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CHAPTER 8: Human health
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8.1 introduction
The health chapter of the Intergovernmental Panel on Climate Change (IPCC) Fourth Assessment Report (AR4) concluded that overall, climate change is projected to increase threats to human health, through the altered distribution of some infectious disease vectors, altered seasonable distribution of some allergenic pollen species and increased heat waves. In particular it was found that the adverse health impacts of climate change will be greatest in low-income countries (Confalonieri et al., 2007). 

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;

· 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. The first includes changes in the frequency and intensity of thermal extremes and extreme weather events (i.e., floods and droughts), that directly affect the health of a population. The other is indirect impacts that occur through changes in the range and intensity of infectious diseases, food- and water-borne diseases and changes in the prevalence of diseases associated with air pollutants and aeroallergens.

A range of key resource documents provides a thorough review of human health issues within the context of climate change. These are:

· IPCC (2007). Working Group II to the Fourth Assessment Report: Human Health: Impacts, Adaptation and Vulnerability, 

· World Health Organization (WHO) and Pan American Health Organization (PAHO) (2012). Vulnerability and adaptation assessment. 
. 
· WHO (2009).
.  
· WHO (2003). Climate change and human health: Risks and responses.

Additional valuable resources produced by the WHO are shown in Table 8-1.
Table 8-1: Key WHO resources

	Resource
	Year
	Description
	Link

	Vulnerability and adaptation assessment. 
	2012
	Technical guidance on conducting a national or sub-national vulnerability and adaptation assessments, which is a key instrument to identify and prepare for changing health risks.  The assessment outcome will provide information for decision-makers on the extent and magnitude of likely health risks attributable to climate change, and priority policies and programmes that can prevent or reduce the severity of future impacts. 
	http://www.who.int/globalchange/publications/technical_guidances/en/index.html 

	Gender, Climate Change and Health.
	2011
	Report that provides a review of the interactions between climate change, gender and health and outlines framework in developing health risk assessments and climate policy interventions
	http://www.who.int/globalchange/publications/reports/gender_climate_change/en/index.html

	Heat Waves, Floods and the Health Impacts of Climate Change: A Prototype Training Workshop for City Officials 
	2010
	Training manual designed to accompany a workshop for health officials on the impacts of climate change based on the WHO (2003) Climate Change and Human Health: Risks and Responses publication
	http://web.wkc.who.int/projects/uhe/heatw/

	Protecting health from climate change: connecting science, policy and people 
	2009
	Report providing overview of the science of climate change and human health. Describes the most recent evidence on health risks caused by climate change and the most vulnerable populations.
	http://www.who.int/globalchange/publications/reports/9789241598880/en/index.html

	Protecting health from climate change: Top 10 actions for national and local policy-makers
	2008
	One page document outlining 10 key actions for national and local policy-makers for protecting health from climate change
	http://www.who.int/globalchange/publications/key_messages/local_authorities/en/index.html

	Climate change: Quantifying the health impact at national and local levels
	2007
	Environmental Burden of Disease (EBD) series report outlining the methods that can be used to quantifying health impact for both regional and local levels dependent upon data availability
	http://www.who.int/quantifying_ehimpacts/publications/ebd14/en/index.html

	Using climate to predict infectious disease epidemics
	2005
	Report on the potential of early warning systems based on climate variations to enhance global surveillance and response to epidemic-prone diseases.
	http://www.who.int/globalchange/publications/infectdiseases/en/index.html

	Methods of assessing human health vulnerability and public health adaptation to climate change
	2003
	Report providing information on qualitative and quantitative methods of assessing human health vulnerability and public health adaptation to climate change
	http://www.euro.who.int/document/e81923.pdf

	Climate change and human health-risks and responses
	2003
	Book providing context and process on global climate change, its actual or likely impacts on health and how human societies and their governments should response with particular focus on the health sector
	http://www.who.int/globalchange/publications/cchhbook/en/index.html

	Climate Change and Human Health: Impact and adaptation
	2000
	Report outlining the methods for assessing the health impacts of climate change, potential adaptation to climate change and variability and different ways to enhance adaptive capacity to climate change in the health sector
	http://www.who.int/globalchange/publications/background/en/index.html


This chapter summarises these resources and emerging literature and provides additional technical support where required.

