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Abstract 
We study the effects of development and climate change on infectious disease in Sub-Saharan 
Africa.  Infant mortality and infectious disease are close related, but there are better data for 
the former.  In an international cross-section, per capita income, literacy, and absolute poverty 
significantly affect infant mortality.  We use scenarios of these three determinants, and of 
climate change to project the future incidence of malaria, assuming it to change proportionally 
to infant mortality.  Malaria deaths will first increase, because of population growth and 
climate change, but then fall, because of development.  This pattern is robust to the choice of 
scenario, parameters, and starting conditions; and it holds for diarrhoea, schistosomiasis, and 
dengue fever as well.  However, the time and level of the mortality peak is very sensitive to 
assumptions.  Climate change is important in the medium term, but dominated in the long 
term by development.  As climate can only be changed with a substantial delay, development 
is the preferred strategy to reduced infectious diseases, even if that is exacerbated by climate 
change. 
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1. Introduction 
A cursory look at the geography and history of infectious diseases shows that they are 
prevalent in places where the weather is hot and wet and where the people are poor (e.g., 
WHO, 2005).  Although closer study reveals a multitude of complexity and nuance (e.g., 
Casman and Dowlatabadi, 2002), climate determines the potential of many infectious diseases 
to flourish while health care1 influences the actual incidence of disease.  One would therefore 
expect that, in a scenario of economic growth, infectious diseases would fall as health care 
improves (Medlin et al., 2006).  Likewise, in a scenario of global warming, one would expect 
to see infectious diseases spread into new regions and perhaps intensify (McMichael et al., 
2001).  In a scenario with both growth and warming, it is unclear what to expect, but 
projections of future disease incidence should take both into account.  Indeed, given complex 
interactions between economic growth and exposure to disease, it is possible that reallocating 
development aid towards greenhouse gas emission reduction could actually increase the 
impacts of climate change on infectious diseases. 

Previous studies that have looked into this issue (Tol and Dowlatabadi, 2001; Tol, 2005; Tol, 
forthcoming, a) suffer from the oversimplification of equating “development” with “economic 
growth”.  Here, we address this limitation by driving the evolution of a few of the statistically 
significant underlying determinants of adaptive capacity (in reducing vulnerability to 
infectious disease) into the future along economic growth scenarios and tracking the resulting 
vulnerability to two diseases – malaria and diarrhoea.  Previous studies had considered 
malaria, of course, but none had extended even the simpler approach to a second disease.  
Moreover, previous work looked only at large regional aggregates, while this paper offers 
results for individual countries.   

In Section 2, we report two empirical relationships.  One relates vulnerability to infant 
mortality to three statistically significant determinants of adaptive capacity (per capital 
income, literacy, and absolute poverty, only, because other determinants were statistically 
insignificant).  The second relates vulnerability to under-five mortality to two statistically 
significant determinants (literacy and absolute poverty).  We use these relationships in Section 
3 to produce alternative scenarios of the incidence of malaria and diarrhoea through 2100 
along specific economic development pathways for a sample of developing countries where 
both diseases are currently a problem.  Five different assumptions of the future evolution of 
incidence, some based on the empirical results from Section 2 and others drawn from earlier 
approaches, produce marketed different temporal profiles.  It follows that assessments of the 
impacts of climate change that ignore the nuances in the relationships between the economic 
development and vulnerability can grossly misrepresent the risks of that change.  Concluding 
remarks in Section 4 make this point.  
 

2. Vulnerability to Infectious Disease 

 

2.1. Adaptive capacity 

The notion of adaptive capacity has proved useful in the study of the impacts of climate 
change.  Essentially, adaptive capacity measures the ability of a society to respond, either to 
make the best of new opportunities opened by climate change, or to minimise negative 
consequences.  Adaptive capacity for climate change is similar to adaptive capacity for any 
change.  Indeed, adaptive capacity is closely linked to development, as a society that cannot 

                                                 
1 Note that we interpret health care in its broadest sense, including hygiene, sanitation, primary health care, and 
public health infrastructure. 



cope well with change cannot have developed.  Vice versa, low development typically implies 
low adaptive capacity. Again, while these things are true in general, there are important 
exceptions as well. The impact of Hurricane Katrina on the USA, and health care in Cuba 
show that rich countries are not invulnerable, and poor countries may do well on reducing 
specific vulnerabilities. 

