
References
1.	 Parry M, Canziani O, Palutokof J, et al., eds. Impacts, Adaptation and Vulnerability. Contribution of 

Working Group 2 to Fourth Assessment Report of IPCC. Cambridge: Cambridge University Press, 
2007 (Health, chapter 8). http://www.ipcc.ch/publications_and_data/ar4/wg2/en/contents.html 
(accessed 1 September 2010).

2.	 http://unfccc.int/2860.php (accessed 1 September 2010).
3.	 http://unfccc.int/kyoto_protocol/items/2830.php (accessed 1 September 2010).
4.	 http://www.unccd.int/convention/menu.php (accessed 1 September 2010).
5.	 http://www.cbd.int/ (accessed 1 September 2010).
6.	 http://unfccc.int/meetings/cop_15/items/5257.php (accessed 1 September 2010).
7.	 McMichael AJ. Climate Change, Global Environmental Change, and Health. Context, Concepts and 

Research Tasks for Epidemiologists. Canberra: European Educational Programme in Epidemiology, 2010.
8.	 Campbell-Lendrum D, Woodruff R. Comparative risk assessment of the burden of disease from 

climate change. Environ Health Perspect 2006;114(12):1935-1941.
9.	 Norman R, Bradshaw D, Schneider M, et al. A comparative risk assessment for South Africa in 2000: 

towards promoting health and preventing disease. S Afr Med J 2007;97(8):637-641. 
10.	 Victora CG, Huttly SR, Fuchs SC, Olinto MT. The role of conceptual frameworks in epidemiological 

analysis: a hierarchical approach. Int J Epidemiol 1997;26(1):224-227.
11.	 McMichael AJ, Campbell-Lendrum DH, Corvalán CF, et al. Climate change and human health: risks 

and responses. Geneva: World Health Organization, 2003.
12.	 Eisenberg J, Desai M, Levy K, Bates S, Liang S, Naumoff K, Scott J. Environmental determinants of 

infectious disease: a framework for tracking causal links and guiding public health research. Environ 
Health Perspect 2007;115:1216-1223.

13.	 Gage KL, Burkot TR, Eisen RJ, Hayes EB. Climate and vector-borne diseases. Am J Prev Med 
2008;35(5):436-450.

14.	 McMichael AJ. Climate change and human health. Commonwealth Health Minister’s 
Update. 2009:12-21. Chapter 1. http://www.thecommonwealth.org/files/190380/FileName/
AnthonyJMcMichaelpiece_2009.pdf  (accessed 1 September 2010)

15.	 Patz JA, Vavrus SJ, Uejio CK, McLellan SL. Climate change and waterborne disease risk in the Great 
Lakes region of the U.S. Am J Prev Med 2008; 35(5):451-458.

16.	 Byass P. Climate change and population health in Africa: where are the scientists? Global Health 
Action 2009. DOI: 10.3402/gha.v2i0.2065.

17.	 Frumkin H, McMichael AJ. Climate change and public health: thinking, communicating, acting. Am J 
Prev Med 2008;35(5):403-410. DOI:10.1016/j.amepre.2008.08.019

18.	 Hess JJ, Malilay JN, Parkinson AJ. Climate change: the importance of place. Am J Prev Med 2008; 
35(5):468-478.

19.	 Ramin BM, McMichael AJ. Climate change and health in Sub-Saharan Africa: a case-based perspective. 
EcoHealth 2009. DOI: 10.1007/s10393-009-0222-4.

20.	 St. Louis ME, Hess JJ. Climate change: impacts on and implications for global health. Am J Prev Med 
2008;35(5):527-538.

21.	 Hess JJ, Heilpern KL, Davis TE, Frumkin H. Climate change and emergency medicine: impacts and 
opportunities. Acad Emerg Med 2009;16:782-794.

22.	 Keim ME. Building human resilience: the role of public health preparedness and response as an 
adaptation to climate change. Am J Prev Med 2008;35(5):508-516.