8.2 Drivers of change
8.2.1 Climatic drivers

The climate drivers impacting human health have been well summarized by the WHO, in a number of documents listed in Table 8-2 and Box 8-2..
Table 8-2: Summary of key information sources generated by WHO

	Data/Tool
	Source
	Link/contact

	Demographic and health data

	Gridded maps of current population distribution
	Centre for International Earth Science Information Network (CIESIN)
	http://sedac.ciesin.columbia.edu/gpw/

	Projections of future populations (national level)
	UN Population Division
	http://esa.un.org/unpp/

	Core demographic and health statistics (national level)
	National census and health statistics offices
	

	Demographic and basic health statistics (national level)
	WHO Evidence and Information for Health Policy cluster (EIP)
	www.who.int/whosis/
(Core health indicators)

	Current burden of specific diseases (national level)
	 (EIP)
	www.who.int/whosis/
(Burden of disease statistics)

	Projected burden of specific diseases until 2030 (WHO regional level)
	 (EIP)
	www.who.int/whosis/
(Burden of disease statistics)

	Data and modelling tools for malaria
	Mapping Malaria risk in Africa (MARA) Malaria Atlas Project
	www.mara.org.za/

	Database of impacts of natural disasters
	OFDA/CRED Emergency Disasters database (EM-DAT)
	www.em-dat.net/


	WHO malnutrition database
	WHO
	http://www.who.int/nutgrowthdb/en/

	WHO water and sanitation database
	WHO
	http://www.who.int/entity/water_sanitation_health/database/en


In summary, all climatic factors are important in that they:
· Either directly influence human health (such as extreme heat or cold); 

· Impact the environment, such as flooding; 

· Impact disease and health more generally, such as economic dislocation.  

A summary of these climatic drivers, drawn from WHO 2009, is shown in Box 8-1 below
	Box 8-1: Climate change and the determinants of health: facts and figures (WHO, 2009)

Air. Extreme high air temperatures can kill directly; it has been estimated that more than 70 000 excess deaths occurred in the extreme heat of summer 2003 in Europe. By the second half of the 21st century such extreme temperatures will be the norm. In addition, rising air temperatures will increase levels of important air pollutants such as ground-level ozone, particularly in areas that are already polluted. Urban air pollution currently causes about 1.2 million deaths each year, mainly by increasing mortality from cardiovascular and respiratory diseases.

Water. Shifting rainfall patterns, increased rates of evaporation and melting of glaciers, combined with population and economic growth, are expected to increase the number of people living in water-stressed water basins from about 1.5 billion in 1990 to 3–6 billion by 2050. By the 2090s, climate change may bring a doubling in the frequency of extreme drought events, a six-fold increase in mean drought duration, and a 10–30-fold increase in the land area in extreme drought. Almost 90 per cent of the burden of diarrhoeal disease is attributable to lack of access to safe water and sanitation. Reductions in the availability and reliability of freshwater supplies are expected to amplify this hazard.

Food. Increasing temperatures and more variable precipitation are expected to reduce crop yields in many tropical developing regions. In some African countries, yields from rain-fed agriculture could be reduced by up to 50 per cent by 2020. This is likely to aggravate the burden of malnutrition in developing countries, which currently causes 3.5 million deaths each year, both directly through nutritional deficiencies and indirectly by intensifying vulnerability to diseases such as malaria and diarrhoeal and respiratory infections.

Shelter. By the second half of the 21st century, climate change is projected to cause an increase in the frequency of extreme storms, heavy rainfall and heat-waves. In the absence of improvements to protection, by 2080 sea level rise could also multiply the number of people exposed to coastal flooding more than 10-fold, to more than 100 million people a year. These trends will also increase the hazards of weather-related natural disasters, which killed approximately 600 000 people during the 1990s. Repeated floods and droughts may force population displacement – which, in turn, is associated with heightened risks of a range of health effects, from mental disorders such as depression to communicable diseases and, potentially, civil conflict.

Freedom from disease. Rising temperatures, shifting rainfall patterns and increasing humidity affect the transmission of diseases by vectors and through water and food. Vector-borne diseases currently kill approximately 1.1 million people a year, and diarrheal diseases 2.2 million. Studies suggest that climate change may swell the population at risk of malaria in Africa by 170 million by 2030, and the global population at risk of dengue by 2 billion by the 2080s.


8.2.2 Non-climate drivers

The cause-and-effect chain from climate change to changing disease patterns can be extremely complex and includes many non-climatic factors. 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. 

Non-climate factors that should be considered in health impacts of climate change can be broadly divided into the following:

· Overall economic development affecting human wellbeing – for example: wealth, distribution of income, efforts to reduce poverty, tackle gender equity, issues around industrial development, pollution, urbanization, population growth, access to adequate nutrition, clean water and sanitation, deforestation and so on;
· Non-climatic disasters – for example: volcanic activity, earthquakes and tsunamis;
· Specific future improvements in health interventions;
· Conflicts and war.
A useful approach for considering these ‘co-founding’ factors is to develop specific baseline socio-economic scenarios that seek to integrate all non-climatic factors. Importantly, this approach could help minimize the potential to ‘silo’ health as a particular adaptation ‘sector’ that stands alone – but rather consider the multiple causal links between climate change and non-climatic factors on human health. Such consideration is particularly important to assist in the monitoring and evaluation of health-related adaptive actions, outlined in section 8.6.4. Further information on the development of socio-economic scenarios is provided in chapter 3.  

