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Abstract
Purpose – Climate change affects the geographic and seasonal range of malaria incidence, especially, in
poor tropical countries. This paper aims to attempt to conceptualize the potential economic repercussions of
such effects with its focus on Ethiopia.

Design/methodology/approach – The paper is conceptual and descriptive in its design. It first reviews
existing literature and evidence on the economic burdens of malaria, and the impacts of climate change on
malaria disease. It then draws the economic implications of the expected malaria risk under the future climate.
This is accompanied by a discussion on a set of methods that can be used to quantify the economic effects of
malaria with or without climate change.

Findings – A review of available evidence shows that climate change is likely to increase the geographic
and seasonal range of malaria incidence in Ethiopia. The economic consequences of even a marginal increase
in malaria risk will be substantial as one considers the projected impacts of climate change through other
channels, the current population exposed to malaria risk and the country’s health system, economic structure
and level of investment. The potential effects have the potency to require more household and public spending
for health, to perpetuate poverty and inequality and to strain agricultural and regional development.

Originality/value – This paper sheds light on the economic implications of climate change impacts on
malaria, particularly, in Agrarian countries laying in the tropics. It illustrates how such impacts will interact
with other impact channels of climate change, and thus evolve to influence the macro-economy. The paper
also proposes a set of methods that can be used to quantify the potential economic effects of malaria. The
paper seeks to stimulate future research on this important topic which rather has been neglected.

Keywords Climate change, Malaria, Health, Agriculture, Economy, Ethiopia, Labor

Paper type Conceptual paper

1. Introduction
The biophysical and socio-economic consequences of climate change are already being
observed, especially, in tropical low-income countries (IPCC, 2014). In these countries, climate
change is expected to impinge on crop yields (Ray et al., 2019; Rosenzweig et al., 2014),
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livestock productivity (Escarcha et al., 2018; Rojas-Downing et al., 2017), human health
(Watts et al., 2019; Niang et al., 2014) and the overall economy (Kalkuhl and Wenz, 2020;
Kompas et al., 2018). The impacts on human health entail effects on health expenditures
(Watts et al., 2018) and labor productivity (Flouris et al., 2018; Kjellstrom et al., 2018) which
will propel through the rest of the economy (Kompas et al., 2018; Bosello et al., 2006).

The impacts of climate change on health are particularly important in Africa which
currently experiences high burdens of health outcomes whose incidence and geographic
range could be affected by changing temperature and precipitation patterns (Niang et al.,
2014). Malaria is one of such diseases (Caminade et al., 2014; Ermert et al., 2013). Particularly
in the previously cooler highlands, a warm climate may facilitate mosquito larval
development, enhance vector survivorship and reproductive fitness and increase the blood-
feeding frequency and parasite sporogonic development rate (Afrane et al., 2012). The
population dynamics of the mosquito vector can dramatically amplify even due to small
changes in the climatic signal (Pascual et al., 2006). Changing weather and climate patterns
affect the mosquito species composition differentially, and hence the transmission of malaria
(Afrane et al., 2012). Then, malaria bears a large economic burden to the rural poor who have
insufficient access to health services (McCarthy et al., 2000).

Due to these combined ecological and socio-economic factors, the impacts of climate
change on malaria disease are particularly worrisome in the sub-Saharan Africa region.
Even assuming a constant population of the year 2000, about 427 to 461 million people
in Africa may be exposed to malaria by the 2040s (Ermert et al., 2013). This results in a
3%–4% and 6% increase in person-months exposure of malaria by 2020s and 2040s,
respectively, in tropical Africa (Ermert et al., 2013). Similarly, in the whole Africa, the
person-months exposure may increase by about 16%–28% by 2100 (Tanser et al., 2003).
These projected impacts of climate change on malaria are expected to interact with other
impact channels of climate change (Niang et al., 2014) and eventually influence the
macro-economy (Kompas et al., 2018; Bosello et al., 2006).

