 to 5, where the coefficient of the 

interaction term is as good as the malaria coefficient in the beginning and then 

decreases as more and more control variables are introduced.  In table 2.6, I 

introduce interaction between capital and malaria and between malaria and labor 

force participation rate separately.  The negative and statistically significant 

coefficients attached to these interactive terms suggest that malaria reduces the 

effectiveness of capital and labor force participation by nullifying some of the 

positive developmental contributions of these variables.  The magnitude of the 

coefficient of malaria itself drops to -0.008, when I allow for its interaction with 

regional dummy for tropical/sub-tropical regions.  In other words, these results 

provide strong support for the contention that the effects of malaria on development 

are realized through multiple channels.  

                                                           
5 I allow malaria per million cases to interact with the climatic dummy (C) (which is equal to 1 for 
sub-tropical and tropical regions; zero for temperate and desert regions) and I allow malaria per 
million cases to interact with the years 1990, 1995 and 2000. I do not introduce all the dummy 
variables simultaneously due to multicollinearity issues. 

6 I don’t introduce the capital related variables simultaneously but one after another, as in Gallup 
and Sachs (2001) in view of possible multicollinearity, though I have kept an eye on VIF indices. 
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and other binary variables, besides elevation from the sea level, hydrocarbon 

deposits and distance to the nearest international market (e.g., New York, Tokyo or 

Rotterdam).  To make my results comparable to Gallup and Sachs (2001) I stratify 

countries into two groups. The first is one where the observation has a value up to 

the median level.  The second category corresponds to a continuous stratifying 

variable above the median level.  I run separate regressions for each group of 

countries (whether stratified on the basis of qualitative or quantitative features, 

while, allowing for presence of climatic factor -whether tropical / sub-tropical or 

temperate / desert country), while allowing for its interaction with the malaria 

morbidity measure.  This exercise allows me to see whether impact of malaria is 

significantly different across groups within each stratified category.  

 I also make use of alternate measures of openness -- namely, Sachs and 

Warner Index of openness and agriculture exports as a share of GDP -- to re-

estimate the results of Table 2.7 in Appendix Table A.2.1.7 and A.2.2.7.  I seek to 

show that use of such alternative measures does not significantly change the impact 

of malaria on GDP per capita. Key results in Table 2.7 are: 

1. In the sample of countries below the median distance to market, the 

negative impact of malaria on GDP per capita is somewhat smaller than in 

those above the median and more so for temperate/desert countries. Thus, 

geographic proximity to global market partly counters the damaging effect 

of malaria (columns 1 and 2 of Table 2.7)  

2. The countries with a socialist past have lower malaria cases as compared to 

non-socialist ones, all else held constant (Figure 2.2). The popular examples 

of countries with socialistic past which have eliminated malaria completely 

through proactive governmental policies and awareness among people 

through various programs are Vietnam (Laxminarayan and Moeltnar, 2006) 

and Sri Lanka (Gomes, 1993). So, malaria impact coefficient is smaller in 
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countries with socialist past and more so for temperate/desert countries, as 

can be seen from columns 3 and 4 in Table 2.7. 

3. Countries having greater hydrocarbon deposits have a less damaging impact 

coefficient for malaria (columns 5 and 6 in Table 2.7).  This is more so for 

temperate/desert countries that are hydrocarbon rich, like Saudi Arabia, 

Oman and Qatar.  They have successfully reduced the incidence of malaria 

through prevention and control measures (Gallup and Sachs 2001).  At the 

same time, this achievement is partly attributed to desert conditions, for 

which malaria is easier to eliminate. 

4. Newly independent countries seem to have larger negative impact of 

malaria on GDP per capita, as compared to countries that became 

independent long ago.  Durham and Lashley (2007) suggest that in newly 

independent countries, income and employment opportunities are yet to 

stabilize and its impact will take time to be felt on GDP per capita.  This is 

reflected in larger magnitude of damaging effects of malaria on GDP per 

capita in newly independent countries (columns 7 and 8 in Table 2.7).  This 

is further reinforced in case of tropical/sub-tropical countries. 

5.  Countries with higher elevations from sea level -- and therefore with lower 

incidence of low-lying and waterlogged lands (column 9 and 10 in Table 

2.7) -- have less damaging impact of malaria on GDP per capita.  This 

effect is further dampened in case of temperate/desert zone countries.   

 These results therefore suggest that while malaria continues to be an impending 

factor in development, global anti-malaria measures cannot afford to lose sight of 

differential impact of malaria across historical, geographical, political and 

economic factors. Thus global anti-malaria drive can’t be uniform; it must vary and 

suitably redefine its focus across regions and varying local conditions.   
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Diagnostics: Test for deviations from the classical linear regression model are 

reported at the bottom of tables 2.2 to 2.7 and 2.9. The models seem to have 

reasonable goodness of fit. The Durbin Watson Statistics ranges between 1.7 to 2.1, 

suggesting that autocorrelation is unlikely to be a serious problem.  Bruesh-Pagan 

test fails to reject a null hypothesis of no heteroscedasticity in each of the 

specifications.  Finally, Shapiro-Wilk tests fail to reject the null hypothesis of 

normality in regression residual for all the models7

 

. 

2.4.Comparison of results 

One of the distinctive features of this chapter is to include for analysis the time path 

of malaria, along with same for GDP per capita, by examining time series of 17 

years.  In other words, this chapter takes into account the time trends in malaria 

incidence which is not addressed by Gallup and Sachs (2001) and McCarthy, Wolf 

and Wu (2001). Second, Gallup and Sachs (2001) used an index of malaria which 

is a composite index constructed as a proportion of population in a country exposed 

to malaria risk multiplied by the proportion of malaria cases which are falciparum. 

One of the major drawbacks of this index is that the two measures are not truly 

independent of each other.  Moreover, Gallup and Sachs (2001) assume that the 

proportion of population exposed to malaria was invariant over time, which is quite 

unrealistic given the fact that the population exposed to malaria changes over time 

(World Malaria Report, 2008).  Falciparum is the only vector whose impact was 

included in their index, but in some of the endemic countries, other vectors of 

malaria are equally dangerous.  In contrast, my measure of malaria morbidity cases 

per million is more comprehensive as compared to their index which provides only 

a partial picture referring to the only malaria vector called falciparum.  

 Although the malaria impact coefficients of Gallup and Sachs (2001) is not 

easily comparable to that of mine for reason given earlier, the fact that my 
                                                           
7 I also perform the same diagnostic test for the appendix models and find similar results. 
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estimated impact coefficient of malaria is much smaller than that of Gallup and 

Sachs (2001) is probably due to the several reasons.  First, their measure of malaria 

is based upon just falciparum vector and in my case it is all the vectors of malaria 

taken together.  Second, the impact of falciparum is technically more intense as 

compared to any the other vectors of malaria, especially when one looks at the 

impact of malaria morbidity arising out of falciparum (Filmer, 2005).Third, Gallup 

and Sachs (2001) concentrate more on historical evidence and geographical 

characteristics of malaria in explaining growth and levels of GDP per capita. They 

used geographical characteristics such as distance from the major markets (e.g. 

New York, Rotterdam and Tokyo) to account for effect of distance as a trade 

barrier. Many malaria countries have socialistic past or are ex-colonies of imperial 

countries, which are accounted for in their models using dummy variables to assess 

their impacts.  They also pay attention to the natural wealth of a country by 

including percentage of tropical land area in each country.  I too have accessed the 

impact of malaria, using the same time stratifying countries in terms of climatic and 

other geographical factors.  However, they seem to have ignored two important 

ingredients of neoclassical theory, namely capital and labor in their formulation.  

By contrast, I include more economic factors such as investment ratio and 

percentage share of labor, as per a priori reasoning, in addition to several historical 

and geographical factors to examine the effect of malaria on GDP per capita. First, 

inclusion of capital and labor in my models seem to absorb more of the variation in 

output.  Moreover, incorporating interaction terms between malaria and capital and 

labor mean that the coefficient of malaria (by itself) is weakened. Second, given the 

fact that I am controlling for changes in more explanatory variables, my results 

better conform to notion of 'ceteris paribus', while assessing the impact of malaria 

on national income per capita. Finally, another reason for difference in results lies 

in the composition of country samples.8

                                                           
8 Gallup and Sachs (2001) and we have 89 countries as common. We have Belize, Comoros, Cape 
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McCarthy, Wolf and Wu (2000) examine the relationship between malaria 

and five yearly average GDP growths at three distinct points in time, that is, around 

five year averages of 1983-87, 1988-92 and 1992-97.   By contrast, I use a yearly 

time series spanning from 1985 to 2001. Their estimates of malaria’s impact on per 

capita income are smaller than other contemporary literature probably due to the 

fact that they employed a two stage estimation procedure to examine the impact of 

malaria on GDP growth.  In the first stage, they estimate the impact of malaria on 

primary education and on capital investment ratio, respectively, thereby removing 

the indirect effects of malaria on primary education and investment which too in 

turn affect GDP growth.  The residuals of primary education and investment ratio 

models are then used as control to estimate the second stage model to determine the 

impact of malaria on GDP growth rate in the presence of other socioeconomic, 

political and demographic variables.  Thus, they attempt to estimate only the direct 

effect of malaria on economic growth, while removing the indirect effects of 

malaria in this process.  Hence, they seem to have ended up with a smaller estimate 

of malaria’s impact on economic growth.   

Finally, Ngeleza, Florax and Masters (2006) have identified six endogenous 

variables which affect income.  These variables are agricultural output, infant 

mortality rate, schooling, institutional quality, urbanization and trade.  They 

                                                                                                                                                                 
Verde, Djibouti, Equatorial Guinea, Guyana, Salmon Islands, Sao Tome and Principe, Suriname, 
Swaziland and Vanuatu which Gallup and Sachs (2001) don’t have in their sample.  Whereas we 
don’t have countries namely, Albania, United Arab Emirates, Australia, Austria, Belgium, Bulgaria, 
Bosnia and Herzegovina, Belarus, Canada, Switzerland, Chile, Cuba, Czech Republic, Germany, 
Denmark, Spain, Estonia, Finland, France, United Kingdom, Greece, Hong Kong, Croatia, Hungary, 
Ireland, Israel, Italy, Jamaica, Jordan, Japan, Kazakhstan, Kuwait, Lebanon, Libya, Lesotho, 
Lithonia, Latvia, Moldova, Macedonia, Myanmar, Mongolia, Namibia, Netherlands, Norway, New 
Zealand, Poland, Portugal, Russian Federation, Sudan, Singapore, Slovakia, Slovenia, Sweden, 
Trinidad and Tobago, Tunisia, Taiwan, Ukraine, Uruguay, United States and Yugoslavia which 
Gallup and Sachs (2001) have in their sample. We don’t have these countries due to the reason that 
we make use of data starting from 1985 and these countries had malaria in the past and have been 
eliminated before 1985. Moreover, World Health Organization no longer classifies their countries as 
malarious countries.  
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examine the impact of these variables on GDP per capita in a stylized structure 

accounting for spatial autocorrelation in a simultaneous equations framework. They 

use prevalence of frost in winter and annual rainfall to identify the agricultural 

output equation.  Malaria ecology is used to identify the infant mortality equation. 

Malaria mortality measure is an index developed by Kiszewski et al. (2004) which 

is a spatial index of stability of malaria transmission based on the properties of 

anopheline mosquito vectors of malaria, which interact with climate to determine 

vectorial capacity.  

The index accounts for potential transmission stability such as it includes 

regions where malaria is not currently transmitted but where it was found in the 

past and might be transmitted in future. However, a major limitation of this index is 

that it accounts for only anopheles vectors and ignores other vectors of malaria 

which are more dangerous. Institutional quality is identified by percentage of 

population following Protestantism, Catholicism and Islam. They use a dummy to 

identify whether a country has a coastal location or not, and this variable is used 

identify urbanization. They are of the opinion that coastal location provides 

opportunities for specialization and exchange in towns and cities and hence it helps 

in identifying the urbanization equation. Trade equation is identified by share of 

population in coastal region.  

The validity of the results is contingent upon the structure they have 

imposed on their analysis,  and there is not much sensitivity analysis to see whether 

a different assumed structural form would yield a different set of results. They have 

not statistically tested for exogeneity of the regressors, nor checked for validity of 

instruments, not even performed for robustness of their models. Table 2.8 provides 

a short comparative picture of my analysis vis-à-vis Gallup and Sachs (2001), 

McCarthy, Wolf and Wu (2000) and Ngeleza, Florax and Masters (2006). 

Table 2.8 shows that the distinctiveness of my approach lies in providing a 

time series justification for asserting the anti-developmental impact of malaria in 
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the presence of not only suitable economic factors, but also relevant climatic and 

geographic factors.  

Finally, I compare my results to those of Gallup and Sachs (2001) for 89 

common countries in Table 2.9.  First I re-estimate six different models as used by 

Gallup and Sachs (2001) for the 89 countries using Gallup and Sachs data. I report 

their models and then in the adjacent columns I use my measure of malaria, i.e., 

malaria morbidity cases per million, keeping other variables unchanged. Given the 

fact that Gallup and Sachs (2001) make use of 1995 data only, I also make use of 

malaria morbidity cases per million for the year 1995.  Then I compare my malaria 

estimates for the same 89 countries with those of Gallup and Sachs (2001). 

When I use the data used by Gallup and Sachs (2001) to re-estimate the 

results for the 89 common countries, the results show that my estimate of malaria 

impact is fairly low as compared to those of Gallup and Sachs. The reasons for this 

difference seem to be first, Gallup and Sachs (2001) have used falciparum malaria 

index compared to my general malaria morbidity cases per million, second, their 

index is composed of falciparum cases only whose impact is much more intense 

compared to that of malaria in general. My results nevertheless confirm that the 

impact of malaria is more in tropical and sub-tropical climate (predominated by 

African countries).  Moreover, I control for economic variables like capital and 

labor in addition to geographic and demographic variables.  I justify use of malaria 

morbidity data provided by WHO rather than making use of falciparum malaria 

index employed by Gallup and Sachs (2001) as follows.  Only 35% of malaria 

cases worldwide are attributed to falciparum malaria and remaining 65% cases are 

due to other vectors of malaria (estimated using WHO data from 1990 to 2001).   

Hence, just making use of falciparum malaria morbidity cases only would 

ignore similar devastating effects of other vectors of malaria, which are no less 

dangerous.  Moreover, malaria morbidity data  are confirmed cases of malaria 

reported by WHO whereas falciparum index is a  multiplicative product of 
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proportion of falciparum cases reported among total cases of malaria with  

proportion of population exposed to malaria risk, which is a probabilistic estimate 

rather than an exact deterministic figure.  Finally, employing a falciparum index at 

a single point in time tampers the true distribution of malaria with its cycles and a 

stochastic distribution.   In view of the differences in approach, I have decided to 

make use of malaria morbidity figures reported by WHO for my estimation 

exercise, as has been done by McCarthy, Wolf and Wu (2000). 

 

2.5 Conclusions 

This chapter examines the impact of malaria on economic growth and development 

for a wide spectrum of countries over time.  It extends to the existing literature on 

malaria and national per capita incomes by adding a time series dimension and 

capturing some of the more subtle aspects of malaria, and providing what is 

arguably a more appropriate measure of malaria across countries. I find that across 

a broad range of countries, a 1% increase in malaria rate corresponds to between a 

0.015% and 0.153% fall in GDP per capita.  This estimate is as small as 0.003%, 

however, according to how I restrict the sample.  

 These findings are important because they appear to eliminate some of the 

‘malaria gap’ that exists between previous studies of this topic in the literature.  In 

particular, some past macroeconomic studies find a very strong effect of malaria on 

economic growth and income that is not consistent with evidence found in micro-

level studies that are focused narrowly on a particular region.  The research in this 

chapter appears to be consistent with those micro-level studies that find a more 

conservative relationship between malaria and income.  The reason this study 

differs from previous macro-economic estimates is in its use of data that vary over 

time and have an arguably more accurate measure of malaria.  I also have based my 

empirical specifications much more closely on theory. 
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A general conclusion from this chapter is that the impact of malaria is far 

from uniform across the globe; it depends on certain geographical, political and 

economical factors.   In terms of policy, this suggests the need for country-specific, 

region- specific and climate-specific policy rather than a single uniform worldwide 

policy towards malaria. Global anti-malaria policy must articulate and evolve 

country and region-specific dimensions in response to varying conditions.  
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Table 2.1 Summary statistics of the variables used in empirical model 

Variables Mean Standard 
Deviation 

Minimum Maximum 

GDP per capita at purchasing 
power parity (PPP) (GDP) 
 

3478.12 3255.58 174.83 18682.49 

Investment as a percentage of 
GDP (CAP) 

10.90 7.33 1.12 14.06 

 
Labor force participation rate 
(LAB) 
 

 
40.00 

 
11.00 

 
22.42 

 
64.83 

Enrollment in secondary 
education as a percentage of 
the relevant age group 
(SECON) 
 

40.00 27.25 10.56 100.00 

Life expectancy at birth in 
years (LIFE) 
 

58.31 10.38 34.21 77.48 

Malaria cases per million 
population (MAL) 

491.12 460.12 0.00 67148.62 

 
Percentage of population 
within 100 kms. of the coast 
(COAST) 
 

 
5.00 

 
4.00 

 
0.11 

 
16.93 

Quality of institutions index (-
2 to +2) (INS) 
 

-0.58 0.55 -2.00 1.15 

Openness to trade (exports plus 
imports as % of GDP) (OPEN) 

71.33 51.68 13.39 467.56 

 

(continued to next page) 

 

 

 



32 

 

(continued from previous page) 

 
Openness to trade as per 
Sachs-Warner  Index9

 

 
(SWOPEN) 

 
0.32 

 
0.47 

 
0 

 
1 

Agriculture Exports as 
Percentage of GDP (AGX) 

2.04 3.14 0.1 24.05 

 
Sample Size 

 
1700 

 
- 

 
- 

 
- 

 

 

                                                           
9 An alternative measure of openness is defined as a binary index which is assigned a value 1 when 
an economy is deemed to be open and 0 when it is deemed to be closed (Sachs and Warner  1995) 
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Table 2.2 Country and Time Specific Fixed Effect OLS Estimation Results for All countries  10

Dependent Variable: GDP per capita (PPP) in logarithm 

  

 

  

 

 

 

(continued to next page) 

 

                                                           
10 Country-specific and year specific dummies are used in all models in this paper, though the coefficients of such dummies are not explicitly 
reported to keep things simple. Sachs and Warner’s Index of openness and agricultural exports as a percentage of GDP are used for estimation of 
the same model which are reported in Appendix (Tables A.2.1.2 and A.2.2.2) respectively. 

11 All the variables in these tables are in logarithmic form except quality of institutions which is an index varying from -2 to +2. We have 
checked VIF indices throughout this chapter to ensure absence of any serious multicollinearity problem. 

12 I hypothesize that capital (CAP) influences GDP per capita with certain lags. I use Akaike Information Criteria (AIC) to determine the 
optimum lag length. AIC shows that the optimum lag length is one year where AIC’s value is the lowest. This is similar to the findings of Erdil 
and Yetkiner (2004), who have shown in their chapter that capital investment affects GDP per capita starting from one lag to three lags. 

Explanatory Variables11 All Countries  

 Model 1 Model 2 Model 3 Model 4 Model 5 

Intercept 8.136* 7.456* 7.147* 6.028* -0.273 

Capital per head (CAP) lagged one period 12 -  0.263* 0.263* 0.204* 0.101* 

Percentage of labor in population  - - 0.097* 0.085* 0.060* 
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13 Sachs and Warner’s index of openness and proportion of agriculture exports as proportion of GDP are used for estimation of same model in 
Appendix (Tables A.2.1.2 and A.2.2.2) respectively.  

Human capital related variables:      

Enrollment in secondary education 
(SECON) 
 

- - - 0.364* 0.272* 

Life expectancy at birth (LIFE) - - - - 1.669* 

Malaria cases per million population (MAL) -0.183* -0.166* -0.111* -0.059* -0.023* 

Quality of Institutions (INSTI) 0.394* 0.383* 0.402* 0.340* 0.297* 

Openness to trade (OPEN)13 0.162*  0.154* 0.156* 0.055* 0.044* 

Share of population within hundred 
kilometers of the coast (COAST) 

0.167* 0.165* 0.144* 0.154* 0.070* 

 

R-Square 

 

0.44 

 

0.47 

 

0.48 

 

0.57 

 

0.61 
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* implies significance at 0.05 or lower probability level for two-tailed test. 

 

 

 

 

 

 

 

 

Sample Size 1600 1600 1600 1600 1600 

Durbin-Watson 1.821 1.866 1.903 1.926 1.922 

Bruesh-Pagan 10.42 12.06 13.66 15.26 16.82 

Shapiro-Wilk  0.044 0.036 0.039 0.047 0.047 
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Table 2.3 Country and Time Specific OLS Estimation Results for Temperate/Desert Countries   

Dependent Variable: GDP per capita (PPP) in logarithm 

 

Explanatory Variables Temperate/Desert Countries 

 Model 1 Model 2 Model 3 Model 4 Model 5 

Intercept 9.172* 7.924* 7.739* 6.482*   -2.096 

Capital per head (CAP) lagged one period  - 0.191* 0.102* 0.051*     0.044* 

Percentage of labor in population  - - 0.076* 0.038* 0.034* 

Human capital related variables      

Enrollment in secondary education 

(SECON) 

- - - 0.420* 0.307* 

Life expectancy at birth (LIFE) - - - - 2.161* 

 

(continued to next page) 
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(continued from previous page) 

Malaria cases per million population (MAL) -0.122* -0.092* -0.080* -0.020* -0.012* 

Quality of Institutions (INSTI) 0.672* 0.588* 0.582* 0.451* 0.480* 

Openness to trade (OPEN) 14 0.141*  0.137* 0.118* 0.043* 0.010* 

Share of population within hundred 
kilometers of the coast (COAST) 

0.133* 0.112* 0.099* 0.175* 0.068* 

 

R-Square 

 

0.36 

 

0.38 

 

0.40 

 

0.52 

 

0.57 

Sample Size 410 410 410 410 410 

Durbin-Watson 1.806 1.821 1.762 1.882 1.901 

Bruesh-Pagan 8.02 9.76 11.38 12.64 14.44 

Shapiro-Wilk  0.032 0.037 0.040 0.040 0.042 

* implies significance at 0.05 or lower probability level for two-tailed test. 

                                                           
14 Sachs and Warner’s Index of openness and agriculture exports as a percentage of GDP are used for estimation of the same model which are 
reported in Appendix (Tables A.2.1.3 and A.2.2.3) respectively. 
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Table 2.4 Country and Time Specific Fixed OLS Estimation Results for Sub-Tropical/Tropical Countries   

Dependent Variable: GDP per capita (PPP) in logarithm 

 

Explanatory Variables Sub-Tropical/Tropical Countries 

 Model 1 Model 2 Model 3 Model 4 Model 5 

Intercept 10.003* 7.528* 7.189* 6.013* 0.380 

Capital per head (CAP) lagged one period - 0.311* 0.303* 0.245* 0.120* 

Percentage of labor in population (LSHARE) - - 0.100* 0.083* 0.062* 

Human Capital related variables      

Enrollment in secondary education (SECON) - - - 0.344* 0.256* 

Life expectancy at birth (LIFE) - - - - 1.516* 

 

(continued to next page) 
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(continued from previous page) 

Malaria cases per million population (MAL) -0.196* -0.159* -0.158* -0.102* -0.070* 

Quality of Institutions (INSTI) 0.287* 0.278* 0.304* 0.237* 0.181* 

Openness to trade (OPEN)15 0.236*  0.222* 0.234* 0.150* 0.134* 

Share of population within hundred kilometers of 
the coast (COAST) 

0.142* 0.130* 0.105* 0.116* 0.042* 

 

R-Square 

 

0.48 

 

0.51 

 

0.53 

 

0.60 

 

0.64 

Sample Size 1090 1090 1090 1090 1090 

Durbin-Watson 1.708 1.762 1.803 1.780 1.820 

Bruesh-Pagan 9.36 10.08 11.33 12.15 13.75 

Shapiro-Wilk  0.033 0.035 0.036 0.040 0.041 

* implies significance at 0.05 or lower probability level for two- tailed test. 

