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Climate change has the potential to affect any health outcome that is seasonal or that is associated with weather and
climate. Climate-sensitive health outcomes include injuries, illnesses and deaths directly associated with extreme weather
events and illnesses and deaths associated with water- and food-borne diseases, vector-borne and zoonotic diseases,
malnutrition, and poor air quality. Climate change also may result in resource depletion and other processes that could
lead to large-scale migration, with associated negative health outcomes. While negative health effects are projected for all
countries, the largest impacts are expected in lower-income populations living predominantly within tropical/subtropical
countries.! For instance, loss of healthy life years as a result of global environmental change (including climate change) is
predicted to be 500 times greater amongst poor African populations than amongst European populations.? It has been
estimated that 182 million people in sub-Saharan Africa could die of disease directly attributable to climate change by
the end of the 21st century. Millions more could become climate change refugees.

limate change will affect health via a complex set of
interdependent relationships that include factors such as wealth,
distribution of income, status of the public health infrastructure,
high-risk behaviour and access to medical care.* Therefore, current and
future vulnerabilities will be at least as important as changing climatic
patterns in determining future burdens of climate-sensitive health
outcomes. The severity of future impacts will be determined by changes
in climate as well as by concurrent changes in non-climatic factors, and
by the mitigation and adaptation measures implemented to reduce
greenhouse gas emissions and negative health impacts. In all regions,
effective adaptation strategies, policies, and measures need to be
designed and implemented, taking into account existing vulnerabilities.
This chapter summarises potential climate change-related health
impacts and aggregate assessments projecting future health burdens
attributable to climate change. The categories of health impacts
considered are those associated with extreme weather events, infectious
diseases (including water-, food-, and vector-borne diseases), health
outcomes associated with poor air quality, and malnutrition. Particularly
vulnerable regions and populations are then discussed, followed by
approaches for designing timely and effective adaptation options.

Health risks of climate change

Infectious diseases

Climate is a primary determinant of whether a particular location has
environmental conditions suitable for the transmission of a range of
infectious diseases. Non-climatic factors include drug and pesticide
resistance, deterioration of health care and public health infrastructure
(including vector control efforts), demographic changes, and land use
change. Warming will affect vector and rodent borne diseases, both in
terms of the density of insects and rodents in a particular area, and
hence the likelihood of infection, and also by changing the geographic
range of the vector and pathogen. Expansion in range could expose new
populations who have little or no immunity to new infections. Vector
reproduction, survival and bite frequency generally rise with
temperature, so malaria (Anopheles mosquitoes), tick-borne
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encephalitis (/xodesricinus), and dengue fever (Aedes aegypti) will have
increased transmission unless higher temperatures affect longevity. In
some cases, extreme events such as very heavy rains, can wash away
eggs and larvae and decrease vector populations.

Although understanding of the potential impacts of climate change on
infectious diseases is still in its relatively early stages, an expert
solicitation conducted by the UK government concluded that climate
change is widely expected to be among the most important drivers of
infectious disease in the future.* The review looked ahead 10-25 years
to consider infectious diseases in humans, animals, and plants,
focusing on the UK and sub-Saharan Africa, and aimed to produce a
vision of new systems needed for disease detection, identification and
monitoring. The key driver in the UK was expected to be rising ambient
temperature. In Africa, where people, animals and crops live in
conditions of much greater moisture stress, rising temperature were still
considered to be important but less so than changes to rainfall patterns
and the frequency of droughts. Climate-change mediated spread of
infectious diseases was expected to cause direct human suffering,
especially in Africa and increasingly challenge current production
systems of livestock and crops in the UK and Africa.

Malaria is the most important vectorborne disease in the world; it is
also a preventable disease. About 40% of the world’s population is at
risk of contracting malaria, and roughly 75% of cases occur in Africa,
with the remainder occurring in Southeast Asia, the Western Pacific and
the Americas.® In sub-Saharan Africa, malaria remains the most
common parasitic disease and is the main cause of morbidity and
mortality among children less than five years of age and among
pregnant women.® Up to three million deaths from the direct effects of
malaria occur annually in Africa, more than 75% of them in children.”
This estimate could double if the indirect effects of malaria (including
malaria-related anemia, hypoglycemia, respiratory distress and low
birthweight) are included when defining the burden of malaria.® The
1990 Global Burden of Disease study estimated that malaria accounted
for approximately 10.8% of years of life lost across all sub-Saharan
Africa.’
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There has been a great deal of interest in modeling how the incidence
and geographic range of malaria could change under different climate
change projections. Results from several models suggest that climate
change could alter the season of transmission and geographic range of
malaria in Africa, particularly sub-Saharan Africa!®. The results suggest
that climate change will be associated with geographic expansions of
the areas suitable for stable falciparum malaria in some regions and with
contractions in others; the projected areas of expansion are larger than
the projected areas of contraction. For instance, Ethiopia, Zimbabwe,
and South Africa are projected to show increases of more than 100% in
person-months of exposure later in this century, changes that could
dramatically increase the burden of those suffering with malaria*'.

