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8. Human Health 

8.1 Overview

The health chapter of the IPCC TAR concluded that overall, climate change is projected to increase threats to human health, particularly in lower income populations and predominantly within tropical/subtropical countries (McMichael et al., 2001).  Three broad categories of health impacts are associated with climatic conditions:  impacts that are directly related to weather/climate; impacts that result from environmental changes that occur in response to climatic change; and impacts resulting from consequences of climate-induced economic dislocation, environmental decline, and conflict.  The first two categories are often referred to as climate-sensitive diseases; these include changes in the frequency and intensity of thermal extremes and extreme weather events (i.e., floods and droughts) that directly affect population health, and indirect impacts that occur through changes in the range and intensity of infectious diseases and food- and waterborne diseases and changes in the prevalence of diseases associated with air pollutants and aeroallergens.  Table 8.1 summarizes the health effects of weather and climate.

	Table 8.1.  Summary of the health effects of weather and climate

	Health outcome
	Effects of weather and climate

	Cardiovascular, respiratory, and heat stroke mortality
	} Short-term increases in mortality during heat waves

} V- and J-shaped relationship between temperature and mortality in populations in temperate climates

} Deaths from heat stroke increase during heat waves

	Allergic rhinitis
	} Weather affects the distribution, seasonality and production of aeroallergens.

	Respiratory and cardiovascular diseases and mortality
	} Weather affects concentrations of harmful air pollutants

	Deaths and injuries, 

infectious diseases, and mental disorders
	} Floods, landslides and windstorms cause death and injuries.

} Flooding disrupts water supply and sanitation systems and may damage transport systems and health care infrastructure

} Floods may provide breeding sites for mosquito vectors and lead to outbreaks of disease

} Floods may increase post-traumatic stress disorders

	Starvation, malnutrition, and diarrhoeal and respiratory diseases 
	} Drought reduces water availability for hygiene

} Drought increases the risk of forest fires, which adversely affects air quality

} Drought reduces food availability in populations that are highly dependent on household agriculture productivity and/or are economically weak

	
	


	Table 8.1.  Summary of the health effects of weather and climate (cont.)

	Health outcome
	Effects of weather and climate

	Mosquito-borne, tick-borne diseases, and rodent-borne diseases (such as malaria, dengue, tick-borne encephalitis and Lyme disease)
	} Higher temperatures shorten the development time of pathogens in vectors and increase the potential of transmission to humans

} Each vector species has specific climate conditions (temperature and humidity) necessary to be sufficiently abundant to maintain transmission

	Malnutrition and undernutrition
	} Climate change may decrease food supplies (crop yields and fish stocks) or access to food supplies

	Water-borne and food borne diseases
	} Survival of disease-causing organisms is related to temperature

} Climate conditions affect water availability and quality

} Extreme rainfall can affect the transport of disease-causing organisms into the water supply

	Source:  Kovats et al., 2003b.


Realistically, assessing the potential health impact of climate variability and change requires understanding both the vulnerability of a population and its capacity to respond to new conditions.  The vulnerability of human health to climate change is a function of:

} Sensitivity, which includes the extent to which health or the natural or social systems on which health outcomes depend are sensitive to changes in weather and climate (the exposure–response relationship) and the characteristics of the population, such as the level of development and its demographic structure

} Exposure to the weather or climate-related hazard, including the character, magnitude and rate of climate variation

} Adaptation measures and actions in place to reduce the burden of a specific adverse health outcome (the adaptation baseline), the effectiveness of which determines in part the exposure–response relationship.

Populations, subgroups and systems that cannot or will not adapt are more vulnerable, as are those that are more susceptible to weather and climate changes.  Understanding a population’s capacity to adapt to new climate conditions is crucial to realistically assessing the potential health effects of climate change.  In general, the vulnerability of a population to a health risk depends on factors such as population density, level of economic development, food availability, income level and distribution, local environmental conditions, health status, and the quality and availability of health care.  These factors are not uniformly distributed across a region or country or across time, and differ based on geography, demography and socio-economic factors.  Effectively targeting prevention or adaptation strategies requires understanding which demographic or geographical subpopulations may be most at risk and when that risk is likely to increase.  Thus, individual, community and geographical factors determine vulnerability.