Ethiopia is a case in point. First, the seasonal and spatial transmission of malaria are
projected to get worse under climate change (Ermert et al., 2012; Tanser et al., 2003). Second,
even a small change in geographic range and incidence of malaria will be amplified by the
growing population (FAOSTAT, 2020; WHO, 2015). Third, as the seasonal transmission of
malaria (EPHI, 2016) coincides with the main agricultural season of the country (CSA, 2018),
malaria often results in agricultural income loss (Deressa et al., 2007; Cropper et al., 2004).
Therefore, the effects of malaria will add on other direct impacts of climate change on
agriculture (Kassie et al., 2015; Evangelista et al., 2013) to eventually impinge on the overall
economy as agriculture makes up 75% of the total employment (ILO, 2019; NLFS, 2013),
37% of the gross domestic product (GDP) and 80% of the total export earnings (NBE, 2020).

As such, the potential economic consequences of climate change impacts on malaria in
Ethiopia cannot be undermined. Understanding and quantifying the effects of climate
variability and change on the overall disease burden in the country are therefore the critical
steps for an effective public health response (Ghebreyesus et al., 2009).

The existing literature on the impacts of climate change in Ethiopia, however, barely
touches the impacts on health in general and on malaria in particular (Taye et al., 2015). There
are exceptions (Abrha et al., 2019; Lyon et al., 2017) which focus on the effects of climate change
on the transmission and prevalence of malaria but hardly discussed the ensuing socio-economic
impacts. As the subject is inherently inter-disciplinary, one of the reasons for this gap may
attribute to the lack of a conceptual framework to assess the economic effects of the malaria
disease burden with and without climate change. This study aims to contribute its part to fill
this gap. It attempts to conceptualize and depict the chain of economic effects that may ensue
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the impacts of climate change on malaria. It, then, identifies and highlights existing methods
that are useful to assess the sector-wise and economy-wide effects of malaria.

That being said, how climate variability and change will affect the spatial and temporal
proliferation of mosquitos and the incidence of malaria is beyond the scope of this study.
There are already a few studies addressing this issue. One can refer to research outputs from
previous and ongoing projects such as the Ethiopian Malaria Prediction System by the
University of Bergen and partners (Lindtjørn et al., 2014), the Epidemic Prognosis
Incorporating Disease and Environmental Monitoring for Integrated Assessment by South
Dakota State University and partners (Merkord et al., 2017), the Enhanced National Climate
Services by the International Research Institute for Climate and Society and partners (Lyon
et al., 2017), the vector-borne diseases impact modeling consortium in the Inter-Sectoral
Impact Model Intercomparison Project (Caminade et al., 2014) and many other studies
(Abrha et al., 2019; Ermert et al., 2013, 2012; Tanser et al., 2003).

This paper builds on the findings of the aforementioned epidemiological studies. It
focuses only on the potential economic repercussions. The central objective of the paper is to
raise interest, and thus stimulate future research on the socio-economic dimension of this
important topic. It also seeks to inform adaptation planning, in Ethiopia and other African
countries, as it discusses how the effects on malaria are going to be important and likely
interact with other impacts of climate change.

2. Climate change, malaria and potential economic effects in Ethiopia
2.1 Overview of malaria in Ethiopia
About 68% of Ethiopia’s landmass (where about 60% of the population lives) is prone to the
risks of malaria (EPHI, 2016). Malaria transmission occurs up to 2,000 meters and
occasionally in areas up to 2,300 meters elevation (PMI, 2019) putting about 47% of the
population under high or moderate risks of malaria (EPHI, 2016). In terms of species,
Plasmodium falciparum (P.f) and Plasmodium vivax (P.v) are the two most dominant malaria
parasites with 77% of infections detected below 2,000 meters being associated with the
former (PMI, 2019). The Plasmodiummalariae (P.m) and Plasmodium ovale (P.o) are rare and
account for hardly 1% of all confirmedmalaria cases in the country (EHNRI, 2012).

The malaria risk and intensity exhibit seasonal, annual and spatial variability (PMI,
2019; EPHI, 2016). See also Figure 1 which depicts the spatial and temporal variation of
malaria parasite rate based on raster data from theMalaria Atlas Project (Pfeffer et al., 2018).

Therefore, especially since 2000, Ethiopia is undertaking a wide range of measures to
prevent and control malaria (Taffese et al., 2018; Deribew et al., 2017). Consequently,
remarkable progress has been made in reducing the morbidity and mortality due to malaria
(Girum et al., 2019; Taffese et al., 2018). Nevertheless, the prevalence rate of malaria still
remains high (Taffese et al., 2018) with considerable gaps in the ownership and uses of
insecticidal nets (Solomon et al., 2019; Deribew et al., 2017), and recently detected insecticide
resistance (PMI, 2019). Regardless of what has been done and achieved, therefore, malaria is
still one of the top ten causes of admission andmorbidity (MoH, 2015a, 2014).