Yohe and Tol (2002) suggested focusing attention on a list of underlying determinants for 
adaptive capacity: 

1. the range of available technological options for adaptation; 

2. the availability of resources and their distribution across the population; 

3. the structure of critical institutions, the derivative allocation of decision-making 
authority, and the decision criteria that would be employed; 

4. the stock of human capital including education and personal security; 

5. the stock of social capital including the definition of property rights; 

6. the system’s access to risk spreading processes; 

7. the ability of decision-makers to manage information, the processes by which 
these decision-makers determine which information is credible, and the credibility 
of the decision-makers, themselves; and 

8. the public’s perceived attribution of the source of stress and the significance of 
exposure to its local manifestations. 

In fact, Yohe and Tol (2002) conjectured that the adaptive capacity of any system would, for 
all intents and purposes, be limited by the weakest of these underlying determinants; this is 
the so-called “weakest link” hypothesis with which they constructed an indexing scheme by 
which the relative vulnerabilities of wildly different systems could be judged.  Albarini et al. 
(2006) test the framework of Yohe and Tol (2002) with a panel of experts and with objective 
data on natural disaster mortality.  They find good accordance between experts and data and 
that the operationalisation of adaptive capacity has predictive skill.  Tol and Yohe (2006) test 
the weakest link hypothesis of adaptive capacity by measuring vulnerability, the inverse of 
adaptive capacity.  Statistical representations of the sensitivity of vulnerability to multiple 
determinants of adaptive capacity supported their tests; we will use their approach here to 
produce, for the first time, site-specific and (economically) path dependent trajectories of 
future vulnerability to two infectious diseases.    

Following Tol and Yohe (2006), the vulnerability V of any country C to an external stress, for 
instance climate change, can be measured as 

(1)    {1/VC}≡ {∑ αi Ai
(1-γ}}1/(1-γ)  

where the Ai are indicators of n distinct determinants of adaptive capacity.  The αi and γ are 
parameters in the relationship that is motivated by the usual structure of constant elasticity of 
substitution production functions.  In this regard, (1/γ) is the “elasticity of substitution” 
between any two determinants in supporting the exercise of adaptive capacity in reducing 
vulnerability to the chosen stress.  Note that 

• γ → ∞ would mean that {1/VC} ≡ min{αi Ai}.  In this extreme case, the determinants 
of adaptive capacity would be perfect complements and overall vulnerability would be 
entirely determined by the “weakest link” in the sense that strengthening any but the 
weakest determinant would do nothing to reduce vulnerability. 

• γ = 1 would means that {1/VC} ≡ {∏Ai
αi }.  This is a threshold case because, as γ 

converges to unity from above, the “iso-vulnerability” loci do not intersect any of the 



Ai = 0 axis.  It follows that vulnerability would be infinite if any single determinant 
were not present.  In all other cases, the determinants can substitute for one another to 
maintain the same level of vulnerability, but compensation would become increasingly 
expensive as strength in one or more determinants became weaker. This is nearly the 
functional form of the geometric mean employed by Brenkert and Malone (2005), 
although the geometric mean imposes the condition that all of the αi coefficients are 
identical. 

• γ < 1 would mean that the determinants can substitute for one another to maintain the 
same level of vulnerability and that compensation would become less expensive as 
strength in one or more determinants became weaker. 

• γ = 0 would mean that {1/VC} ≡ {∑ αi Ai}.  In this case, the determinants of adaptive 
capacity would be perfect substitutes regardless of their individual levels.  In words, 
the determinants can substitute for one another at constant rates to maintain the same 
level of vulnerability.  