                                                           
15 Sachs and Warner’s Index of openness and agriculture exports as a percentage of GDP are used for estimation of the same model which are 
reported in Appendix (Tables A.2.1.4 and A.2.2.4) respectively. 
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Table 2.5 Country specific fixed effect Pooled Regression Results with year and climatic dummies  

Dependent Variable: GDP per capita (PPP) in logarithm 

 

Explanatory Variables Model 1 Model 2 Model 3 Model 4 

Intercept 7.216* 6.948* 5.842* -0.292 

Year dummy 1 (YD1=1 if year>=1990; =0 otherwise) 0.035 0.037 0.056 0.044 

Year dummy 2 (YD2=1 if year>=1995; =0 otherwise) -0.053 -0.051 -0.053 -0.063 

Year dummy 1 (YD3=1 if year>=2000; =0 otherwise) 0.050 0.045 0.004 0.018 

Dummy for climatic region (C: tropical/sub-tropical=1; 
temperate/ desert=0) 

-0.628* -0.593* -0.462* -0.401* 

     

Capital per head (CAP) with one period lag 0.277* 0.238* 0.162* 0.157* 

Share of labor in population (LSHARE) - 0.090* 0.075* 0.032* 

 

(continued to next page) 
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Human capital related variables:     

Enrollment in secondary education (SECON) - - 0.366* 0.276* 

Life expectancy at birth (LIFE) - - - 1.630* 

Malaria cases per million population (MAL) -0.078* -0.067* -0.026* -0.015* 

Interaction between malaria and  climatic dummy (MAL*C) -0.075* -0.068* -0.016* -0.009* 

Quality of Institutions (INSTI) 0.372* 0.392* 0.323* 0.283* 

Openness to trade (OPEN) 16 0.187*  0.187* 0.078* 0.064* 

Share of population within hundred kilometers of the coast 
(COAST) 

0.150* 0.128* 0.154* 0.073* 

     

R-Square 0.48 0.50 0.58 0.62 

Sample Size 1600 1600 1600 1600 

 

(continued to next page) 
                                                           
16 Sachs and Warner’s Index of openness and agricultural exports as percentage of GDP are used for estimation of the same model which are 
reported in Appendix (Tables A.2.1.5 and A.2.2.5) respectively 
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Durbin-Watson 2.021 2.033 2.121 2.108 

Bruesh-Pagan 16.72 17.44 22.18 24.16 

Shapiro-Wilk  0.038 0.044 0.046 0.045 

 

* implies significance at 0.05 or lower probability level for two-tailed test. 
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Table 2.6 Country specific fixed effect Pooled Regression Results with year and climatic dummies,  
and interaction of malaria with capital per head and labor force participation rate 
 

Dependent Variable: GDP per capita (PPP) in logarithm 
 

 

 

(continued to next page) 

 

 

Explanatory Variables Model 1 Model 2 Model 3 Model 4 
Intercept 8.049* 6.509* -1.532* -0.272 

Year dummy 1 (YD1=1 if year>=1990; =0 otherwise) 0.029 0.052 0.017 0.037 

Year dummy 2 (YD2=1 if year>=1995; =0 otherwise) -0.044 -0.051 -0.066 -0.066 

Year dummy 1 (YD3=1 if year>=2000; =0 otherwise) 0.074 0.020 0.067 0.028 

Dummy for climatic region (C: tropical/sub-tropical=1; 
temperate/ desert=0) 

-0.585* -0.496* -0.493* -0.454* 
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17 We hypothesize that capital influences GDP per capita with certain lags. So, we use Akaike Information Criteria (AIC) to determine the 
optimal lag length. AIC shows that the optimum lag length is one year where AIC'’ value is the lowest. This is similar to the findings of Erdil and 
Yetkiner (2004), who have shown in their paper that capital investment affects GDP per capita starting from one lag to three lags. 

Capital per head (CAP)17 0.140*  lagged one period 0.087* 0.085* 0.066* 

Lagged Capital per head * Malaria cases per million 
(MALCAP) 

-0.010* -0.011* -0.010* -0.009* 

     

Percentage of labor in population (LSHARE) 0.085* 0.052* 0.052* 0.030* 

Percentage of labor in population * Malaria cases per 
million (MALLAB) 

-0.001* -0.001* -0.001* -0.001* 

     

Malaria cases per million population (MAL) -0.015* -0.008* -0.007* -0.004* 

Interaction between malaria with climatic dummy (MAL*C) -0.006* -0.005* -0.005* -0.004* 
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18 Sachs and Warner’s Index of openness and agricultural exports as percentage of GDP are used for estimation of the same model which are 
reported in Appendix (Tables A.2.1.6 and A.2.2.6) respectively. 
 

Human Capital related variables     

Enrollment in secondary education (SECON) - 0.155* - 0.276* 

Life expectancy at birth (LIFE) - - 2.289* 1.717* 

Quality of Institutions (INSTI) 0.408* 0.321* 0.408* 0.276* 

Openness to trade (OPEN)18 0.002*  0.001* 0.002* 0.001* 

Share of population within hundred kilometers of the coast 
(COAST) 

0.133* 0.155* 0.092* 0.073* 

     



46 

 

(continued from previous page) 

 

 

 

 

 

 

 

* implies significance at 0.05 or lower probability level for two-tailed test.

R-Square 0.48 0.57 0.57 0.61 

Sample Size 1600 1600 1600 1600 

Durbin-Watson 1.920 1.925 1.944 1.986 

Bruesh-Pagan 13.08 15.76 18.42 20.02 

Shapiro-Wilk  0.040 0.038 0.046 0.042 
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Table 2.7 Country specific fixed effect for various categories of countries 

Dependent Variable: GDP per capita (PPP) in logarithm 

 

 

(continued to next page) 

 

 

 

Variables Models 

 Distance from the 
nearest 
international 
market 

Socialist past Hydrocarbon 
deposits 

Newly independent 
countries 

Countries with 
elevation 

 Up to 
median 
distance 

Above 
median 
distance 

Yes No Up to 
median 
level 

Above 
median 
level 

Yes No Up to 
median 
distance 

Above 
median 
distance 

Intercept -2.150* 0.711 2.120* -1.580* 0.985* -0.848 -3.133 0.060 -1.376* -0.785 

Year dummy 1 
(YD1=1 if 
year>=1990;=0 
otherwise) 

0.036 0.050 0.082 0.031 0.037 0.047 0.200 0.037 0.051 0.036 



48 

 

(continued from previous page) 

(continued to next page) 

 

           

Year dummy 2 
(YD2=1 if 
year>=1995;=0 
otherwise) 

-0.083 -0.059 -0.087 -0.067 -0.062 -0.070 -0.090 -0.058 -0.060 -0.066 

           

Year dummy 3 
(YD3=1 if 
year>=2000;=0 
otherwise) 

0.014 -0.018 0.002 0.004 0.051 -0.025 0.225 0.027 0.050 -0.022 

           

Dummy for 
climatic region 
(C: tropical  
/sub-tropical=1; 
temperate/desert
=0) 
 

-0.484* -0.493* -0.950* 0.176 -0.731* -0.134 -0.429* -0.413* 0.239 0.159 

Lagged Capital 
per head (CAP) 

0.124* 0.022* 0.044* 0.178* 0.251* 0.267* 0.048 0.104* 0.100* 0.054* 
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Share of labor 
in population 
(LAB) 

0.019* 0.093* 0.082* 0.070* 0.072* 0.032* 0.238* 0.057* 0.082* 0.066* 

 

Human Capital related variables 

Enrollment in 
secondary 
(SECON) 

0.218* 0.415* 0.173* 0.278* 0.183* 0.393* 0.447* 0.269* 0.298* 0.237* 

           

Life expectancy 
at birth (LIFE) 

2.083* 1.298* 1.130* 2.007* 1.320* 1.619* 2.966* 1.524* 1.791* 1.810* 

           

Malaria cases 
per million 
population 
(MAL) 

-0.018* -0.022* -0.025* -0.033* -0.023* -0.003* -0.007* 

 

-0.006* -0.034* -0.012* 
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Interaction 
between  
malaria with 
climatic dummy 
(MAL*C) 

-0.001* -0.004* 0.003* -0.001* -0.007* -0.002* -0.006* -0.004* -0.003* -0.001* 

Quality of 
Institutions 
(INST) 

0.160* 0.309* -0.304* 0.235* 0.307* 0.194* 1.218* 0.261* 0.258* 0.201* 

           

Openness to 
Trade (OPEN) 

0.096* 0.045* 0.051 0.125* 0.039* 0.088* 0.159* 0.070* 0.028* 0.121* 

           

Share of 
population 
within hundred 
kilometers of 
coast (COAST) 
 

0.081* 0.063* 0.102* 0.001 0.042* 0.177* 0.147 0.091* 0.139* 0.112* 

R-Square 0.59 0.59 0.51 0.68 0.69 0.57 0.88 0.62 0.60 0.66 

Sample Size 750 750 368 1232 750 750 80 1520 750 750 
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* implies significance at 0.05 or lower probability level for two-tailed test.

Durbin-Watson 1.782 1.825 1.795 1.832 1.965 2.161 1.845 1.900 2.010 2.214 

Bruesh-Pagan 18.08 19.10 16.82 15.98 20.42 22.64 24.92 20.76 21.96 19.68 

Shapiro-Wilk  0.048 0.048 0.046 0.042 0.037 0.033 0.044 0.040 0.034 0.037 
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Table 2.8 Comparison of my results vis-à-vis Gallup and Sachs (2001), McCarthy, Wolf and Wu (2000)  

and Ngeleza, Florax and Masters (2006) 

Issues My Chapter GS (2001) MWW (2000) NFM (2006) 

Data Time Series spanning 17 
years from 1985 to 2001 

Cross sectional 
data at two 
different points in 
time – namely, 
1950 and 1995 

Cross sectional 
data at three 
distinct points 
representing 
averages of 1983-
87, 1988-92 and 
1993-97 

Cross 
sectional 
data of five 
yearly 
averages 
taken from 
1963 till 
2000 
 

Measure of malaria Malaria cases per 
million population 

Malaria index 
constructed as 
proportion of 
population in 
malaria risk area 
multiplied by  the 
proportion of 
falciparum 
malaria cases 
 

Malaria cases per 
million 
population 

Malaria 
index as used 
by Kiszewski 
et al (2004) 

 

(continued to next page) 
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Change in elasticity 
of GDP per capita 
with respect to 
measure of malaria 
 

0.02%19 0.03% 20 0.006% 21 0.07% 22

Sample size of 
countries used 

 

 

100 168 187 95 

Method Employed  Time series and Fixed 
Effect OLS techniques 

Cross sectional 
Analysis 

Simultaneous 
equations, SURE 
and pooled 
regression 

Simultaneous 
equations 
and spatial 
econometrics 

 

 

 

                                                           
19 In our case the elasticity is computed using a double logarithmic regression equation 
20 The elasticity is computed at the mean values of GDP per capita and malaria index from semi-logarithmic model. 

21 The elasticity is computed at the mean values of GDP per capita and malaria cases per million from semi-logarithmic model. 

22 The elasticity is computed at the mean values of GDP per capita and malaria index (Kiszewski et al 2004) from semi-logarithmic model. 
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Table 2.9  Comparison of this study’s results to those of Gallup & Sachs (2001) for 89 common countries 
Dependent variable: Level of gross domestic product (GDP) per capita in logarithm 

 

(continued to next page) 

 

 

 

Variables Model 1 
For 
1995 

Model 2  
For 
1950 

Model 3 For 1995 Model 4 For 1995 Model 5 For 1995 Model 6  

For 1995 
 (Non-African 
Countries) 

GS 
Malaria 
Measure 

GS 
Malaria 
Measure 

GS 
Malaria 
Measure 

My  
Malaria 
Measure 

GS 
Malaria 
Measure 

My  
Malaria 
Measure 

GS  
Malaria 
Measure 

My  
Malaria 
Measure 

GS 
Malaria 
Measure 

My 
Malaria 
Measure 

Population 
within 100 
km of coast 
(%) 

1.551* 1.203* 0.761* 0.357* 0.590* 0.267* 0.456* 0.246* 0.665* 0.358* 

           

Log distance 
to major 
markets 

0.098* 0.103 0.145* 0.092* 0.066* 0.104* - - - - 
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(continued from previous page) 

(continued to next page) 

Log 
hydrocarbons 
per person 

0.059 0.068* 0.064* 0.184* - - 0.059* 0.103* 0.072* 0.165* 

           

Log tropical 
land area (%) 

1.548* -0.453* 0.329 0.115 0.022 0.052 -0.116 -0.206 -0.131 -0.200 

           

falciparum 
malaria 
index/ 
Malaria cases 
per million 

- - -1.103* -0.037* -0.857* -0.034* -0.726* -0.025* -0.595* -0.018* 

           

Socialist past 
(0-1) 

- - - - -0.472* -0.598* -0.306* -0.479* -0.374 -0.109 

           

Colony past 
(0-1) 

- - - - -1.403* -0.838* -0.177* -0.288* -0.190* -0.139* 
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* implies significance at 0.05 or lower probability level for two-tailed test. 

Trade openness 
(0 –1) 

- - - - - - 0.288* 0.354* 0.640* 0.315* 

           

Quality of 
public 
institutions (0 –
1)  
 

- - - - - - 0.108 0.086 0.027 0.091 

Constant 3.585* 6.594* 6.363* 5.216* 8.090* 3.112* 8.018* 13.356* 8.003* 8.442* 

Observations 89 89 89 89 89 89 89 89 51 51 

R-Square 0.21 0.32 0.47 0.48 0.54 0.58 0.61 0.68 0.60 0.67 

Durbin-Watson 2.056 2.163 1.964 2.039 1.892 1.828 1.740 1.828 1.959 1.955 

Bruesh- Pagan 10.66 9.50 7.54 7.22 11.26 9.75 7.82 8.44 12.02 10.92 

Shapiro-Wilk  0.046 0.048 0.042 0.044 0.038 0.043 0.028 0.026 0.048 0.045 
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Figure 2.1 Malaria case per million of population in Sub-Saharan Africa (SSA) during 1985 to 2001.  
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Figure 2.2 Comparison of Malaria cases between socialist and non-socialist countries between 1985 and 2001. 
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Chapter 2 Appendix 

Table A.2.1.2 Country and Time Specific Fixed Effect OLS Estimation Results for All countries   

Dependent Variable: GDP per capita (PPP) in logarithm 

Explanatory Variables23 All Countries  

 Model 1 Model 2 Model 3 Model 4 Model 5 

Intercept 8.676* 7.938* 7.633* 6.185* -0.366 

Lagged Capital per head (CAP) - 0.301* 0.302* 0.195* 0.085* 

Percentage of labor in population 
(LSHARE) 

- - 0.098* 0.089* 0.064* 
 
 

Enrollment in secondary education 
(SECON) 

- - - 0.386* 0.290* 
 
 

Life expectancy at birth (LIFE) - - - - 1.729* 

 

(continued to next page) 

                                                           
23 All the variables are in logarithmic form except quality of institutions which is an index varying from -2 to +2 
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(continued from previous page) 

Malaria cases per million population 
(MAL) 

-0.132* -0.101* -0.100* -0.057* -0.020* 
 
 

Quality of Institutions (INSTI) 0.475* 0.405* 0.422* 0.345* 0.300* 

Sachs and Warner’s Openness to Trade 
Index (SWOPEN) 
 

0.009* 0.012* 0.023* 0.073* 0.088* 

Share of population within hundred 
kilometers of the coast (COAST) 

0.089* 0.096* 0.158* 0.158* 0.071* 
 
 

R-Square 0.42 0.46 0.47 0.56 0.61 

Sample Size 1600 1600 1600 1600 1600 

Durbin-Watson Statistics 1.758 1.826 1.912 1.985 2.022 

White Test 12.45 14.46 15.60 15.86 17.02 

Shapiro-Wilk 0.024 0.028 0.033 0.033 0.030 

 

* implies significance at 0.05 or lower probability level for two-tailed test.  
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Table A.2.1.3 Country Specific Fixed Effect OLS Estimation Results for Temperate/Desert countries  

Dependent Variable: GDP per capita (PPP) in logarithm 

Explanatory Variables24 Temperate/Desert Countries  

 Model 1 Model 2 Model 3 Model 4 Model 5 

Intercept 9.024* 8.457* 8.175* 6.359*   -2.201* 

Capital per head (CAP) - 0.109* 0.115* 0.125*     0.022* 

Percentage of labor in population 
(LSHARE) 

- - 0.090* 0.080* 0.046* 
 
 

Enrollment in secondary education 
(SECON) 

- - - 0.432* 0.335* 
 
 

Life expectancy at birth (LIFE) - - - - 2.191* 

Malaria cases per million population 
(MAL) 

-0.092* -0.085* -0.080* -0.016* -0.003* 
 
 

 

(continued to next page) 

                                                           
24 All the variables are in logarithmic form except quality of institutions which is an index varying from -2 to +2 
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Quality of Institutions (INSTI) 0.652* 0.581* 0.583* 0.488* 0.512* 

Sachs and Warner’s Openness to Trade 
Index (SWOPEN) 

0.025* 0.012* 0.027* 0.018* 0.020* 

      
Share of population within hundred 
kilometers of the coast (COAST) 
 

0.144* 0.096* 0.083* 0.174* 0.058* 

R-Square 0.36 0.37 0.39 0.53 0.57 

Sample Size 480 480 480 480 410 

Durbin-Watson Statistics 1.884 1.822 1.808 1.744 1.801 

White Test 11.06 12.44 12.86 13.05 13.50 

Shapiro-Wilk  0.036 0.037 0.040 0.044 0.039 

 

* implies significance at 0.05 or lower probability level for two-tailed test.  
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Table A.2.1.4 Country and Time Specific Fixed OLS Estimation Results for  

Sub-Tropical/Tropical Countries   

Dependent Variable: GDP per capita (PPP) in logarithm 

Explanatory Variables25    Sub-Tropical/Tropical Countries 

 Model 1 Model 2 Model 3 Model 4 Model 5 

Intercept 8.451* 8.011* 7.716* 6.316*   0.228 

Capital per head (CAP) - 0.387* 0.385* 0.266* 0.123* 

Percentage of labor in population 
(LSHARE) 

- - 0.089* 0.072* 0.051* 

      
Enrollment in secondary education 
(SECON) 
 

- - - 0.388* 0.294* 

Life expectancy at birth (LIFE) - - - - 1.632* 

 

(continued to next page) 

 
                                                           
25 All the variables are in logarithmic form except quality of institutions which is an index varying from -2 to +2 



64 

 

(continued from previous page) 

Malaria cases per million population 
(MAL) 
 

-0.176* -0.130* -0.125* -0.085* -0.053* 

Quality of Institutions (INSTI) 0.446* 0.342* 0.367* 0.255* 0.192* 

Sachs and Warner’s Openness to Trade 
Index (SWOPEN) 
 

0.021* 0.014* 0.006* 0.109* 0.127* 

Share of population within hundred 
kilometers of the coast (COAST) 
 

0.165* 0.174* 0.154* 0.148* 0.064* 

R-Square 0.50 0.51 0.50 0.58 0.63 

Sample Size 1120 1120 1120 1120 1120 

Durbin-Watson Statistics 1.905 1.912 1.899 1.875 2.102 

White Test 12.05 13.22 11.52 14.58 16.40 

Shapiro-Wilk  0.048 0.047 0.034 0.040 0.047 

 

* implies significance at 0.05 or lower probability level for two-tailed test.  



65 

 

I use the malaria impact coefficients in models 5 from Tables A.2.1.3 and A.2.1.4 respectively, I perform a Z test to 

determine whether the coefficients are significant by different or not. The Z test follows a standard normal distribution 

(Clogg et all, 1995). Z= | b1-b2/square root (SEb1
2 +SEb2

2)|= |-0.08-(-0.011)|/square root [(0.018)2+ (0.008)2] = 3.66 

>1.96.  The value is higher than the critical value of 1.96 and 3.89 for 5% and 1% respectively. Hence the malaria 

coefficients are statistically significant across two different climatic zones even at 5%. 
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Table A.2.1.5 Country specific fixed effect Pooled Regression Results with year and climatic dummies  

Dependent Variable: GDP per capita (PPP) in logarithm 

Explanatory Variables26 Model 1  Model 2 Model 3 Model 4 

Intercept 7.845* 7.568* 6.043* -0.373 

Year dummy 1 (YD1=1 if year>=1990; =0 
otherwise) 
 

0.034 0.035 0.035 0.029 

Year dummy 2 (YD2=1 if year>=1995; =0 
otherwise) 
 

-0.036 -0.033 -0.050 -0.053 

Year dummy 1 (YD3=1 if year>=2000; =0 
otherwise) 
 

0.073 0.068 0.020 0.031 

Dummy for climatic region (C: tropical/sub-
tropical=1; temperate/ desert=0) 
 

-0.454* -0.423* -0.426* -0.381* 

Lagged Capital per head (CAP) 0.288* 0.289* 0.179* 0.073* 

Share of labor in population (LSHARE) - 0.093* 0.079* 0.065* 

Enrollment in secondary education (SECON) - - 0.400* 0.304* 

(continued to next page) 

                                                           
26 All the variables are in logarithmic form except quality of institutions which is an index varying from -2 to +2 
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Life expectancy at birth (LIFE) - - - 1.696* 

Malaria cases per million population (MAL) -0.077* -0.067* -0.019* -0.014* 

Interaction between malaria with climatic 
dummy (MAL*C) 
 

-0.006* -0.005* -0.007* -0.006* 

Quality of Institutions (INSTI) 0.399* 0.416* 0.327* 0.285* 

Sachs and Warner’s Openness to Trade Index 
(SWOPEN) 
 

0.012* 0.002* 0.109* 0.120* 

Share of population within hundred kilometers 
of the coast (COAST) 
 

0.171* 0.151* 0.164* 0.078* 

R-Square 0.47 0.48 0.57 0.62 

Sample Size 1600 1600 1600 1600 

Durbin-Watson Statistics 1.779 1.827 1.875 1.965 

White Test 12.20 14.78 16.67 17.22 

Shapiro-Wilk 0.042 0.041 0.036 0.028 

* implies significance at 0.05 or lower probability level for two-tailed test.  
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Table A.2.1.6 Country specific fixed effect Pooled Regression Results with year and climatic dummies,  
and intersection of malaria with capital per head and labor force participation rate 
 
Dependent Variable: GDP per capita (PPP) in logarithm 

(continued to next page) 

 

                                                           
27 All the variables are in logarithmic form except quality of institutions which is an index varying from -2 to +2 

Explanatory Variables27 Model 1  Model 2 Model 3 Model 4 

Intercept 8.096* 6.463* -1.529* -0.158 

Year dummy 1 (YD1=1 if year>=1990; =0 otherwise) 0.031 0.046 0.019 0.035 

Year dummy 2 (YD2=1 if year>=1995; =0 otherwise) -0.035 -0.039 -0.061 -0.049 

Year dummy 1 (YD3=1 if year>=2000; =0 otherwise) 0.076 0.024 0.077 0.037 

Dummy for climatic region (C: tropical/sub-tropical=1; 
temperate/ desert=0) 
 

-0.462* -0.458* -0.423* -0.413* 

Lagged Capital per head (CAP) 0.168* 0.097* 0.164* 0.110* 

Lagged Capital per head * Malaria cases per million 
(MALCAP) 

-0.016* -0.012* -0.006* -0.003* 
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(continued to next page) 

Percentage of labor in population (LSHARE) 0.022* 0.017* 0.010* 0.006* 

Percentage of labor in population * Malaria cases per 
million (MALLAB) 
 

-0.009* -0.008* -0.001* -0.008* 

Malaria cases per million population (MAL) -0.015* -0.008* -0.004* -0.011* 

Interaction between malaria with climatic dummy 
(MAL*C) 
 

-0.005* -0.007* -0.005* -0.007* 

Enrollment in secondary education (SECON) - - - 0.302* 

Life expectancy at birth (LIFE) - - 2.302* 1.676* 

Quality of Institutions (INSTI) 0.420* 0.329* 0.330* 0.284* 

Sachs and Warner’s Openness to Trade Index 
(SWOPEN) 
 

0.007* 0.103* 0.045* 0.115* 

Share of population within hundred kilometers of the 
coast (COAST) 
 

0.144* 0.157* 0.037* 0.076* 
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* implies significance at 0.05 or lower probability level for two-tailed test.  