23.	 Balbus JM, Malina C. Identifying vulnerable subpopulations for climate change health effects in the 
United States. J Occup Environ Med 2009;51(1):33-37.

24.	 Kistin EJ, Fogarty J, Pokrasso RS, McCally M, McCornick PG. Climate change, water resources and 
child health. Arch Dis Child 2010;95(7):545-549.

25.	 Luber G, McGeehin M. Climate change and extreme heat events. Am J Prev Med 2008;35(5):429-435.
26.	 Shea KM, American Academy of Pediatrics Committee on Environmental Health. Global climate 

change and children’s health. Pediatrics 2007;120(5):e1359-1367. Epub 29 October 2007.
27.	 World Health Organization. Gender, Climate Change and Health. Geneva: WHO, 2005. 
28.	 Berry HL, Bowen K, Kjellstrom T. Climate change and mental health: a causal pathways framework. Int 

J Public Health 2010;55(2):123-132. Epub 22 December 2009.
29.	 Kjellstrom T, Kovats RS, Lloyd SJ, Holt T, Tol RS. The direct impact of climate change on regional labor 

productivity. Arch Environ Occup Health 2009;64(4):217-227.
30.	 Tawatsupa B, Lim LLY, Kjellstrom T, Seubsman S, Sleigh A, and the Thai Cohort Study Team. The 

association between overall health, psychological distress, and occupational heat stress among a 
large national cohort of 40,913 Thai workers. Global Health Action 2010;3:5034. DOI: 10.3402/gha.
v3i0.5034.

31.	 Burke MB, Miguel E, Sayanhath S, Dykema JA, Lobell DB. Warming increases the risk of civil war in 
Africa. PNAS 2009;106(49):20670-20674.

32.	 Bradshaw D, Norman R, Lewin S, et al. South African Comparative Risk Assessment Collaborating 
Group. Strengthening public health in South Africa: building a stronger evidence base for improving 
the health of the nation. S Afr Med J 2007;97:643-649.

33.	 Ebi KL, Balbus J,  Kinney PL,  et al. Effects of global change on human health. In: Gamble JL, ed.; Ebi 
KL, Sussman FG, Wilbanks TJ, authors. Analyses of the Effects of Global Change on Human Health 
and Welfare and Human Systems. A Report by the U.S. Climate Change Science Program and the 
Subcommittee on Global Change Research. Washington, DC:  US Environmental Protection Agency, 
2008: 39-87.  

34.	 Kjellstrom T, Gabrysch S, Lemke B, Dear K. The ‘Hothaps’ programme for assessing climate change 
impacts on occupational health and productivity: an invitation to carry out field studies. Global Health 
Action 2009;11(2). DOI: 10.3402/gha.v2i0.2082.

Additional sources 
Kjellstrom T, Butler AJ, Lucas RM, Bonita R. Public health impact of global heating due to climate change: 
potential effects on chronic non-communicable diseases. Int J Public Health 2009. DOI 10.1007/s00038-009-
0090-2. McMichael AJ, Woodruff R, Hales S. Climate change and human health: present and future 
risks. Lancet 2006;367:859-869.
Western Cape Burden of Disease Reduction Study. Abbreviated Report – ‘Popular Version’ 2008. http://web.
uct.ac.za/depts/oehru/publications/policy2.php (accessed August 2010).
Western Cape Burden of Disease Reduction Study Report Volume 2 Mortality Surveillance and Estimating the 
Burden of Disease 2007. http://web.uct.ac.za/depts/oehru/publications/policy2.php (accessed August 2010).

Accepted 12 September 2011.