2.2 Climate change and its implication for malaria
Annual and seasonal climate variability have been common phenomena in the past five
decades in Ethiopia (Gebrechorkos et al., 2018; MoEF, 2015). Since 1960, the country has
observed an increase in mean annual temperatures by 1°C, an increase in “hot nights” by
37% and an increase in “hot days” by 20% along with an overall decline but significant
year-to-year volatility in precipitation (World Bank, 2020). The changes have been most

Economic
burdens of

malaria



noticeable from July to September, and in the central and highland regions (World Bank,
2020; Gebrechorkos et al., 2018).

Future climate projections show these past trends to continue. Temperature is expected
to increase by 1.0°C (2020-2039), by 1.8°C (2040-2059), by 2.8°C (2060-2079) and by 3.7°C
(2080-2099) compared to the average temperature of 1986-2005 (World Bank, 2020).
According to the same report, “hot days” are expected in 19%–40% and 26%–69% of the
days in a year by the 2060s and the 2090s, respectively. The most rapid increases are
expected during the main rainy season (July to September). The increase in mean
temperatures and frequency of weather extremes are expected as of 2020s (Gebrechorkos
et al., 2019). Projections for precipitation, on the other hand, show high degrees of
uncertainty and inter-annual variability (World Bank, 2020; Gebrechorkos et al., 2019).

Climatic conditions such as those projected for Ethiopia are in general suitable for
mosquito reproduction (Afrane et al., 2012; Pascual et al., 2006), and thus are expected to
worsen the malaria situation in the country (MoEF, 2015). The person-months of exposure in
Ethiopia are projected to increase by more than 100% toward the end of the twenty-first
century (Tanser et al., 2003). The prevalence of malaria will increase in all regions (Taye
et al., 2015) as temperature suitability for malaria is climbing into the highlands of Ethiopia
(Lyon et al., 2017). Moreover, in three selected districts in northern Ethiopia, the area suitable
for malaria transmission is projected to increase by 93.8% to 113.9% and 149% to 161% by
mid and end of the century, respectively (Abrha et al., 2019).

Particularly, the projection that the geographic range of malaria risks will climb to the
highlands where the vast majority of the population lives is worrisome. See also Figure 2.
Put differently, the climate suitability for malaria transmission will increase on par with the
population (FAOSTAT, 2020). The combined trends eventually increase the number of the
population exposed to the risk of malaria (MoEF, 2015). For instance, under a high emissions
scenario, nearly 130 million people are projected to be at risk of malaria by 2070 (WHO,
2015) which is two-fold of the current population exposed to malaria risk (EPHI, 2016).

Figure 1.
Spatial distribution of
P.f parasite rate
(PfPR) in Ethiopia.
The PfPR is scaled by
logarithm 10
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All in all, the discussion in this section indicates that the socio-economic implications of
malaria under future climate are going to be substantial due to the combined effects of
increasing climatic suitability for malaria transmission, size of the current population
exposed to the risks of malaria and the high population growth but insufficient health
facilities. The potential economic effects range from health expenditures to macroeconomic
growth. The subsequent section illustrates these effects using the available evidence from
past experiences in Ethiopia and other developing countries.

2.3 Potential economic effects
2.3.1 On health expenditures. Expenditures on malaria prevention and treatment include
spending from households’ out-of-pocket, government and international development
assistance (Haakenstad et al., 2019). Malaria prevention involves increasing awareness of
the society, strengthening the health system, procuring and distributing long-lasting
insecticide-treated nets (LLINs) and conducting insecticide residual spraying (PMI, 2019),
whereas malaria case management involves medical diagnosis and treatments (Berman
et al., 2016). The distribution of LLINs includes provisions to new households and
replacement to older ones as one LLIN is assumed to protect 1.8 persons and to last for three
years (Aregawi et al., 2014). Therefore, malaria prevention and treatment expenditures are
inherently recurrent.