 

2.2. Data 

Most of our data was taken from WRI (2005), a source that has internally consistency, quality 
checks, and global coverage. We used two alternative indicators for vulnerability to infectious 
disease.  The first was infant (under-one) mortality.  Infant mortality integrates a range of 
problems of poverty and health.  Although disease-specific (infant) mortality would be more 
informative, data coverage is insufficient, particularly in poorer countries.  The second 
indicator was under-five mortality. We would have preferred to use data on the diseases 
themselves, particularly malaria and diarrhoea. However, WHO country data omit these 
diseases for many countries, and crucially so for regions that the WHO regional data suggest 
are most vulnerable. 

We grouped the indicators of adaptive capacity into five categories.  Table 1 lists them all. 
Institutional indicators include the nature of government (democracy etc.), and the nature of 
government intervention in society (rule of law etc.).  Cultural indicators include average 
attitudes (e.g., to risk).  Related to that, we included a list of dummies giving the dominant 
religion in a country; note that a country may be labelled “Christian” even though most of its 
inhabitants are secular.  Per capita income, income distribution, and poverty rates were 
employed as economic indicators.  Finally, enrolment and literacy reflected education. 

 

2.3. Results 

We began by trying to explain infant mortality.  Two problems with estimating (1) quickly 
became apparent.  The first was model selection.  There were many potential indicators of 
adaptive capacity, each with missing observations for different countries.  Furthermore, the 
regressions were plagued by multicollinearity.  One would preferably start with the model that 
includes all possible explanatory variables.  Estimates could then be refined by eliminating 
variables that are neither individually nor jointly significant in a step-wise process.  This 
procedure was not possible, however, because all of the variables were actually available for 
only a small number of countries.  Indeed, this number was smaller than the number of 
potential explanatory variables.  We were therefore forced to group the explanatory variables; 
Table 1 provides the details.  A number of institutional variables had a significant effect on 



infant mortality: civil liberty (positive)2, democracy (positive), economic freedom (negative), 
and political stability (positive).  From the religion variables, only Christianity had a 
significant, positive influence.  Individualism and long-term orientation were the only 
significant cultural variables, both with a positive effect.  Secondary education and literacy 
had significant, positive effects on infant mortality.  Absolute poverty, average per capita 
income, and the Gini coefficient had significant, positive effects on infant mortality. 

Non-linearity was the second problem in estimating equation (1).  Although non-linear 
estimators are now generally available, CES functions are complicated.  We therefore linearly 
estimated equation (1) for specific γ’s, and then conducted a grid search to produce both a 
maximum likelihood estimate for γ and the maximum likelihood function as well.  The 
estimated function is: 

(2) ( )
1
11 1 1 1 1

(2.1) (0.04) (0.37) (0.19)

2

(0.11)
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where Y is per capita income, L is literacy, and P is absolute poverty.  A modest version of the 
weakest link hypothesis is somewhat supported, but none of the indicators is essential (as 
would be the case if γ > 1). 

We followed the same procedure for under-five mortality.  Of the institutional variables, only 
the rule of law and political stability had a positive, significant influence.  Christianity, 
individualism, and a long-term orientation had positive, significant effect.  Both absolute and 
relative poverty significantly increase under-five mortality.  Literacy and secondary education 
have a significant, positive effect. 

Putting all explanatory variables together, only literacy and absolute poverty remained.  The 
estimated function is: 
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Even weaker support for a weakest link assumption was found. 

 

3. Scenarios 
Our empirical analysis highlighted three significant indicators of adaptive capacity: per capita 
income, literacy, and absolute poverty.  Standard scenarios for climate change analysis do not 
project these variables.  In fact, the SRES scenarios only have per capita income, measured in 
market exchange rates (MER).  We measured income in purchasing power exchange rates 
(PPP), as this better reflects the true standard of living.  Following Tol (forthcoming, b), we 
assumed that the ratio of PPP to MER falls by 0.28 (0.02) % for every 1% increase in per 
capita income (in MER). The data used in Section 2 show that literacy increases by 0.27 
(0.03) % for every 1% increase in per capita income (in PPP), and that absolute poverty falls 
by 1.11 (0.13) % with the same 1% increase in per capita income (again in PPP).  With these 
income elasticities in hand, it is easy to show that per capita income has to increase by a factor 
1.9 to meet the Millennium Development Goal (MDG) of halving poverty in 2025; this is 

 
2 Note that we use “positive” and “negative” in the intuitive sense so, for example, increasing 
civil liberty reducing infant mortality is a positive effect. 



equal to a 3.2% growth rate over 20 years. Given equation (2), infant mortality would fall by 
14.6% (for a per capita income of $530, and a literacy rate of 56%, as in Nigeria). 