820 November 2011, Vol. 101, No. 11  SAMJ820

ORIGINAL ARTICLES

Evidence is that the southern African region (Fig. 1)1 is experiencing 
an increasing frequency of hot days and a decreasing frequency 
of extremely cold days. Rainfall trends are variable, but evidence 
points to an increased interannual variability, with extremely wet 
periods and more intense droughts in different countries. Projections 
show that changes will not be uniform over the region; the central, 
southern land mass extending over Botswana, parts of north-western 
South Africa, Namibia and Zimbabwe is likely to experience the 
greatest warming of 0.2 - 0.5°C per decade. Frequency of extremely 
dry winters and springs will increase by roughly 20%, while the 
frequency of extremely wet summers will double. Warming is also 
predicted to increase the frequency and intensity of tropical storms 
in the Indian Ocean.

Responding to climate change in southern Africa –  
the role of research
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Projections show that the effects of climate change in Africa will not 
be uniform over the region. The region is extremely vulnerable to 
climate change because of poverty, a high pre-existing disease burden, 
fragmented health services and water and food insecurity. Despite 
the consensus that locally relevant information is necessary to inform 
policy and practice related to climate change, very few studies assessing 

the association between climate change and health in southern Africa 
have been conducted. More comprehensive information is therefore 
urgently needed for the southern African region to estimate the health 
risks from projected future changes in climate.
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The region is vulnerable to climate change because of poverty, 
a high pre-existing disease burden, fragmented health services, 
and water and food insecurity. Despite the consensus that locally 
relevant information is necessary to inform policy and practice 
related to climate change, very few studies assessing the association 
between climate change and health in southern Africa have been 
conducted.2-4 Existing research focuses on infectious diseases – 
particularly malaria. Little work has been done on attributing 
disease burden to climate change in the region. Furthermore, an 
overview of health considerations in the National Adaptation 
Programmes of Action for climate change in least-developed 
countries and small-island states found that health was not seen as 
a priority, as most activities focused on biodiversity and agricultural 
activities.5 Very few institutions specialising in climate change and 
health were identified.

The health effects of climate change are not uniform and will 
be influenced by local environmental conditions, socio-economic 
circumstances, the extent of adaptations implemented to minimise the 
full range of threats to health, and other modulating factors.6 The IPCC 
Working Group 2 report (2007)7 shows that the health  consequences 
of climate change will fall primarily on low-income, poorly resourced 
and geographically vulnerable populations. Importantly, planning and 
action will need to be intersectoral, draw on local data, and involve 
local and regional authorities and health care providers.

Framework for responding to climate 
change
Corrective activities may be grouped into mitigation, adaptation, 
education and training, and raising awareness. Research is central 
to all these, as it will inform identification and assessment of effects, 
comparison of interventions, and determination of best practices.

Regarding mitigation, 5 African countries are responsible for most 
of Africa’s greenhouse gas (GHG) emissions, with South Africa by 
far the greatest emitter, responsible for 39% of the continental total – 
making GHG emissions in the SADC region relatively higher than in 
other regions of Africa.8 This issue is a high priority for intervention 
and will depend on national energy policy.

Adaptation needs to be underpinned by surveillance for climate-
related health risks9 including early adverse weather alerts and disaster 
preparedness. Beginning with the infrastructural, urban planning 
and housing design needs to consider climate- and insect-proofing, 
enhanced infectious disease control includes vaccines, vector control, 
case detection and treatment. Community partnerships are required 
to identify and solve health problems, including neighbourhood 
watch schemes aimed at the elderly and children.

Fig. 1. Projected climate change in southern Africa: HADCM3 climate mod-
el projections of changes in (a) temperature and (b) precipitation for 2050 
relative to mean conditions over the 1961 - 1990 period, under the IPCC 
SRES A2 (high emissions) scenario.1

Slightly warmer

Much warmer

Drier

Wetter

a) b)

Table I. Research directions for preventing adverse health consequences of climate change
Research task Proposed epidemiological studies for SADC region with examples

Clarify relationships between 
background climate variation and 
health outcomes

Incidence of heat-related illness in outdoor workers in plantation agriculture11,12