Studies have shown that some areas in Asia are projected to be at
increased risk of malaria, while reductions have been projected for some
areas in Central America and around the Amazon, due to decreases in
rainfall.** An assessment in Australia based on climatic suitability for the
main anopheline vectors projected a likely southward expansion of
habitat, although the future risk of endemicity would remain low due to
the capacity to respond®®. It is important to note that all these analyses
are based upon projected changes in average temperatures, rather than
the more rapid increase in minimum temperatures being observed; and
thus may underestimate the actual biological responses.

Several food- and waterborne diseases that cause significant numbers
of cases of illness are climate sensitive, suggesting that climate change
may affect their incidence and distribution. For example, an
approximately linear association between temperature and common
forms of food-borne diseases such as salmonellosis suggests increasing
cases with increasing temperature*“.

Air pollution

In some regions, climate change may increase concentrations of
selected air pollutants, particularly ozone, and could decrease
concentration of other pollutants, such as particulate matter (due to
increasing heavy precipitation events). Air pollution concentrations are
the result of interactions among local weather patterns, atmospheric
circulation features, wind, topography, and other factors. It is
challenging to establish the scale (local, regional, global) and direction
of change (improvements or deterioration) of air quality**.

There is extensive literature documenting the adverse health impacts
of exposure to elevated concentrations of air pollutants. In 2000, there
were 800,000 deaths from respiratory problems, lung disease, and
cancer that were attributed to urban air pollution, with the largest
burden in low-income countries in the Western Pacific and South East
Asia'®. In addition, there were 1.6 million deaths attributed to indoor air
pollution caused by burning biomass fuels, such as wood and dung.

More is known about the potential impacts of climate change on
ground-level ozone than on other air pollutants. Acute exposure to
elevated concentrations of ozone is associated with increased hospital
admissions for pneumonia, chronic obstructive pulmonary disease,
asthma, allergic rhinitis and other respiratory diseases, and with
premature mortality'’. The total costs of asthma in Australia and the UK
(adjusted to 1991 US dollars for comparison purposes) are estimated at
US $457 million and US $1.79 billion respectively'®. For developing
nations and for those in poor communities, the health impacts of
asthma can be significantly higher.

Changes in concentrations of ground-level ozone driven by scenarios
of future emissions and /or weather patterns have been projected for
Europe and North America, with most projections suggesting increasing

concentrations.*® % Higher ozone concentrations will likely increase a
range of health problems and increase premature mortality in
susceptible individuals.?* Despite the heavier pollution burdens, no
studies have been conducted for cities in low- or middle-income
countries.

Anecdotal evidence supports an increasing frequency of forest fires
with warmer temperatures and drier regimes. Forest fires in Southeast
Asia and in the Amazon are generating significant quantities of
respiratory irritants, while harming wildlife and releasing large pulses of
carbon into the atmosphere.

Malnutrition

Climate change threatens human health through its effect on under-
nutrition and food insecurity. More than 800 million people are
undernourished, causing over 15% of the total global disease burden,
and over three billion people are micronutrient deficient®. The
prevalence of undernourishment has fallen over recent decades, with
reductions in Asia and Latin America partly offset by increases in Africa
and the Middle East. Almost 60% of the world’s undernourished people
live in South Asia, while the highest incidence of undernourishment is
in Sub-Saharan Africa, where more than one-third of the population is
underfed.

Food insecurity arises when people do not have physical and
economic access to sufficient safe, nutritious, and culturally acceptable
food to meet their dietary needs. The four dimensions of food security are
food availability (i.e. production and trade), stability of food supplies,
access to food, and food utilization; all could be affected by climate
change. An adequate intake of calories does not ensure that the need for
micronutrients has been met. Underweight due to wasting (i.e. low
weight-for-height, indicating acute weight loss) or stunting (i.e. low
height for age, indicating chronic restriction of a child’s nutrition),
micronutrient deficiencies, as well as overweight are forms of
malnutrition. Malnutrition, in addition to causing serious health
consequences, increases the risk of dying from an infectious disease.

Recent projections suggest that half of the world’s population could
face severe food shortages by the end of the century as rising
temperatures take their toll on farmers’ crops; a greater proportion of this
will be in Africa?®. Harvests of staple food crops such as rice and maize
could fall by between 20% and 40% as a result of higher temperatures
during the growing season in the tropics and sub-tropics. Although data
are limited, malnutrition associated with drought and flooding may be
one of the most important consequences of climate change due to the
large number of people that may be affected.!