 

 

 

 

R-Square 0.48 0.56 0.57 0.62 

Sample Size 1600 1600 1600 1600 

Durbin-Watson Statistics 1.876 1.871 1.970 1.966 

White Test 14.20 14.10 12.65 13.56 

Shapiro-Wilk  0.045 0.042 0.033 0.038 
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Table A.2.1.7 Country specific fixed effect Pooled Regression for various categories of countries 

Dependent Variable: GDP per capita (PPP) in logarithm 

Variables Models 
 Distance from the 

nearest 
international 
market 

Socialist past Hydrocarbon 
deposits 

Newly 
independent 
countries 

Countries with 
elevation 

 Up to 
median 
distance 

Above 
median 
distance 

Yes No Up to 
median 
level 

Above 
median 
level 

Yes No Up to 
median 
distance 

Above 
median 
distance 

Intercept -1.640* 0.765 -1.767* 5.865* -0.066 1.167* 1.251* -
8.910* 

-0.599 -0.683 

Year dummy 1 (YD1=1 
if year>=1990;=0 
otherwise) 
 

0.045 0.020 0.021 0.089 0.042 0.036 0.053 -0.023 0.033 0.045 

Year dummy 2 (YD2=1 
if year>=1995;=0 
otherwise) 
 

-0.075 -0.028 -0.035 -0.097 -0.043 -0.060 -0.054 -0.053 -0.044 -0.052 

Year dummy 3 (YD3=1 
if year>=2000;=0 
otherwise) 
 

0.030 -0.004 0.001 0.035 -0.007 -0.054 0.040 -0.067 0.058 -0.005 

 

(continued to next page) 
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Dummy for climatic 
region (C: tropical/sub-
tropical=1; 
temperate/desert=0) 
 

-0.407* -0.737* -
0.337* 

-
0.611* 

-0.035* -0.746* -
0.077* 

-
0.413* 

-0.208* -0.104* 

Lagged Capital per head 
(CAP) 
 

0.166* 0.062* 0.010* 0.189* 0.018* 0.287* 0.130* 0.217* 0.103* 0.103* 

Share of labor in 
population (LAB) 
 

0.029* 0.105* 0.073* 0.011* 0.034* 0.080* 0.022* 0.028* 0.093* 0.066* 

Human Capital related 
variables 
 

          

Enrollment in secondary 
(SECON) 
 

0.238* 0.480* 0.379* 0.290* 0.450* 0.190* 0.299* 0.395* 0.321* 0.267* 

Life expectancy at birth 
(LIFE) 
 

2.000* 1.321* 2.089* 2.107* 1.482* 1.279* 1.299* 3.813* 1.630* 1.841* 

Malaria cases per million 
population (MAL) 
 

-0.021* -0.012* -
0.016* 

-
0.010* 

-0.060* -0.020* -
0.004* 

-
0.005* 

-0.025* -0.001* 

 

(continued to next page) 
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Interaction between  
malaria with climatic 
dummy (MAL*C) 
 

-0.007* -0.007* 0.004* -
0.002* 

-0.004* -0.007* -
0.003* 

-
0.001* 

-0.002* -0.001* 

Quality of Institutions 
(INST) 
 

0.156* 0.344* 0.304* 0.235* 0.245* 0.312* 0.236* 0.293* 0.265* 0.230* 

Sachs and Warner’s 
Openness to Trade Index 
(SWOPEN) 
 

0.007* 0.329* 0.148* 0.125* 0.161* 0.001* 0.075* 0.068* 0.150* 0.032* 

Share of population 
within hundred 
kilometers of coast 
(COAST) 
 

0.097* 0.033* 0.039* 0.217* 0.169* 0.044* 0.086* 0.040* 0.130* 0.117* 

R-Square 
 

0.59 0.62 0.73 0.45 0.59 0.69 0.54 0.81 0.61 0.66 

Sample Size 
 

800 800 1056 544 800 800 1216 384 800 800 

Durbin-Watson Statistics 
 

1.950 1.925 1.872 1.860 1.902 2.062 1.752 1.882 2.025 2.116 

White Test 
 

19.66 19.12 20.25 18.80 14.56 17.24 22.75 24.68 28.95 24.00 

Shapiro-Wilk  0.044 0.040 0.038 0.046 0.042 0.029 0.040 0.035 0.028 0.032 
 

* implies significance at 0.05 or lower probability level for two tailed test 
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Table A.2.2.2 Country and Time Specific Fixed Effect OLS Estimation Results for All countries   

Dependent Variable: GDP per capita (PPP) in logarithm 

Explanatory Variables28    All Countries 

  Model 1 Model 2 Model 3 Model 4 Model 5 

Intercept 9.652* 7.945* 7.580* 6.145* -0.131 

Lagged Capital per head (CAP) - 0.292* 0.289* 0.189* 0.086* 

Percentage of labor in population 
(LSHARE) 
 

- - 0.113* 0.100* 0.072* 

Enrollment in secondary education 
(SECON) 
 

- - - 0.374* 0.282* 

Life expectancy at birth (LIFE)  - - - 1.658* 

Malaria cases per million population 
(MAL) 
 

-0.145* -0.104* -0.102* -0.060* -0.024* 

 

(continued next page) 

                                                           
28 All the variables are in logarithmic form except quality of institutions which is an index varying from -2 to +2 
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Quality of Institutions (INSTI) 0.428* 0.411* 0.433* 0.356* 0.311* 

Agriculture Exports as Percentage of 
GDP (AGX) 
 

0.036* 0.023* 0.030* 0.025* 0.018* 

Share of population within hundred 
kilometers of the coast (COAST) 
 

0.190* 0.187* 0.166* 0.164* 0.081* 

R-Square 0.42 0.46 0.48 0.57 0.61 

Sample Size 1600 1600 1600 1600 1600 

Durbin-Watson Statistics 1.765 1.881 1.923 1.877 2.262 

White Test 11.68 10.75 12.44 9.65 14.60 

Shapiro-Wilk  0.025 0.027 0.024 0.028 0.028 

 

* implies significance at 0.05 or lower probability level for two-tailed test.  
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Table A.2.2.3 Country Specific Fixed Effect OLS Estimation Results for Temperate/Desert countries 

Dependent Variable: GDP per capita (PPP) in logarithm 

Explanatory Variables29  Temperate/Desert Countries  

 Model 1 Model 2 Model 3 Model 4 Model 5 

Intercept 11.054* 8.440* 8.061* 6.270*   -2.440* 

Capital per head (CAP) - 0.107* 0.115* 0.043*     0.022* 

Percentage of labor in population 
(LSHARE) 
 

- - 0.099* 0.081* 0.046* 

Enrollment in secondary education 
(SECON) 
 

- - - 0.408* 0.306* 

Life expectancy at birth (LIFE)  - - - 2.200* 

Malaria cases per million population 
(MAL) 
 

-0.105* -0.084* -0.083* -0.022* -0.003* 

Quality of Institutions (INSTI) 0.592* 0.580* 0.570* 0.451* 0.470* 

(continued next page) 

                                                           
29 All the variables are in logarithmic form except quality of institutions which is an index varying from -2 to +2 
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Agriculture Exports as Percentage of 
GDP (AGX) 
 

0.006 0.007 0.016 0.016 0.023* 

Share of population within hundred 
kilometers of the coast (COAST) 
 

0.109* 0.108* 0.113* 0.206* 0.099* 

R-Square 0.31 0.37 0.39 0.52 0.58 

Sample Size 480 480 480 480 480 

Durbin-Watson Statistics 1.738 1.838 1.835 1.862 1.797 

White Test 9.22 11.62 10.42 14.25 14.88 

Shapiro-Wilk  0.022 0.026 0.022 0.033 0.030 

* implies significance at 0.05 or lower probability level for two-tailed test.  
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Table A.2.2.4 Country and Time Specific Fixed OLS Estimation Results for  
Sub-Tropical/Tropical Countries   
 
Dependent Variable: GDP per capita (PPP) in logarithm 

Explanatory Variables30 Sub-Tropical/Tropical Countries  

 Model 1 Model 2 Model 3 Model 4 Model 5 

Intercept 7.985* 8.089* 7.762* 6.352*   0.768 

Capital per head (CAP) - 0.367* 0.362* 0.287* 0.124* 

Percentage of labor in population 
(LSHARE) 
 

- - 0.103* 0.088* 0.065* 

Enrollment in secondary education 
(SECON) 
 

- - - 0.371* 0.284* 

Life expectancy at birth (LIFE) - - - - 1.491* 

Malaria cases per million population 
(MAL) 
 

-0.168* -0.140* -0.135* -0.095* -0.061* 

 

(continued next page) 
                                                           
30 All the variables are in logarithmic form except quality of institutions which is an index varying from -2 to +2 
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Quality of Institutions (INSTI) 0.390* 0.346* 0.374* 0.277* 0.218* 

Agriculture Exports as Percentage of 
GDP (AGX) 

0.025* 0.036* 0.040* 0.037* 0.026* 

Share of population within hundred 
kilometers of the coast (COAST) 

0.180* 0.171* 0.148* 0.143* 0.069* 

 

R-Square 

0.46 0.50 0.51 0.59 0.63 

Sample Size 1120 1120 1120 1120 1120 

Durbin-Watson Statistics 1.900 1.902 1.899 1.892 1.902 

White Test 11.60 10.58 11.70 14.08 13.44 

Shapiro-Wilk  0.028 0.028 0.024 0.022 0.025 

* implies significance at 0.05 or lower probability level for two-tailed test.  
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I use the malaria impact coefficients in models 5 from Tables A.2.2.3 and A.2.2.4 respectively, I perform a Z test to 

determine whether the coefficients are significant by different or not. The Z test follows a standard normal distribution 

(Clogg et al., 1995). Z= | b1-b2/square root (SEb1
2 +SEb2

2)|= |-0.04-(-0.007)|/square root [(0.011)2+ (0.006)2] = 4.92 

>1.96.  The value is higher than the critical value of 1.96 and 3.89 for 5% and 1% respectively. Hence the malaria 

coefficients are statistically significant across two different climatic zones even at 1%. 
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Table A.2.2.5  Country specific fixed effect Pooled Regression Results with year and climatic dummies 

Dependent Variable: GDP per capita (PPP) in logarithm 

 

Explanatory Variables31 Model 1  Model 2 Model 3 Model 4 

Intercept 7.824* 7.490* 6.008* -0.091 

Year dummy 1 (YD1=1 if year>=1990; =0 
otherwise) 
 

0.036 0.038 0.044 0.039 

Year dummy 2 (YD2=1 if year>=1995; =0 
otherwise) 
 

-0.045 -0.043 -0.066 -0.068 

Year dummy 1 (YD3=1 if year>=2000; =0 
otherwise) 
 

0.074 0.067 0.014 0.025 

Dummy for climatic region (C: tropical/sub-
tropical=1; temperate/ desert=0) 
 

-0.520* -0.494* -0.456* -0.383* 

Lagged Capital per head (CAP) 0.275* 0.274* 0.173* 0.075* 

 

(continued next page) 

                                                           
31 All the variables are in logarithmic form except quality of institutions which is an index varying from -2 to +2 



82 

 

(continued from previous page) 

Share of labor in population (LSHARE) - 0.108* 0.091* 0.065* 

Enrollment in secondary education (SECON) - - 0.381* 0.291* 

Life expectancy at birth (LIFE) - - - 1.616* 

Malaria cases per million population (MAL) -0.078* -0.074* -0.026* -0.006* 

Interaction between malaria with climatic 
dummy (MAL*C) 
 

-0.006* -0.005* -0.006* -0.005* 

Quality of Institutions (INSTI) 0.406* 0.428* 0.342* 0.300* 

Agriculture Exports as Percentage of GDP 
(AGX) 
 

0.026* 0.032* 0.028* 0.020* 

Share of population within hundred kilometers 
of the coast (COAST) 
 

0.179* 0.158* 0.170* 0.087* 

R-Square 0.47 0.49 0.58 0.62 

 

(continued next page) 
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Sample Size 1600 1600 1600 1600 

Durbin-Watson Statistics 1.879 1.875 1.865 1.866 

White Test 15.05 16.44 20.38 22.40 

Shapiro-Wilk  0.027 0.025 0.024 0.029 

 

* implies significance at 0.05 or lower probability level for two-tailed test. 
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Table A.2.2.6 Country specific fixed effect Pooled Regression Results with year and climatic dummies  

Dependent Variable: GDP per capita (PPP) in logarithm 

Explanatory Variables32 Model 1  Model 2 Model 3 Model 4 

Intercept 8.015* 6.444* -1.230* 0.157 

Year dummy 1 (YD1=1 if year>=1990; =0 otherwise) 0.033 0.055 0.025 0.044 

Year dummy 2 (YD2=1 if year>=1995; =0 otherwise) -0.035 -0.056 -0.060 -0.064 

Year dummy 1 (YD3=1 if year>=2000; =0 otherwise) 0.076 0.019 0.074 0.031 

Dummy for climatic region (C: tropical/sub-tropical=1; 
temperate/ desert=0) 
 

-0.537* -0.493* -0.460* -0.437* 

Lagged Capital per head (CAP) 0.158* 0.094* 0.158* 0.110* 

Lagged Capital per head * Malaria cases per million 
(MALCAP) 
 

-0.016* -0.012* -0.006* -0.002* 

 

(continued to next page) 

 
                                                           
32 All the variables are in logarithmic form except quality of institutions which is an index varying from -2 to +2 
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Percentage of labor in population (LSHARE) 0.035* 0.023* 0.010* 0.006* 

Percentage of labor in population * Malaria cases per 
million (MALLAB) 
 

-0.010* -0.009* -0.001* -0.003* 

Malaria cases per million population (MAL) -0.015* -0.008* -0.004* -0.002* 

Interaction between malaria with climatic dummy 
(MAL*C) 
 

-0.005* -0.007* -0.005* -0.006* 

Enrollment in secondary education (SECON) - 0.378* - 0.290* 

Life expectancy at birth (LIFE) - - 2.216* 1.595* 

Quality of Institutions (INSTI) 0.432* 0.377* 0.341* 0.299* 

Agriculture Exports as Percentage of GDP (AGX) 0.032* 0.027* 0.021* 0.020* 

Share of population within hundred kilometers of the 
coast (COAST) 
 

0.150* 0.163* 0.046* 0.086* 

R-Square 0.49 0.59 0.58 0.62 

Sample Size 1600 1600 1600 1600 

 

(continues to next page) 
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Durbin-Watson Statistics 1.975 1.971 1.872 1.968 

White Test 12.46 14.62 14.48 16.65 

Shapiro-Wilk  0.032 0.036 0.042 0.035 

 

* implies significance at 0.05 or lower probability level for two-tailed test.
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Table A.2.2.7  Country specific fixed effect Pooled Regression for various categories of countries 

Dependent Variable: GDP per capita (PPP) in logarithm 

Variables Models 
 Distance from the 

nearest 
international 
market 

Socialist past Hydrocarbon 
deposits 

Newly 
independent 
countries 

Countries with 
elevation 

 Up to 
median 
distance 

Above 
median 
distance 

Yes No Up to 
median 
level 

Above 
median 
level 

Yes No Up to 
median 
distance 

Above 
median 
distance 

Intercept -2.123* 1.531* -1.551* 6.069* -0.247 1.773* 1.560* -8.126 -1.039 -0.312 
           
Year dummy 1 
(YD1=1 if 
year>=1990;=0 
otherwise) 
 

0.049 0.052 0.021 0.089 0.053 0.041 0.060 -0.011 0.044 0.047 

Year dummy 2 
(YD2=1 if 
year>=1995;=0 
otherwise) 
 

-0.079 -0.060 -0.055 -0.092 -0.061 -0.069 -0.063 -0.051 -0.054 -0.061 

 

(continued to next page) 
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Year dummy 3 
(YD3=1 if 
year>=2000;=0 
otherwise) 
 

0.028 -0.023 -0.009 0.034 -0.021 -0.055 0.036 -0.059 0.046 -0.077 

Dummy for climatic 
region (C: 
tropical/sub-
tropical=1; 
temperate/desert=0) 

-0.548* -0.447* -0.197* -0.389* -0.009* -0.726* -0.088* -0.655* -0.177* -0.142* 

 
Lagged Capital per 
head (CAP) 

 
0.162* 

 
0.021* 

 
0.032* 

 
0.182* 

 
0.025* 

 
0.280* 

 
0.128* 

 
0.213* 

 
0.108* 

 
0.085* 

 
Share of labor in 
population (LAB) 

 
0.038* 

 
0.108* 

 
0.102* 

 
0.003* 

 
0.038* 

 
0.097* 

 
0.031* 

 
0.033* 

 
0.085* 

 
0.088* 

 
Human Capital 
related variables 

          

 
Enrollment in 
secondary (SECON) 

 
0.232* 

 
0.434* 

 
0.366* 

 
0.270* 

 
0.434* 

 
0.188* 

 
0.288* 

 
0.408* 

 
0.305* 

 
0.274* 

 
Life expectancy at 
birth (LIFE) 

 
2.100* 

 
1.124* 

 
2.004* 

 
2.109* 

 
1.505* 

 
1.123* 

 
1.218* 

 
3.615* 

 
1.737* 

 
1.703* 

(continued to next page) 
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(continued from previous page) 

 
Malaria cases per 
million population 
(MAL) 

 
-0.019* 

 
-0.018* 

 
-0.013* 

 
-0.010* 

 
-0.062* 

 
-0.035* 

 
-0.003* 

 
-0.005* 

 
-0.028* 

 
-0.001* 

 
Interaction between  
malaria with climatic 
dummy (MAL*C) 

 
-0.008* 

 
-0.004* 

 
0.004* 

 
-0.003* 

 
-0.004* 

 
-0.007* 

 
-0.003* 

 
-0.001* 

 
-0.002* 

 
-0.001* 

 
Quality of Institutions 
(INST) 

 
0.161* 

 
0.351* 

 
0.335* 

 
0.236* 

 
0.216* 

 
0.340* 

 
0.247* 

 
0.290* 

 
0.265* 

 
0.219* 

 
Agriculture Exports as 
% of GDP (AGX) 

 
0.031* 

 
0.015* 

 
0.025* 

 
0.024* 

 
0.009* 

 
0.031* 

 
0.018* 

 
0.013* 

 
0.013 

 
0.032* 

 
Share of population 
within hundred 
kilometers of coast 
(COAST) 

 
0.114* 

 
0.060* 

 
0.012* 

 
0.217* 

 
0.181* 

 
0.061* 

 
0.089* 

 
0.051* 

 
0.132* 

 
0.187* 

 
R-Square 

 
0.61 

 
0.60 

 
0.73 

 
0.46 

 
0.58 

 
0.71 

 
0.54 

 
0.81 

 
0.61 

 
0.67 

 

(continued to next page) 
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(continued from previous page) 

 
Sample Size 

 
800 

 
800 

 
1056 

 
544 

 
800 

 
800 

 
1216 

 
384 

 
800 

 
800 

 
Durbin-Watson 
Statistics 

 
1.852 

 
1.865 

 
1.902 

 
1.925 

 
1.754 

 
1.780 

 
2.058 

 
2.101 

 
1.692 

 
1.850 

 
White Test 

16.60 15.00 17.22 14.56 20.22 21.88 24.51 20.01 14.65 17.21 

 
Shapiro-Wilk  

0.032 0.028 0.042 0.034 0.022 0.026 0.020 0.024 0.033 0.039 

 

* implies significance at 0.05 or lower probability level for two tailed test 
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Chapter 3: Malaria and National Income: Examining a Two Way Causal 

Relationship 

3.1 Introduction 

Malaria is one of the major causes of mortality and morbidity in developing 

countries (Conly, 1972; McCarthy et al., 2000; Sachs, 2002).  It causes over one 

million annual deaths in Africa alone.  When malaria does not claim peoples’ lives, 

it has detrimental effects on worker productivity, savings and investment, medical 

costs, fertility, and population growth (Sachs and Malaney, 2002).  For these 

reasons, malaria has a negative, statistically significant effect on national income 

per capita (Gallup and Sachs, 2001). 

A point little considered in the malaria and health literature, however, is that 

there is inherent endogeneity in the relationship between malaria and economic 

well-being.  Since limited economic resources adversely affect health investments 

and outcomes, the malaria-to-income relationship likely operates in both directions 

(Pritchett and Summers, 1996; Strauss and Thomas, 2008).  In other words, not 

only is there a malaria-to-income causal link, there is also an income-to-malaria 

causal link (reverse causation).  Thus if someone were to regress malaria on per 

capita income, they might find a negative, statistically significant effect, and 

conclude that causality runs in the opposite direction.  Pritchett and Summers 

(1996), for example, have found such a relationship for health when it is measured 

in terms of infant and child mortality (not necessarily malaria-related). 

Economic growth could reduce malaria if it allows greater resources to be 

made available for malarial prevention (Gallup and Sachs, 2001).  This is plausible 

because the direct costs of malaria prevention and treatment are substantial (Chima, 

Goodman, and Mills, 2003).  Increased income allows households to spend more 

on preventative measures, including provision of mosquito coils, aerosol sprays, 

bed nets, and mosquito repellents, and the draining of rivers and canals.  In most 
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developing countries such investments are not trivial.  For example, in Sub-Saharan 

Africa households spend in excess of $180 on such measures per year, which is a 

large share of household income (1999 U.S. dollars; Chima, Goodman, and Mills, 

2003).  Increased income also allows households to spend more on treatment, 

including drugs, transport, doctor consultation fees, and subsistence at a health 

facility.  In Sub-Saharan Africa, for example, households spend between $23 and 

$312 on such measures per year (1999 U.S. dollars; Chima, Goodman, and Mills, 

2003).  Again, these expenditures are hardly trivial. 

The income-to-malaria causal link may also operate at the national level.  

There, higher incomes may enable creation of community infrastructure and public 

health facilities (Erdil and Yetkiner, 2004) and investment in education (Strauss 

and Thomas, 1998), both of which could reduce malaria.  In addition, economic 

growth is associated with migration of workers from epidemic areas to non-

epidemic areas (Lashley and Durham, 2007).  For example, higher incomes in cities 

may draw migrants from rural areas that are endemic to malaria, thus decreasing 

the share of the population in rural, relatively malaria-prone regions.  In other 

words, migration to cities may result in healthier, wealthier people, all on its own. 

My study is the first that I know of in the literature to explicitly investigate 

endogeneity in the relationship between malaria and economic well-being.  I use a 

balanced panel of annual observations on health, economic, and geographic factors 

for 100 countries from 1985 to 2001.  I measure malaria as the number of reported 

malaria cases per million people.  While there is a wealth of literature that 

examines malaria economics for particular regions or households, the use of cross-

country, time-series data more readily allows me to investigate certain emerging 

stylized facts. 

Average national rates of malaria for the 100 countries are plotted against 

per capita income in Figure 3.1.  Each point represents a country’s average 
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experience over 1986-2001.  The two variables have a strongly negative correlation 

– not necessarily linear – when looking across countries at a point in time.  While 

countries with relatively high rates of malaria typically have low incomes (a “bad” 

equilibrium), countries with high income per capita typically have low rates of 

malaria. 

It’s also informative to examine rates of malaria for one country over time.  

Figure 3.2 shows this relationship for eight countries: Thailand, Nepal, Congo, 

Oman, Sri Lanka, the Philippines, El Salvador, and Azerbaijan.  Malaria rates tend 

to have a negative relationship with per capita GDP over time for individual 

countries.  The correlation ranges from -0.74 to -0.94.  Most of these countries – as 

well as many others in the sample – have experienced income growth and falling 

rates of malaria over time.  However, it is unclear a priori whether efforts to reduce 

malaria have led to a healthier population, and thus rising income, or whether the 

reverse causality income-to-malaria has occurred. 

Knowing the relative importance of each effect – or whether there is 

incidental association, such as an improvement in a nation’s governance, such that 

both incomes and malaria have improved – is important for international 

development policy, and can only be sorted out through econometric analysis.  If 

the negative relationship between malaria and national income per capita is driven 

mainly by the positive effect of reducing malaria so that incomes can increase, then 

policymakers may want to redirect public expenditures towards malarial prevention 

and treatment (Gallup and Sachs, 2001).  If, however, rising incomes (due to non-

health-related policies) seem to be the primary contributor to the negative 

relationship in Figures 3.1 and 3.2, then the government may want to focus 

expenditures on activities that grow the economy first and foremost, leaving 

malaria prevention and control to subsequent expenditures paid for with the newly 
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generated income.33

To address this problem, I develop a new model of malaria and economic 

well-being.  I start with a household whose utility function is a function of 

consumption and the health status of the household, as given by malaria.  Rates of 

malaria are affected by investment in malaria prevention and treatment as well as 

other exogenous factors, such as climate and medical infrastructure.  Every 

household is a producer as well as consumer, with productivity affected by rates of 

malaria as well as other factors, such as capital stock.  While the household utility 

component draws heavily from Grossman (1972), the production component draws 

mainly from Solow (1956, 1957). 

  Knowing the relative importance of these two channels is 

important since a number of countries appear to be trapped in an equilibrium 

characterized by low income per capita and high malaria rates. 