The cause-and-effect chain from climate change to changing disease patterns can be extremely complex and includes many non-climatic factors, such as wealth, distribution of income, provision of medical care, and access to adequate nutrition, clean water and sanitation.  Therefore, the severity of impacts actually experienced will be determined not only by changes in climate but also by concurrent changes in non-climatic factors and by the adaptation measures implemented to reduce negative impacts.
8.2 Methods and Tools

A variety of methods and tools are available to assess climate change vulnerability in the health sector; few, however, are available on CD-ROM or can be downloaded from a web site.  Both quantitative and qualitative approaches have been taken within national assessments of the potential health impacts of climate change.  The three key issues to be addressed are (1) estimating the current distribution and burden of climate-sensitive diseases; (2) estimating the future health impacts attributable to climate change; and (3) identifying current and future adaptation options to reduce the burden of disease.  Guidance and direction for each issue are discussed briefly.

Estimating the current distribution and burden of climate-sensitive diseases

Estimating possible future health impacts of climate change must be based on an understanding of the current burden and recent trends in the incidence and prevalence of climate-sensitive diseases, and of the associations between weather/climate and the health outcomes of concern.  Box 8.1 lists some sources that summarize the current burden of climate-sensitive diseases.  In most countries, the ministry of health, hospitals and similar sources can provide data on disease incidence and prevalence on scales needed for analysis.  These sources also can provide information on whether current health services are satisfying demand.  The current associations between climate and disease need to be described in ways that can be linked with climate change projections.  The associations can be based on routine statistics collected by national agencies or on published literature (see Box 8.2 on data sources).  Adverse health outcomes associated with inter-annual climate variability, such as El Niños, also could be considered (Kovats et al., 2003b).
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Estimating the future potential health impacts attributable to climate change

Once the current burden of disease is described, models of climate change or qualitative expert judgements on plausible changes in temperature and precipitation over a particular time period can be used to estimate future impacts.  Health models can be complex spatial models or can be based on a simple relationship between exposure and response.  Models of climate change should include projections of how other relevant factors could change in the future, such as population growth, income, fuel consumption and other relevant factors.  Projections from models developed for other sectors can be incorporated, such as projections for flood risk, changes in food supply and land use changes.

The exercise of attributing a portion of a disease burden to climate change is in its early infancy.  Analysis should consider both the limits of epidemiologic evidence and the ability of the model to incorporate the non-climatic factors that also determine a health outcome.  For example, the portion of deaths due to natural climatic disasters that can be attributed to climate change will reflect the degree to which the events can be related to climate change.  For vector-borne diseases, other factors, such as population growth and land use, may be more important drivers of disease incidence than climate change.  
Three sets of approaches are described:  (1) comparative risk assessment; (2) disease-specific models; and (3) qualitative assessment.

8.2.1 Comparative risk assessment

As part of the WHO Global Burden of Disease project, D. Campbell-Lendrum, C. Corvalan and A. Pürss-Üstün used comparative risk assessment methods (summarized in Chapter 7 of http://www.who.int/globalchange/publications/cchhsummary/) to estimate how much disease climate change could cause globally.  Additional information on using the comparative risk assessment to estimate the burden of climate-sensitive diseases on regional and local scales is described in the WHO publication Introduction and Methods:  Assessing the Environmental Burden of Disease at National and Local Levels by A. Pruss-Ustun, C. Mathers, C. Corvalan and A. Woodward (http://www.who.int/quantifying_ehimpacts/publications/9241546204/en/index.html).  
The project used standardized methods to quantify disease burdens attributable to 26 environmental, occupational, behavioural and lifestyle risk factors in 2000 and at selected future times up to 2030.  The disease burden is the total amount of disease or premature death within the population.  Comparing fractions of the disease burden attributable to several different risk factors requires (1) knowledge of the severity/disability and duration of the health deficit and (2) the use of standard units of health deficit.  For this purpose, the project used the disability-adjusted life year (DALY) (Murray, 1994), which is the sum of:

} Years of life lost due to premature death (YLL)

} Years of life lived with disability (YLD).