Currently, on average, Ethiopia commits 2.5% to 5.8% of its annual government budget
for the health sector to malaria (Haakenstad et al., 2019; MoH, 2015b). Spending on malaria
makes up 6.4% of the total households’ out-of-pocket spending for health (MoH, 2014). The
average unit cost of malaria treatment per case per year was between 233 ETB (12.2 US$)
and 1,575 ETB (82.5 US$) in 2013/2014 (Berman et al., 2016). The spending on malaria per
incident case in Ethiopia is already one of the highest compared to other countries trying to
control malaria in Africa (Haakenstad et al., 2019).

Additional climate change-induced risks of malaria in the country (Taye et al., 2015;
Tanser et al., 2003) will therefore require an extra budget for malaria from the government,
households and international donors. It may further require fiscal decisions either to raise
tax rates or reallocate budget from other public services, reduce households’ savings and
reallocate development assistance.

Figure 2.
Elevation map (a) and
spatial distribution of

population (b) in
Ethiopia
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2.3.2 On agricultural development. The impacts of malaria on agricultural development
deserve special attention due to the malaria transmission period, the economic importance of
agriculture and the sensitivity of agriculture to other impact channels of climate change.

In general, the periods from September to December and from April to June are the two
main malaria transmission periods in Ethiopia (EPHI, 2016). There exists regional variation
as depicted in Figure 3. These malaria transmission periods in different parts of the country
unfortunately coincide with the two main agricultural seasons (locally known asMeher and
Belg) (CSA, 2018; Deressa et al., 2007). Besides, malaria in Ethiopia is mostly seasonal and
unstable, and thus epidemic by its nature (EPHI, 2016). This implies people have little
acquired immunity (Ghebreyesus et al., 2009) which contributes to a higher number of
person-days lost to malaria disease. For example, previously reported productive time loss
of 18 days in northern Ethiopia (Cropper et al., 2004) and 6.8 to 14.5 days in south-central
Ethiopia (Deressa et al., 2007) are higher than the person-days lost (1 to 6) per malaria
episode in malaria-endemic areas of Africa (Deressa et al., 2007). Of course, relatively a
recent review study (Asenso-Okyere et al., 2011) reported more days of absence from work
adding that this may accrue to increasing resistance to drugs.

Second, agriculture in Ethiopia is virtually rain-fed and subsistence (CSA, 2018). Labor
makes up, at least, a quarter of factor inputs in the country’s agriculture (Fuglie, 2015). As such,
the economic consequences of morbidity attributed to malaria (MAM) on agricultural labor are
substantial. The productive days lost to malaria in the Adami-Tulu district are estimated to
value between ETB 94.93 ($10.97) and 280.87 ($32.47) per patient per episode (Deressa et al.,
2007) while in the Tigray region, malaria caused a loss of ca.15% of annual household’s income
(Cropper et al., 2004). One can expect the effects to get even bigger if the malaria outbreak affects
many of the villagers as labor sharing is common in the main agricultural season (Ayele, 2017).
Such indirect costs of malaria (due to lost productive time) are in general by far bigger than the
magnitude of direct (medical costs) of malaria (Alonso et al., 2019). Indirect costs make up 75%
of the total costs related tomalaria in developing countries (Deressa et al., 2007).

Figure 3.
MonthlyMAM in
Ethiopia
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Third, climate change is expected to impinge on agricultural growth in several other ways.
It is expected to reduce crop yields (Kassie et al., 2015), the area suitable to growing crops
(Evangelista et al., 2013) and worsen soil erosion (Moges et al., 2020). In addition, some
adaptation measures such as irrigation and micro-dams may turn to be counterproductive
(Asenso-Okyere et al., 2011) as they exacerbate the risk of malaria (Kibret et al., 2019;
Yewhalaw et al., 2009). As such, even a marginal increase in morbidly attributed to malaria
can amplify the impacts of climate change on agriculture through other channels. The
impacts of malaria on agricultural development may even be bigger than its potential
impacts on the health sector expenditures. One shall also put this in the context of rising
food demand (and hence prices) due to population and income growths.