The model highlights the conflict that arises from provision of costly 

malaria prevention and treatment.  This takes away resources from direct 

consumption of other goods, but enhances utility through better health and leads to 

an increase in household productivity.  The model yields two equations that capture 

the fact that there is a negative relationship between malaria and economic well-

being over time, while distinguishing the bi-directional nature of this relationship. 

When I proceed to econometrically estimate these equations, I have a 

number of identifying restrictions that let me distinguish the effect that malaria has 

on income separately from the effect that income has on malaria.  I can do this 

since each of the two equations lack a number of explanatory variables that occur 

on the right-hand side of the other equation. 

                                                           
33 For example, government may want to pursue activities that are thought to have a positive 
relationship with GDP growth, such as improved transport infrastructure, improved 
communications, trade liberalization, and agricultural research and development. 
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I carry out a battery of specification tests and find that my results are robust 

across a range of specifications and estimation techniques.  While my results verify 

previous studies showing that geographical factors play an important role in 

malarial rates (e.g., Gallup and Sachs, 2001), I do not find that malaria is 

necessarily geographic destiny.  I find that rising national income per capita 

generally has a stronger effect on malaria incidence than the other way around.  A 

1% rise in the number of malaria cases per million decreases per capita income by 

less than 0.01%, which is similar to magnitudes obtained by Gallup and Sachs 

(2001) and McCarthy et al. (2000).  However, a 1% rise in income per capita 

decreases the number of malaria cases per million by more than 1%.  These results 

are statistically significant and robust to examination of different subsets of 

countries. 

3.2 Conceptual framework 

I start with a household whose utility function u is a function of consumption, (c), 

and health status of the household, in this case represented by incidence of malaria, 

m: 

( , )u u c m= .        (3.1) 

This relationship has the following derivatives: 0cu > , 0mu < , 0ccu <  and 

0mmu > , which implies that utility increases from increases in consumption, but at 

a diminishing rate.  In turn, utility declines from a rise in malaria, but at a 

diminishing rate.  The household budget constraint is: 

c pi y+ = ,        (3.2) 

where i is private investment in malaria treatment and prevention, p is the ratio of 

the price of i to a price index of other goods (c), and y is the amount available to 

spend. 
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I assume that households own factors of production directly.  These factors 

can be transformed into final goods according to a production technology.  

Household output is denoted y, and is a function of a fixed stock of capital per 

household (k), fixed labor (l), malaria incidence (m), and exogenous factors that 

influence output (X).  I express this as: 

( , , , )y f k l m X= ,       (3.3) 

where , 0k lf f > , , 0kk llf f < , 0mf <  and 0mmf > .  This implies that the arguments 

have diminishing marginal effects on output. 

In my empirical work I measure m as the number of reported malaria cases 

per million people.  A reported case can correspond to either morbidity or 

mortality.  Morbidity implies that a worker is periodically kept from working, 

while mortality implies that a worker is no longer present for part of a year.  In 

either case, at the individual level m can be thought of as the number of days that a 

worker is incapacitated.34

                                                           
34 McCarthy, Wolf, and Wu (2000) note that a second effect operates longer term: malaria attacks 
are a major cause of school absenteeism and appears to negatively impact long term learning 
capacity.  This reduces the accumulation of human capital over time. 

  At the aggregate level (to be discussed below), m will be 

the proportion of the population that is incapicated by malaria for part of the year, 

or equivalently, the number of days of work lost due either to morbidity or 

mortality.  This can potentially have some affect on total factor productivity, labor 

productivity, or capital productivity.  For this reason I let m enter independently of 

k and l.  In my empirical model, I will use interaction terms to allow malaria to 

have three different ways by which it could affect output: an independent effect on 

total factor productivity, an effect on labor, or an effect on capital. 
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The rate of malaria (m) is affected by investment in malaria (i) in prevention 

and treatment.  Malaria is also determined by other exogenous geographic, climatic, 

and demographic factors (Z): 

( , )m m i Z= ,        (3.4) 

Malaria declines from an increase in investment ( 0im < ), but at a diminishing rate 

( 0iim > ).  The budget equation can be re-written by re-arranging (3.2) and 

substituting in (3.4): 

( , , ( , ), )c f k l m i Z X pi= − .      (3.5) 

I can plug (3.4) and (3.5) into (3.1) to form the household’s utility maximization 

problem.  It is cast as a decision about the optimal level of i to select: 

( )Max  ( , , ( , ), ) ,  ( , )
i

u f k l m i Z X pi m i Z− .    (3.6) 

The first order conditions are such that: 

0u f m u mp
c m i m i
∂ ∂ ∂ ∂ ∂   − + =   ∂ ∂ ∂ ∂ ∂   

.     (3.7) 

I can re-arrange this to show that: 

 f m mu u p
m cm i i

∂ ∂ ∂∂ ∂  + = ∂ ∂∂ ∂ ∂ 
,  with , , 0f m u

m i m
∂ ∂ ∂

<
∂ ∂ ∂

 and 0u
c
∂

>
∂

. (3.8) 

Equation (3.8) equates total marginal gain from private malaria investment to 

marginal cost (p).  The first term on the left hand side is positive and indicates how 

much output per capita can be gained from increased investment.  The second term 

on the left hand side is also positive, and indicates how much utility is gained from 

investing in malaria prevention and treatment. 
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Each country has a large number of households with identical preferences, 

identical endowments of labor and capital, and use identical constant-returns to 

scale technologies.  In this way I can work with a representative household for each 

country, and use per capita, macro-economic versions of these equations. 

Recall that Figure 3.2 shows that for given countries, there tends to be a 

negative relationship between malaria (m) and income (y) over time.  The model 

can be used to capture these stylized facts.  Starting with equation (3.3), rising 

malaria can decrease output: 

( , , , ) 0y f k l m X
m m
∂ ∂

= <
∂ ∂

.      (3.9) 

On the other hand, from (3.2) I have that: ( ) /i y c p= − .  Using this along with 

equation (3.5), I see that: 

( , ) 0m m i Z i
y i y

∂ ∂ ∂
= <

∂ ∂ ∂
.      (3.10) 

The relationship in Figures 3.1 and 3.2 must arise from either (3.9) or (3.10), or 

from some kind of incidental association (from X or Z).  The extent to which these 

factors matter is an empirical question.  To get at this, I estimate the structural 

equations (3.3) and (3.4) in a simultaneous equations framework.  In equation (3.3), 

m has a simultaneous effect on y.  In equation (3.4), the relationship between m and 

i is more likely to be recursive in nature, since there is more likely to be a lag 

between investments and health outcomes (m). 

The identification problem I must confront is illustrated in Figure 3.3, 

which plots the income-to-malaria causal link, given by (3.3), and the malaria-to-

income causal link, given by (3.4).  Both of these equations have a negative slope 

in malaria-income space. The identification of the income-to-malaria linkage is 

possible due to the exclusion of k, l, and X from equation (3.4).  The identification 
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of the malaria-to-income linkage in Figure 3.3 is possible due to exclusion of Z in 

(3.3).35

3.3 Empirical specification 

 

The data are a balanced panel of 17 annual observations on 100 countries from 

1985 to 2001.  Table 3.1 lists the countries used in the analysis, ordered by their 

average rates of malaria over this time period, along with their income per capita.  I 

also report the seven regional groupings that I use in later empirical work.  The 

large sample provides a rich source of variation for efficient estimation of model 

parameters.  The data come from sources such as the World Health Organization, 

the World Bank, the United Nations Statistics Division, and Penn World Tables.  

The Data Appendix (A.3.1) has more information about sources of the data, and 

construction of certain variables. 

Summary statistics for key variables are reported in Table 3.2.  A few 

details stand out.  For example, average malaria cases per million population is 

39,882, ranging from as few as one to as many 395,550 in a given year.  GDP per 

capita also ranges substantially, from 175 to 18,682 (1990-91 U.S. dollars).  The 

climate variable shows that 70 percent of the countries are classified as subtropical 

or tropical, with the remainder temperate or desert. 

Equations (3.3) and (3.4) are too general for empirical purposes.  It is 

necessary to form more explicit functions for these relationships.  I first motivate 

the specification of (3.3).  I proxy for household output (y) in equation (3.3) using 

the level of GDP per capita at purchasing power parity ( itGDP ).  This is the same 

                                                           
35 More specifically, the equation with income as the dependent variable (3) does not include certain 
determinants of malaria.  These include climate, geography, percentage of children in the 
population, and number of physicians.  Likewise the equation with malaria as the dependent 
variable (4) does not include certain determinants of income.  These include tariff rates, openness 
indicators, and capital intensity. 



100 

 

dependent variable as in Gallup and Sachs (2001), and is consistent with the idea 

that production occurs at the household level, which may be appropriate in a 

developing country context.  The subscripts i and t index country and time, 

respectively.  I capture malaria on the right hand side of equation (3.3) with data on 

reported malaria cases per million population ( itMAL ). 

Equation (3.3) also depends on per capita capital stock (k), labor (l), and 

other exogenous factors (X), which are an important part of the identification 

strategy.  The latter may include human capital (Weil, 2007), trade openness (Sachs 

and Warner, 1995; Dollar and Kraay, 2004), demographic characteristics 

(McCarthy et al., 2000; Gallup and Sachs, 2001), and quality of institutions (Hall 

and Jones, 1999).  These relationships may hold not only at the household level but 

also at the country level (Weil, 2007).  For k and l I have capital investment as a 

percentage of GDP ( itCAP ) and labor’s share of the population ( itLAB ).  A quality 

of institutions index ( itINS ) is included for the potential impact of this on per capita 

GDP.  It ranges from -2 (low quality) to +2 (high quality).  The percentage of 

population within 100 km of the coast ( itCOAST ) is included, based on the 

approach in Gallup and Sachs (2001).  I have used two measures that proxy for a 

country’s general “openness” to trade: the Sachs-Warner Index of openness 

( itOPN ), and the average applied tariff rate ( itTAR ).36

In some of my specifications I will consider regional fixed effects (

 

jD ) for 

the seven regions identified in Table 3.1.  A trend variable ( tTRND ) is also 

included in some regressions as a parsimonious way to capture time effects. 

                                                           
36 Additional right-hand side variables considered, but not ultimately reported, for (3.3) include life 
expectancy at birth and secondary school enrollment ratio. 
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Taking all of the above into consideration, the most general version of (3.3) 

that I estimate is the following, which I denote (3.3’): 

0 1 2 3 , 1

4 5 , 1 6 7 8 9

6

10
1

* *it it it it i t it

it i t it it it it

j i t it
j

GDP MAL LAB MAL CAP MAL
LAB CAP INS COAST OPN TAR

D TRND

α α α α

α α α α α α

γ α ε

−

−

=

= + + +

+ + + + +

+ + +∑

  (3.3’) 

where itε  is an error term with classical properties except as discussed below.  All 

variables are logged except itINS , itOPN , iD , and tTRND .  Capital enters as a 

lagged term ( , 1i tCAP − ) to allow for a time gap between provision of capital and the 

effect on the economy.  This also reduces potential problems with endogeneity 

associated with having capital on the right-hand side of the equation.  Malaria is 

also allowed to enter as a multiplicative factor to both , 1i tCAP −  and itLAB  to get at 

the idea that malaria may have distinct effects on output: an independent effect on 

total factor productivity, an effect on labor, and an effect on capital. 

I now turn to the specification of equation (3.4) , which draws from insights 

in Pritchett and Summers (1986), Erdil and Yetkiner (2004), and Bloom, Canning 

and Sevilla (2004).  I am unable to observe expenditure on malaria prevention and 

treatment (i) over time for a large number of countries, whether this is at the private 

household level or whether these are public health expenditures.37

/i y∂ ∂

  An important 

proxy for investment (i) at the household level may be per capita GDP, which 

corresponds to the partial derivative, , in the model.  This strategy has been 

used productively in Grossman (1972). 
                                                           
37 Chima, Goodman, and Mills (2003) discuss the difficulties of getting estimates of expenditure on 
prevention and treatment.  At the household, case studies have provided estimates for selected 
countries at a point in time, but there is not enough for our purposes.  Government expenditures on 
malaria prevention and treatment are not generally known, and estimation is hampered by the fact 
that most expenditure is incurred by health facilities  providing treatment.  Governments do not 
generally have a budget line for malaria. 
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Other proxies for i include the share of population that is immunized against 

major diseases such as cholera and diphtheria ( itIMUNE ), and physicians per 

thousand population ( itPHY ).  While these factors may not by themselves be 

expected to reduce malaria rates, they may be correlated with general health 

investments in a country over time. 

The rate of malaria over time and space also depends on geographic 

variables, which are an important part of the identification strategy.  Exogenous 

factors (Z) used to estimate (3.4) include a climate dummy variable ( iCLIM ) that is 

one if a country is primarily tropical or subtropical, and zero if it is primarily 

temperate or desert (Gallup and Sachs, 2001).  I also consider the central latitude of 

the country ( iLAT ), average elevation ( iELEV ), and the mean deviation of 

temperature ( itTEMP ).  These types of factors have been used in studies such as 

McCarthy et al. (2000), Gallup and Sachs (2001), Filmer (2005), and Malaney, 

Spielman, and Sachs (2004).  Since younger populations tend to be somewhat more 

prone to malaria problems, I include the percentage of the population that is below 

fifteen years of age ( itCHLD ).  I also include the percentage of the population that 

is within hundred kilometers of coast ( itCOAST ).  All else the same, coastal areas 

are somewhat more likely to have problems with malaria.  Finally, as with equation 

(3.3), on the right hand side of (3.4) I include the quality of institutions index 

( itINS ), which is suggested by Hall and Jones (1999).  Higher values of itINS  are 

expected to dampen the incidence of malaria. 

The most general version of (3.4) that I estimate is: 
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where   itδ  is an error term with classical properties except as discussed below.  

Note that all variables are logged except for iCLIM , itINS , iLAT , iELEV , 

itTEMP iD , and tTRND .  In (3.4’) there is a recursive relationship between MAL 

and GDP such that it takes one year for GDP to have an effect on malaria rather 

than having an instantaneous effect (Filmer, 2005).38

itMAL

  The remaining variables in 

(3.4’) have been introduced already, and should be largely self-evident.  Note that I 

also include the interaction of lagged GDP per capita with the climatic 

characteristics when explaining . 

In thinking about how to estimate (3.3’) and (3.4’) I first check rank and 

order conditions.  Both equations are over-identified.  I then carry out Hausman 

(1978) specification tests.  These are reported in Table 3.3.  The first two tests 

compare ordinary least squares (OLS) to two-stage least squares (2SLS), and OLS 

to three-stage least squares (3SLS).  In both cases a null hypothesis of no 

endogeneity is rejected, and OLS is found to be an inconsistent estimator.  A third 

test reported in Table 3.3 rejects a hypothesis of no simultaneity, and concludes that 

3SLS is consistent and efficient, while 2SLS is consistent and inefficient (the chi-

square statistic is 5.44).  For these reasons I rely mainly on 3SLS in the subsequent 

analysis. 

Under 3SLS, the instrumental variable for itMAL  in equation (3.3’) is its 

predicted value based upon all the exogenous variables of the system.  When I 

regress itMAL  on the exogenous variables in the first stage of the 3SLS procedure, 

I get an R-square of 0.64.  This high value suggests that itMAL  is a good 

instrumental variable.  The instrumental variable for , 1i tGDP −  in equation (3.4’) is 

                                                           
38 This length of lag is verified by way of an Akaike (1973) Information Criteria procedure.  This 
result is consistent with the findings of Erdil and Yetkiner (2004), who show that GDP impacts 
health status with a lag varying from one to three years. 



104 

 

its predicted value based upon all the exogenous variables of the system.  When I 

regress , 1i tGDP −  on all the exogenous variables of the system in the first stage of the 

3SLS procedure, I get an R-square of 0.61.  Again, this is a reasonably high value 

which suggests that , 1i tGDP −  is a good instrumental variable. 

3.4 Results 

I report the results of six variations of the model in Table 3.4.  I start the discussion 

with Model 1, in which (3.3’) and (3.4’) are estimated jointly using 3SLS.  Model 1 

includes all countries and all possible variables; as such it might be called a 

“kitchen sink” regression.  The model appears to fit the data well, with a system-

wide 2R  of 0.58.  The expected sign for each coefficient, which I report in Table 

3.4, is almost always consistent with what I find using 3SLS. 

The Model 1 coefficient on MAL  for equation (3.3’) is -0.0002.  As an 

elasticity, this implies that a 1% increase in the number of malaria cases per million 

(holding constant its effect in the interaction terms) is associated with 0.0002% 

decrease in GDP .  This is the expected sign, and the coefficient is statistically 

different than zero at the 1% level.  While in this case malaria is affecting total 

factor productivity, I also allow for additional, individual effects on labor and 

capital productivity.  I capture these through the interaction terms between malaria 

and labor, and malaria and capital.  The corresponding coefficients are -0.007 and -

0.004, respectively, with statistical significance in both cases. 

Looking further down this column we see that, by themselves, increases in 

labor and capital usage in a country have a positive, statistically significant effect 

on GDP per capita.  The coefficients are 0.012 and 0.476, respectively.  Quality of 

institutions ( INS ) also has a positive, statistically significant impact on GDP per 

capita (the coefficient is 0.440).  Closeness of population to the coast ( COAST ) 

has a positive effect on GDP per capita (the coefficient is 0.146, and is statistically 
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significant).  Greater openness (OPN) and higher average tariffs (TAR) increase and 

decrease GDP per capita, respectively (the coefficients are 0.071 and -0.007).  

Model 1 also includes regional fixed effects for equation (3.3’), with Central/West 

Asia taken as a reference category (see Table 3.1 for definitions).  All of these 

effects are negative and statistically different than zero.  Finally, I include a trend 

variable for equation (3.3’).  It is statistically zero and therefore I do not interpret it. 

We now turn to the second equation estimated as part of Model 1, (3.4’), 

which quantifies the effect of income on malaria.  The coefficient on lagged GDP  

in Table 3.4 is -0.897 and is statistically different than zero at the 1% level.  As 

above, this coefficient can be interpreted as an elasticity.  Therefore, a 1% increase 

in income per capita (holding constant its effect elsewhere) is associated with a 

0.897% decrease in the number of malaria cases per million.  Just below this 

coefficient is an interaction term between GDP  and climate.  The coefficient is 

positive and statistically significant (0.648), which suggests that the ability of 

higher GDP to overcome malaria is weakened if a country is sub-tropical and 

tropical.  This implies that tropical/sub-tropical countries would require a larger 

increase in GDP per capita to achieve a given reduction in malaria.  Below this 

result is the coefficient on climate by itself.  It is positive (3.247) and statistically 

significant, which – as expected – suggests that malaria is more likely in 

tropical/sub-tropical climates. 

Geographical factors such as greater distance from the equator ( LAT ) and 

elevation from the sea level ( ELEV ) have negative, statistically significant impacts 

on malaria (the coefficients are -0.035 and -0.0002, and are statistically significant).  

Meanwhile, the higher the share of the population that lives near the coast 

( COAST ), and the higher a country’s temperature variation ( TEMP ), the greater 

the incidence of malaria (the coefficients are 0.220 and 0.340, and statistically 

significant).  Countries with high percentages of population below age 15 ( CHLD ) 
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have higher rates malaria, perhaps because children are most vulnerable to 

repetitive malaria attacks due to an underdeveloped immunity system (the 

coefficient is 0.136, and is statistically significant). 

In addition to GDP per capita, a number of other variables are included to 

proxy for a nation’s ability and willingness to invest in health infrastructure that 

might lessen the incidence of malaria.  These results are reported in the lower 

section of the column corresponding to Model 1.  I find that malaria is reduced by 

availability of physicians ( PHY ), greater rates of immunization ( IMUNE ), and the 

quality of institutions ( INS ).  The corresponding coefficients are -0.394, -0.010, 

and -0.168, and are all statistically non-zero. 

I also include regional fixed effects for equation (3.4’) in the case of Model 

1.  These are all positive and statistically significant, which mainly suggests that 

there is more malaria in these regions than in Central/West Asia (the base 

category).  Finally, a trend variable for equation (3.4’) is included.  I find this 

coefficient (0.047) to be positive and statistically significant. 

Model 2: A potential problem with Model 1 is that some of the right hand 

side variables may be correlated with the error term.  For example, Hausman tests 

(not reported in the tables) suggest that this might be the case for labor and capital 

usage in the GDP equation (3.3’).  One way to investigate the extent to which this 

affects the results is to estimate a pared down version of Model 1 in which these 

variables are eliminated.  I can also use this opportunity to gauge the sensitivity of 

Model 1’s results to the presence of other variables, such as the regional and time 

effects.  This new approach is called Model 2, and the results are reported once 

again in Table 3.4.  Despite the many changes in specification, we see that the 

Model 2 coefficient on MAL is almost exactly the same as that in Model 1 (-

0.0003).  The coefficient on lagged GDP in equation (3.4’) is somewhat greater in 

magnitude in Model 2 than it was in Model 1 (-1.126 versus -0.897).  However, this 
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greater magnitude appears to only be the result of having eliminated other variables 

with a negative correlation with MAL, such as the number of physicians (PHY) and 

immunizations (IMUNE).  The system-wide 2R  falls to 0.46 in Model 2 from 0.58 

in Model 1.  Every other aspect of the results are highly consistent with that of 

Model 1.  I conclude that the basic results are robust. 

Models 3 and 4:  In the next two approaches I consider what happens if my 

sample is restricted to Sub-Saharan Africa (Model 3) and East Asia (Model 4), 

respectively.  Malaria is prevalent in these two regions (Table 3.1) yet there may be 

important differences in the historical experience of these regions.  East Asia has in 

general had greater economic growth over the past few decades, and a sharper fall 

in malaria, than in most Sub-Saharan African countries.  In this section I ask 

whether these differences change the nature of the relationships in Figure 3.3. 

For both Models 3 and 4, I retain the same specification as Model 2.  

Results are reported in Table 3.4.  In both cases the results differ only slightly from 

Models 1 and 2.  The signs and significance of all coefficients remain as in Model 

2.  Most notable is that for Sub-Saharan Africa, the coefficient on malaria in the 

GDP equation (3.3’) and the coefficient on GDP in the malaria equation (3.4’) are 

slightly larger in magnitude than for either East Asia (Model 4) or all countries 

combined (Model 2).  This may simply reflect greater uniformity of the experience 

of countries in Sub-Saharan Africa, perhaps due to geographic, cultural, or 

institutional factors that are not picked up by the other control variables. 

Models 5 and 6: To round out the robustness checks I examine what would 

happen if the GDP equation and the malaria equation (3.4’) are no longer estimated 

as part of a system of equations.  A simple alternative is to estimate (3.3’) and 

(3.4’) with single-equation OLS methods.  I call these Model 5 and Model 6, 

respectively.  Model 6 in particular, which is a regression of income on a health 

measure, is representative of many studies that have explored this issue in the past.  



108 

 

The danger of this approach is that not only is the OLS estimator biased, this bias 

will not get smaller as the number of observations gets larger.  I allow for the full 

set of right-hand side variables in Models 5 and 6, and report the results in Table 

3.4.  Despite the large differences in specification and estimation technique relative 

to Models 1-4, the coefficient estimates are once again very similar across them.  

For this reason I skip a detailed discussion of the results. 

Diagnostics: Tests for deviations from the classical linear regression model – other 

than those already mentioned – are reported at the bottom of Table 3.4.  Goodness 

of fit ( 2R ) varies from a low of 0.46 to 0.66.  The simple OLS regression of 

income on malaria (Model 6) has the highest 2R .  The Durbin-Watson statistic 

ranges from 1.80 to 2.11, suggesting that autocorrelation is unlikely to be a serious 

problem.  Breush-Pagan tests fail to reject a null hypothesis of no heteroscedasticity 

in each of the specifications. Finally, Shapiro-Wilk tests fail to reject a null 

hypothesis of normality in regression residuals for all of my models. 

3.5 Comparison to other studies 

When I compare the results to those of preceding studies, the estimated effects of 

malaria on national prosperity are similar to the extent that they can be compared.  

For example, McCarthy et al. (2000) find that growth in malaria morbidity reduces 

annual per capita growth by 0.25% per year.  Gallup and Sachs (2001) find that a 

1% reduction in their malaria index is associated with 0.03% higher economic 

growth.  These figures are similar in magnitude to the finding that a 1% increase in 

the rate of malaria per one million people decreases income per capita by 0.0003% 

(Model 2).  I also find a similar role for climate and geography as determinants of 

income and malaria. 