YLL takes into account the age at death; YLD takes into account disease duration, age at onset, and a disability weight reflecting the severity of disease.
Comparing the attributable burdens for specific risk factors required knowledge of (1) the baseline burden of disease, absent the particular risk factor; (2) the estimated increase in risk of disease/death per unit increase in risk factor exposure (the “relative risk”); and (3) the current or estimated future population distribution of exposure.  The avoidable burden was estimated by comparing projected burdens under alternative exposure scenarios.

The global assessment used WHO estimates of the baseline burden of climate-sensitive diseases (diseases included were cardiovascular deaths associated with thermal extremes, diarrhoea episodes, cases of malaria, malnutrition and deaths in natural disasters).  Existing and new models were used to quantify the effect of climate variations on each of these outcomes (the relative risk), taking into account adaptation to changing conditions and potentially protective effects of socio-economic development.  The HADCM2 climate model produced by the Hadley Centre (United Kingdom) gave the population distribution of exposure; this model describes future climate under various scenarios of greenhouse gas emissions.  Climate change was expressed as the change in climatic conditions relative to those observed in the reference period 1961–1990.
Disease burdens were estimated for five geographical regions and for developed countries.  The attributable disease burden was estimated for 2000.  The climate-related relative risks of each health outcome under each climate change scenario, relative to the situation if climate change does not occur, were estimated for 2010, 2020 and 2030.  The results give a first indication of the potential magnitude and distribution of some of the health effects of climate change.

Taking a comparative risk assessment approach requires data on the burden of climate-sensitive diseases, exposure–response relationships for these diseases across a range of ambient temperatures (and other weather variables) and the ability to link these with population, climate and socio-economic scenarios.  Therefore, this approach may be difficult to apply where data or expertise in these methods are limited.

8.2.2 Disease-specific models

Predictive models of the health impacts of climate change use different approaches to classify the risk of climate-sensitive diseases.  For malaria, results from predictive models are commonly presented as maps of potential shifts in distribution attributed to climate change.  The models are typically based on climatic constraints on the development of the vector and parasite; they produce maps that identify potential geographic areas of risk, but do not provide information on the number of people who may be at risk within these areas.  Few predictive models incorporate adequate assumptions about other determinants of the range and incidence of disease, such as land-use change or prevalence of drug resistance for malaria, or about adaptive capacity.  
MARA/ARMA

Malaria is a disease caused by four different strains of Plasmodium carried by a variety of Anopheles mosquitoes.  The most serious form of malaria is caused by Plasmodium falciparum.  Approximately 48% of the world population remains exposed to the risk of malaria.  Currently, there are about 515 million episodes of malaria each year, with 70% of episodes of clinical Plasmodium falciparum in Africa and about 25% in South-East Asia (Snow et al., 2005).  High population growth rates in Africa will increase the burden of malaria for at least the next several decades.  Further, there is evidence that malaria is becoming more difficult to control and that the intensity of malaria transmission is increasing.  
A country-level model was developed to show how the range of stable falciparum malaria in Zimbabwe could change under different climate change scenarios (Ebi et al., in press).  Zimbabwe was chosen because it has areas where the climate is suitable for endemic malaria transmission, areas where transmission is absent and areas where the climate is occasionally suitable, resulting in epidemics.  The model was based on MARA/ARMA (Mapping Malaria Risk in Africa/Atlas du Risque de la Malaria en Afrique), which mapped and modelled the current distribution of malaria in sub-Saharan Africa (http://www.mara.org.za).  The web site contains prevalence and population data and regional and county-level maps.  
MARA/ARMA uses three variables to determine climatic suitability for a particular geographic location:  mean monthly temperature, winter minimum temperature and total cumulative monthly precipitation.  The MARA/ARMA decision rules were developed using fuzzy logic to resolve the uncertainty in defining distinct boundaries to divide malarious from non-malarious regions.  Temperature is a major factor determining the distribution and incidence of malaria.  Temperature affects both the Plasmodium parasite and the Anopheles mosquito, with thresholds at both temperature extremes limiting the survival or development of the two organisms.  Anopheles must live long enough to bite an infected person, allow the parasite to develop and then bite a susceptible human.  The lower temperature threshold of 18( C is based on the time required for parasite development and length of mosquito survivorship at that temperature; below 18(C few parasites can complete development within the lifetime of the mosquito.  The mosquito survivorship rate peaks at 31(C.  At this point, less than 40% of the mosquitoes survive long enough for the parasite to complete its development cycle.  As temperatures rise above 32(C, the mosquito’s probability of survival decreases.  Higher temperatures, however, enable the mosquitoes to digest blood meals more rapidly, which in turn increases the rate at which they bite.  This increased biting rate coupled with faster development of the parasite leads to increased infective bites for those mosquitoes that do survive.  The upper temperature threshold for both mosquitoes and larvae to survive is 40(C.  
The COSMIC programme was used to generate Zimbabwe-specific scenarios of climate change that were then used as inputs to MARA/ARMA to generate maps of future transmission potential.  The same approach can be applied in other countries covered by MARA/ARMA as long as a geographic information system is available.  Data from MARA/ARMA are readily available and the COSMIC programme is free (other sources can be used to create the climate change scenarios; see Chapter 4).  A major limitation of the model is that it includes only climate and not other drivers of malaria transmission, including land-use change and drug resistant parasites.  The output is maps of future transmission potential, not projected numbers of cases.  
MIASMA