Figure 1 shows scenario results for Nigeria. We use Nigeria in this initial discussion to 
represent a large but typical country in Sub-Saharan Africa, but we will report results for 
other countries below.  Income per capita (MER) rises by a factor 120 over the course of the 
21st century in West Africa for the SRES A1B scenario (IMAGE Team, 2002), but only by a 
factor 30 when measured in PPP.  Five alternative projections, driven by this lower rate of 
change in income, are shown for malaria mortality.  First, we assumed that the incidence of 
malaria is proportional to infant mortality and that future infinite mortality is driven by per 
capita income, literacy and absolute poverty according to equation (2).  Second, we assumed 
that the incidence of malaria is proportional to under-five mortality, where under-five 
mortality is driven by literacy and absolute poverty according to equation (3).  Third, we 
assumed that the incidence of malaria is proportional to infant mortality and that that infant 
mortality is driven by income only; this implies that the income elasticity of malaria is –0.85 
(0.04)3.4  Fourth, we followed Tol and Heinzow (2003) and assumed an income elasticity of –
2.65 (0.69); this is income elasticity of malaria estimated for the 14 WHO regions.  Fifth, 
following Brenkert and Malone (2005), we assumed that changes in malaria are proportional 
to changes in the geometric mean of per capita income, literacy, and one minus the fraction of 
people in absolute poverty.  For comparison, we also show the case in which malaria stays 
constant (relative to the population), as assumed by Martens et al. (1995, 1997) and van 
Lieshout et al. (2004). 

The results are strikingly different across the various scenarios.  In all, malaria mortality falls 
from the present 1.7 deaths per thousand per year, the rate reported by WHO for the poorest 
region of Africa.  However, using the geometric mean as suggested by Brenkert and Malone 
(2005), malaria falls by a factor 4, while malaria disappears under the assumptions of Tol and 
Heinzow (2003).  Incidence driven by the infant mortality and under-five mortality 
relationships reported in equations (2) and (3), respectively, behave similarly until 2050.  
After 2050, poverty is eradicated and literacy is universal, so malaria projected with under-
five mortality stabilizes.  Finally, the trajectory supported by the alternative model that drives 
infant mortality by a single determinant (income alone) lies somewhere in between “under 
five” and “infant”. 

Figure 2 shows the implications for climate change impacts, again using Nigeria as an 
example with vulnerability driven by infant mortality per equation (2).  We assumed that 
malaria mortality increases by 8% (6%) for every degree warming (Martens et al., 1995, 
1997; van Lieshout et al., 2004).  The middle trajectory shows that climate change alone 
would add some 40,000 malaria cases in 2100.  If we add population growth,5 then (as shown 
in the highest path), this estimate increases to almost 100,000.  However, adding economic 
growth as described above, the number falls to slightly more than 1,000 excess deaths along 
the lowest path. 

Figure 2 was constructed under that assumption that malaria follows infant mortality.  Panel A 
of Figure 3 shows that the maximum number of climate-change induced malaria deaths over 
the next century could fall to only 22,000 cases per year even with Brenkert and Malone’s 
(2005) pessimistic assumptions about adaptive capacity.  In a world described accurately by 
Tol and Heinzow (2003), there will be no malaria in 2100.  Panel A shows malaria incidence 

                                                 
3 Numbers in brackets are standard deviations. 
4 The income elasticity for under-five mortality is –0.90 (0.04), leading to practically the same projections. 
5 Population is assumed to increase by 2.2% per year in the first quarter century, 1.0% in the second quarter, 
0.2% in the third, and -0.6% in the fourth. With these assumption, population doubles between 2000 and 2100. 
These assumptions are from IMAGE Team (2002). 



stabilizing by the middle of the century under the assumption that malaria follows under-five 
mortality because literacy becomes universal and poverty is eradicated.  It must be 
emphasized, though, that the Millennium Development Goal of cutting under-five mortality 
by 2/3 is never met, let alone in 2025. 