Extreme Weather Events
Extreme weather events, including heat waves, floods, windstorms®,
and droughts, affect millions of people and cause billions of dollars of
damage annually. The impacts of an extreme event, including loss of life
and livelihood, infrastructure damage, population displacement, and
economic disruption, are determined by the physical characteristics of
the event, attributes of the location affected, and interactions of these
with human actions and social, economic, institutional, and other
systems. There is a growing scientific consensus that climate change
will further accelerate the frequency and intensity of extreme weather
events,? suggesting that the associated health impacts also are likely to
increase.

The adverse health consequences of flooding and windstorms often
are complex and far-reaching, and include the physical health effects
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experienced during the event or clean-up process, effects brought about
by damage to infrastructure related to water supply, sanitation and
drainage, and population displacement. The physical effects largely
manifest themselves within weeks or months following the event, and
may be direct (such as injuries) and indirect (such as loss or
contamination of potable water, food shortages and increased rates of
vector-borne and other diseases).”® Extreme weather events are also
associated with mental health effects, such as post-traumatic stress
disorder, resulting from the experience of the event or from the recovery
process. These psychological effects tend to be much longer lasting and
may be worse than the direct physical effects.?” More than 90% of the
disasters that occurred in 2007 were the result of extreme weather- or
climate-related events, together accounting for 95% of the reported
fatalities and 80% of the total US$ 82 billion economic losses. The
health impacts of extreme events in low- and middle-income countries
are substantially larger.

Heat waves affect human health via heat stress, heatstroke, and
death,® as well as exacerbating underlying conditions that can lead to
an increase in mortality from all causes of death.?® Older adults,
children, city-dwellers, the poor, and people taking certain medications
are at the highest risk during a heat wave. The numbers of heat-related
deaths are projected to increase with climate change.® Adaptive
responses, including behavioural, physiological, and technological
factors, may reduce the projected negative impacts. More than 35,000
excess deaths were attributed to the extended heat wave in Europe in
2003.*" In Greater London it was estimated that the 2003 heat wave

Climate-Sensitive
Health Outcome
Heat-related illnesses and deaths

Particularly Vulnerable Groups

Elderly, chronic medical conditions, infants
and children, pregnant women, urban and
rural poor, outdoor workers

Children, pre-existing heart or lung disease,
diabetes, athletes, outdoor workers

Poor, pregnant women, chronic medical
conditions, mobility and cognitive constraints
Immunocompromised, elderly, infants

Diseases and deaths related
to air quality
llinesses and deaths due to
extreme weather events
Water- and foodborne illness
Vectorborne illnesses

Lyme disease

Children, outdoor workers

Hantavirus Rural poor, occupational groups
Dengue Infants, elderly
Malaria Children, immunocompromised, pregnant

women, genetic

Source: Balbus and Malina (2009)

was associated with a 40% increase in mortality, compared to an excess
of 16% in 1995 and 15% in 1976.% Excess mortality in England and
Wales was 10% in 1976 compared to 16% in 2003.

Projections suggest that regions affected by moderate droughts are set
to double by the end of the century, with areas struck by extreme
droughts increasing from 1% today to 30% in 2100. The most striking

Heatwaves Extreme Weather Events Vectorborne Diseases Waterborne Diseases Air Quality
Decision Support Enhance early warning  Enhance early warmning Enhance early warning Develop early warning Enhance alert systems
Tools systems systems and emergency systems based on climate systems based on climate  for high air pollution

response plans and environmental data for and environmental data for ~ days
selected diseases conditions that may
increase selected diseases

Technology Improve building Develop vaccines for West Develop more rapid
Development design to reduce heat Nile virus and other diagnostic tests

loads during summer

vectorborne diseases

months Develop more rapid
diagnostic tests
Surveillance and Alter health data Alter health data collection Enhance vector surveillance Enhance surveillance and Enhance health data

Monitoring collection systems to  systems to monitor for and control programmes monitoring programmes for  collection systems to
monitor for increased  disease outbreaks during waterborne diseases monitor for health
morbidity and mortality and after an extreme event Monitor disease occurrence outcomes due to air
during a heatwave pollution

Infrastructure Improve urban design  Design infrastructure to Consider possible impacts of ~ Consider possible impacts  Improve public transit

Development to reduce urban heat  withstand projected infrastructure development, of placement of sources of  systems to reduce
islands by planting extreme events such as water storage tanks, ~ water- and foodborne traffic emissions
trees, increasing green on vectorborne diseases pathogens (e.g., cattle near
spaces, etc. drinking water sources)

Other Conduct research on  Conduct research on

effective approaches to  effective approaches to
encourage appropriate  encourage appropriate
behaviour during a behaviour during an
heatwave extreme event