A useful way of representing the interactions between climate and non-climatic drivers influence health impacts is shown in Figure 8-1.
Figure 8-1: Schematic diagram of pathways by which climate change affects health, and concurrent direct-acting and modifying (conditioning) influences of environmental, social and health-system factors (Confalonieri et al. 2007)
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8.3 Potential impacts
The AR4 outlines that projected trends in climate-change-related exposures of importance to human health will (with confidence levels bracketed):

· Increase malnutrition and consequent disorders, including those relating to child growth and development (high confidence);

· Increase the number of people suffering from death, disease and injury from heat waves, floods, storms, fires and droughts (high confidence);

· Continue to change the range of some infectious disease vectors (high confidence);

· Have mixed effects on malaria; in some places the geographical range will contract, elsewhere the geographical range will expand and the transmission season may be changed (very high confidence);

· Increase the burden of diarrhoeal diseases (medium confidence);

· Increase cardio-respiratory morbidity and mortality associated with ground-level ozone (high confidence);

· Increase the number of people at risk of dengue (low confidence);

· Bring some benefits to health, including fewer deaths from cold, although it is expected that these will be outweighed by the negative effects of rising temperatures worldwide, especially in developing countries (high confidence).

A summary diagram of these impacts is shown in Figure 8-2.
Figure 8-2: Direction and magnitude of change of selected health impacts of climate change (Confidence levels are assigned based on the IPCC guidelines on uncertainty (Confalonieri et al, 2007)
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Additional summary information on potential impacts is captured below in Box 8-1 and Table 8- 3. The IPCC and WHO are further sources of information which are outlined in table 8.2.
Table 8-3: Summary of the health effects of weather and climate IPCC (2007) and WHO (2009)

	Health Implication
	Effects of weather and climate

	Cardiovascular, Respiratory, and heat stroke mortality
	· Short-term increases in mortality during heat waves, particularly among elderly people

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

	Respiratory cardiovascular diseases and mortality
	· Weather affects concentrations of harmful air pollutants; high temperatures also raise the levels of ground-level ozone.

· Increased forest fires affect air quality

	Flooding, infectious diseases and mental health 
	· Floods, landslides and extreme wind cause death and injuries

· Flooding disrupts water supply and sanitation systems and may damage transport systems as well as public health infrastructure

· Flooding may cause contamination of freshwater supplies and also creates opportunities for breeding of disease carrying insects such as mosquitoes

· Flooding may increase post-traumatic stress disorders

	Starvation, malnutrition and diarrhoeal diseases
	· Drought reduces overall water availability for sanitation

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

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


	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 under nutrition
	· Climate change may decrease food supplies (e.g. 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


8.4 Situation summary

Climate change will likely affect, in profoundly adverse ways, some of the most fundamental pre-requisites for good health: clean air and water, sufficient food, adequate shelter and freedom from disease (WHO, 2009). The most severe risks are likely to be seen in low-income countries, most of which are non-Annex I Parties to the UNFCCC.  These climate change impacts will be influenced by non-climatic ‘co-founding’ factors, including on-going efforts to enhance health care, improve human wellbeing, the impacts of geological hazards and conflicts.

8.5 Methods, Tools and Data Requirements

Assessing the potential health impact of both climate variability and long-term climate 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, climate extremes and climate change.  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, including age and gender. 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.

8.5.1 General considerations

A variety of methods and tools are available to assess climate change vulnerability in the health sector, shown in Box 8-2. 
	Box 8-2: Information on the potential health impacts of and adaptation to climate change

WHO Publications: http://www.who.int/globalchange/publications/en/
· Vulnerability and adaptation assessment. Geneva, World Health Organization and Pan American Health Organization, 2012. http://www.who.int/globalchange/publications/technical_guidances/en/index.html

· AFR/RC61/10 Framework for Public Health Adaptation to Climate Change-with Resolution 
· Did you know? … by taking action on climate change you are protecting human health
· Essential Public Health Package To Enhance Climate Change Resilience in Developing Countries 
· Gender, Climate Change and Health. Geneva, World Health Organization, 2011.