The other panels of Figure 3 depict the results of other sensitivity analyses for Nigeria.  After 
the assumptions about adaptive capacity, the rate of economic growth and its effect on 
adaptive capacity are most important for the number of malaria deaths in 2100.  The assumed 
rate of climate change and the assumed sensitivity of malaria to climate change are most 
important in the medium run, but dominated by development and economic growth in the 
long run.  The assumptions on population growth have little effect, as have the assumed 
income elasticities of purchasing power parity, literacy, and poverty. 

Figure 4 shows the results for Nigeria, Botswana and Niger when climate change is cast 
against vulnerability calculated from the infant-mortality relationship of equation (2).  The 
peak of climate-change-induced malaria is lowest and comes earliest in Botswana, and the 
disease is eradicated soonest.  The peak is highest and comes latest in Niger, and is highest in 
2100.  Nonetheless, the qualitative pattern depicted here is typical of all countries in our 
sample.  Table 2 offers some summary statistics for a selection of countries in Sub-Saharan 
countries.  These are the only countries for which we have observations on infant mortality, 
per capita income, literacy, and absolute poverty with which to inform equation (2).  In both 
Table 2 and Figure 4, we vary only the starting point from country to country (i.e., per capita 
income, literacy and absolute poverty).  The scenario assumptions are otherwise the same as 
described above for Nigeria. The numbers are indexed to the year 2000, normalising for 
differences in baseline mortality and population size.   

So far, we focussed on malaria. Tol (2002) postulates the same functional specification for 
dengue fever and schistosomiasis as for malaria.  With that hypothesis, the qualitative 
behaviour is the same, although both diseases have much fewer victims than does malaria; 
and schistosomiasis may decrease with climate change.  Diarrhoea is different, particularly 
since it increases with temperature to the power 1.14 (0.51); recall that we assume malaria to 
be proportional to warming.  Figure 5 compares the evolution of malaria and diarrhoea for 
Nigeria for the A1B scenario.  The number of diarrhoea deaths is an order of magnitude 
larger, but the pattern is much the same, with diarrhoea deaths peaking only slightly later.  For 
completeness, we also show the results for the models of Link and Tol (2005) and Tol and 
Heinzow (2003). For both diseases, our projections based on infant mortality are much higher 
than their projections using simple income elasticities. 

 

4. Discussion and conclusion 
We show the impact of climate change and development on malaria in Sub-Saharan Africa for 
a range of scenarios and sensitivity analyses.  In the medium term, the extent of climate 
change, the sensitivity of malaria to climate change, the initial conditions, development, and 
the relationship between development and health care are all important variables.  In the long 
term, however, only the speed of development and how that affects health care matter – at 
least, under the range of assumptions used here. Climate change and its impact on malaria are 
important only if there is hardly any development over the 21st century.  Other infectious 
diseases behave similar to malaria. 

As climate change can only be affected in the long term but adaptive capacity can be 
improved in both the short and long term, this implies that development is a better response to 
climate-change-induced infectious disease than is greenhouse gas emission reduction. Tol and 
Dowlatabadi (2001) and Tol (2005) reach the same conclusion, but based on malaria only, 



using crude spatial aggregation and, most importantly, simplified relationships between 
infectious disease and development. 

Our results show that development will reduce the burden of infectious disease.  Progress is 
slow, however, and for the first few decades the effect of climate change dominates. This 
suggests that a policy that only focuses on development, assuming that improved health care 
would follow automatically, may not be advisable.  Interventions specifically aimed at 
infectious diseases (e.g., bed nets and indoor spraying for malaria, see Breman et al., 2006; 
breast-feeding and oral rehydration therapy for diarrhoea, see Keusch et al., 2006) could save 
a substantial number of lives. 

The most important caveat to our results is that we limit ourselves to the effect of 
development on infectious disease, ignoring the impact of infectious disease on development 
– through labour productivity, health care expenditures, education, and fertility. See Sachs (. 
Tol (forthcoming, a) shows that this is a minor error when considering climate-change-
induced malaria, but the impact may be larger when all infectious disease is included.  