Source: Balbus and Malina (2009)
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impact is expected in parts of southern Europe, North, West and
Southern Africa, western Eurasia, and the US. The loss of livelihoods
due to drought is a major trigger for population movements that may
cause additional adverse health burdens. The effects of drought on
health include malnutrition (protein-energy malnutrition and/or
micronutrient deficiencies), infectious and diarrheal diseases, and
respiratory diseases.* The loss of livelihoods due to drought is a major
trigger for population movements, which can cause additional disease
burdens. Droughts, especially in rural areas, have a tendency to
influence migration into cities, increasing urbanisation and stressing the
socio-economic conditions already exacerbated by high levels of city
population growth. It is estimated that 72% of the dwellers in African
cities live in slums that, having particularly poor drainage facilities, are
especially prone to flooding and ill health.

Overall, extreme weather events are having even more profound
impacts on public health than increasing temperature alone. Prolonged
droughts fuel fires, releasing respiratory pollutants, while floods can
create mosquito breeding sites, foster fungal growth, and flush
microbes, nutrients and chemicals into bays and estuaries, causing
waterborne disease outbreaks from organisms like E. coli and
cryptosporidium®.

Global assessments of the health impacts of climate change

The most comprehensive evaluation of the health burden due to climate
change used a comparative risk assessment approach to estimate total
health burdens from climate change in 2000 and 2030, and to project
how much of this burden might be avoided by stabilizing greenhouse
gas (GHG) emission®*. The health outcomes included (diarrhoea,
malaria, malnutrition, heat-related mortality, and injury from floods and
landslides) and were chosen based on sensitivity to climate variations,
likely future importance, and availability of quantitative global models
(or the feasibility of constructing them) for analysis. The projected
relative risks attributable to climate change in 2030 vary by health
outcome and region, and are largely negative, with the majority of the
projected health burden due to increases in diarrheal disease and
malnutrition, primarily in low-income populations already experiencing
a large burden of disease.

These results are consistent with a review that concluded that health
risks are likely to increase with increasing global mean surface
temperature, particularly in low latitude countries.®* Actual health
burdens depend on assumptions of population growth, future baseline
disease incidence, and the extent of adaptation.

The relative direction, magnitude, and certainty of climate change-
related health impacts, as summarized by the Human Health chapter of
the Intergovernmental Panel on Climate Change 4th Assessment Report,
are shown in Figure 1.

Particularly vulnerable populations and regions

Sub-populations that are most vulnerable to the health impacts of
climate change depend on the region, the health outcome, and
population characteristics, including human, institutional, social, and
economic capacity.® Individual vulnerability depends on genetic,
developmental, acquired, and socioeconomic factors. In general, the
most vulnerable include slum dwellers and homeless people in large
urban areas, particularly in low-income countries, those living in water-
stressed regions, settlements in coastal and low-lying areas, and
populations highly dependent on natural resources. Table 1 summarizes
vulnerable populations by health outcome. As shown during Hurricane

Katrina (2005) and the 2003 heat wave in Europe, developed countries
are not immune to these climate-related health risks and may not be
prepared to cope with the projected increase in the frequency and
intensity of extreme weather events.

Addressing existing health risks in adaptation policies

Individuals, communities, governments, and organisations currently
engage in a wide range of actions to avoid, prepare for, and effectively
respond to climate-sensitive health outcomes. Although these actions
have been largely successful, recent extreme events and outbreaks of
vectorborne diseases highlight areas for improvement. Further, climate
change is projected to challenge the ability of public health agencies and
organisations to control climate sensitive health determinants and
outcomes. Preventing additional morbidity and mortality requires
evaluation of current programmes and activities in light of climate
change projections to identify modifications that will increase resilience
to the full range of health risks that may arise with climate change, and
to ensure that these modifications reduce the sensitivity of those
populations and regions most at risk*. In most cases, the primary
response will be to enhance current health risk management activities.
In some cases, programmes will need to be implemented in new
regions; in others, climate change may reduce current infectious disease
burdens. Although there are uncertainties about future climate change,
failure to invest in adaptation may leave communities and nations poorly
prepared, and increase the probability of severe adverse
consequences®. Examples of adaptation measures are shown in Table
2. Adaptation policies and measures need to be integrated into
developmental processes that aim to achieve sustainable development.

Conclusions

Climate change is already causing injuries, disease, and death from a
range of climate-sensitive health outcomes. Health impacts are
projected to increase over the coming decades, particularly in lower-
income populations and regions that currently suffer from high burdens
of these health outcomes. The degree to which impacts will be
experienced will depend not only on the rate and degree of climate
change, but also on the effectiveness and timeliness of adaptation and
mitigation policies, strategies, and measures. However, even effective
and timely actions will not prevent all health impacts. ¢
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