· Overview of health considerations within National Adaptation Programmes of Action for climate change in least developed countries and small island states by L.Manga, M.Bagayoko, T.Meredith and M.Neira, WHO, 2011. (PDF available at www.who.int/phe/Health_in_napas_final.pdf ) 

· Protecting health from climate change top 10 actions for national and local policy-makers

· Protecting health from climate change:  global research priorities. Geneva, World Health Organization, 2009.

· Protecting Health from Climate Change: connecting science, policy and people. Geneva, World Health Organization, 2009.

· Slums, climate change and human health in sub-Saharan Africa, Bulletin of the World Health Organization (Available online at: http://www.who.int/bulletin/volumes/87/12/09-073445/en/) 

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: 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.

Climate Change and Africa, 2007. Africa Partnership Forum (Available online at: http://www.africapartnershipforum.org 

Spickett,J. Katscherian,D and Brown,H. 2012. Climate Change, Vulnerability and Health: A guide to Assessing and Addressing the Health Impacts. WHO Collaborating Centre for Environmental Health Impact assessment, Curtin University. http://ehia.curtin.edu.au/ 
Spickett,J. Katscherian,D. and GOH,Y.M. 2011. A New Approach to Health Risk Assessment. Environmental Impact Assessment Review, 32 (1) 118-122

Spickett,J. Brown,H and Katscherian,D. 2011 Adaptation strategies for health impacts of climate change in Western Australia: Application of a Health Impact Assessment framework. Environmental Impact Assessment Review 31 (3) 297-300.

Spickett,J., Brown,H. and Katscherian,D. 2007. Health impacts of climate change: Adaptation strategies for Western Australia. Department of Health Western Australia: http://www.public.health.wa.gov.au/2/1396/2/climate_change_and_health.pm 

Asia Pacific Journal of Public Health, Supplement Issue on Climate Change and Health, Supplement to Vol 23 (2) March 2011.

Wilder-Smith A, Renhorn KE, Tissera H, Abu Bakar S, Alphey L, Kittayapong P, Lindsay S, Logan J, Hatz C, Reiter P, Rocklöv J, Byass P, Louis VR, Tozan Y, Massad E, Tenorio A, Lagneau C, L'Ambert G, Brooks D, Wegerdt J, Gubler D. DengueTools: innovative tools and strategies for the surveillance and control of dengue. Glob Health Action. 2012; 5: 10.3402/gha.v5i0.17273.


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; 
(3) 
Identifying current and future adaptation options to reduce the burden of disease.
Guidance and direction for each issue are discussed briefly below.
8.5.2 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. Table 8-2, lists some global and regional-level 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 can also provide information on whether current health services are satisfying the 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 - 3) on data sources)
	Box 8 - 3: Data sources

United Nations: Thematic Area - Population, provides population statistics for every country: http://www.un.org/en/development/progareas/population.shtml
World Bank: http://web.worldbank.org/WBSITE/EXTERNAL/COUNTRIES/LACEXT/0,,menuPK:258559~pagePK:158889~piPK:146815~theSitePK:258554,00.html  and http://climatechange.worldbank.org
Economic Commission for Asia and the Pacific: http://www.unescap.org 

Economic Commission for Latin America, http://www.eclac.cl/default.asp?idioma=IN 

Economic Commission for Africa, provides specific population data: http://www.uneca.org/popia/ 

Others:

Population Reference Bureau: http://www.prb.org/  

US AID: http://www.usaid.gov 

Population statistics: http://www.measuredhs.com/ 

City Population: http://www.citypopulation.de/Africa.html  

Latin America Information Centre:  http://lanic.utexas.edu/la/region/statistics/ 

Population Action International have established an interactive mapping website: http://www.populationaction.org/climatemap
Commonwealth Scientific and Industrial Research Organisation (CSIRO): http://www.csiro.au 

Food and Agriculture Organization of the United Nations: www.fao.org 

Climate Change Adaptation in Asia and Pacific http://www.asiapacificadapt.net
Vulnerability Maps Maplecroft: Climate Change and Environmental risk: http://maplecroft.com/
Asian Development Bank: www.adb.org
UNEP Regional Office for Asia Pacific: http://www.unep.org/roap 

Asia Pacific Network for global change research: http://www.apn-gcr.org
Asia Pacific Adaptation Network: http://www.apan-gan.net
Asia Pacific Network on Climate Change: http://www.ap-net.org 

Prevention Web: http://www.preventionweb.net
Health Data

World Health Organization:

· WHO/Regional Office Western Pacific region: http://www.wpro.who.int/en/ 

· WHO/Regional Office South East Asia: http://www.searo.who.int 

· WHO/Regional Office/Pan American Health Organisation, http://new.paho.org/index.php
· WHO/ Regional Office for Africa www.afro.who.int/en/rdo.html 
· The work of WHO in the Africa Region 2010: Annual Report of the Regional Director. 