Differences in approach prevent more specificity in my comparisons.  One 

issue is how I measure malaria.  Studies such as Gallup and Sachs (2001) use a 
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malaria exposure index, which is the product of the fraction of area that was 

exposed to malaria in 1994 and the fraction of falciparum cases in total cases in 

1990.  Kiszewski et al. (2004) use an index corresponding to the anopheles vector, 

with a focus on the ease with which mosquito-borne disease is spread from person 

to person.  In contrast to these above approaches, my measure of reported malaria 

cases per million allows for individuals who contract and survive malaria in year t 

(regardless of the vector, falciparum or anopheles), as well as those who die from 

malaria in year t. 

A second distinction is that I study variation in malaria and income over 

time as well as space.  Panel data are better at identifying and estimating effects 

that are not detectable in pure cross-sections or pure time-series data.  This hasn’t 

been done in most other studies.  An exception is McCarthy et al. (2000), but they 

have 187 observations at three points in time (1983, 1988, 1993) whereas I have 

1600 observations involving 17 points in time.  A third distinction is that some 

studies examine economic growth rates, while I examine the absolute level of GDP.  

In this respect I am similar to Gallup and Sachs (2001). 

The most important difference is my simultaneous equations approach, and 

finding that the income-to-malaria causal link is much stronger than the malaria-to-

income causal link in explaining Figures 3.1 and 3.2.  On some level, this result 

should not necessarily be surprising  if one reads the previous literature carefully.  

Previous studies have foreshadowed the potential importance of this channel.  For 

example, Gallup and Sachs (2001, p. 91) state that economic growth may reduce 

malaria if greater resources are made available for malaria control, or if a high 

institutional capacity were responsible both for economic growth and successful 

malaria control.  I explicitly account for both possibilities in my regressions.  

Similarly, McCarthy et al. (2000) observe that “geography is not entirely destiny” 

and that falling poverty rates may enable households to invest in anti-malaria 
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measures, generating a causal link from lower poverty ratios to reduced malaria 

morbidity.  Finally, Pritchett and Summers (1996) calculate that in 1990 alone, 

more than half a million child deaths in the developing world could be attributed to 

poor economic performance in the 1980s.  This, however, is a very different 

dimension of health. 

3.6 Conclusion 

Reducing malaria is its own reward yet also has the side benefit of increasing 

incomes through a beneficial effect on human capital and labor availability.  I find 

that declines in malaria have indeed had beneficial effects on national income per 

capita.  However, these effects are smaller by an order of magnitude than the ability 

of increases in income – arising from a range of factors – to decrease malaria.  

Controlling for reverse causality and incidental associations, I find that a 1% 

increase in income per capita decreases the number of malaria cases by 

approximately 1.1%.  If income were just 1% higher, 603,189 cases of malaria 

could be averted annually among the 100 countries of the sample.  A 1% decrease 

in malaria, meanwhile, leads to less than a 0.01% increase in income.  As such, the 

negative relationship between malaria and income is best explained by rises in 

incomes over time.  These results hold whether I restrict the sample to malaria-

prone regions, such as Sub-Saharan Africa, or extend it to all developing countries.   

My results are consistent with the idea that it is very expensive to reduce malaria, 

and that sustained reductions in malaria are generally accompanied by sustained 

increases in income. 

These results may be relevant for a wider variety of diseases and health 

conditions.  In turn, my modeling approach may be useful for similar types of 

problems.  The general approach could be strengthened, however, if one directly 

estimates some of the structural relations in (3.9) and (3.10) using micro-economic 

data.  For example, in an ideal world one would estimate the change in private and 
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public malaria-reduction investments to changes in income ( /i y∂ ∂ ), the 

effectiveness of investments in reducing malaria ( /m i∂ ∂ ), and the effect of malaria 

on productivity and output ( /f m∂ ∂ ).  Instead of estimating these intermediate 

relationships, I estimate their joint effect, that is, the product of these partial 

derivatives as given by the chain rule.  The reason, of course, is lack of data unless 

one is prepared to restrict the sample to a particular region and point in time.  By 

contrast, I have covered a very large number of countries and time periods.  By 

comparing the experiences of a large sample over a long period of time, I have been 

able to uncover some interesting stylized facts and contribute towards an 

explanation. 
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Table 3.1 List of countries, ordered by rate of malaria 

Country Region 

Malaria cases per 
million population 

(average 1985-
2001) 

GDP per capita, 1990-
91 PPP U.S. dollars 

Uzbekistan Central/West Asia 1.0 3,945 

Turkmenistan Central/West Asia 1.5 7,078 

Egypt North Africa 1.6 3,711 

Kyrgyzstan Central/West Asia 1.7 2,226 

Georgia Central/West Asia 2.0 3,925 

Korea, Republic of East Asia 4.5 11,302 

Algeria North Africa 4.9 5,569 

Armenia Central/West Asia 5.2 3,156 

Morocco North Africa 6.1 3,677 

Syria Central/West Asia 7.7 1,801 

Mauritius Sub-Saharan Africa 22.0 11,438 

Argentina Central/South America 23.3 10,202 

China East Asia 47.7 2,319 

Azerbaijan Central/West Asia 55.2 3,358 

Dominican 
Republic 

Central/South America 150.2 5,004 

Cape Verde Sub-Saharan Africa 218.9 3,419 

 

(continued to next page) 
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(continued from previous page) 

 

Mexico Central/South America 240.2 7,122 

Panama Central/South America 292.2 6,910 

South Africa Sub-Saharan Africa 376.1 7,622 

Tajikistan Central/West Asia 401.9 2,062 

Iraq Central/West Asia 408.6 1,981 

Turkey Central/West Asia 413.4 5,003 

Paraguay Central/South America 450.3 5,088 

Bangladesh South Asia 589.2 1,652 

Saudi Arabia Central/West Asia 669.5 16,813 

El Salvador Central/South America 682.0 4,164 

Nepal South Asia 718.6 1,217 

Pakistan South Asia 725.3 2,298 

Costa Rica Central/South America 746.9 6,996 

Iran Central/West Asia 754.4 5,054 

Oman Central/West Asia 769.1 14,952 

Indonesia East Asia 812.4 3,264 

Somalia Sub-Saharan Africa 885.0 837 

Philippines East Asia 1,022.5 3,281 

Venezuela Central/South America 1,127.8 7,708 

(continued to next page) 
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Korea, Dem. Rep. East Asia 1,297.2 1,540 

Vietnam East Asia 1,494.7 1,656 

Congo, Dem. Rep. Sub-Saharan Africa 1,609.8 614 

Malaysia East Asia 1,660.8 8,318 

Haiti Central/South America 1,684.6 1,959 

India South Asia 2,430.9 2,061 

Thailand East Asia 2,592.9 5,459 

Brazil Central/South America 3,341.7 6,984 

Peru Central/South America 3,345.1 4,019 

Colombia Central/South America 3,443.4 5,670 

Ecuador Central/South America 3,929.7 4,471 

Guatemala Central/South America 4,179.3 3,592 

Bolivia Central/South America 4,311.6 2,696 

Ethiopia North Africa 7,105.3 558 

Nicaragua Central/South America 7,167.6 3,597 

Yemen Central/West Asia 7,361.2 975 

Cambodia East Asia 8,196.5 436 

Honduras Central/South 
America 

8,281.8 2,301 

(continued to next page) 
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Laos East Asia 8,299.7 1,273 

Suriname Central/South 
America 

10,546.8 4,473 

Congo Sub-Saharan Africa 10,907.8 2,127 

Afghanistan South Asia 11,275.4 1,212 

Nigeria Sub-Saharan Africa 12,814.9 1,029 

Sri Lanka South Asia 15,436.4 3,118 

Swaziland Sub-Saharan Africa 15,713.0 7,344 

Botswana Sub-Saharan Africa 16,505.2 5,734 

Papua New Guinea East Asia 16,725.3 3,995 

Sierra Leone Sub-Saharan Africa 16,952.7 949 

Belize Central/South 
America 

17,667.5 5,396 

Mali Sub-Saharan Africa 19,111.1 948 

Eritrea North Africa 30,094.7 602 

Comoros Sub-Saharan Africa 33,469.4 1,749 

Central African Rep. Sub-Saharan Africa 35,155.3 893 

Chad Sub-Saharan Africa 37,034.6 853 

Guinea Sub-Saharan Africa 39,855.2 2,309 

Guyana Central/South 
America 

43,441.2 3,733 

(continued to next page) 
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Madagascar Sub-Saharan Africa 47,017.0 883 

Equatorial Guinea Sub-Saharan Africa 47,686.4 2,186 

Cameroon Sub-Saharan Africa 49,191.4 2,517 

Mauritania Sub-Saharan Africa 50,832.4 1,334 

Senegal Sub-Saharan Africa 51,812.8 1,423 

Cote d`Ivoire Sub-Saharan Africa 53,125.3 2,182 

Guinea-Bissau Sub-Saharan Africa 61,319.6 610 

Burkina Faso Sub-Saharan Africa 63,373.3 860 

Mozambique Sub-Saharan Africa 66,511.9 1,029 

Kenya Sub-Saharan Africa 67,145.9 1,287 

Benin Sub-Saharan Africa 70,653.6 1,157 

Vanuatu East Asia 73,793.7 2,981 

Gabon Sub-Saharan Africa 75,033.4 12,409 

Niger Sub-Saharan Africa 78,304.9 906 

Zimbabwe Sub-Saharan Africa 78,829.4 3,156 

Angola Sub-Saharan Africa 78,912.7 1,975 

Uganda Sub-Saharan Africa 79,257.7 821 

Burundi Sub-Saharan Africa 84,429.3 887 

Ghana Sub-Saharan Africa 104,637.7 1,191 

Liberia Sub-Saharan Africa 143,743.3 460 

(continued to next page) 
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Rwanda Sub-Saharan Africa 144,832.6 980 

Togo Sub-Saharan Africa 158,096.2 870 

Zambia Sub-Saharan Africa 186,742.5 986 

Solomon Islands East Asia 250,064.4 2,285 

Tanzania Sub-Saharan Africa 258,962.9 578 

Gambia Sub-Saharan Africa 293,220.1 878 

Sao Tome and 
Principe 

Sub-Saharan Africa 390,608.0 1,332 

Malawi Sub-Saharan Africa 395,549.6 747 
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Table 3.2 Summary statistics 

Variables Description Mean Std. dev. Min Max 

itMAL  Malaria cases per million 
population 

39,882 75,807 1 395,550 

itGDP  GDP per capita at purchasing 
power parity 

3,478 3,256 175 18,682 

itCOAST  Percentage of population within 
100 kms of the coast 

5.0 4.0 0.1 16.9 

itINS  Quality of institutions index (-2 
to +2) 

-0.58 0.55 -2.00 1.15 

itLAB  Laborers per 100 population 40.00 11.00 22.42 64.83 

itCAP  Investment as a percentage of 
GDP 

10.90 7.33 1.12 14.06 

itOPN  Sachs-Warner index of openness 0.32 0.47 0 1 

itTAR  Average applied tariff rate 20.82 12.78 0 100 

iCLIM  
Climate binary variable: one for 
subtropical/tropical and zero for 

temperate/desert 
0.70 0.46 0 1.00 

itCHLD  Population below 15 years of age 
per 100 population 

40.9 6.0 19.9 57.5 

itIMUNE  Population that is immunized per 
100 population 

67.0 24.0 2.0 100.0 

itPHY  Physicians per thousand 
population 

6.63 15.74 1.00 179.78 

 

(continued to next page) 
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iLAT  Central latitude of the country (in 
degrees and minutes) 

10.3 17.5 -35.4 42.2 

iELEV  Average elevation of the country 
(meters) 

666.1 592.9 0 3,185.9 

itTEMP  Mean deviation of temperature 
(Celsius) 

0.11 0.27 -0.21 1.00 

Note:  There are observations on 100 countries (i) and 17 years (t).  See the Data 
Appendix for more information on the data. 
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Table 3.3  Hausman Specification Test Results 

Null Hypothesis Alternative Hypothesis Chi-Square Statistics 

No endogeneity: OLS is 
consistent and efficient; 2SLS is 
consistent and inefficient 

OLS is inconsistent; 2SLS is 
consistent 

22.43* 

No endogeneity: OLS is 
consistent and efficient; 3SLS is 
consistent and inefficient 

OLS is inconsistent; 3SLS is 
consistent 

24.89* 

No simultaneity: 3SLS is 
consistent and efficient; 2SLS is 
consistent and inefficient 

3SLS is inconsistent; 2SLS is 
consistent 

5.44 

* There is significance at 0.05 or lower probability level for two-tailed test. 

 

 

 

 



121 

 

Table 3.4 Results 

Variable 
Expected 

sign 

Model 1 
3SLS 

n=1600 

Model 2 
3SLS 

n=1600 

Model 3 
3SLS 
n=656 

Model 4 
3SLS 
n=208 

Model 5 
OLS 

n=1600 

Model 6 
OLS 

n=1600 

Equation (3’), dependent variable: itGDP    

itMAL  neg 
-0.0002** 
(0.0001) 

-0.0003** 
(0.0001) 

-0.0043** 
(0.0014) 

-0.0027** 
(0.0009) 

-0.013** 
(0.003) 

-- 

, 1 *i t itLAB MAL−  neg 
-0.007** 
(0.001) 

-- -- -- 
-0.009** 
(0.004) 

-- 

, 1 *i t itCAP MAL−  neg 
-0.004** 
(0.001) 

-- -- -- 
-0.005** 
(0.002) 

-- 

,i tLAB  pos 
0.012* 
(0.005) 

-- -- -- 
0.017* 
(0.002) 

-- 

, 1i tCAP −  pos 
0.476** 
(0.056) 

-- -- -- 
0.484** 
(0.066) 

-- 

itINS  (inst. quality) pos 
0.440** 
(0.040) 

0.593* 
(0.034) 

0.419** 
(0.067) 

1.094** 
(0.092) 

0.419** 
(0.030) 

-- 

itCOAST  pos 
0.146** 
(0.022) 

0.199** 
(0.039) 

0.114* 
(0.050) 

0.180** 
(0.040) 

0.127** 
(0.017) 

-- 

(continued to next page) 
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itOPN  (Sachs-Warner) pos 
0.071* 
(0.043) 

0.110** 
(0.040) 

0.060* 
(0.016) 

0.230* 
(0.104) 

0.059* 
(0.033) 

-- 

itTAR  (avg. tariffs) neg 
-0.007** 
(0.002) 

-- -- -- 
-0.004** 
(0.001) 

-- 

Sub-Saharan Africa -- 
-1.006** 
(0.087) 

-- -- -- 
-0.896** 
(0.060) 

-- 

South Asia -- 
-0.569** 
(0.107) 

-- -- -- 
-0.377** 
(0.083) 

-- 

East Asia -- 
-0.712** 
(0.089) 

-- -- -- 
-0.321** 
(0.060) 

-- 

Central/South America -- 
-0.279** 
(0.086) 

-- -- -- 
-0.166** 
(0.058) 

-- 

North Africa -- 
-0.791** 
(0.103) 

-- -- -- 
0.439** 
(0.079) 

-- 

tTRND  (t=1,2,3,…) pos 
0.004 

(0.001) 
-- -- -- 

0.005 
(0.003) 

-- 

Intercept -- 
6.591 

(0.165) 
8.083** 
(0.096) 

12.735** 
(0.806) 

7.858** 
(0.178) 

8.347** 
(0.181) 

-- 

(continued on next page) 
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Table 3.4 (continued from previous page) 

Variable 
Expected 

sign 

Model 1 
3SLS 

n=1600 

Model 2 
3SLS 

n=1600 

Model 3 
3SLS 
n=656 

Model 4 
3SLS 
n=208 

Model 5 
OLS 

n=1600 

Model 6 
OLS 

n=1600 

Equation (4’), dependent variable: itMAL     

, 1i tGDP −  neg 
-0.897** 
(0.122) 

-1.126* 
(0.076) 

-1.853** 
(0.062) 

-0.907* 
(0.217) 

-- 
-0.776* 
(0.117) 

, 1 *i t iGDP CLIM−  pos 
0.648** 
(0.136) 

-- -- -- -- 
0.741** 
(0.133) 

iCLIM  (tropical=1) pos 
3.247** 
(1.082) 

1.994* 
(0.157) 

0.783** 
(0.138) 

0.683* 
(0.144) 

-- 
3.941** 
(1.063) 

iLAT  (latitude) neg 
-0.035** 
(0.005) 

-0.053** 
(0.004) 

-0.016* 
(0.007) 

-0.078* 
(0.023) 

-- 
-0.036** 
(0.004) 

iELEV  (elevation) neg 
-0.0002* 
(0.0001) 

-0.0001* 
(0.0001) 

-0.0002* 
(0.0001) 

-0.0001* 
(0.0001) 

-- 
-0.0001* 
(0.0001) 

itCOAST  pos 
0.220** 
(0.068) 

0.227* 
(0.070) 

0.172* 
(0.026) 

0.161* 
(0.068) 

-- 
0.274** 
(0.067) 

itTEMP  (temp. dev.) pos 
0.340* 
(0.028) 

0.389* 
(0.259) 

0.581** 
(0.227) 

0.177* 
(0.156) 

-- 
0.397* 
(0.070) 

(continued on next page) 
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(continued from previous page) 

itCHLD  pos 
0.136** 
(0.013) 

0.171* 
(0.011) 

0.186** 
(0.013) 

0.143** 
(0.034) 

-- 
0.139* 
(0.013) 

itPHY  (no. physicians) neg 
-0.394** 
(0.064) 

-- -- -- -- 
-0.408** 
(0.069) 

itIMUNE  (immuniz.) neg 
-0.010** 
(0.003) 

-- -- -- -- 
-0.011** 
(0.002) 

itINS (instit. quality) neg 
-0.168* 
(0.112) 

-0.187* 
(0.116) 

-0.644* 
(0.134) 

-1.172** 
(0.639) 

-- 
-0.246* 
(0.109) 

Sub-Saharan Africa -- 
1.293** 
(0.252) 

-- -- -- -- 
1.338** 
(1.041) 

South Asia -- 
0.807** 
(0.283) 

-- -- -- -- 
0.846** 
(0.278) 

East Asia -- 
0.674** 
(0.259) 

-- -- -- -- 
0.682** 
(0.254) 

Central/South America -- 
0.279* 
(0.268) 

-- -- -- -- 
0.289* 
(0.162) 

North Africa -- 
0.091* 
(0.027) 

-- -- -- -- 
0.052* 
(0.019) 

(continued on next page) 
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(continued from previous page) 

tTRND  (t=1,2,3,…) pos 
0.047** 
(0.012) 

-- -- -- -- 
0.044* 
(0.012) 

Intercept -- 
8.731** 
(1.308) 

8.750* 
(0.961) 

16.459** 
(0.939) 

4.669 
(1.217) 

-- 
10.001** 
(1.262) 

2R  -- 0.58 0.46 0.56 0.63 0.64 0.66 

Durbin-Watson -- 2.11 1.88 1.91 1.88 1.80 2.09 

Breusch-Pagan -- 18.90 13.99 13.62 14.81 7.05 6.96 

Shapiro-Wilk -- 0.044 0.042 0.047 0.032 0.048 0.041 

 

Notes:  The abbreviation “n” stands for number of observations, “pos” stands for positive, “neg” stands for negative.  

Model 3 is estimated for Sub-Saharan African countries only.  Model 4 is estimated for East Asian countries only.  A 

single asterisk (*) implies statistical significance at 0.05 level in a two-tailed test.  A double asterisk (**) implies 

statistical significance at 0.01 level in a two tailed test.  R-square is system weighted in the 3SLS models. 
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Figure 3.1  Malaria and per capita income, 1986-2001 average, 100 countries 
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Figure 3.2 Malaria and per capita income, 1986-2001, selected countries 
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Figure 3.3  Malaria-to-income linkage versus the income-to-malaria linkage 
 

 
Note: Identification of the income-to-malaria curve is possible since it’s not shifted 
by factors that do shift the other curve, e.g., tariff rates and capital intensity.  
Identification of the malaria-to-income curve is possible since it’s not shifted by 
factors that do shift the other curve, e.g., climate, geography, percentage of children 
in the population, and number of physicians. 
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Appendix : A.3.1 Data Appendix 

In this appendix I discuss construction of variables that require additional 

explanation.  Data are for 100 countries over 1985-2001.  The use of lags in some 

cases implies that the effective time series is 1986-2001. 

Malaria mortality cases per million ( itMAL ) The number of malaria cases 

reported per million of population in country in a given year (can include both 

morbidity and mortality). Source is World Health Organization’s Weekly 

Epidemiological Report 1999, and World Malaria Reports 2005 and 2008. 

GDP per capita at purchasing power parity ( itGDP ) An approximation of 

the value of goods produced per person in the country after controlling for 

country’s relative inflation rates and the change in the exchange rate of their 

currencies. Source is Penn World Tables. 

Percentage of population within hundred kilometers of coast ( itCOAST ) 

This variable suggests the percentage of total population living within 100 

kilometers of the coastline. It is obtained for the years 1985, 1990, 1995 and 2000 

from United Nation’s Environmental Program. I use simple linear imputation to 

create a time series from 1985 to 2001 based on the values of 1985, 1990, 1995 and 

2000 obtained from this data source.  

Quality of institutions index ( itINS ) This is a composite indicator of number 

of elements that capture protection afforded to property rights as well as the 

strength of rule of law. This index varies from -2 (low quality) to +2 (high quality). 

Source is World Bank’s Learning Program. 

Percentage of labor in population ( itLAB ) This is a ratio of population 

engaged in any activity in a country (both formal and informal) to the total 

population of a country. Penn World Table provides data for this measure. 

Investment as a percentage of GDP ( itCAP ) It is defined as total business 

spending on fixed assets, such as factories, machinery, equipment, dwellings, and 
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inventories of raw materials, which provide the basis for future production. This 

variable is obtained by dividing the total investment to the current year’s GDP. 

This variable is obtained from Penn World Tables. 

Sachs and Warner index of openness ( itOPN )The Sachs-Warner index is a 

binary variable that is 1 for a country if none of the five following criteria holds: 

the country had average tariff rates higher than 40 percent, its nontariff barriers 

covered on average more than 40 percent of imports, it had a socialist economic 

system, the state had a monopoly of major exports, and its black market premium 

exceeded 20 percent.  Source is Sachs and Warner (1995). 

Applied Average Tariff Rate ( itTAR ) Average applied tariff rate as a 

percentage of the price of the commodity. Source is World Bank’s Trade Statistics. 

Climatic dummy ( iCLIM ) This is equal to one if a country tends to have a 

subtropical or tropical climate, and equal to zero if a country tends to have a 

temperate or desert climate. 

Percentage of children below the age of 15 years in a population ( itCHLD ) 

Source is the World Bank’s World Development Indicators, 2007. 

Percentage of population immunized ( itIMUNE ) This accounts for 

percentage of population in a given country immunized against major diseases like 

cholera, diphtheria and tuberculosis. I obtain this variable from World Bank’s 

World Development Indicators, 2007.  This is available only for the years 1985, 

1990, 1995 and 2000.  I use simple linear interpolation to fill in the yearly data 

gaps. 

Physicians per thousand population ( itPHY ) Source is the World Bank's 

World Development Indicators. 

Central latitude of the country (in degrees and minutes) ( iLAT ) This 

variable measures the distance of a country’s central latitude from the equator. I 
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obtain this variable from Center for International Development, Harvard 

University. 

Average Elevation of the country from sea level in meters ( iELEV ) This 

variable is measured annually and is obtained from Center for International 

Development, Harvard University. 

Mean deviation of temperature in degree Celsius ( itTEMP ) This variable 

measures the deviation of mean annual temperature of a region on the basis of the 

latitude and longitude from its five-year average. The data is obtained from 

National Weather Services Climate prediction center. I take note of latitude and 

longitude of each country and extract the data from their website. 
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Chapter 4: Resource Allocation Decisions in Malaria-prone Farming 

Households 

 

4.1 Introduction 

In the previous two chapters I investigated a number of important issues with 

respect to the macro-economic aspects of malaria and development. The results can 

be said to hold fairly broadly, and across large numbers of countries.  In this 

chapter I shift my attention to a particular time period and a particular region of the 

world to gain different insights about malaria and development.  I examine how 

poor agricultural households in the Kagera region of Tanzania are affected by and 

respond to the onset of malaria as well as other disasters that happened during a 

particular time frame in the early 1990s. 