An implicit assumption is that control of infectious disease in developing countries is 
analogous to control of infectious diseases in developed countries.  This is unlikely to be true, 
as infectious disease in the tropics is not the same as infectious disease in the temperate zone.  
The burden of malaria in Sub-Saharan Africa is higher than the burden ever was in Europe or 
North America.  Much effort and money has been spent trying to control malaria and 
diarrhoea but with limited and mixed success. 

The results presented here do not carry over to other health impacts of climate change.  
Particularly, carbon dioxide emission reduction would be more effective for diseases related 
to air pollution, as both climate and air quality would improve.  The effect of development on 
cardiovascular disease is ambiguous.  Development would improve health care, but also 
longevity and obesity.  The effect of climate change on development is also ambiguous, as 
both heat stress and cold stress affect people with cardiovascular disorders. 

Our results are based on cross-sections between countries.  As a result, we ignore the 
dynamics of the problem – even though health and education are stock variables.  The 
analysis presented here should be repeated with a dynamic panel analysis, as soon as data 
allow.  The findings should be complemented with studies of these effects within countries. 

These caveats show the need and direction for further research. However, for now, our 
conclusion is that climate change is of subordinate importance for infectious disease, while 
development is crucial. 
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Table 1. Data used in the regression analysis. 
 

Indicator Description Source 
Institutions   
   Accountability Political, civil and human rights Kaufmann et al. (1999) 
   Autocracy Institutionalised autocracy Marshall and Jaggers (2003) 
   Civil liberties Freedom of expression, 

assembly, association, 
education and religion 

Freedom House (2003) 

   Executive competition Extent to which executives are 
chosen through competitive 
elections 

Marshall and Jaggers (2003) 

   Corruption Petty and grand corruption, and 
state capture 

Kaufmann et al. (1999) 

   Democracy Institutionalised democracy Marshall and Jaggers (2003) 
   Economic freedom Corruption, barriers to trade, 

fiscal burden, regulatory burden 
(health, safety, environment, 
banking, labour) 

Heritage Foundation (2003) 

   Government effectiveness Competence of bureaucracy and 
quality of public service 

Kaufmann et al. (1999) 

   Government quality Quality of public institutions Gallup and Sachs (1999) 
   Rule of law Contract enforcement, quality 

of policy and judiciary, and 
crime 

Kaufmann et al. (1999) 

   Political rights Free and fair elections, 
competitive politics, opposition 
power, minority protection 

Freedom House (2003) 

   Executive recruitment Institutionalised procedure for 
the transfer of executive power 

Marshall and Jaggers (2003) 

   Extent of regulation Incidence of market-unfriendly 
policies 

Kaufmann et al. (1999) 

   Political stability Violent threats or changes in 
government 

Kaufmann et al. (1999) 

Religion   
   Buddhism Predominantly Buddhist Adherents.com (2003) 
   Christianity Predominantly Christian Adherents.com (2003) 
   Hinduism Predominantly Hindu Adherents.com (2003) 
   Islam Predominantly Moslem Adherents.com (2003) 
   Yorubaism Predominantly Yoruba Adherents.com (2003) 
   Animalism and spiritism Predominantly Animist Adherents.com (2003) 
Culture   
   Individualism Reinforcement of individual 

achievement and interpersonal 
relationships 

Hofstede (2001) 

   Masculinity Degree of gender differentiation 
and male dominance 

Hofstede (2001) 

   Uncertainty avoidance Tolerance of uncertainty and 
ambiguity 

Hofstede (2001) 

   Power distance Degree of inequality in power Hofstede (2001) 



and wealth 
   Long-term orientation Degree of orientation on the 

future 
Hofstede (2001) 

   Trust Degree of trust of others WVS (2003) 
Economics   
   Gini coefficient Degree of income inequality WRI (2005) 
   Absolute poverty Percentage of population living 

on less than $1/day 
WRI (2005) 

   Relative poverty Percentage of population below 
national poverty line 

WRI (2005) 

   Per capita income Per capita GDP, purchasing 
power parity exchange rate 

WRI (2005) 

Education   
   Primary Total enrolment relative to 

school-age population, primary 
education 

WRI (2005) 

   Secondary Total enrolment relative to 
school-age population, primary 
education 

WRI (2005) 

   Tertiary Total enrolment relative to 
school-age population, primary 
education 

WRI (2005) 

   Literacy Percentage of the population 
over 15 able to read and write 

WRI (2005) 

 



Table 2.  Summary results for climate-change induced malaria and initial conditions for 
various countries. 
 