MIASMA (Modeling Framework for the Health Impact Assessment of Man-Induced Atmospheric Changes) includes modules for (1) vector-borne diseases, including malaria, dengue fever and schistosomiasis; (2) thermal heat mortality; and (3) ultraviolet (UV)-related skin cancer due to stratospheric ozone depletion.  The models are driven by both population and climate/atmospheric scenarios, applied across baseline data on disease incidence and prevalence, climate conditions and the state of the stratospheric ozone layer.  Outputs are
(1) for vector-borne disease modules, cases and fatalities from malaria, and incident cases for dengue fever and schistosomiasis; (2) for the thermal stress module, cardiovascular, respiratory and total mortality; and (3) for skin cancer module, malignant melanoma and non-melanoma skin cancer.  
Climate input is module or disease specific.  For the vector-borne diseases, maximum and minimum temperature and rainfall are required, as well as other baseline data determined by local experts.  For example, for malaria it would help to know the level of partial immunity in the human population and the extent of drug resistant malaria in the region.  For thermal stress, maximum and minimum temperatures are required.  For skin cancer, the column entitled loss of the stratospheric ozone over the site is required to determine the level of UV-B radiation potentially reaching the ground.  
MIASMA is available from Dr. Pim Martens, ICIS, P.O. Box 616, 6200 MD Maastricht, The Netherlands; e-mail:  p.martens@icis.unimaas.nl.
CIMSiM and DENSiM

These models are designed to determine the risk of dengue fever.  CIMSiM is a dynamic life-table simulation entomological model that produces mean-value estimates of various parameters for all cohorts of a single species of Aedes mosquito within a representative area (Focks et al., 1993a, 1993b).  Because microclimate is a key determinant of vector survival and development for all stages, CIMSiM contains an extensive database of daily weather information.  DENSiM is focused on current control measures and requires field surveys to validate some of the data.  DENSiM (Focks et al., 1995) is essentially the corresponding account of the dynamics of a human population driven by country- and age-specific birth and death rates.  The entomological factors passed from CIMSiM are used to create the biting mosquito population.  An infection model accounts for the development of virus within individuals and its passage between the vector and human populations.  
Inputs into DENSiM are a pupal/demographic survey to estimate the productivities of the various local water-holding containers, and daily weather values for maximum/minimum temperature, rainfall and saturation deficit.  The parameters estimated by DENSiM include demographic, entomologic, serologic and infection information on a human age-class and/or time basis.