· Health Situation Analysis in the African Region: Atlas of Health Statistics, 2011

· World Health Report provides regional-level data for all major diseases: http://www.who.int/whr/en
· Annual data in Statistical Annex

· WHO databases

· Malnutrition http://www.who.int/nutgrowthdb/en/
· Water and sanitation http://www.who.int/entity/water_sanitation_health/database/en
Ministry of Health:

· Disease surveillance/reporting branch

UNICEF: http://www.unicef.org
CRED-EMDAT provides data on disasters: http://www.em-dat.net
Australian Human Rights Commission: http://www.hreoc.gov.au/human_rights/climate_change/index.html
Centre for Disease Control and Prevention, Climate and Health Program: http://www.cdc.gov/climateandhealth/effects/default.htm 

Social Impacts of Climate Change: http://www.cana.net.au/socialimpacts/global/asia.html 

National Institute of Environmental Health Sciences (US Department of Health and Human Services): http://www.niehs.nih.gov/research/programs/climatechange/health_impacts/index.cfm



Adverse health outcomes associated with inter-annual climate variability, such as El Niño, also could be considered (Kovats et al., 2003b) and those associated with disasters (Centre for Research on the Epidemiology of Disasters (CRED)
could also be considered.
In addition to the IPCC Fourth Assessment Report, the World Health Organisation has published a range of invaluable resources covering the topics of climate change impacts, adaptation and vulnerability to the health sector over the past decade with several key publications released since 2009. 
8.5.3 Estimating the future potential health impacts attributable to climate change

Health impact assessment is a structured process that has been adapted for use in assessment of the potential impacts of climate change and development of adaptive responses, for government decision making. The process has been defined and documented by different actors such as WHO and the Curtin University WHO Collaborating Centre and can be used by local assessors. 
WHO and PAHO published in 2012, a concrete and practical guidance on Vulnerability and adaptation assessment
, which was designed to provide basic steps and flexible guidance on conducting such assessments. The outcome provides information for policy-makers on likely health risks attributable to climate change, as well as priority adaptation options to build resilience of the health system and reduce the severity of future impacts. 
The Curtin University WHO Collaborating Centre also published in 2012 the Climate Change, Vulnerability and Health: A Guide to assessing and addressing health impacts
. . 
The process outlined in the above mentioned documents broadly adopts the following format:

	Stages
	Process component
	Issues for inclusion in assessment process
	Concurrent activities

	1 


	Preliminary

· The determinants of health

· Development of communication Strategy

· Community profiling

· Development of a stakeholder involvement process
	
	To be undertaken throughout all stages of process

· Communication

· Stakeholder Engagement

Country/regional agreements, approaches and implementation plans

	2


	Climate and environmental variables

· Identification of:

· Climate variables of relevance to country or region

· Environmental impacts arising from climate change
	Requires creation of scenario for the country or region concerned for 2030

Addressed through identification of changes to:

· Physical environment 

· Social environments 

· Infrastructure

· Environmental diseases
	

	3
	Health impacts

· Identification of potential health impacts

· Identification of current controls
	Identification of health impacts arising from environmental changes

Identification of vulnerable:

· People/groups

· Regions

· Infrastructure

· Services

Identification/determination of gaps in knowledge

Understanding current coping (controls) capacity and limitations 
	

	4


	Risk assessment

· Determine risks

· Risk prioritization
	Undertake risk assessments of the identified health impacts

Identifying experts to assist with expertise in:

· Risk assessments

· Specific fields

List impacts according to level of risk

Need to reach consensus based on expert knowledge
	


	Part 5


	Adaptation

· Development of adaptation responses 
	A range of adaptation responses is provided.

Other adaptations applicable to the country concerned should be considered

Responses should be considered with respect to:

· General population

· Vulnerabilities

· Adequacy of control measures

· Other requirements

· Priorities for action
	

	6


	Action plans 

· Development of strategies required to implement adaptations
	Need to consider how these can be addressed in country/region concerned

Need to identify roles and responsibilities for implementation
	

	 7
	Recommendations
	Consideration given on whether different recommendations are required for different groups of decision makers.
	