2.3.3 On gender, poverty and inequality. Increasing malaria risk has also implications for
gender and income inequalities. The implications for gender equity attributes to both the
vulnerability of women and children to malaria (MoH, 2015a; Niang et al., 2014) and the
likelihood that much of the additional productive time lost to caregiving malaria patients
will be borne by women. For instance, in Ethiopia, women spend 2.5 to 3.0 h daily on
caregiving services compared to 1.5 h by men (CSA, 2014). Malaria also disproportionally
affects the lowest income group (Malaney, 2003) accruing to the poor housing conditions
(Ayele et al., 2012) and the lack of financial means to take prevention and control measures
regularly (Asenso-Okyere et al., 2011). The possession of insecticide-treated bed nets among
poor households in Ethiopia is lower than the possession among non-poor households by ten
percentage points (EPHI, 2016). Consequently, the average prevalence of malaria among the
lowest wealth quintile is found to be 2.2% compared to 0.8% for the highest wealth quintile
(EPHI, 2016). One may also consider the fact that labor is the main source of income among
rural poor households where the dependency ratios are also high (NLFS, 2013). Taken
together, the increasing risk of malaria will pose additional risks perpetuating the current
poverty and inequality conditions in the country.

On the other hand, climate change threatens to worsen poverty in developing countries
(Hertel et al., 2010) and to reverse development gains (World Bank, 2010) while previous
research has documented well that national poverty (or low level of development) limits the
provision of sufficient health facilities and adequate financial resources for malaria prevention
and control measures (Sachs and Malaney, 2002; McCarthy et al., 2000). Ethiopia is a case in
point. Today, one has to travel about 46km to reach to the nearest hospital (PDC, 2018) while
57% of the total malaria spending comes from development assistance (Haakenstad et al.,
2019). In other words, climate change effects on other sectors of the economy may slow down
the efforts to control malaria even if new malaria risk is not assumed. Therefore, climate
change will intensify the two-relationship betweenmalaria and poverty.

2.3.4 On regional development. The incidence of malaria is uneven across the regions of
Ethiopia (EPHI, 2016; MoH, 2015a) as it depends on several local environmental conditions
and disease control capacities (Caminade et al., 2014; Taye et al., 2015). For instance, the
monthly MAM in Benishangul-Gumuz (up to 3%) and Gambella (up to 4%) are by far
higher than the national average (up to 0.25%) (EHDAP, 2020). In addition, the degree to
which man-made reservoirs (e.g. irrigation and dams) intensify malaria transmission is
different in lowland and highland regions. For instance, mean monthly malaria incidence
was found to be 2-fold and 10-fold higher in the lowland dam village compared to the case in
midland and highland dam villages, respectively (Kibret et al., 2017).

In line with the theory of compensating wage differentials (Viscusi, 1978; Cousineau et al.,
1992), one can expect such regional differences in malaria risk entail regional wage
differences and hence returns to labor intensive industries such as large-scale farms. In
addition, malaria affects the tourism sector (Sachs and Malaney, 2002). Thus, all in all, the
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effects of malaria on GDP and poverty rates are non-linear across regions (Gallup and Sachs,
2001). The long-term effects may be worse if, especially, the current malarious regions
(which are also economically least developed and located in the lowlands) continue to bear
the largest burden of the projected risks of malaria. In such cases, malaria will not only
strain regional development but also widens existing regional inequalities.

2.3.5 On the macroeconomy. The macroeconomic effects of climate change impacts on
malaria can be seen from three main vantages. These are the share of public health
spending, the relative importance of agriculture and the level of investment in the economy.

Government is the main health service provider in Ethiopia. Currently, public
expenditure for health services accounts for about 10% of the total government budget
(CSA, 2020). About 90% of the spending on malaria is covered by development assistance
and government (Haakenstad et al., 2019). As such, additional budget commitment for
public health (due to additional malaria cases) raises a fiscal balance issue.

Smallholder agriculture which, as discussed earlier, will likely bear the largest burden of
the opportunity costs due to lost productive days is also the main economic sector in
Ethiopia (NBE, 2020; NLFS, 2013). We have seen earlier that the impacts on malaria will be
additional to other factors that impose risks to agricultural growth in the face of climate
change. As such, even marginal agricultural labor productivity lost to malaria (or
exacerbated by climate change) has repercussions for the whole economy (e.g. on food
prices, GDP growth and export volumes).