This chapter contributes to the evolving literature in development 

economics that uses micro-level household survey data to understand the 

relationship between household well being and adverse external shocks.  Studies of 

the microeconomic effects of adverse shocks like earthquakes, droughts, floods, 

and health shocks have been proliferating. For example, Dercon et al. (2005) 

examine households in Ethiopia and find that prolonged illness of a principal 

household adult reduces consumption per capita by over 15 percent some four 

years later. Miguel and Kramer (2004) study the effects of worm infections on 

school attendance in Kenya and show that these have important effects on learning 

outcomes.  Beegle et al. (2006) examine the long-term effects of AIDS-induced 

health shocks on the height and education of children in Tanzania. These studies 

are representative of the large amount of work being done with household data, but 

to date there has been little focus on the effects of malaria, in particular.  In 

addition, there are very few or no studies that examine how poor agricultural 

households respond in the face of a health problem such as malaria.  Based on the 

ideas and evidence in Schultz (1964), for example, I might expect that poor 
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agricultural households respond in a rational, optimizing way to evolving 

constraints put before them.  This basic idea is not necessarily new but has not been 

explored in great detail before due to the difficulty and cost of obtaining 

appropriate micro-level data over time. 

My ability to explore these issues comes from provision of the Kagera 

Health and Development Survey (KHDS) for the time period 1991 to 1994.  These 

data have rich information on malaria, demography, and socioeconomic factors for 

this region of Tanzania.  This region is located near large water bodies and is 

known for its long, hot wet season.  As such, it constitutes a perfect breeding 

ground for mosquitoes and malaria vector transmission. This region suffers from 

acute household poverty as well as absence of good infrastructure, basic amenities, 

and formal insurance and credit markets. Households are thus forced to devise 

various strategies to deal with illness of family members, crop failure, and income 

uncertainty (Fafchamps, Czukas, and Udry, 1998; Dercon, 2007). 

The central idea of this chapter is that households in this particular region 

use adjustments in their cropping pattern to adapt to the onset of malaria and other 

adverse shocks like drought and pest attack.  An outbreak of malaria, for example, 

is expected to have the principal effect of curbing family labor supply.  In 

particular, periodic fever and weakness among household adults who contract 

malaria prevents them from carrying out hard work on a day-to-day basis.  As a 

result, farm households must move away from crops having high returns and 

intensive management, to crops that have lower returns and less labor engagement. 

These type of crop choices are summarized in Table 4.1 for the Kagera 

region of Tanzania.  The table classifies crops according to characteristics that have 

a bearing on choice of cropping pattern in the presence of malaria and other shocks, 

and is based information from relevant agronomy studies (Campbell and Martin, 

1993; Khush, 2001).  Looking at Table 4.1, we see that crops available to Kagera 

farmers differ in terms of how much labor input they require, how sturdy they are 
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(robustness to weather variation), market risk, how often they yield output, and 

how often they need to be replanted.  Based upon the arguments developed above, 

we might expect households to shift from high-return, high-input cash crops like 

sugarcane, cotton, and groundnuts, to subsistence crops (like potatoes and cassava), 

vegetables (like beans, eggplant, onions, and tomatoes), or tree crops (like 

avocadoes, bananas, pineapples). 

In addition to adjustments in cropping pattern, I also consider how malaria 

and other adverse external shocks affect overall family income and the earnings 

from particular sources of employment.  My data permit me to examine how these 

shocks affect the ability of a household to spend money on the prevention and 

treatment of malaria.  This is important because it can further offset family income 

and reduce the ability to invest in farm and non-farm activities that might have a 

high return.  My data also permit to examine how households may run down their 

past savings that are held in the form of various assets. 

The remainder of the chapter is organized as follows. The next section 

provides a more in-depth review of the existing literature with respect to the issues 

of this chapter.  The following section (4.3) outlines a simple model that 

approximates some of the processes highlighted above regarding how adverse 

external shocks can affect resource allocation decisions.  This model clarifies the 

type of regression model that should be used later on in the empirical section.  It 

also is a contribution in its own right, as very little formal economic modeling has 

been done on these issues.  Most papers in this literature tend to focus on data and 

empirical methods without much thought to underlying economic processes.   

The subsequent section of the paper (4.4) provides a description of the data 

used and statistical techniques employed.  Section 4.5 presents and interprets and 

analyzes the econometric results.  The final section (4.6) concludes the chapter with 

brief policy prescriptions. 
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4.2 Literature review 

Worral, Basu and Hanson (2005) critically examine the literature dealing with 

malaria and its impact on socioeconomic status of households. Their central 

argument is that malaria is a disease of poverty and its repeated occurrences 

severely restricts a household’s intra and inter household labor activities. They 

argue that the causal path between malaria and socioeconomic status is complex 

and hence policies need to be designed conjointly to address these issues 

simultaneously.  

Only a small number of studies examine malaria in an agricultural context.  

Conly (1972, 1975) analyzes the impact of malaria on cropping choice for a group 

of 300 agricultural households residing in Eastern Paraguay, each household having 

land of 2 to 6 hectares in size. Agriculture is subsistence in this region with only 

5% of the households growing tobacco and/or sugarcane as cash crops. He employs 

three measures of malaria - namely, symptoms-based, self-diagnosed and clinically 

tested cases of malaria. A composite weighted index of health status is constructed 

to include the incidence of malaria, duration of malaria episodes, and number of 

cases of malaria in a family vis-à-vis the occurrence of other diseases and 

disabilities. Greater weight is assigned to adult members. The index varies from 0 

to 100. A value of 100 suggests that a family is free from malaria or any other kind 

of illness or disability. Occurrence of malaria reduces the value of this index. In the 

beginning of his study in 1972, he found that 55% of household’s labor time was 

lost due to malaria. But after carefully implementing malaria preventive measures 

from 1972 to 1974, the household’s labor time loss was reduced to 26% in 1975. 

Repeated malaria outbreaks resulted in shifting of household’s portfolio of crops in 

favor of low-risk, low-return crops like cassava and sweet potato, and against 

cultivation of high-risk, high-return crops like tobacco and sugarcane.  These 

papers of Conly (1972, 1975) provide factual evidence of the impact of malaria on 

cropping choice but they fail to provide any theoretical framework outlining the 
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causal contribution between malaria and choice of crops. I try to address this issue 

in this chapter in subsequent sections. Wang’ome and Mwabu (1993), studying the 

relationship between malaria and cassava cultivation in a rural district of Western 

Kenya, finds that family size, education of the household head and household 

annual income are important determinants of cassava cultivation. No statistically 

significant relationship was found between malaria and cassava cultivation. 

Apparently, the reasons behind reported insignificant relationship are two - first, 

health burden of malaria as self-diagnosed cases is not appropriately measured in 

the study, and it seems that the study design did not capture the risk coping 

strategies of the household as the time frame of the study was just three months. 

Dercon (1996) finds that households in Tanzania hedge against various 

kinds of risks and uncertainties by undertaking low-risk and low-return activities. 

The absence of credit and insurance markets, the meagerness of savings and 

fluctuating nature of income force households to undertake subsistence farming and 

livestock rearing. The value of financial assets is shown to have severely declined 

during the period of 1991 to 1994 due to high inflation ranging between 25 and 40 

percentages.  Mortgages, purchases and sales of land, however, could not take place 

because of stringent restrictions on land transaction in Tanzania. All land in 

Tanzania is state’s property. No sale of land is permitted under any circumstances. 

The rental market is very informal and is practically non-existent.  

Dercon (1996) argues that although sorghum, maize and cotton have 

reasonably good returns, they are not grown regularly due to potential risks of crop 

failure. On the other hand, sweet potato and cassava have the lowest return among 

all the crops, but households allocate more than 30% of land area to cultivation of 

these crops. These two crops are described as drought and locust resistant. So, they 

provide food security in the event of natural calamities.  

Laxminarayan and Moeltner (2006) uses a variant of the agricultural 

household model to study the impact of malaria risk on land and/labor allocations 
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in Vietnam. In their model, the authors have accommodated this risk by 

considering the expected loss in terms of labor (due to possible sufferings from 

malaria), on the one hand, and the expected cost (due to medical expenses) in 

handling the expected effects of malaria, on the other. As a result, the agricultural 

household’s production as well as consumption decisions are influenced by the 

probability distribution of malaria attack as perceived by the household in the form 

of expected losses. Although they have posed the model in conceptual terms, they 

have not solved it analytically, apparently due to its mathematically intractable 

character. Thus, as a result, their empirical exercise is based on implicit a priori 

reasoning, rather than based on formal deductions from a theoretical formulation.  

It is also worth highlighting some of the limitations of their approach.  For 

example, the risk averse nature of households is not accommodated in their model 

in the form of expected utility maximization (e.g., Friedman-Savage type 

formulation) or simultaneous consideration of both expected loss and its variance 

(i.e., Tobin type of formulation). As a result, with only expected losses being 

brought under consideration, the households seem to have been forced to act as 

risk-neutral entities.39

                                                           
39 Since ex-ante and ex-post changes are indistinguishable in Kagera data, this chapter will also not 
attempt to formally model and test expected utility maximization hypothesis. This is a potential area 
for further research once dated information is available on all relevant variables. 

  Second, while they talk about short term adjustments to risk 

of malaria attack, the fact is that households in these communities have been living 

there for many years in these conditions. Hence it is hard to believe that there is no 

learning by doing or wisdom developed to look for longer-term solutions. Although 

existing data constrains the present exercise, it is important to highlight the role of a 

number of longer term adjustment mechanisms prevailing in poor but long standing 

agrarian communities in developing countries. Since in such circumstances 

malaria’s impact doesn’t disappear all of a sudden, it is no surprise that such 

households may prefer to live in (both horizontally and vertically) extended 
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families, invest in friends, relatives and social networking, besides investing in 

local clubs and institutions, infrastructure, sanitation (e.g. underground drainage 

and modern latrines) and health (e.g., better care of children and women to prevent 

loss of valuable time in curing them), education (so that, the children instead of 

languishing as child labor in local areas may shift to malaria free zones) etc. Unless 

future research accommodates the wisdom of such communities as elaborated 

above, one may exaggerate the role of one or two short-term risk hedging devices 

like adjustments in cropping.   

In summary, diversification towards low return, low risk insurance crops, as 

hypothesized by Laxminarayan and Moeltner (2006), seems to be only one of the 

strategies that agricultural households subject to malaria risk are likely to follow. 

But in the absence of alternative risk coping strategies being suitably 

accommodated in the regression analysis, they may have inadvertently imposed too 

much of a burden of adjustment due to malaria risk on crop choice alone thereby 

probably over-estimating the impact of malaria. Although I too am constrained by 

Kagera data set, in order to overcome at least some of the limitations in the existing 

literature, I have attempted in the next section to develop a formal, but simple, 

static model involving malaria risk and crop choice, besides applying the lessons 

from that model to prepare a broad based empirical analysis using Kagera data to 

test a few hypotheses on choice of, not only cropping pattern but also income 

sources, asset creation and expenditure pattern. Thus, although the present chapter 

is far from a full response to the limitations cited of the existing literatures given 

the limitation of data, a modest attempt is made to provide not only a simple static 

model of crop choice, etc. in the presence of malaria risk but also a broad based 

empirical analysis, wherein crops, income sources, important items expenditure, 

and addition to assets are simultaneously determined. 
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4.3 Conceptual model 

In this section I develop a simple model of an agricultural household for a poor 

developing country exposed to chronic malaria risk. I model a subsistence crop, 

which is mostly consumed on the spot (though some trade may not be altogether 

ruled out), and a cash crop, which is sold entirely in the market for cash and then 

converted into other necessary market goods. Besides working on their farm, 

household members may work on casual labor jobs. To keep the model simple, I 

have ignored other non-agricultural activities, which require long term commitment 

for work.  

   Suppose the representative farming household’s utility depends on 

consumption of only two goods - a subsistence good (S) and cash used in purchase 

of various market goods and services(C):  

  U = U(S, C), which is of the usual type, i.e., Ui > 0 and Uii < 0, these being 

respectively first and second derivatives of U with respect to the ith argument, i = 

s,c.  

 The household has N amount of land to allocate between production of a 

subsistence crop and a cash crop, represented by Ns and Nk, respectively. It is 

further assumed that the household intends to allocate a fraction λ of land (0 < λ < 

1) to production of subsistence crop, and proportion (1 – λ) to production of cash 

crop. This means Ns = λN and  Nk = (1 - λ)N . N may be taken as unity to simplify 

matters. The production functions for the two types of crops are assumed to be 

standard neo classical type in labor, land and market-procured inputs, E: 

Qs = Qs (Ns, Ls, Es) 

Qk = Qk (Nk, Lk, Ek) 

Using the properties of constant returns to scale, average land productivity 

functions can be written as  

Qs / Ns = A qs(ls, es) 
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Qk / Nk = B qk(lk, ek), where li ad ei are labor and purchased factor inputs per unit of 

land in the ith crop (i = s, k), and A and B are respective  productivity augmenting 

factors. Given the fact that market procured modern inputs like fertilizer, pesticides, 

irrigation, implements, etc are more intensively used in production of cash crops 

rather than in production of subsistence crops, it is assumed for simplicity that no 

market inputs are at all used in subsistence crops, thus implying that es = 0.  

I assume that productivity factors A and B in production of subsistence and cash 

crops are influenced by household investments, I, (on health and education, and on 

production asset, i.e.,   

A = A (I) and B = B (I) with A’ > 0, B’ > 0, A” < 0, B” < 0, 

Thus production function for subsistence and cash crop production per hectare can 

be rewritten as:  

Qs / Ns = A(I) qs(ls) 

Qk / Nk = B(I) qk (lk, ek )  

with qs’ > 0,  qs” < 0, ∂qk/∂lk > 0, ∂2qk/∂lk
2 < 0, ∂qk/∂ek > 0, ∂2qk/∂ek

2 < 0  

ls and lk are input intensities (per unit of land) of labor in subsistence and cash crop 

production. ek is intensity of modern market input application per unit of land in 

cash crop production. 

For simplicity, it is further assumed that:  

• Only family labor is used in farming; 

• Household is maximizing gross profits inclusive of implicit return to family 

labor on farming. 

Available family labor force is allocated across casual wage employment at market 

wage rate W, and in subsistence and cash crop production after malaria has 

occurred:  

L (1 - θ) = Ls + Lk +LW (where 0 ≤ θ ≤ 1, θ is expected proportion of 

household labor down with malaria)  

              =  Ns Ls / Ns  + Nk Lk / Nk + LW  
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              = λ ls + (1 - λ) lk + LW , assuming Ns=N λ and Nk=N(1 - λ) such that 

Ns+Nk=N= 1 (assumed for simplicity) 

⇒   LW = L (1 - θ) - λ ls - (1 - λ) lk            (4.1) 

The agricultural household’s gross profit maximization goal can be expressed as:  

Max π  = (1 - λ) B(I)  qk(lk, ek) + λ A(I) Ps qs(ls) + WLW - (1 - λ) Pe ek - I,   
subject to I, ek , ls,  lk and λ.   

Here Ps and Pe are prices of subsistence crop and externally (i.e., market) procured 

inputs in terms of cash crop price (taken as unity), W is fixed market wage for 

casual non-farm employment, I is investment in human and non-human capital in 

terms of cash. The first order conditions would be :  

∂π/∂l = (1 - λ) B’(I)  qk + λ A’(I) Ps qs -1 = 0 

⇒ (1 - λ) B’(I)  qk + λ A’(I) Ps qs  = 1      (4.2) 

i.e. weighted average of return on investment in two crops (weighted by 

proportions  λ and (1 - λ) ) must equal its marginal cost, which is unity. 

∂π/∂ek = (1 - λ) B  ∂qk/∂ek – (1 - λ)Pe = 0 

⇒ B  ∂qk/∂ek = Pe       (4.3) (since (1 - λ) > 0 )  

⇒ Marginal return on investment in marketed inputs applied to cash crops 

production must equal its price 

∂ π/∂ls = λ A Ps qs’ – W λ = 0 

⇒ A Ps qs’ = W        (4.4) ( since λ > 0 ) 

⇒ Value of marginal productivity of labor applied to subsistence good production 

must equal opportunity cost of labor equal to the market wage rate (W) 

∂ π/∂lk = (1 - λ) B ∂qk/∂lk – W (1 - λ) = 0 

⇒ B  ∂qk/∂lk = W       (4.5) (since (1 - λ) > 0 ) 

It has interpretation similar to (4.4) 

∂ π/∂λ = - B  qk + A Ps qs + Pe ek  = 0  

⇒ B qk - Pe ek = A Ps qs      (4.6)  
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⇒ Rate of return from one unit of land allocated to cash crop production (net of 

marketed input cost) must be the same as obtainable from subsistence good 

production 

Assuming that markets exist for sale of both crops, the household utility 

maximization objective will be : 

Max U (S, C), where S and C are consumption of subsistence goods and cash 

subject to  

C = π - Ps ( S – Qs ) - h θ L      (4.7) 

Here (S – Qs) = net purchase of subsistence good from the market and h is fixed 

curing cost per unit of labor attacked by malaria. Using (4.7) in the utility function, 

the optimization problem can be expressed as  

Max U (S, π - Ps (S – Qs) - h θ L ) with respect to S, yielding the following first 

order condition : 

∂U/∂S = U1 - Ps U2 = 0 

⇒ U1 / U2 = Ps         (4.8) 

i.e., ratio of marginal utilities in consumption of subsistence and cash must equal 

the relative price of the subsistence good in terms of cash. 

         I have 8 equations to solve for 8 unknowns: I, ek , ls,  lk,  λ, Lw, S and C, in 

terms of the exogenous parameters of the systems namely the parameters utility 

function (inclusive of  both family and village characteristics), the production 

function, total endowment of land and labor, market prices (Ps, Pe, and W), h and 

expected value of θ. Clearly, land and labor allocation decisions across crops, 

income earning across sources, expenditure on asset creation, purchase of marketed 

inputs and on treatment of malaria will all depend on the average incidence of 

malaria (θ), among other things. 

Now, from a close look at the model, one can make the following important 

observations to link it with the familiar results of agricultural household model – 
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especially with regard to separability of production decisions from consumption 

decisions:  

1. If there is a complete set of perfect markets for all goods and services in the 

model just presented above, the production decisions are independent of 

consumption decisions.  In other words, the separability condition holds.  

2.  If market for S does not exist, i.e., if Qs = S, then a separate utility maximization 

exercise will cease to exist, thus putting an end to separability between production 

and consumption decisions. In this case, since the entire consumption of S has to 

come from production in house, there is no scope for choice of S in the utility 

function. 

3. If utility depends on I, i.e., households derive additional utility from human and 

non-human investments, which in turn influences agricultural production for both 

goods, then again separability between production and consumption decisions will 

not exist. 

4. If θ is not known in advance, and is a purely random variable subject to a 

probability distribution, then hypothesis of expected indirect utility maximization 

(as in Helpman and Razin, 1978) will take over, subsuming simple profit 

maximization of household decision making process, unlike the present model. As 

a result, parameters of household utility function including households’ attitude 

towards risk will reinforce land and labor allocation decisions in production. 

Naturally, the separability of production decisions from consumption decisions will 

no longer hold good. 

 

4.4. Empirical results 

4.4.1 Description of data and variables used 

The Kagera region, located in the northern part of Tanzania is taken as the study 

area. This region covers a total area of 40,838 square kilometers, of which 28,953 

square kilometers is land and 11,885 square kilometers is covered by waters of 
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Lakes Victoria, Ikimba, Burigi, Ngono, and Kagera river.  I have selected this 

region for several reasons. First, it provides a wide range of agro-economic zones 

(covering 5 districts- Bukoba, Muleba, Karagwe, Biharamulo and Ngara) with 

widespread malaria. Second, it has high quality, four year longitudinal, household 

data consisting of clinically tested malaria outbreaks, information on crops grown, 

income and demographic characteristics of households from Kagera Health and 

Development Survey (KHDS).  This is a World Bank Living Standard 

Measurement Study or Survey (LSMS) of 919 randomly selected households 

interviewed every year between 1991 and 1994.  This region is also studied in 

2004, but the sample households are different, and detailed and disaggregated data 

on cropping pattern is not provided in 2004, though the incidence of malaria is 

covered among other things.  Since a major purpose of this chapter is to examine 

the change in cropping pattern, the fact that the aggregated data of 2004 does not 

allow me to classify the crops into analogous and comparable categories, causes me 

to limit my attention to the picture from 1991 to 1994. 

The data provides both self-reported and clinically tested malaria 

information for each individual in every household. I make use only of the 

clinically tested malaria cases as they are authenticated by laboratory tests, since as 

indicated above, self-diagnosed cases may have upward bias due to close 

resemblance of symptoms of malaria with those of tuberculosis (Ashby et al., 

1922). I supplement malaria data with on information on household composition, 

demographic characteristics, education, and access to social infrastructure from the 

dataset so as to examine the impact of malaria and other frequent disasters on the 

choice of cropping pattern, sources of income earning, asset-holding, and input and 

health expenditure, after controlling for other important explanatory factors. 

In addition to malaria, which is endemic in this region, there are frequent 

disasters in the villages. Disasters include village level catastrophe like pest attack, 

famine, and bad weather. Malaria outbreak is, however, is distinguished from a 
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disaster (KHDS Data Manual, 2004), as it affects only certain members of a 

household, not necessarily all members in the family. Hence, malaria as a disease, 

and disaster as natural calamity, are independent events with no definitional overlap 

between the two. Therefore, it is reasonable to examine whether the joint 

occurrence of malaria and disaster reinforce each other on household decisions with 

respect to the choice of certain activities including specific cropping pattern. 

 Hence I construct variables carefully for statistical analysis to study the impact of 

both malaria and disaster on these households. 

I make use of 1992 and 1994 data alone to estimate the impact of disasters 

and malaria on changes in cropping pattern, income earnings by sources, asset-

holding, input expenditure and health expenditure between these two years, 

keeping 1991 as the base year. While this means that I ignore small changes taking 

place from one year to the next, I do take into consideration the information on the 

incidence of malaria and disasters in these households for each year during this 

period.  

Based on characteristics of various crops grown in this area and as reported 

in the literature (Campbell and Martin, 1993; Khush, 2001), Table 4.1 classifies 

crops according to characteristics that have a bearing on choice of cropping pattern 

in the presence of malaria and other risks. The major considerations behind crop 

choice which arise in this context, are as follows: 

i.      Crops which require a lot of inter-culture care, especially from family labor, 

are not preferred by households, when they are exposed to risk of malaria and 

disaster. By contrast, crops which are relatively sturdy and don’t require intensive 

day to day care – for example, tree crops and traditional subsistence crops –have an 

advantage in this context. 

ii.     Crops demanding a lot of application of marketed inputs also pose a problem, 

when poor households are exposed to risks of malaria and disaster, which tend to 

drain their resources. Thus, cash crops, some tree crops, other food crops and also 
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rice, which demand application of marketed inputs, may pose problems for 

households in the presence of these risks. 

iii.      Crops which are rarely consumed in the household but are mostly sold in the 

market, face two types of problems. First, they demand considerable effort in 

careful harvesting, sorting, grading and transport to ensure that the harvest crops 

meet the requirements of the consumer in the market. Second, such crops also 

expose households to additional price risks while selling such crops for money, in 

the first stage and then again while using money to purchase the desired goods and 

services from the market.  In other words, a double risk of exchange entitlement 

failure persists in such crops (Sen, 1983).  This problem is present in all crops 

except those which are staple in nature and can at least to some extent be consumed 

at home (i.e., vegetables).  

Based on these considerations, I have classified the crops into six broad 

categories based on certain attributes (1) tree crops (avocado, sweet banana, coffee, 

lumber, mango, cooking banana, pawpaw, mambo nut, pineapple, palm oil, and 

wood),  (2) cash crops (sugarcane, cotton, groundnut, sunflower, spices and 

tobacco), (3) subsistence crops (Irish and sweet potato, cassava), (4) rice, (5) 

vegetables (beans, eggplant, onion and tomatoes), and (6) other food crops (maize, 

millet, sorghum, yams and cocoyams).40

Table 4.2 reports the changes in shares of gross cropped area under above 

stated six crop categories- namely, tree crops, cash crops, subsistence crops, rice

  

41

                                                           
40 We have strictly followed the definition of subsistence crop from Conly (1972, 1975) and Dercon 
(1996, 2007), even though yams and cocoyams seem to have characteristics similar to those of 
subsistence crops.  

, 

vegetables and other food crops between 1992 and 1994.  

41 Although rice is also a staple crop for many families, it has been categorized separate from the 
subsistence category for two reasons- first, it requires much more care and inputs (especially water), 
and second it is also used for sale in the market by some families.  
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 I have also computed major sources of family income in Kagera during the 

same period. The total income of the household is classified into four broad 

categories as, namely, net agriculture income, net non-agriculture income, casual 

labor income and remittance income.  Net agriculture income is total crop income 

minus the cost of cultivation.  Net non-agriculture income includes net incomes 

from allied activities, formal employment and business. Casual labor income 

includes net income from short term labor engagements (whether on daily or piece 

rate), which doesn’t have any formal contract or longer term commitment. Net 

remittance income includes income from out- migrants of the family who are 

currently residing elsewhere but are occasionally supporting their families 

especially during time of need and emergencies like disaster and malaria outbreak. 