	Box 8-3: Data sources
United Nations: Thematic Area - Population, provides population statistics for every country: http://www.un.org/en/development/progareas/population.shtml
World Bank: http://web.worldbank.org/WBSITE/EXTERNAL/COUNTRIES/LACEXT/0,,menuPK:258559~pagePK:158889~piPK:146815~theSitePK:258554,00.html  and http://climatechange.worldbank.org
Economic Commission for Asia and the Pacific: http://www.unescap.org 

Economic Commission for Latin America, http://www.eclac.cl/default.asp?idioma=IN 

Economic Commission for Africa, provides specific population data: http://www.uneca.org/popia/ 

Others:

Population Reference Bureau: http://www.prb.org/  

US AID: http://www.usaid.gov 

Population statistics: http://www.measuredhs.com/ 

City Population: http://www.citypopulation.de/Africa.html  

Latin America Information Centre:  http://lanic.utexas.edu/la/region/statistics/ 

Population Action International have established an interactive mapping website: http://www.populationaction.org/climatemap
Commonwealth Scientific and Industrial Research Organisation (CSIRO): http://www.csiro.au 

Food and Agriculture Organization of the United Nations: www.fao.org 

Climate Change Adaptation in Asia and Pacific http://www.asiapacificadapt.net
Vulnerability Maps Maplecroft: Climate Change and Environmental risk: http://maplecroft.com/
Asian Development Bank: www.adb.org
UNEP Regional Office for Asia Pacific: http://www.unep.org/roap 

Asia Pacific Network for global change research: http://www.apn-gcr.org
Asia Pacific Adaptation Network: http://www.apan-gan.net
Asia Pacific Network on Climate Change: http://www.ap-net.org 

Prevention Web: http://www.preventionweb.net
Health Data

World Health Organization:

· WHO/Regional Office Western Pacific region: http://www.wpro.who.int/en/ 

· WHO/Regional Office South East Asia: http://www.searo.who.int 

· WHO/Regional Office/Pan American Health Organisation, http://new.paho.org/index.php WHO/ Regional Office for Africa

· www.afro.who.int/en/rdo.html 
· The work of WHO in the Africa Region 2010: Annual Report of the Regional Director. 

· Health Situation Analysis in the African Region: Atlas of Health Statistics, 2011

· World Health Report provides regional-level data for all major diseases: http://www.who.int/whr/en
· Annual data in Statistical Annex

· WHO databases

· Malnutrition http://www.who.int/nutgrowthdb/en/
· Water and sanitation http://www.who.int/entity/water_sanitation_health/database/en
Ministry of Health:

· Disease surveillance/reporting branch

UNICEF: http://www.unicef.org
CRED-EMDAT provides data on disasters: http://www.em-dat.net
Australian Human Rights Commission: http://www.hreoc.gov.au/human_rights/climate_change/index.html
Centre for Disease Control and Prevention, Climate and Health Program: http://www.cdc.gov/climateandhealth/effects/default.htm 

Social Impacts of Climate Change: http://www.cana.net.au/socialimpacts/global/asia.html 

National Institute of Environmental Health Sciences (US Department of Health and Human Services): http://www.niehs.nih.gov/research/programs/climatechange/health_impacts/index.cfm



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 practice of attributing a portion of a disease burden to climate change is in its 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 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.

8.5.4 Comparative risk assessment

As part of the WHO Global Burden of Disease project, comparative risk assessment methods
 were used 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

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, where the disease burden is defined as 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 which describes the future climate under various scenarios of greenhouse gas emissions, gave the population distribution of exposure.  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.

8.5.5 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 of malaria, or about adaptive capacity.  
8.5.6 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. Importantly local level knowledge of disease trends can be incorporated to provide to add weight to the qualitative assessment. 
8.6 Adaptation
“Preparing for and effectively responding to climate change will be a process, not a one-time assessment of risks and likely effective interventions (Ebi and Semenza, 2008).

Adaptation efforts in health, perhaps more than any other area of adaptation, highlight the need for efforts to reduce current vulnerability to weather and climate in conjunction with efforts to address ‘the health risks projected to occur over coming decades’ (Confalonieri et al., 2007).
Consequently, health-specific adaptive options 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 the 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, 2008).  

Box 8 - 4 below, provides a summary list of some general adaptation options designed to increase resilience to climate-related health impacts that provides a useful entry point for adaptation planning.

	Box 8-4: Adaptation-specific actions from WHO Protecting Health From Climate Change Top 10 Actions for National And Local Policy-Makers (WHO, 2008)

Establish multisectoral processes to oversee climate change and health policy development. Utilize health impact assessments to evaluate social and economic costs of threats and prioritize action and investment areas.

Protect the most vulnerable. Globally, people at greatest risk of adverse health effects associated with climate change include women, children, the elderly, and the medically infirm. Socioeconomically disadvantaged groups and areas where infrastructure and/or social services (including health) are weak will have most difficulty adapting to climate change and related health hazards and disasters.

Strengthen health system adaptive capacity. Many of the projected impacts of climate change on health are avoidable or controllable through the application of well-known and well-tested public health and health service interventions, such as public education, disease surveillance, disaster preparedness, mosquito control, food hygiene and inspection, nutritional supplementation, vaccines, primary and mental health care, and training. Where these capacities are weak, work with others to enhance them.