Finally, the share of gross capital formation (investment) and gross domestic savings
relative to GDP hovers around 35% and 20%, respectively, (NBE, 2020) implying major
efforts are yet required to raise domestic savings to meet investment demands. As
highlighted earlier, malaria may affect gross capital formation through its effects on
households’ savings and government budget surplus, and on labor, investment and tourism
flow to malarious areas (Sachs andMalaney, 2002; Gallup and Sachs, 2001). The current and
projected risk of malaria may, for example, strain planned large-scale irrigation farms in the
mid- and low-lands (MoARD, 2010) as irrigation and hydroelectric dams are found to
increase the prevalence of malaria (Kibret et al., 2019, 2017; Yewhalaw et al., 2009). In that
sense, climate change impacts on malaria may contribute to slowing down the pace of
economic growth and structural transformation in the country (Figure 4).

To sum up, climate change impacts on malaria have the potency to strain
macroeconomic growth directly and indirectly. Therefore, climate change will intensify the
prevailing vicious circle between malaria and poverty and GDP growth rates (Gallup and
Sachs, 2001; McCarthy et al., 2000). On the one hand, it increases the geographic range and
incidence of malaria (WHO, 2015; MoEF, 2015); on the other hand, it threatens to perpetuate
poverty (Hertel et al., 2010) and underdevelopment (World Bank, 2010). That is why
quantifying the potential economic effects such as those discussed in this section will be
important. The subsequent section is therefore devoted to discuss a set of methods drawn
from both health and general economics which can be used for such exercises.

3. Review of economic methods
3.1 Disability adjusted life years
The disability-adjusted life years (DALYs) is one of widely used methods to quantify the
burden of a disease. See, for example, the GBD 2017 DALYs and HALE Collaborators (2018)
which applied DALYs for more 359 diseases and injuries. DALYs measure a sum of the
years of life lost (YLL) due to premature mortality and the years lost due to disability (YLD)
for people with a disease or its consequences (Girum et al., 2019). Alternatively, DALYs are
regarded as years of healthy life lost (Deribew et al., 2017).
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Its applicability for any geographic scale and the fact that it places no monetary value for
healthy life lost makes DALYs simple to use and interpret results. DALYs of a disease can
be calculated as follows:

DALY ¼ YLLþ YLD ¼ N :Lð Þ þ P :DWð Þ (1a)

where N is the number of deaths, L is the standard life expectancy at the age of death in
years; and P is the number of prevalent cases andDW is disability (morbidity) weight.

The incremental malaria disease burden (m) due to climate change can then be calculated
as the difference between DALYswith future climate (fc) and current climate (cc) scenarios:

DALYm ¼ DALYfc � DALYcc (1b)

The DALYs method will particularly help to focus on the health impacts of climate change-
induced malaria.

3.2 Cost-of-Illness
The cost-of-illness (COI) is perhaps the most commonly applied approach to evaluate the
economic burdens of malaria and other diseases (Malaney, 2003). The COI approach which
has been formalized since the 1960s (Rice, 1967) is particularly applied to estimate malaria-
induced direct and indirect costs for households (Asante and Asenso-Okyere, 2003). The
approach consists of two alternate methods. These are the human capital method that takes
into account the value of lost future labor productivity to the society and the willingness-to-
pay approach that elicits the monetary value that a given individual associates to
incremental variations in his or her risk of illness or death (Malaney, 2003).

Figure 4.
Schematic

presentation of
climate change,

malaria and economic
effects
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Following the standard COI formula (Malaney, 2003; Asante and Asenso-Okyere, 2003),
the incremental cost of illness due to climate change (Cm) can be calculated as follows:

Cm ¼
X

Cfc
i �

X
Ccc
i (2)

where Cfc (total COI under future climate), Ccc (total COI under current climate) and i are
types of costs incurred due to malaria illness. The costs include private and non-private
medical costs and foregone income due to reduced working capacity of labor, investment
and tourism flows and decisions (e.g. regarding migration and cropping) made due to risk-
related behavior. The direct private medical costs include costs incurred by individuals for
registration, consultation, drugs, hospitalization and transportation while seeking malaria
treatment. Direct non-private costs include spending on malaria by governmental and non-
governmental agencies. The forgone income (indirect costs) due to morbidity and mortality
of labor can be categorized as short- and long-term costs. The short-term costs are
pertaining to production (and income) lost due to labor supply and productivity shocks.
These costs depend on the average workdays lost per episode, the average daily wages (or
earnings) per sector of employment, employment by sector and labor participation rates.
The long-term costs, on the other hand, accrues to the effects on human capital formation,
the value of life-time income lost due to premature death and demographic effects including
fertility rates. More discussion related to this section can also be found in Malaney (2003),
Asante and Asenso-Okyere (2003) and Cropper et al. (2004).