The DENSiM and CIMSiM models are available from Dr. Dana A.  Focks, Infectious Disease Analysis, P.O.  Box 12852, Gainesville, FL 32604 USA; e-mail:  DAFocks@ID-Analysis.com.  
8.2.3 Qualitative assessment

Potential future health risks of climate change can be estimated from knowledge of the current burden of climate-sensitive diseases, the extent of control of those diseases and how temperature and precipitation can affect the range and intensity of disease.  For example, is highland malaria a current problem?  What is the extent of that problem?  How well is the disease controlled during epidemics?  How could the burden of disease be affected if temperature increased so that the vector moved up the highlands?  Similarly, future risks can be estimated from relationships used in the WHO Global Burden of Disease project.  
8.3 Identifying Current and Future Adaptation Options to Reduce the Burden of Disease

Adaptation includes the strategies, policies and measures undertaken now and in the future to reduce potential adverse health effects.  Individuals, communities and regional and national agencies and organizations will need to adapt to health impacts relating to climate change (Adger et al., 2005).  At each level, options will range from incremental changes in current activities and interventions, to translation of interventions from other countries/regions to address changes in the geographic range of diseases, to development of new interventions to address new disease threats.  The degree of response will depend on factors such as who is expected to take action; the current burden of climate-sensitive diseases; the effectiveness of current interventions to protect the population from weather- and climate-related hazards; projections of where, when and how the burden of disease could change as the climate changes (including changes in climate variability); the feasibility of implementing additional cost-effective interventions; other stressors that could increase or decrease resilience to impacts; and the social, economic and political context within which interventions are implemented
(Yohe and Ebi, 2005; Ebi and Burton, submitted).  
Because climate will continue to change for the foreseeable future and because adaptation to these changes will be an ongoing process, active management of the risks and benefits of climate change needs to be incorporated into the design, implementation and evaluation of disease control strategies and policies across the institutions and agencies responsible for maintaining and improving population health.  In addition, understanding the possible impacts of climate change in other sectors could help decision makers identify situations where impacts in another sector, such as water or agriculture, could adversely affect population health.
For each health outcome, the activities and measures that institutions, communities and individuals currently undertake to reduce the burden of disease can be identified from
(1) review of the literature, (2) information available from international and regional agencies (WHO, the Pan American Health Organization, UNEP, and others) and national health and social welfare authorities (ministries of health), and (3) consultations with other agencies and experts that deal with the impacts of the health outcome of concern.  Ideally, the effectiveness of adaptation measures should be evaluated.  
Many of the possible measures for adapting to climate change lie primarily outside the direct control of the health sector.  They are rooted in areas such as sanitation and water supply, education, agriculture, trade, tourism, transport, development and housing.  Intersectoral and cross-sectoral adaptation strategies are needed to reduce the potential health impacts of climate change.

A policy analysis can determine the feasibility of, and priorities among, these options.  When identifying specific measures to implement, it is often informative to list all potential measures, without regard to technical feasibility, cost or other limiting criteria; this is the theoretical range of choice (White, 1961).  It is a comprehensive listing of all the measures that have been used anywhere, new or untried measures, plus other measures that can only be imagined.  The list can be compiled from a canvass of current practice and experience, from a search for measures used in other jurisdictions and in other societies, and from a brainstorming session with scientists, practitioners and affected stakeholders on measures that might be options in the future.  Listing the full range of potential measures provides policy makers with a picture of measures that could be implemented to reduce a climate-related risk, and which choices are constrained because of a lack of information or research, as a consequence of other policy choices, etc.  (Ebi and Burton, submitted).  
Using malaria as an example, the theoretical range of choice would include measures to improve vector control by eliminating mosquito breeding sites, measures to improve disease surveillance, development of an early warning system based on weather and environmental variables, development of a malaria vaccine and genetic engineering of mosquitoes to prevent replication of the malaria pathogen.  Genetic engineering has not yet been achieved, but could be possible with additional research funding and so remains a theoretical possibility.  
The next step is to screen the theoretical range of choice to determine which measures are achievable for a particular community or country over a particular time period (Ebi and Burton, submitted).  Five criteria can be used to determine which theoretical choices are practical:  technical feasibility, effectiveness, environmental acceptability, economic viability and social and legal acceptability.  After this screening process, some measures will remain available or open, and others will be eliminated or blocked in the immediate term.  This does not mean that they will be unavailable in the future; the fact that a theoretical choice is blocked may be an incentive to find ways of removing the constraint by carrying out research to create a new vaccine, changing laws or educating the public about the benefits of a practice that is considered culturally unacceptable.  Those that are open constitute the currently available practical range of choice.