Change in shares of each income source is computed for 1992 and 1994 (Table 

4.3).    

 Total assets include stocks of household assets, business assets and financial 

assets. Household assets include value of durable assets and current values of 

occupied and unoccupied dwellings. Business assets include value of businesses, 

values of equipment, hand tools, livestock, business premises and physical capital. 

The stock of bonds, securities, and saving deposits are classified under financial 

assets. I deduct debt and loans from total assets to obtain the value of net assets 

separately for 1992 and 1994.  I report the change in the value of total assets for 

this period in Table 4.4.  

 Information about prices of various crops is not available in the KHDS 

survey. Moreover, due to price control regime during 1990s in Tanzania, very little 

variation had taken place in prices of agricultural crops during the period under 

reference (Dercon, 2007). Hence price data could not be used in empirical analysis.  

 Furthermore, no detailed information is available on various inputs used 

like manure, fertilizer, pesticides and other out of pocket expenses for different 

crops (KHDS Report, 2004).  Hence I make use of only total monetary value of 
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inputs used in agriculture during 1992 and 1994, expressed in real terms (with 

1990=100) and norm this variable relative to the gross cropped area. Change in 

input expenditure per unit of gross cropped area (GCA) is computed between 1992 

and 1994 for further analysis (Table 4.4). 

 Finally, I look into the total health expenditure incurred by households 

during 1992 and 1994. The expenditure on health care, inclusive of expenditure on 

prevention and control, on the one hand and treatment cost, on the other hand, is 

persistently high.  I compute change in this variable between 1992 and 1994 (Table 

4.4).  

 Table 4.2 clearly shows that between 1992 and 1994 there is a shift in 

cropping pattern in favor of tree, subsistence crops and vegetables, away from cash 

crops, rice, and other food crops.  I find that GCA has nearly halved, but there has 

been no change in net cropped area (NCA) during this period. Apparently 

agriculture has become highly risky proposition due to severity of malaria and 

natural disasters, leading to a sharp decline in GCA.  However, stringent 

regulations on sale and purchase of land in Tanzania seem to have kept NCA 

steady (Dercon, 1996).  

 Table 4.3 shows change in composition of income sources. It is clear from 

this table that there has been steep decline in percentage of income from agriculture 

and non-agriculture sources- apparently because both demand critical labor inputs 

and prolonged time commitment. The dependence on casual labor income and 

remittance income seems to have sharply increased.  

 Table 4.4 reports the change in assets and expenditure between 1992 and 

1994.  It shows that net asset possession and input purchase have got substantially 

reduced during this period, but there has been significant increase in health 

expenditure.  
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 Table 4.5 depicts that effect of malaria and disaster has clearly increased 

from 1992 to 1994 after a sharp drop in 1992 from 1991.42

 In overall terms, Tables 4.2-4.4 seem to provide a preliminary support and 

motivation behind the central hypothesis that occurrence of malaria and disaster 

brings metamorphosis in cropping choice, income earning sources, asset holding 

and expenditure pattern. In the next sub-section I shall use a regression framework 

to examine statistically whether the observed changes in these variables can be 

attributed- at least to some extent- to disasters and malaria outbreaks in this region.  

 

Before proceeding to perform regression analysis, I define a set of disaster 

and malaria variables and their interactions to address the central hypothesis of this 

chapter.  Malaria measures are percentages of family members affected by malaria 

in 1991 and the same during 1992-94. I define two different measures of disaster - 

namely, whether there has been a disaster in 1991 or not (0-1) and number of 

disasters during 1992- 94 as reported annually (0-3).  The above-stated variables 

are used to create interactions within malaria and disaster variables - separately as 

well as between them. The description of malaria, disaster and their interaction 

variables are reported in Table 4.6 below along with their summary statistics.  My 

objective is to examine the impact of the estimated measures of malaria, disaster 

and their interactive terms on cropping pattern, choice of income earning activities, 

household asset holding, agricultural input expenditure and household’s health 

expenditure. 

I also include in my estimating equations a set of household characteristics 

to control for the role education, health status, asset holding, land size and 

household head’s attributes. A few other important variable included in regression 

analysis are household head’s age in 1991, a square term of his age and whether or 

not the household is female headed.  In Kagera, property rights, ownership of land 

                                                           
42  In other words, there has been monotonic increase in effect of malaria and disaster from 1992 to 
1994. 
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and holding of assets are highly skewed in favor of males (Litchfield and 

McGregor, 2008).  Female headed households are therefore constrained.  So, this 

last mentioned dummy variable is used to examine the distinctive impacts of 

female headed households.  The average education level of a family is measured on 

a 0-18 year scale, where 0 means no education and 18 means education up to 

Master’s degree and beyond.  Average health status of the family is measured on a 

0-5 scale, where 0 indicates very poor health condition and 5 an excellent health 

condition. This variable accounts for the impact of health status (as compared to 

extreme health situations like permanent physical disabilities and acute health 

condition due to permanent diseases like diabetes and heart ailment by family 

members)43

Several community- level variables are also included in regression analysis. 

Some of these variables are defined at village level, whereas some others represent 

household access to community infrastructure. Membership in cooperative, access 

to banking facility

 . The size of the household in 1991 and number of household members 

migrated in 1991 are also taken as other important control variables. Household’s 

risk bearing capability is captured through inclusion of cultivable landholding of 

the household and its net asset holding in 1991.  

44

                                                           
43 This measure is independent of malaria (KHDS Data Manual, 1994). 

 and access to irrigation belong to the second category of 

community variables vis-à-vis the household.   Community real income is captured 

by calculating total average income of all households in the village (excluding the 

household under consideration). Naturally this variable also varies across the 

households even within the same village. Community level variables, which only 

vary across villages, are access to main road, post and telecommunication, a market 

and the frequency of periodic markets in a week. I hypothesize that these 

community level variables play an important role in choice of crops, economic 

activities. 

44 Banking is defined as whether a household has a checking, savings or loan account with the bank 
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4.4.2 Empirical model specification 

I make use of exogenous variables defined in the previous sub-section to estimate 

reduced form equations from my theoretical model in a seemingly unrelated 

regressions (SUR) framework (Zellner, 1962). SUR accounts for multiple equations 

with cross equation correlation among error terms. Moreover, it helps me to impose 

restriction on behavior of certain parameters. I propose the following model 

specification for purpose of estimation:45 

  

The left hand side of the proposed equation represents change in percentage 

shares or percentage change between 1992 and 94, as the case may be, between 

1992 and 1994.  The changes in percentage shares of crops in GCA46,  changes in 

percentage shares of different sources in family real income per head47

                                                           
45 Hausman Specification Test is performed. 

, percentage 

change in real net assets per head, percentage change in  real input expenditure per 

gross cropped area and percentage change in real health expenditure per head (‘i’ 

standing for  ith  item, and ‘j’ for jth household, and ‘t’ for tth time period) (ΔYij1992-94 

) are explained as functions of malaria and disaster variables and both inter-

temporal and cross-sectional interactions therein (Mij1991, Dij1991, Mij1992-94, Dij1992-94, 

Mij1991Dij1991 and Mij1992-94Dij1992-94), several household characteristics like size of 

family, its landholding, net stock of assets etc. represented by (Hij1991), and also 

several community level characteristics represented by (Cij1991) in 1991. The 

estimated equations are reported below in Tables 4.7 and 4.8:  

46 We drop one crop category- namely, share of gross cropped area under rice to avoid 
multicollinearity  

47 We exclude the share of remittance income from total income to avoid multicollinearity 
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  Table 4.7 explains changes in shares of crops in GCA (leaving out rice for 

reasons explained earlier), while Table 4.8 explains change in composition of 

income by source (leaving out remittances and income), net asset holding and 

expenditure on input purchases and on health.  A brief recapitulation on the broad 

hypotheses of this study is performed before I turn to interpretation of SUR results 

in these tables.  

Based on certain important attributes of crops (elaborated earlier in Table 

4.1), which have special significance in the context of poor agrarian households of 

Kagera, subjected to malaria and other risks, I have divided crops into five 

categories in Table 4.7.  Subsistence crops are almost exclusively consumed on the 

spot.  They are also relatively sturdy and don’t demand intensive care, nor 

application of intensive doses of marketed inputs. So, a natural hypothesis is that 

household’s attraction for such crops could increase in the presence of malaria and 

other risks, even though these are not high return crops. Cash crops, on the other 

hand, belong to the other end of the spectrum – less sturdy, and demanding a lot of 

marketed inputs and intercultural care. Such crops also expose household to two-

fold market risks - once, while converting the crops into cash, and then again, while 

converting cash into the desired bundle of goods and services.  So, the natural 

hypothesis in case of cash crops is that poor households exposed to malaria and 

other risks would like to move away from production of such risky crops, even 

though returns may be higher.  A similar hypothesis seems to hold good, though to 

a lesser degree, in case of other food crops, even though a part of their production 

may be consumed on the spot. Vegetables are short duration crops, which can be 

grown even by part time family labor in backyards, provided some irrigation is 

available.  However, when grown in large quantity, they cannot be consumed 

entirely on the spot, and thus there is a marketing problem. Vegetables also don’t 

demand huge marketable inputs.  In view of these characteristics of vegetables, 

they may be preferred by risk-averse households in the presence of malaria and 
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other risks. The greatest advantage of tree crops is that they don’t generally demand 

continuous caring. Moreover, tree crops are sometimes sturdy, don’t demand a lot 

of marketed inputs and can provide food for consumption on the spot. So, my 

hypothesis is that tree crops could be preferred by poor Kagera households in the 

presence of malaria and natural disasters.  

In Table 4.8 I have reported regression results for three categories of 

income sources – agricultural income, non-agricultural income, and casual labor 

income, while leaving out a fourth category – remittance income. Repeated 

exposure to malaria and natural disaster is likely to make agriculture a non-

profitable proposition, as repeated victims of malaria or natural disaster cannot 

provide the necessary care for cultivation of crops. Non-agricultural occupations, 

which often demand longer time commitment, are also likely to become relatively 

infeasible propositions in the presence of malaria and disasters. So, my hypothesis 

in this context is that Kagera households would depend more and more on casual 

labor employment and remittance income (though the latter is not shown in Table 

4.8), while moving away from their traditional dependence on agriculture and also 

failing to tap non-agricultural sources of income, as expected in a natural process of 

development.  

Table 4.8 also explains three other items - percentage change in net asset 

holding, and expenditures on input purchase and health. Pressed under malaria and 

natural disaster, these households are likely to run down their net asset holding 

position, as a part of their response, besides cutting down their expenditure on 

agricultural input purchases. The latter happens not only because agriculture has 

become a more risky proposition to malaria and disaster-affected households, but 

simply because they cannot afford to spend their limited income on input purchase 

once malaria and natural disaster severely cut down their income earning capacity. 

At the same time, these households are also likely to be forced to augment their 
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health expenditure to cope up with the after-effects of frequent onset of malaria and 

natural disaster. 

Table 4.7 picks up four different measures of malaria and disaster in Kagera 

households in rows 2-5. All these variables have expected signs for changes in 

shares of crops in GCA – with larger values of these variables, there are larger 

increases in the shares of tree crops (column 1), subsistence crops (column 3) and 

vegetables (column 4), and clear decline in changes in shares of cash crops and 

other food crops (columns 2 and 5). Interestingly, the signs of these coefficients are 

almost always statistically significant at 5% level of significance.  

There are four interactive terms displayed in rows 6-9 of Table 4.7, which 

capture inter-temporal and spatial interaction between malaria and disaster 

measures. These measures are found to reinforce the effects of malaria and disaster 

on cropping pattern, as mentioned in the preceding paragraph. Not only the signs 

are the same for each category of crops (columns 1-5), but also the coefficients are 

in general statistically significant. In other words, the hypothesis that risks of 

malaria and natural disaster induce poor Kagera households to move away from 

generally more profitable cash crops and other food crops to low return, low risk 

categories of crops, seems to have been holding good48

The impacts of several household characteristics are studied and controlled 

for in rows 10-18. Although all these attributes do not have statically significant 

effects on changes in shares of each category of crops, they have significant effects 

in most cases as we can see. For example, the tendency to have a larger scale move 

towards tree crops and vegetables (and also at a faster rate) is seen with 

. Repeated incidence of 

malaria, natural disaster and interaction between the two seem to have further 

pauperized these households. 

                                                           
48 Thus, a value 0.0022 of the coefficient of percentage of family members affected by malaria in 
1990-91 in equation 3 of Table 4.7 means that one percent increase in incidence of malaria causes 
0.0022 percent rise in share of subsistence crops during 1992-94. 
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advancement of household head’s age (columns 1 and 4). Because of the implicit 

risks involved, households with aged heads seem to be moving away from other 

food crops, though at a diminishing rate (Column 5). The effect of household 

head’s age is not statistically significant on cash and subsistence crops (column 2-

3).  

Not only because of legal stipulations and customs, but also because of the 

characteristics of commercially profitable crops, female-headed households (row 

12) seem to be at a disadvantage. Apparently because of implied risk in marketing 

of commercial-type crops, female headed households don’t have a liking for tree 

crops and other food crops, as it can be seen from these variables’ negative and 

statistically significant coefficients for these two categories of crops (columns 1 

and 5). Such households seem to be favoring subsistence crops and also have a 

dislike for cash crops and vegetables, though the corresponding coefficients are not 

statistically significant (columns 2-4). 

If improvement in average education and average health status of a family 

(rows 13-14) can be interpreted as greater risk-bearing capacity, one can appreciate 

reduction in share of subsistence crop with improvement in health and education 

(column 3), and this is statistically significant. Education and health improvements 

also lead to the larger rise in shares of other food crops in a statistically significant 

manner (column 5), and for understandable reasons. Improved health status also 

leads to a rise in shares of tree and cash crops, and in a statistically significant 

manner (columns 1-2).  

Out-migration seems to have a deleterious effect on poor agricultural 

households, as seen in the context of Kagera. The households lose not only in terms 

of numbers of members, but also in terms of other resources, which seem to be 

significantly affecting their risk-taking capacity. As a result, with a higher order of 

out-migration (row 15), households seem to be favoring tree crops and vegetables 

(columns 1 and 4), and disliking production of cash crops (column 2). The 
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corresponding regression coefficients are statistically significant, while others are 

not. 

In fact, three different measures of household size are captured (rows 16-18) 

in regression analysis – number of members in a household (commonly referred to 

as household size), their agricultural landholding size and their real net assets per 

head. Increase in number of members has positive and statistically significant effect 

not only on subsistence crops – a necessity, but also on tree and cash crops, as they 

gather greater risk bearing capacity with increase in household size (columns 1 and 

3). Share of other food crops also benefits from increase in numbers, but the 

coefficient is not statistically significant (column 5). As household land holding 

size increases, change in GCA share of subsistence crops goes down (column 3) 

and that under other food crops increases (column 5), and both these effects are 

statistically significant. There is also positive effect on shares of GCA under tree 

and cash crops (columns 1 and 2), though these effects are not statistically 

significant. This is expected as larger landholding allows for more crop 

diversification with lesser proportional dependence on production of subsistence 

crops. Increase in net asset position of the household, on the other hand (row 18), 

which is likely to increase household’s risk-bearing capacity, has more perceptible 

and statistically significant effects, clearly increasing changes in shares of tree 

crops, cash crops, and other food crops (columns 1,2 and 5), while reducing the 

same under subsistence crops and vegetables (columns 3-4). 

We now turn to the effect of community level variables for Kagera 

households on the cropping pattern. Access to irrigation, which is defined at 

household level (row 19) has positive and significant effects on changes in GCA 

shares of cash crops, vegetables, and other food crops (column 2,4 and 5), as these 

crops are more sensitive to availability of irrigation. Membership in local 

cooperative, which is also defined at individual level (row 20), seems to encourage 

expansion of GCA shares under cash crops and other food crops (columns 2 and 5), 
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and reduce the same under subsistence crops (column 3). These effects are also 

statistically significant. Given cooperative’s thrust in supply of staple crops under a 

price regulation regime and also supply of critical agricultural inputs including 

some extension services, these effects have expected signs. Individual household’s 

access to banking facility (row 21) encourages diversion of GCA shares in favor of 

cash crops and other food crops in a statistically significant manner (columns 2 and 

5). This is expected as availability of banking facilities encourages promotion of 

commercial crops more than non-commercial ones. Increase in community real 

income as defined earlier (row 22) has all usual and statistically significant effects 

on cropping pattern, as expected in a normal development process -- percentages of 

GCA moving in favor of tree crops, cash crops, and other food crops (columns 1, 2 

and 5), and against low return subsistence crops (column 3) and short-duration 

vegetables (column 4), and all in a statistically significant manner.  

There are a few other community level variables which are defined at 

village level (rows 23-26). Availability of main road to a village (row 23) leads to a 

boost up in cropping pattern in favor of cash crops (column 2) in a statistically 

significant manner, as growth of such crops are contingent upon availability of 

good road network for marketing. The effects of this variable on other crops are not 

statistically significant, however. Availability of post and telecommunication 

facilities (row 24),  is found to have favorable effects on cropping pattern in favor 

of relatively commercial crops – namely, cash crops and other food crops (columns 

2 and 5). These effects are statistically significant as well. Availability of local 

market (row 25) has encouraging effect on expansion of cropping pattern in favor 

of cash crops, vegetables and other food crops (columns 2, 4 and 5), although the 

effect is not statistically significant for the last-mentioned crop category. These 

results are expected in view of dependence of these crops on markets. As a 

corollary, one can see greater frequency of periodic markets in a week has positive 

and statistically significant effects not only on the same three categories of crops, 



158 

  

but also on tree crops (column 1), which also require marketing after harvesting, if 

produced on a large scale. 

In general, the fitted equations have a fairly good explanatory power of R-

square equal to 0.70. It is true that presence of malaria, natural disaster and their 

interactive effects have clear deleterious effects on high return, high risk 

commercial crops, thus retarding progress of poor agrarian households. However, 

the fact that a number of a household level and community level variables have 

statistically significant effects on the cropping pattern raises some hopes for saving 

such communities from extinction, through promotion of appropriate socio-

economic and infrastructure policies.  

Table 4.8 examines the effect of malaria and disaster variables alongside the 

contributions of other control variables on change in shares of income (columns 1-

3), net asset holding (column 4) and expenditures on input purchase and health 

(columns 5-6). The four measures of malaria and disaster (rows 2-5) together with 

their inter-temporal and spatial interactions (rows 6-9) have clear and usually 

statistically significant effects on the dependent variables. As both agriculture and 

non-agriculture requires certain fixed time commitments, households seem to be 

moving away from these two sources of income in the presence of risks of malaria 

and natural disaster, which constrain their time commitments, besides running 

down other complementary resources. On the other hand, change in share of causal 

labor income gets a clear upward and statistically significant boost49

                                                           
49 The same thing happens to the share of remittance income, though regression for this variable is 
suppressed in this table to avoid multicollinearity.  

. Under 

pressure of malaria and natural disaster, as households are required to make a lot of 

adjustments, changes in net asset holding and input expenditure are clear sufferers 

(also statistically significant in most cases), while health expenditure gets a boost 

up. In other words, presence of malaria and natural disaster robs agrarian 

households in Kagera of their normal momentum of growth through agricultural 
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and non-agricultural development, by forcing them to cut down expenditures on 

agricultural inputs, to augment health expenditure, to reduce net asset holding and 

to favor casualization of labor employment and dependence on outside remittances. 

However, as in the context of cropping pattern changes, there are several control 

variables at household level as well as at the community level, which can be 

suitably altered through policy to neutralize the above stated deleterious effects of 

malaria and natural disasters.  

As expected, the age of the household head (row 10) statistically 

significantly increases percentage change in net assets, though at a decreasing rate 

(row 11).  Age of household head does not have any other statistically significant 

effect. 

As Table 4.8 shows, female-headed households are clearly at a disadvantage 

(row 12), as such households face decline in shares of agricultural income (in 

column 1, though not statistically significant) and non-agricultural income (in 

column 2, which is statistically significant), also decline in net asset holding and 

input expenditure (columns 4-5, both of which are statistically significant) and 

increase in casual labor employment and health expenditure (columns 3 and 6, both 

of which are statistically significant).  

Improvements in average education and average health status (rows 13-14) 

have considerable positive effects on the development process, though the results 

are not identical for these two variables.  Improved education (row 13) has all the 

desirable features of a normal development process like decreasing importance of 

agricultural income, increasing importance of non-agricultural income, decreasing 

importance of casual labor income, better net asset holding, increased input 

expenditure and increased health expenditure (though the last two effects are not 

statistically significant). Improved health status of the family (row 14), on the other 

hand, leads to a general improvement in almost all respects - increase in importance 

of agricultural, non-agricultural and casual labor income (and thus reduced 
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dependence on outside remittance), increase in net asset holding, and decrease in 

health expenditure, and all these effects are found to be statistically significant. 

Increased out-migration (row 15) from family, which tends to drain 

households of resources and not merely of numbers, reduces importance of 

agricultural and non-agricultural income while increasing importance of casual 

labor income in a statistically significant manner. The other effects of out-

migration are not statistically significant.  

Increased size of household in terms of numbers (row 16) has an all round 

expansionary effect, though it is not statistically significant for net asset holding per 

head. Increase in land holding (row 17) has statistically significant positive effect 

only on agricultural income share and net asset holding. Increased asset holding per 

head in 1991 (row 18) has expansionary effect on agriculture and non-agriculture 

income shares, positive changes in asset holding,  input expenditure and health 

expenditure, and negative effect on share of casual labor employment (all with 

statistically significant coefficients).  

Now we turn to effects of community level variables. Household’s access to 

irrigation facilities (row 19) improves shares of agriculture, and leads to increase in 

percentage change in asset holding and health expenditure, while reducing the share 

of non-agricultural income - all in a statistically significant manner.  Although there 

is reduced importance of casual labor income and increased input expenditure, 

following access to irrigation, these effects are not statistically significant.  

Membership in cooperative (row 20) has statistically significant positive effect only 

on agricultural income share and change in input expenditure, apparently consistent 

with the role of agricultural cooperatives in a poor backward economy. 

Participation in a collective organization seems to have also significantly reduced 

health expenditure, though the reasoning is far from obvious. Individual 

household’s access to banking facility (row 21) has statistically significant positive 

effects on income shares of agriculture and non-agriculture, besides contributing to 
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higher percentage increase in net asset holding. Banking facility does not have any 

other statistically significant effect. Improved community income in 1991(row 22) 

has all desirable and statistically significant effects – increasing importance of 

agricultural and non-agricultural income, increased asset holding and input 

expenditure, and decrease in importance of casual labor income and health 

expenditure.  All these effects are statistically significant, thus highlighting the 

importance of community level improvement measures. 

Access to main road of the household’s village under consideration (row 

23) has positive and statistically significant effect on share of non-agricultural 

income and it also brings about an increase in share of casual labor income, as 

better road network leads to certain developments including commercialization. 

Access to post and telecommunication (row 24) has similar effects, besides an 

additional effect of augmenting input expenditure. Access to market (row 25) has a 

general expansionary effect on all the three sources of income in a statistically 

significant manner, thus clearly reducing household’s dependence on remittance 

income.  Increase in frequency of periodic market (row 26) has exactly similar 

effect. 

Thus, statistical significance of several household and community level 

variables clearly point to the role of policy - especially with the role of education, 

health and infrastructure in neutralizing the deleterious effects of malaria and 

natural disaster, which seem to have caught the poor Kagera households in a low 

level equilibrium trap, further jeopardizing their survival.  

 

4.5 Conclusion 

In this chapter I examine how farm households in a highly malaria and disaster 

prone area of Tanzania respond to adverse external shocks by changing their 

cropping pattern, expenditure pattern, income sources and asset holding. For this 

purpose I use a novel data set in which the exogenous, external shocks vary not 
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only across villages (in case of natural disasters) but also across households within 

the same village (in case of malaria) over the two time periods of the study, 1992 

and 1994.  My results show that households that did have an adverse external shock 

moved away from high-risk, high-return crops (mostly cash crops) to low-risk, low-

return subsistence crops like cassava and sweet potato, tree crops, and vegetables. 

These exogenous shocks appear to have severely constrained their availability of 

family labor and investible resources. I found that they tended to move away from 

formal income sources which demand longer time and resource commitments. 