3.3 Growth models
Growth models are used to assess the effects of malaria on economic growth. They can
include malaria (represented by proxy indices) directly as an explanatory variable
(McCarthy et al., 2000; Gallup and Sachs, 2001):

g ¼ f m; xð Þ (3a)

where g is the growth rate of real GDP, m is an index for malaria (e.g. the share of the total
population exposed to malaria) and x is a set of other determinants of GDP growth (e.g.
capital and labor stocks and the degree of trade openness).

Alternatively, growth models can incorporate the effects of malaria indirectly as changes
in labor productivity and/or supply. Consider, for example, a stylized Ramsey-type growth
model (Kalkuhl andWenz, 2020):

Y ¼ A : f K; aLð Þ (3b)

where:
Y is economic output (GDP),A is total factor productivity (TFP),K is capital stock, a and

L are labor productivity and supply, respectively.
In either of the approaches, growth models are useful tools to draw lessons from the past

to glean information about the potential economic effects of malaria under future climate.

3.4 Partial equilibrium models
Partial equilibrium models are often used to simulate the effects of exogenous changes such
policy reforms and demand and supply shocks on a given economic sector (Cardenete et al.,
2012). Partial equilibrium models consider both supply and demand sides in which
equilibrium prices are set to clear the market. The models can be static or recursively
dynamic.
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In light of the discussion in Section 2.4, parts of the economic burdens of climate change
impacts on malaria can be gleaned through dynamic partial equilibrium models of agriculture.
The models can also be multi-regional to capture projected geo-specific risks and their
propagation to the rest of the regions through inter-regional trade andmigration, for example.

Let us assume an agricultural production represented by a constant elasticity of
substitution (CES) function:

Y ¼ A:
X
i

d i : ai:Xi½ ��r
� � 1

�r (4a)

where Y is agricultural output, A is TFP (or scale parameter), d and a are, respectively, the
share and factor-specific productivity parameters of input i (e.g. labor, capital, land) and r is
the elasticity of factor substitution. Malaria effects can thus be introduced as changes in
labor productivity (alabor) or TFP (A).

In the case of a multi-regional partial equilibrium model for agriculture, outputs from
different regions can be aggregated using a CES function such as the one given below
(Lofgren et al., 2002):

YA ¼ g :
X
r

u r:Yr½ ��r
� � 1

r�1 (4b)

where YA is country-wide agricultural output, g is a shift parameter for aggregation, ϴr is
the proportion of agricultural output from region r, Yr is agricultural output from region r
and r an aggregation function exponent.

Depending on the structure of the partial equilibrium model at hand, among others, the
effects of climate change (through the additional risk of malaria) on agricultural prices, GDP,
employment and exports can be simulated directly. Such models are also suitable to assess
the multiple impacts of climate change (e.g. on labor productivity due to malaria or heat-
stress, on crop yields, on areas suitable for crop cultivation and on livestock size and
productivity) simultaneously.

The main drawback of partial equilibrium models for agriculture accrues to the fact that
the models are partial, and hence do not account for all economic flows (Robinson et al.,
2014). In our case, for example, they do not include the direct private and non-private health
expenditures on malaria which are often recorded in health accounts.

3.5 Computable general equilibrium models
Computable general equilibrium (CGE) models address the inherent limitation of partial
equilibrium models. The underlying premise of CGE models is that an economy is a system
of interdependent components (agents, markets, regions and commodities). Accordingly,
CGE models presume that an outcome of any change in the economy is determined by all
direct, indirect and induced (feedback) effects (Cardenete et al., 2012), and thus a CGE model
consists of a system of equations that describe an economy as a whole and the interactions
among its part (Burfisher, 2011; Hosoe et al., 2010). CGE models can be single-period or
dynamic; country-wide or multi-regional.