Once the measures have been narrowed to practical choices, additional data collection and analysis are required to provide policy makers with a basis for prioritizing which measures to implement.  This information will then be used by the responsible authorities and by civil society, particularly those authorities and participants in civil society likely to be affected by the policy choice, to make the final determinations.  Five additional criteria are suggested to facilitate selection of priorities and to aid formulation of public health policies, measures and settings:  magnitude of the event or intensity of the experience, technical viability, financial capacity, human skills and institutional capacity, and compatibility with current policy (Ebi and Burton, submitted).  This list of criteria is not comprehensive.  There may be other criteria that policy makers may wish to take into account.  
Completion of the policy analysis should result in recommendations of measures that could be abandoned, modified or introduced.  Tables 8.2 and 8.3 provide a theoretical example for malaria.  In this example, there is a range of choices to offer policy makers for how to decrease the burden of malaria.  Given the complexity of malaria, no one approach will be completely effective.  The extent to which each option is implemented will depend on human and financial resources, availability of suitable infrastructure for implementation, the extent to which outside programmes, such as Roll Back Malaria, are addressing each option, etc.

Table 8.4 lists some general adaptation options designed to increase resilience to climate-related health impacts, and Table 8.5 lists the potential health impacts of general adaptation responses in various sectors.
	Table 8.2.  Screening the theoretical range of response options – malaria

	Theoretical range 
of choice
	Technically feasible?
	Effective to address health outcome?
	Environmentally acceptable?
	Financially feasible?
	Socially and legally acceptable?
	Closed/open
(practical range of choice)

	Improve public health infrastructure, monitoring and evaluation programs
	Yes
	Low
	Yes
	Sometimes
	Yes
	Open

	Forecasting and early warning based on El Niño - Southern Oscillation (ENSO) and weather conditions
	Yes
	Medium
	Yes
	Often
	Yes
	Open

	Public information and education/ awareness campaigns
	Yes
	Low
	Yes
	Yes
	Yes
	Open

	Control of vector breeding sites
	Yes
	Yes
	Spraying – no
	Yes
	Sometimes
	Open

	Impregnated bed nets
	Yes
	Yes
	Yes
	Yes
	Yes
	Open

	Malaria prophylaxis
	Yes
	Yes
	Yes
	Only for the few
	Yes
	Closed for the many

	Vaccination
	No
	
	
	
	
	Closed


	Table 8.3.  Analysis of the practical range of response options – malaria

	Practical range of choice
	
	Technically viable?
	Financial capability?
	Human skills and institutional capacity?
	Compatible with current policies?
	Target of opportunity?

	Improve public health infrastructure, monitoring and evaluation programs
	
	Yes
	Low
	Low
	Yes
	Yes

	Forecasting and early warning based on ENSO and weather conditions
	
	Yes
	Yes
	Yes
	Yes
	Yes

	Public information and education/awareness campaigns
	
	Yes
	Yes
	Sometimes
	Yes
	Yes

	Control of vector breeding sites
	
	Yes
	Sometimes
	Sometimes
	Yes
	Yes

	Impregnated bed nets
	
	Yes
	Sometimes
	Yes
	Yes
	Yes

	Malaria prophylaxis
	
	Yes
	Sometimes
	Yes
	Yes
	Yes

	Table 8.4.  Adaptation options to reduce the potential health impacts of climate change

	Adaptation option
	Level
	No.  of people that benefit
	Feasibility
	Barriers
	Cost

	Inter-agency cooperation
	G, R, N
	+++
	++
	++
	+

	Reduction of social vulnerability
	N,L
	+++
	+
	++
	+

	Improvements of public health infrastructure
	N,L
	++
	+
	+
	++

	Early warning and epidemic forecasting 
	L
	++
	++
	+
	+

	Support for infectious disease control
	N,L
	++
	+++
	+
	+

	Monitoring and surveillance of environmental, biological and health status
	
	++
	+++
	
	

	Integrated environmental management
	L
	+
	++
	+
	++

	Urban design (including transport systems)
	L
	+
	+
	++
	++

	Housing, sanitation, water quality
	L
	+
	+
	+
	+

	Specific technologies (e.g., air conditioning)
	L
	+
	+++
	+
	+

	Public education
	L
	+++
	+++
	+
	+

	G = global, R = regional, N = national, L = local.