Effect of background climate variation on food security and health (e.g. malnutrition and diarrhoeal disease 
in under-5s) using existing secondary or primary meteorological, agronomic data and health data

Estimate, statistically, current  
burden of disease attributable to 
climate change

Using available secondary data (SADC burden of disease data exist and are currently being updated) to 
perform a comparative risk assessment of the burden of disease from climate change13-16

Seek evidence of actual current  
health impacts

Perform a study of deaths from diarrhoea among under-5s in relation to the change in climate (e.g. drying)
Examine the incidence of heat-related illness in outdoor workers in plantation agriculture in relation to 
extreme heat events as measured by the wet bulb globe temperature (WBGT)11,12

Use estimates of risk obtained from ecological and from more detailed epidemiological studies to model 
the impacts of various climate change scenarios over time. Consider the roles of different predictors of the 
health outcome in complex regression models taking into account mediated and direct effects16  
Predictors include the ability of the health system to detect and respond to increased adverse health 
outcomes

Develop scenario-based modelling 
to project future risk (including 
handling complexity & uncertainty)

Use scenario planning methods for high-level modelling and prediction of likely futures

Estimate health co-benefits of actions 
to avert/reduce further  
environmental change

Planting drought-resistant crop strains may have beneficial effects through a reduced need for agrichemicals
Public transport systems may be more energy efficient than private motorised transport; promote cycling 
and walking

Evaluate health-protecting  
(‘adaptive’) actions

Evaluate the result of introducing a drought-resistant staple crop on rural malnutrition and child health 
outcome

Monitor for unintended  
consequences of adaptation

Study the effects of a new drought-resistant strain of staple crop on whether more chemical hazards to 
agricultural workers and residents emerge, or whether unintended adverse nutritional effects ensue, or 
whether the new strain may displace existing staples with negative overall nutritional impacts
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Mitigation and adaptation interventions should be monitored and 
evaluated for effectiveness and efficiency.

Climate change and health should be incorporated as part of 
undergraduate and postgraduate public health education curricula, 
and appropriate training packages developed. Special efforts should 
be made to recruit trainees from areas at greatest risk from the health 
effects of climate change.

Awareness should be raised through informing, educating and 
empowering the public at large, along with policymakers and all relevant 
stakeholders about the health risks of climate change as well as primary 
and secondary prevention strategies which can reduce the impact.

Research in support of adapting to 
climate change
Research should aim to facilitate the reduction of both global and local 
climate change health risks via aetiological studies, risk assessments, 
scenario planning of likely future health risks, and evaluation of 
adaptive interventions. More comprehensive information is needed 
for the southern African region to estimate the health risks from 
projected future changes in climate. Epidemiological studies are 
needed to identify climate-health relationships, to quantify them, 
and to identify high-risk groups or communities. Table I provides a 
framework for research provided by McMichael.10

To gain a more complex understanding from epidemiological 
modelling, it is important to incorporate confounding or interacting, 
non-climate variables. Scenario planning should incorporate 
information about trends in other determinants of health outcomes for 
which future extrapolations are considered feasible (e.g. demographic 
trends in age structures); likely future contextual conditions (e.g. 
uptake of domestic air-conditioning by 2050); the advent of relevant 
vaccines and likely consequent population immunity levels; and 
deliberate ‘adaptive’ changes (e.g. mosquito control programmes, 
heat-wave warning systems, flood protection measures).

The health sector itself requires research attention as a result of 
the environmental effect of resource use and waste generation, and 
the need for sustainable health sector practices. Health economic 
analysis of climate-related health impacts, along with research into 

communication strategies for climate-related health issues, is an 
important research focus.

Pressing action and research priorities include the assessment of 
the climate-related burden of disease in southern Africa, and the 
identification of appropriate adaptations for which there is existing 
evidence of effectiveness and cost-efficiency elsewhere, particularly 
parts of the globe with similar climate-change scenarios.
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