 
 
Country 

 
Infant 

mortalitya 

 

 
Income 

per 
capitab 

 

 
 

Literacyc

 
 

Povertyd

 
 

Peak 
levele

 
 

Peak 
yearf

 
 

2100 
levelg

Nigeria 81 986 56 31 807 2035 77 
Botswana 56 6440 73 33 430 2020 2060* 
Ethiopia 113 435 33 46 1153 2050 459 
Kenya 74 1128 77 50 743 2040 55 
Lesotho 96 1685 81 49 671 2035 2100* 
Madagascar 96 1641 39 31 766 2035 127 
Mauritania 97 1641 39 31 795 2035 2100* 
Niger 121 825 14 61 1200 2030 493 
Rwanda 134 770 60 46 814 2050 169 
Senegal 73 1595 33 54 817 2035 11 
South Africa 51 6789 83 24 398 2020 2060* 
Uganda 98 973 62 69 752 2035 90 
Zambia 111 853 73 85 763 2045 145 
Zimbabwe 61 2025 85 41 654 2030 2090* 
 
Notes:  
 

a Measured in number per 1000 people. 
b Per capita GDP measured in PPP$. 
c Measured as percentage of people over 15 years of age who can read and write. 
d Measured in percentage of people living on less than $1 per day. 
e Peak incidence of climate-change-induced malaria indexed so that year 2000 levels = 

100. 
f Year when peak incidence of climate-change-induced malaria is felt. 
g Incidence of climate-change-induced malaria in the year 2100 (indexed so that year 

2000 levels = 100) or (given *) the year when incidence goes to zero. 
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Figure 1. Malaria incidence (deaths per thousand) in Nigeria according to the SRES A1B 
scenario of development, with six alternative models of adaptive capacity. 
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Figure 2. Number of climate-change-induced malaria deaths in Nigeria according to the three 
main components of the SRES A1B scenario. 
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Figure 3. Number of climate-change-induced malaria deaths in Nigeria for a range of 
sensitivity analyses; in “adaptive capacity, source”, five alternative models are used (see text), 
with “infant mortality” as the base case; in “adaptive capacity, parameters”, the parameters of 
infant mortality are varied between their mean plus and minus their standard deviation; in 
“population”, three alternative projections of population growth are used; in “economic 
growth”, four alternative projections of economic growth are used, with “A1” as the base 
case; in “malaria”, the malaria sensitivity is varied between the mean plus and minus the 
standard deviation; in “purchasing power parity”, the income elasticity of purchasing power 



parity is varied between its mean plus or minus its standard deviation; in “climate change”, 
the climate sensitivity is varied between 1.5ºC, 2.5ºC (the base case) and 4.5ºC; and in 
“development”, the income elasticities of literacy and poverty are varied between the mean 
plus and minus the standard deviation.  
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Figure 4. Index (2000=100) of climate-change-induced malaria deaths in Botswana, Niger, 
and Nigeria according to the SRES A1B scenario. 



0

2000

4000

6000

8000

10000

12000

14000

16000

2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

de
at

hs
 d

ue
 to

 c
lim

at
e 

ch
an

ge

0

20000

40000

60000

80000

100000

120000

140000

160000

de
at

hs
 d

ue
 to

 c
lim

at
e 

ch
an

ge

Malaria, this study
Malaria, Tol and Heinzow
Diarrhoea, this study
Diarrhoea, Link and Tol

 
Figure 5. Number of climate-change-induced deaths due to malaria (left axis) and diarrhoea 
(right axis) in Nigeria according to the SRES A1B scenario and two alternative scenarios of 
adaptive capacity. 
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