Source:  McMichael et al., 2000.  


	Table 8.5.  Potential health impacts of various adaptation responses

	Global change factor
	Sector
	Adaptive response
	Health effect

	Change in local temperature
	Buildings
	Increased coolinga 
	Increased energy demand leading to air pollution and other hazards from energy supply

	
	Transport 
	Increased coolinga 
	As above 

	
	Energy supply
	Increased energy demand due to lowered efficiency of thermal conversion devices, e.g., power plantsa
	As above

	Change in local precipitation
	Water supply
	Build large hydro schemes to transport water
	Vector-borne and parasitic disease, accident and population displacement risks.

	
	Land use
	Shift populations 
	Impacts of social and economic disruption

	Change in sea 
level
	Land use
	Shift populations
	Impacts of social and economic disruption

	Note:  magnitude of impact will depend on details of the particular responses taken.
a.  Technological adaptations with potential positive feedback, i.e., leading to even larger GHG emissions.

Source:  McMichael et al., 2000.


Box 8.1.  Information on the potential health impacts of and adaptation to climate change.


Climate Change and Human Health, 2003, edited by A.J.  McMichael, D. Campbell-Lendrum, C. Corvalan, K.L. Ebi, A.  Githeko, J. Scheraga, and A.  Woodward, summarizes recent research on how weather/climate affect health (summary PDF available at � HYPERLINK "http://www.who.int/globalchange/publications/cchhsummary/" ��http://www.who.int/globalchange/publications/cchhsummary/�).  The complete publication is available from the WHO bookstore for $18.


Human Health, by A.  McMichael, A.  Githeko, R.  Akhtar, R.  Carcavallo, D.  Gubler, A.  Haines, et al.  In Climate Change 2001:  Impacts, Adaptation, and Vulnerability.  Contribution of Working Group II to the Third Assessment Report of the Intergovernmental Panel on Climate Change, edited by J.J.  McCarthy, O.F.  Canziani, N.A.  Leary, D.J.  Dokken, K.S.  White.  Cambridge University Press 2001, pp.  451-485.


Methods of Assessing Human Health Vulnerability and Public Health Adaptation to Climate Change, 2003b, by R.S.  Kovats, K.L.  Ebi, and B.  Menne (PDF available at � HYPERLINK "http://www.who.dk/document/E81923.pdf" ��http://www.who.dk/document/E81923.pdf�), summarizes methods to address all three issues, with separate chapters on each of the major health outcomes.  


Integration of Public Health with Adaptation to Climate Change:  Lessons Learned and New Directions, edited by K.L.  Ebi, J.B.  Smith, I.  Burton.  Taylor & Francis, 2005.  





Box 8.2.  Data sources.


World Health Report provides regional-level data for all major diseases


� HYPERLINK "http://www.who.int/whr/en" ��http://www.who.int/whr/en�


Annual data in Statistical Annex


WHO databases


Malnutrition � HYPERLINK "http://www.who.int/nutgrowthdb/en/" ��http://www.who.int/nutgrowthdb/en/�


Water and sanitation � HYPERLINK "http://www.who.int/entity/water_sanitation_health/database/en" ��http://www.who.int/entity/water_sanitation_health/database/en�


Ministry of Health


Disease surveillance/reporting branch


UNICEF


–	� HYPERLINK "http://www.unicef.org" ��http://www.unicef.org�


CRED-EMDAT provides data on disasters


–	� HYPERLINK "http://www.em-dat.net" ��http://www.em-dat.net�
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