Another finding is that malaria outbreaks during 1992-94 forced affected 

households to step up their health expenses on treatment and cure.  Money directed 

in this direction therefore was unavailable to be used for expenditures on farm 

inputs or long-term asset creation. At the same time, there was a sharp increase in 

the share of casual labor income and steep rise in the dependence on remittance 

income from migrants from the family. 

The evidence obtained in this chapter illustrates how households in a 

malaria-prone and disaster-prone area may get locked into a low level equilibrium 

trap.  In particular, this is a situation where all expenditures are allocated towards 

day-to-day subsistence and survival, making it very hard for households to pull 

themselves up out of poverty by investment in more productive activities.  
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Table 4.1 Attributes of different crop categories 

Crop Features Crop categories 
Cash crops Subsistence 

crops 
Other food 

crops 
Vegetables Tree crops 

      
1.Sturdiness50 Low  High Low to 

Moderate 
Low Moderate 

2. Inter-
culturing and 
caring 

High Low to 
Moderate 

High Moderate Low to Moderate 

3. Market risk High  Nil Moderate to 
High 

Moderate Moderate 

4. Use of 
modern inputs 

High Low Moderate to 
High 

Moderate Moderate 

5. Duration Long Medium Medium to 
Long 

Short Long 

Example: Sugarcane, 
Cotton, 

Groundnut, 
Sunflower, 
Spices and 
Tobacco 

Irish and Sweet 
Potato, and 

Cassava 

Maize, Millet, 
Sorghum, 
Yams and 

Cocoyams51

Beans, 
Eggplant, 
Onion and 
Tomatoes  

Avocado, Sweet 
Banana, Cooking 
Banana, Coffee, 
Lumber, Mango, 

Pawpaw, Mambo Nut, 
Pineapple, Palm Oil and 

Wood 
                                                           
50 This is the  relative insensitivity to variation in input application and  change in weather conditions 

51 I have strictly followed the definition of subsistence crop from Conly (1972, 1975) and Dercon (1996, 2007), even though yams and cocoyams 
seem to have characteristics similar to those of subsistence crops.  
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Table 4.2 Change in cropping pattern between 1992 and 1994 

Variables 
 

 

 

Crop types: 

1992 
gross 

cropped 
area 
(ha) 

1994 
gross 

cropped 
area 
(ha) 

1992 
gross 

cropped 
area 
(%) 

1994 
gross 

cropped 
area 
(%) 

Percent 
families 
with a 

decrease 
(1992-
1994) 

Percent 
families 
with an 
increase 
(1992-
1994) 

Sum 

1. Tree 3.68 2.38* 44.98 48.46 24 76 100 

2. Cash 0.22 0.12* 2.74 2.44 90 10 100 

3. Subsistence 1.05 0.77* 12.87 15.70 14 86 100 

4. Rice 0.01 0.01 0.16 0.10 89 11 100 

5. Vegetables 1.70 1.16* 20.78 23.51 37 63 100 

6. Other food 1.51 0.48* 18.47 9.79 84 16 100 

* The difference in figures between the two years is statistically significant for two- tailed t-test at 5% level of significance. 

Note: Average GCA declined to 4.93ha from 8.17ha, while NCA remained stationary at 4.42 ha 
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Table 4.3 Change in income sources between 1992 and 1994 

Variables 
 
 
Income Sources: 

Income in 
1992 (in 
thousand 

Tanzanian 
Shillings: 

1990=100) 

Income in 
1994 (in 
thousand 

Tanzanian 
Shillings: 

1990=100) 

Income in 
1992 

(% share) 

Income in 
1994 

(% share) 

Percent 
families 
with a 

decrease 
(1992-
1994)52

Percent 
families 
with an 
increase 
(1992-
1994)  

1. Agriculture 1918 889* 58.13 42.24 94 6 

2. Non-Agriculture 785 478* 23.79 22.73 69 31 

3. Casual Labor 1824 2021* 5.54 14.60 8 92 

4. Remittance 414 535* 12.56 20.44 20 80 

 

Note:  Income statistics are calculated as an average across all 919 households.  The single asterisk (*) signifies that 

these values across the 919 households are statistically different from the previous period’s value in a two-tailed t-test at 

a 5% level of significance. 

 

 
                                                           
52 These changes are sharper when we consider the absolute changes in 1994 over 1992. 
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Table 4.4 Change in assets and expenditure between 1992 and 1994 

Variables 
Expenditure: 

Asset/Expenditure in 
1992 (in thousand 

Tanzanian Shillings: 
1990=100) 

Asset/Expenditure in 
1994 (in thousand 

Tanzanian Shillings: 
1990=100) 

Percent 
families 
with a 

decrease 
(1992-
1994) 

Percent 
families 
with a 

increase 
(1992-
1994) 

1. Net Asset Holdings 4140* 3258* 62 38 

2. Out of pocket input 

cost per unit of 

Gross Cropped 

Area 

0.14 0.03 96 4 

3. Health expenditure 104 191 13 87 

 

* The difference in figures between the two years is statistically significant for two- tailed t-test at 5% level of 
significance. 

 

 

 



167 

  

Table 4.5 Occurrence of disaster and malaria during 1991-94 
Year Percentage of villages affected 

by some natural disaster in a 
particular year 

Percentage of families 
affected by malaria in a 

particular year 
1991 49 52 

1992 38 36 

1993 41 39 

1994 42 45 
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Table 4.6 Summary statistics of all exogenous variables used in empirical exercise 
 

 

(continued to next page) 

 

 

Explanatory Variables Mean Minimum Maximum 
Malaria and disaster measures  

Percentage of family members affected by malaria in 

1991 

3.96 0.00 100.00 

Disaster in 1991 (0-1)  0.92 0.00 1.00 

Percentage of family members affected by malaria 

during 1992-1994 

3.80 0.00 55.56 

Disaster during 1992-94 (0-3) 2.12 0.00 3.00 

Inter-temporal and cross sectional interaction of 
malaria and disaster dummies: 
 

 

Percentage of family members affected by malaria in 

1991 * percentage of family members affected by 

malaria during 1992-94 

28.77 0.00 333.33 

Percentage of family members affected by malaria in 

1991 * disaster in 1991 (0-1) 

3.39 0.00 100.00 

Disaster in 1991 (0-1)* disasters during 1992-94 (0-3) 1.98 0.00 3.00 

Percentage of family members affected by malaria 

during 1992-94 * number of disasters during 1992-94 

(0-3) 

8.01 0.00 140.00 
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(continued from previous page) 

                                                           
53 Land area here is net sown area (NSA) or net cropped area (NCA) 

Household characteristics:  

Age of household head in years in 1991 26.25 22.00 94.00 

Female headed households (yes=1; no=0) in 1991 0.14 0.00 1.00 

Average education level of the family in 1991 1.24 0.00 18.00 

Average health status of the family in 1991 1.66 0.00 5.00 

Household Members migrated in 1991 3.46 0.00 11.00 

Household size in 1991 7.64 1.00 29.00 

Land area in 199153 4.42  (in hectares) 0.00 152.50 

Real net assets per head in 1991 (in thousand shillings) 206.99 -86.73 355.41 

Community level variables, vis-à-vis the household :  

Access to irrigation (0-1) in 1991 0.07 0.00 1.00 

Membership in cooperative (0-1) in 1991 0.42 0.00 1.00 

Access to banking facility (0-1) in 1991 0.11 0.00 1.00 

Level of community real income in 1991 (in 1000 

shillings) 

6016.78 3781.81 35554.78 

Access to main road (0-1) in 1991 0.92 0.00 1.00 

Access to electricity (0-1) in 1991 0.23 0.00 1.00 

Access to post and telecommunication (0-1) in 1991 0.09 0.00 1.00 

Access to market (0-1) in 1991 0.34 0.00 1.00 

Frequency of periodic market in a week in 1991 0.31 0.00 3.00 
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Table 4.7  Seemingly unrelated regression (SUR) results for change in cropping pattern during 1992-94 
 
 Change in shares of GCA 

Row 
No. 

Explanatory variables 1. Tree 
crops 

2. Cash 
crops 

3. Subsistence 
crops 

4. Vegetables 5. Food 
crops 
 

1 Intercept 0.1156* 0.01408* 0.06336* -0.05472 3.48264* 

 Malaria  and disaster measures:      

2 Percentage of family members affected 
by malaria in 1991 
 

0.02175* -0.00012* 0.0022* 0.000798* -0.00055* 

3 Disaster in 1991 (0-1)  0.04662* -0.00072* 0.09398* 0.03942 -0.76475* 

4 Percentage of family members affected 
by malaria during 1992-1994 
 

0.0074* -0.00146* 0.00218* 0.00021* -0.01368* 

5 Disaster during 1992-94 (0-3) 0.02835* -0.01197* 0.00726* 0.02912 -0.0011* 

 

 

(continued to next page) 
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(continued from previous page) 

 Inter-temporal and cross sectional interaction of malaria and disaster dummies: 

6 Percentage of family members affected 
by malaria in 1991 * percentage of 
family members affected by malaria 
during 1992-94 
 

0.00028* -3.6E-06* 0.000684* 9.12E-05* -0.00387* 

7 Percentage of family members affected 
by malaria in 1991 * disaster in 1991 
(0-1) 
 

0.00423* -0.00062* 0.00384* 0.003955* -0.00158* 

8 Disaster in 1991* disasters during 1992-
94 (0-3) 
 

0.15836* -0.0088* 0.10707* 0.00065 -0.37023* 

9 Percentage of family members affected 
by malaria during 1992-94 * number of 
disasters during 1992-94 (0-3) 
 

0.00004* -0.00003* 0.0001089* 0.000286* -0.00381* 

 

(continued to next page) 
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(continued from previous page) 

 Household characteristics      

10 Age of household head in years in 1991 0.0023* -3.4E-05 0.001017 0.000726* -0.0405* 

11 Age of household head squared in years 
in 1991 
 

0.00075* -1.3E-05 -0.00109 0.000133* 0.00286* 

12 Female headed households (yes=1; 
no=0) in 1991 

-0.02814* -0.00848 0.01314 -0.0044 -0.01573* 
 
 

13 Average education level of the family in 
1991 
 

0.00381 -0.00028 -0.0123* -0.00792 0.01716* 

14 Average health status of the family in 
1991 
 

0.04624* 0.00834* -0.0253* -0.01323 0.43218* 

15 Household members migrated in 1991 0.65052* -0.03484* -0.01944 0.0105* -0.00936 

16 Household size in 1991 0.01332* 0.03502* 0.0105* -0.00393 0.00642 

17 Land area in 1991 0.00101 0.000114 -0.00226* -0.00058 0.0066* 

18 Real net assets per head  in 1991 1.03E-11* 5.31E-10* -3.96E-09* -2.9E-09* 1.87E-09* 

 

(continued to next page) 



173 

  

(continued from previous page) 

 Community level variables vis-à-vis the household:  

19 Access to irrigation (0-1) in 1991 -0.05184 0.01554* -0.03108 0.10302* 0.47371* 

20 Membership in cooperative (0-1) in 
1991 
 

0.00856 0.01098* -0.02484* 0.00508 0.10836* 

21 Access to banking facility (0-1) in 1991 -0.11312 0.00315* -0.00468 0.0026 0.43044* 

22 Level of community real income in 
1991 
 

2.48E-08* 4.17E-12* -2.08E-09* -2.9E-08* 2.35E-07* 

23 Access to main road (0-1) in 1991 -0.08448 0.0132* -0.03388 0.0276 -0.11919 

24 Access to post and telecommunication 
(0-1) in 1991 
 

0.05814 0.00592* -0.0111 -0.02159 0.57514* 

25 Access to market (0-1) in 1991 -0.01133 0.000882* -0.0026 0.0187* 0.0981 

26 Frequency of periodic market in a week 
in 1991 
 

0.0928* 0.0025* -0.00819 0.07155* 0.1081* 

27 R-Square 0.70 

28 Sample Size 919 households 

* Coefficients significant at less than 5% level for two-tailed test.  
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Table 4.8 Seemingly unrelated regression (SUR) results for change in composition of income, input expenditure, 
asset holdings and health expenditure during 1992-94 
 
Row 

No. 

Explanatory variables 1. Change 
in share  of 
agricultural 
income  

2. Change in 
share of non-
agricultural 
income  

3. Change 
in share 
of casual 
labor 
income  

4. % 
Change 
in  net 
asset 
holding  

5. % 
Change      
in input 
expenditure 
/GCA 

6. % 
Change in 
health 
expenditure  

1 Intercept 23.98* -2700.32* 1690.86* 0.004 0.14* -9.47* 

 Malaria and disaster measures: 

2 Percentage of family 
members affected by 
malaria in 1991 
 

-1.36* -94.74* 85.82* -74.47* -0.003* 0.06* 

3 Disaster in 1991 (0-1)  -4.05* -580.79* 618.67* -272.72* 0.02 2.07 

4 Percentage of family 
members affected by 
malaria during 1992-1994 
 

-1.42* -50.16* 22.29* -0.0004* -0.01* 0.55* 

5 Disaster during 1992-94 
(0-2) 

-23.80* -607.35* 33.68* -0.03* -0.16* 7.13* 

 

(continued to next page) 
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(continued from previous page) 

 Inter-temporal and cross sectional interaction of malaria and disaster dummies: 

6 Percentage of family 
members affected by 
malaria in 1991 * 
percentage of family 
members affected by 
malaria during 1992-94 
 

-0.11* -1.42* 1.29* -9.60* -0.0001* 0.15* 

7 Percentage of family 
members affected by 
malaria in 1991 * disaster 
in 1991 (0-1) 
 

-0.08* -584.51* 480.12* -59.38* 0.004 0.10 

8 Disaster in 1991* disasters 
during 1992-94 (0-2) 
 

-80.63* -1795.55* 964.76 -577.66* 0.14 2.01 

9 Percentage of family 
members affected by 
malaria during 1992-94 * 
number of disasters during 
1992-94 (0-2) 
 

-0.96* -9.85* 5.58* -62.41* -0.001* 0.05* 

(continued to next page) 
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(continued from previous page) 

 Household characteristics 

10 Age of household head in 
years in 1991 
 

-1.09 -9.40 -2.47 118.14* -0.001 0.02 

11 Age of household head 
squared in years in 1991 
 

0.12 1.22 0.26 -23.16* -0.0002 0.03* 

12 Female headed households 
(yes=1; no=0) in 1991 
 

-115.43 -599.55* 420.31* -199.17* -0.07* 11.21* 

13 Average education level of 
the family in 1991 
 

-20.39* 331.06* -152.33* 251.07* 0.07 0.56 

14 Average health status of 
the family in 1991 
 

6.26* 206.45* 47.33* 337.38* -0.01 -0.37* 

15 Household  members 
migrated in 1991 
 

-144.95* -157.60* 99.68* 34.99 58.94 16.28 

16 Household size in 1991 116.14* 131.30* 139.70* 78.23 42.84* 22.69* 

17 Land area in 1991 18.64* 41.59 13.00 689.66* -0.003 0.07 

18 Real net assets per head  in 
1991 

0.00001* 0.00005* -0.00004* 1.42* 0.00000005* 0.0000001* 

(continued to next page) 
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(continued from previous page) 

 Community level variables vis-à-vis  the household 

19 Access to irrigation (0-1) 
in 1991 
 

69.61* -84.69* -228.78 791.08* 0.03 17.89* 

20 Membership in 
cooperative (0-1) in 1991 
 

1.29* -5.90 -21.67 246.89 0.23* -7.26* 

21 Access to banking facility 
(0-1) in 1991 
 

264.92* 962.08* 21.24 865.73* 0.01 -6.99 

22 Level of community real 
income  in 1991 
 

0.00002* 0.00002* -0.0001* 0.001* 0.00000003* -0.000001* 

23 Access to main road (0-1) 
in 1991 
 

94.22 187.79* 162.47* 451.96 -0.09 -7.21 

24 Access to post and 
telecommunication (0-1) in 
1991 
 

0.30 958.68* 868.62* 141.84 0.19* -3.70 

25 Access to market (0-1) in 
1991 
 

103.90* 377.77* 94.46* 127.57 0.003 3.89 

 

(continued to next page) 
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(continued from previous page) 

26 Frequency of periodic 
market in a  week in 1991 
 

9.72* 359.27* 37.47* 261.67 0.19 -1.87 

27 R-square 0.70 

28 Sample size 919 

 

* Coefficients significant at less than 5% level for two-tailed test.  
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Chapter 5: Conclusions 

 

This dissertation provides an economic analysis of little-studied issues in malaria and 

development.  Economic analysis of malaria has come in and gone out of popularity as 

a topic of research over many decades.  For example, before World War II there were 

various public health calculations of the costs of malaria.  These tended to be very 

simple estimates without much attention given to economic incentives for response and 

adaptation by the people actually affected by malaria.  During the 1960s and 1970s, 

economists and demographers at times examined malaria within a more general context 

of health and economic development.  The level of economic analysis remained fairly 

simple, however, and malaria eventually fell by the wayside as a topic of interest.  Since 

the 1990s, there has been a resurgence of interest in studying malaria and economic 

development.  More attention has been paid to how people respond to incentives.  This 

is largely thanks to the persuasive arguments of Dr. Jeffrey Sachs and his associates, 

who have done much to focus on diseases such as  malaria as a major constraint to 

economic development.  This has resulted in fresh support for global malaria control 

programs like ‘Roll Back Malaria.’  Issues regarding malaria are a large part of goal 

setting in the Millennium Development Goals. 

Chapters 2 and 3 of my dissertation are devoted to the issue of whether emphasis 

ought to be placed on “rolling back” of malaria versus the “rolling in” of economic 

development, as way of raising national income and lowering the overall malaria 

burden of a country.  One aspect of my approach in chapter 2 has been to address a 

number of methodological deficiencies in the small number of existing studies in this 

area.  For example, there may be two-way rather than only one-way causation between 

malaria and per capita GDP.  This has been casually acknowledged in some survey 

papers, but never rigorously pursued or examined until now.  Second, there have been 
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problems of endogeneity in existing studies owing to the improper use of right-hand 

side variables.  In this respect I believe I have found better, relatively exogenous 

measures of underlying determinants that I believe to be important. 

In contrast to nearly all previous economic studies of malaria, I have developed 

formal economic models of the processes that I am hypothesizing.  Every model 

developed in the dissertation is at the household level.  In the case of chapters 2 and 3, I 

assume certain conditions by which my model is relevant to estimation using macro-

level data, however.  Nonetheless, the mechanisms that I show are new to the literature 

and by themselves may be very useful for future analysis of health issues in economics. 

The main conclusion of chapter 2 is that previous cross-country, macro-level 

studies of malaria tend to overstate the extent by which malaria affects per capita GDP 

and growth in GDP (e.g., Gallup and Sachs, 2001).  My estimates are more in line with 

the much smaller effects that have been found by a very small number of studies that 

use micro-level data (e.g., Moeltner and Laxminarayan, 2006).  I find that my results 

are more in line with the latter studies because of improvements I have made with 

respect to how I measure malaria and the key determinants.  In addition, I use time 

series measurements as opposed to a pure cross section.  This alone seems to explain 

much of the “malaria gap” that exists in the results between macro- and micro-level 

studies. 

Chapter 3 may be the first serious econometric approach to check the two-way 

causation between malaria and national per capita income.  It starts with the stylized 

fact that malaria has a negative correlation with national income per capita, whether 

looking across countries at a point in time, or looking at a single country over time.  

Some countries have been able to move from an equilibrium characterized by low 

income and high malaria, to a new equilibrium with higher income and lower rates of 

malaria.  To explain these changes I distinguish three potential causal chains: the ability 
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for decreases in malaria to increase income, the ability for increases in income to reduce 

malaria (reverse causality), and external factors that may lead to both higher income and 

lower malaria (incidental association). 

I find that changes in income have a much stronger effect on malaria than the 

other way around.  While a 1% rise in the number of malaria cases per million 

decreases income per capita by less than 0.01%, a 1% rise in income per capita 

decreases the number of malaria cases per million by more than 1.1%.  These results are 

statistically significant and robust across a range of specifications and estimation 

techniques.  They hold whether the sample consists of all 100 countries, just Sub-

Saharan Africa alone, or just East Asia alone.  I conclude the negative relationship 

between malaria and income is best explained by rises in incomes over time. 

My results are consistent with the idea that it is very expensive to reduce 

malaria, and that sustained reductions in malaria are generally accompanied by 

sustained increases in income.  It would appear that centralized efforts to reduce malaria 

(e.g., through Roll Back Malaria campaigns) may not have as much widespread or long-

term success as individual, household-level investments in malaria prevention and 

treatment that are newly possible due to increased income.  Households may be aware 

of what is needed to address; the biggest constraint has been lack of money to get 

proper prevention and treatment . 

In chapter 4 I examine more closely how a poor agrarian economy is affected by 

and responds to adverse external shocks such as malaria.  Development of an agrarian 

economy is often thought to resolve around (1) the transition of agriculture from low-

risk, low-return subsistence crops towards production of modern input-intensive, high-

return, commercial crops, (2) a gradual shift from casual labor employment to longer-

term non-agricultural employment, (3) greater investment based on internal 

accumulation instead of  dependence on outside sources of support (like remittance 
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income), and (4) decline in the need for contingent health expenditure on cure and 

treatment in favor of increases in  human capital accumulation– both education and 

health). 

One issue I examine in chapter 4 is why (1) is sometimes not fully 

accomplished; households so affected by malaria and drought may actually have to 

transition away from high-return cash crops.  I use a large survey from a malaria and 

natural disaster prone area called Kagera in Tanzania against the backdrop of a simple 

agricultural household model to examine how processes of growth and development can 

become paralyzed by malaria and other shocks. 

I find that exposure to malaria and natural disasters seems to paralyze the 

traditional processes and mechanisms of growth by draining household resources, 

discouraging modern input use, stifling the transition from subsistence to high risk, high 

return commercial crops, and also retarding smooth progress from the dependence on 

agriculture, casual labor employment and remittance income to greater reliance on non-

agricultural sources of  income. 

I find that households that did have an adverse external shock moved away from 

high-risk, high-return crops (mostly cash crops) to low-risk, low-return subsistence 

crops like cassava and sweet potato, tree crops, and vegetables. These exogenous 

shocks appear to have severely constrained their availability of family labor and 

investible resources. I found that they tended to move away from formal income sources 

which demand longer time and resource commitments.  I also found that malaria 

outbreaks during 1992-94 caused households to increase health expenses and decrease 

expenditures on farm inputs or long-term asset creation. 

To the extent that policy recommendations can be made on the basis of this 

research, chapters two and three suggest that malaria by itself is not necessarily the 

biggest constraint to development and increasing prosperity in malaria-prone countries.  
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Centralized planning of malaria eradication (viewing it as a public good) may not be as 

successful as simply finding ways to put money into the pockets of households that are 

affected by malaria.  Chapter 4, in turn, suggests that when malaria does occur, 

households are able to adapt to it somewhat.  This may retard their ability to make long-

term investments in education and productive assets, but they are not passive or entirely 

helpless in the face of adverse external shocks. 

The dissertation has a number of limitations that future research can potentially 

improve upon.  For example, the economic model of chapter 3 might ideally be applied 

at the household level using survey data.  It might be possible to do this for the case of 

Tanzania, for example, for which I already have micro-level data and can potentially 

obtain the relevant macro-level data.  In this way I could further develop the two way 

causal chain in the context of a particular country. 

An additional improvement would be to directly estimate some of the structural 

relations in the model of chapter 3 using micro-economic data.  For example, in an ideal 

setting I would estimate the change in private and public malaria-reduction investments 

to changes in income.  I would also narrowly estimate the effectiveness of investments 

in reducing malaria, and the effect of malaria on productivity and output.  This would 

require very detailed household data would could be difficult to get.  Instead of 

estimating these intermediate relationships, I estimate their joint effect, that is, the 

product of these partial derivatives as given by the chain rule.  The reason, of course, is 

a lack of data unless one is prepared to restrict the sample to a particular region and 

point in time.  By contrast, I have covered a very large number of countries and time 

periods.  By comparing the experiences of a large sample over a long period of time, I 

have been able to uncover some interesting stylized facts and contribute towards an 

explanation. 
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Finally, a limitation of chapter 4 is that I only have a very short time span to 

examine.  Ideally I might collect new survey information from these same 919 families 

and see how they have changed over the period since 1994.  It would be interesting to 

see whether some of the responses made during 1992-1994 were successful, and 

whether these households are still using the same cropping pattern or have even shifted 

entirely away from agriculture.  It would be useful to see if any of these households 

have escaped from the “poverty trap” into which they seemed to be in the 1991-1994 

data. 
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