CGE models are best suited to assess the multiple impacts of climate change (e.g. on
malaria, crop yields and hydropower) on multiple sectors (e.g. on health, agriculture and
energy) simultaneously and on different components of the economy (e.g. on households,
industries and the macro-economy). For example, CGE models can include malaria-induced
effects as changes in one or a combination of:
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� Labor productivity in agriculture;
� Public expenditure on health services;
� Health demand (spending) by households;
� Inter-regional labor mobility;
� Investment and tourism demands in some regions; and
� Transfers (development assistance) from the rest of the world to the Ethiopian economy.

Let us zoom into three of these possibilities for illustration.
First, we can include as changes in labor-specific or TFP in agricultural activities as in

equations (4a) and (4b). The difference here is that the CGE model results can show the
outcomes on households’ welfare and on the performance of the overall economy as they
include indirect and induced effects from other sectors.

Second, we can incorporate as changes in commodity-specific shares in households’
consumption basket. In CGE models, different household groups (usually classified on the
basis of income – poor and non-poor, residence – rural and urban or geographic locations –
highlands and lowlands, etc.) are assumed to maximize their utility derived from the
consumption of goods and services subject to their total budget (income) constraint (Lofgren
et al., 2002). For example:

U x1; . . . ; xnð Þ ¼
Yn
i¼1

xu i
i (5)

where xi is the consumption of commodity i and ϴi is the proportion of commodity i in the
consumption budget of households. The sum ofϴi equals to one. In CGEmodeling tradition,
the ϴi is known as a share parameter and is usually modeled as an exogenous parameter
during the model calibration (Lofgren et al., 2002; Hosoe et al., 2010). For example, increasing
households’ expenditure to prevent and/or treat the malaria disease burden will raise
households’ consumption of “malaria-related health services,” thus, affecting the demand for
other commodities as the total consumption budget is usually held constant. The ultimate
effect on the rest of the economy depends, of course, on the initial value and the marginal
increase in the aforementioned share parameter.

Third, we can include as changes in the government (also called public sector) spending.
Government budget balance represents the difference between government revenue and
government expenditure or “consumption”:

GS ¼
XR
r¼1

tr:Qr �
XE
e¼1

pe:Qe (6)

Oftentimes, CGE models are calibrated holding government “consumption” of goods and
services (Qe) and tax rates (tr) fixed (Lofgren et al., 2002; Hosoe et al., 2010). As such, for a
given set of tax rates, an increase in the government consumption (i.e. providing services) of
malaria-related measures will directly influence the government budget surplus (savings),
and hence the total investment.

CGEmodels are often calibrated to a social accounting matrix (SAM) of a given economy.
A standard SAM usually contains aggregated sectors. For example, it may not have
malaria-specific transactions in the public budget (services) and households’ consumption
accounts. In that case, one shall first split malaria-related transactions and inputs from the
transactions and inputs associated with the aggregate health service accounts.
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4. Conclusions
This paper attempted to conceptualize and discuss the potential economic effects that may
ensue the impacts of climate change on malaria in Ethiopia. It particularly discusses how the
sector-wise and economy-wide impacts of the projected prevalence of malaria reported
elsewhere (WHO, 2015; MoEF, 2015; Caminade et al., 2014; Ermert et al., 2013) may matter
particularly in light of the spatial distribution of the current and projected population and
the health expenditure and macroeconomic structures of the country. It is important to note
here that these potential impacts of climate change on malaria will be in addition to already
projected impacts on agriculture (Kassie et al., 2015), water and energy resources (MoWIE,
2016) and heat-stress effects on labor working capacity (ILO, 2019).

Overall, the paper tried to argue why the economic implications of climate change
impacts on malaria should not be underestimated. Therefore, more quantitative studies from
health economics (e.g. on additional malaria DALYs, direct and indirect costs-of-illness),
agricultural economics (e.g. on partial equilibrium effects) and macroeconomics (e.g. on
general equilibrium and growth effects) are highly needed. Studies applying partial or
general equilibrium models will particularly be important to assess both the direct and
indirect effects of malaria and their possible interaction with other impact channels. In
parallel, adaptation policy planners should start explicitly accounting the sector-wise (or
health) effects of malaria along with their possible interactions with other impact channels
of climate change in different sectors and regions.
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