Measure public awareness and attitudes towards current and projected adverse and inequitable health impacts of climate change, as well as the potential for significant health benefits and consequent cost savings from well-conceived climate control policies. Develop communication and social marketing plans to address perceptual and behavioural obstacles.


It is useful to consider health-related adaptive strategies as being divided into autonomous and planned adaptation as defined as by the IPCC. Autonomous adaptation actions are responses that will be implemented by individual health professionals, communities, and individuals depending on perceived or real climate change in the coming decades, and without intervention and/or co-ordination by regional and national governments and international agreements. Whereas, planned adaptation includes changes in policies, institutions and dedicated infrastructure, which will be required  to facilitate and maximize long-term benefits of adaptation responses to climate change.  The following section focuses on planned adaptation options.
It is now recognized that an adaptive risk management approach should be considered when designing, implementing and evaluating health-related adaptive actions. This is because of the magnitude and distribution of potential health impacts of climate change (outlined above), the long timeframes of these impacts and because adaptation to these changes will be an on-going process. Consequently, active management of the risks and benefits of climate change needs to be incorporated into 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, agriculture or coastal zones, could adversely affect population health (see chapters 5-7). Many of the possible measures for adapting to climate change lie primarily outside the direct control of the health sector.  They are embedded in areas such as sanitation and water supply, education, agriculture, trade, tourism, transport, development, urban planning, housing and so on.  Intersectoral and cross-sectoral adaptation strategies are needed to reduce the potential health impacts of climate change and to optimize adaptive responses.  Further information on developing integrated responses is provided in chapter 9.

Four of the WHO Protecting Health From Climate Change Top 10 Actions for National And Local Policy-Makers specifically address the imperative for effective adaptive actions, are outlined above in Box 8.4.  .
8.6.1 Planning

Planning health-related adaptive responses for specific health outcomes builds on the assessment of potential impacts either through specific studies, through techniques outlined in section 8.5, and through the following:

1. Ensuring an up to date review of current academic literature on health-related aspects of climate change; 

2. Review of available information from international and regional agencies (WHO, the PAHO, UNEP and others) and national health and social welfare authorities (ministries of health);
3. Consultations with other in-country agencies and experts that deal with the impacts of the health outcome of concern.  

Targeted analyses can determine the feasibility of, and priorities among adaptation 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; known as the theoretical range of adaptive choice (White, 1961; Ebi and Burton, 2008).  

The theoretical range of adaptive choice is a comprehensive listing of all the measures that have been used anywhere in the world, new or untried measures, plus other measures that can only be imagined.  The list can be compiled from a careful review 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 (Ebi and Burton, 2008).  

Using malaria as an example (see Table 8 - 4) 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 (Ebi and Burton, 2008).  Genetic engineering has not yet been achieved, but could be possible with additional research funding and so remains a theoretical possibility.  

Table 8-4: Screening the theoretical range of response options – malaria at local and regional levels (Ebi and Burton, 2008)

	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


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, 2008).  Five criteria can be used to determine which theoretical choices are practical (shown in Table 8-4 above), namely:

· Technical feasibility;

· Effectiveness;

· Environmental acceptability;

· Economic viability;

· 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, namely (Ebi and Burton, 2008):

· Magnitude of the event or intensity of the experience; 

· Technical viability; 

· Financial capacity; 

· Human skills and institutional capacity, 

· Compatibility with current policy.  

This list of criteria is not comprehensive as there may be others that policy makers may wish to take into account.  Nevertheless, the criteria provide a useful framework for considering optimal adaptive responses, as shown in the case of malaria (Table 8-5).
Table 8-5: Analysis of the practical range of response options – malaria at local and regional levels (Ebi and Burton, 2008)

	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


Completion of the adaptation choice policy analysis should result in recommendations of measures that could be abandoned, modified or implemented immediately.
8.6.2 Implementation

The rapidly emerging importance of health-related climate change adaptation means that there is general information available with respect to optimizing the implementation of adaptive actions, but limited empirical data to draw on from non-Annex I countries.  As outlined above, the emphasis to date has been on planning effective adaptive actions.  

However, citing the IPCC AR4, Analyses of the Effects of Global Change on Human Health and Welfare and Human Systems undertaken by the U.S. Climate Change Science Program concluded:

“the strength and consistency of projections for climatic changes for some exposures of concern to human health suggest that implementation of adaptation actions should commence now”).

Key aspects to be considered in implementation include (Confalonieri et al, 2007):

· Maximising the mainstreaming and embedding adaptive actions in existing public health systems;
· Ensuring a multi-stakeholder approach is taken across national governments, with related health providers and development partners;
· Ensuring effective public engagement;
· Taking an adaptive management approach.

It is anticipated that as health adaptation actions are implemented there will be a growing body of experience to drawn upon to determine the successes and challenges experienced in the implementation of adaptive actions.  Importantly, these will be referenced to assess the effectiveness of adaptive actions to ensure close monitoring and evaluation, and in doing so ensure an adaptive approach to implementation. 

8.6.3 Frameworks for Public Health adaptation to climate change in the who regions
In addition to the work on climate change and health developed by WHO at the global level, relevant resolutions, frameworks and work plans on climate change and health have been adopted at the regional level. 

The Regional Committee for Africa, in its resolution AFR/RC61/R2
, approved the framework for public health adaptation to climate in the African Region and urged countries to strengthen their resilience by developing and implementing national action plans for public health adaptation to climate change. The Regional Committee of PAHO endorsed a strategy and plan of action
 on climate change (CD51/6, Rev. 1) during the 51stt Directing Council meeting of the PAHO. The Regional Committee for Europe passed its resolution EUR/RC54/R3 on Environment and Health
 in 2004, which includes climate change as one of the major environment-related hazards and the European regional framework for action on protecting health in an environment challenged by climate change
 in 2010. The 2009 Resolution SEAR/RC62/R2
 urged the WHO’s Regional Office for South-East Asia to develop a strategy to fund health-related climate change action plans. The SEARO Regional strategy for protecting health from climate change was produced in 2012
.  The WHO Regional Committee for the Eastern Mediterranean passed the EM/RC55/R.8
  resolution on climate change and health in 2008.

The WHO Regional Committee for the Western Pacific passed in 2008 the resolution WPR/RC59.R7
 urged for protecting health from the effects of climate change.

Box 8 - 5 provides an overview of the framework for public health adaptation to climate in the African Region, as an example of regional processes on climate change and health. It was endorsed by African Ministers of Health and Ministers of Environment in September 2011 and provides guidance through the key functions to support health protection from climate change. 

	Box 8 - 5: Climate Change and Health Programme and Intervention Components

Baseline capacity and risk assessments:

· Climate and health vulnerability and adaptation assessments;
· Assessments of programme capacity;
· Definition of monitoring and evaluation frameworks.
Integrated environment and health surveillance:

· Risk mapping and establishment of early warning systems for climate sensitive risks;
· Integration of environment and health monitoring, and response plans.
Environmental management:

· Health impact assessment for decisions in other sectors;
· Management of ecosystem services, and risk factors to health.
Scaling-up and climate proofing of interventions for climate-sensitive health impacts:

· Integrated vector management for vector-borne disease;
· Water treatment and safe storage;
· Legislation and enforcement for air quality.
Strengthening of health capacities in disaster management:
· Inclusion of health in disaster risk reduction (DRR) and response plans;
· Resilient and sustainable provision of energy and water to health facilities. 

Supporting Functions:
Multisectoral governance and coordination: health input on environment, climate, development, policy and vice versa;.

Capacity building: Institutional, professional capacity, and resource mobilization in response to local assessment;
Research: Stakeholder driven research, focusing on cost effectiveness, equity and sustainability.


8.6.4 Monitoring and evaluation

As outlined in the previous sections, adaptation actions with respect to human health are designed to be as effective as possible. A key question is how will adaptation effectiveness by monitored and evaluated? Fortunately, a number of organisations such as UNDP and the World Bank, are working to develop practical approaches to facilitate the monitoring and evaluation of climate change adaptation. These approaches are constructed around ‘results based frameworks’, embedded within the broader context of aid effectiveness.. The Organisation for Economic Co-operation and Development (OECD) has summarised these achievements in its report Monitoring and Evaluation for Adaptation: Lessons from Development Co-Operation Agencies (Lamhauge et al, 2011). 

Key issues to be considered in the design of adaptation monitoring and evaluation include (Kay et al. forthcoming):

· Results orientation:  what exactly is the adaptive action aimed at achieving 
· Decision context: :why was the adaptive action chosen – perhaps to focus on immediate health priorities to reduce vulnerability or longer-term climate change impacts – and what are the barriers, constraints and opportunities that will influence the success of its implementation

· Spatial considerations: over what scale will the impact of the adaptive action by felt and 

· Temporal considerations: when will the impact of an adaptive action become known
These are critical considerations that can also help in the overall adaptation planning of adaptive actions with respect to human health and also provide a focus to ensuring that specific actions chosen through the planning process are the most effective they can be.  

Further guidance on adaptation monitoring and evaluation is provided in chapter 9.
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