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Abstract

Climate Change (CC) is one of the most significant global environmental challenges humanity has faced. The most
dominant causative factors due to human activity are emissions of greenhouse-gasses (GHG) from the combustion of
fossil fuels and deforestation of natural rain forests. Although CC has a global impact, developing countries in the
South East Asian Region (SEAR) would be more vulnerable to the effects as growth, development, poverty and health
of these countries will be severely affected. The key ill-effects include increasing global average temperatures, the rise
in sea levels, changes in eco-systems, and adverse impacts on human health. Rising sea levels threatens coastal cities;
changes to the monsoon rainfall and a significant reduction in agricultural output are among some of the climate risks
these countries will have to face. CC would compromise the essential prerequisites for good health; safe water, secure
shelter, and food security and aggravate health risk through emerging and re-emerging diseases and spread of
infectious diseases. Health-focused investments in climate actions remain weak and countries should focus on
implementing health systems, while targeting for universal health coverage. The growth rate for Asian economies has
risen over the past decade and this has led to steady emission increase. India and Indonesia are amongst the top ten
emitters while others remain small emitters. Efforts are needed to limit the temperature increase to minimize adverse
effects, which will require deep de-carbonization by both developed and developing countries, through an integrated
portfolio of mitigation and adaptive strategies, which will be abide by UNFCCC common but differentiated approach.
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imate change is the most significant globa . .

environmental challenge the human race has faced. It is ° (Sjllilxg[e c}llzn]fe 1S a lglof‘t;alttgreat, G
would be severely affected.

defined as a long-term shift in weather conditions
identified by changes i in temperature, precipitation, winds, P
and other indicators." Factors that cause CC can be
categorized as those related to natural processes and
others related to human activity.” The dominant
causative factors due to human endeavour are the ® CC would create new poverty traps and
emission of greenhouse gasses (GHGs) from the
combustion of fossil fuels and deforestation of natural
rain forests. The primary product of fossil fuel
combustlon is carbon dioxide (CO;), one of the harmful

Health impacts due to CC would be direct and

indirect and would be aggravated by interacting
with socioeconomic determinants of health.

exacerbate hunger, disease, and social
disruption and the long run growth and
development of these countries will be affected.

GHGs.>? Irrespective of the place of origin of the GHGs, ® The countries in SEAR should rethink their
they are absorbed into the atmospheric GHGs stock and growth strategies to maximize future growth
subsequently spread around the globe. Since the world's prospects and reduce their contribution to
Industrialized Revolution, the GHGs stock has continued global warming through appropriate investment
to rise, and breakdown, which is contingent of the type of in adaptation and mitigation strategies.

gas, may take from few decades to thousands of years.?

Thus, the GHGs absorb energy, slowing and preventing ® The health impacts can be controlled through
the loss of heat to space, making the earth warmer than it adopting proactive measures such as public
would otherwise be. This process is commonly known as health preparedness.

the greenhouse effect’ and has an enormous impact on
global CC.* Flgure 1 shows the increase in GHG

concentrations in the air over the last 2,000 years. Since carbon emissions would be around 30 Gigatons by
the industrialized revolution, the levels of these gasses 2100, Wthh could result in a temperature increase of
have risen markedly. 3.2t05.4°C.

Figure 2 from global carbon project,’ depicts observed Climate change will very likely cause env1ronmenta1
and future scenarios of global emissions for the period social and economic damage in the future.® The scale
1980 to 2100. If ‘business as usual’ means an ongoing of the damages is difficult to estimate as projections
and unchanged state of affairs with limited mitigation, models are still in their infancy and many countries do
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Figure 1: Green House Gas concentrations in the atmosphere over the last 2,000 years’
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Figure 2: Observed and future scenarios of global emissions and resulting temperature rise

not have the needed statistics for the projections.® There
is, also, considerable uncertainty about future land use
and population distribution. Moreover, the present
monetary value significantly relies on the ‘discount
rate’ (DR) that is used. When deciding a DR for
environmental issues, it is of importance that we
consider the future generations’ interest and take into
account the consequences of such decision. Although
CC is a global effect, the South and East Asia region
would be significantly and invariably impacted (Table

1). Most damages in the region would arise from sea
level rises, followed by extreme weather and disease.
Based on these assumptions, the undiscounted net
present value of unmitigated global damages due to CC
is estimated at 500 trillion dollars.>*

The developing countries must react now to implement
adaptation and mitigation strategies to prevent future
catastrophes. Developing countries may face challenges
on the way to implementing clean technology while

Table 1: Net present value of climate change damages 2000-21007

Discount Rate | 0% | 1% | 3% | 5% | 10%
Percentage by sector

Sea level rise 57.8 61.1 68.6 75.1 82.1
Agriculture 2.7 2.4 1.5 0.7 -0.6
Extreme weather 33.5 30.1 22.7 16.3 9.5
Health 5.2 5.6 6.7 7.6 8.7
Percentage by sector

*OECD-America 0.3 0.3 0.3 0.3 0.3
OECD-Europe 0.5 0.5 0.5 0.5 0.4
OECD-Pacific 0.1 0.1 0.1 0.1 0.1
EE and FSU* -0.1 -0.2 -0.2 -0.2 -0.2
Middle East 6.9 6.9 6.6 6.2 5.5
Central and South America 12.3 12.7 13.6 14.5 15.8
Developing Asia 48.4 48.1 47.9 48.5 50.6
Africa 31.7 31.7 31.3 30.2 27.5
Total in $bn. 1990 prices 519,500 248,800 74,400 31,800 10,100

*OECD - The Organization for Economic Co-operation and Development; **Eastern Europe and the Former Soviet

Union.
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achieving sustainable development.*”'® A successful
program to combat CC must reconcile two goals; reduce
GHG emissions and maintain the economic growth,
which is referred to as carbon productivity or in other
terms carbon efficiency. Some mitigation policies could
generate revenues (e.g. carbon-taxes, ETS) and thereby
provide better opportunities to stimulate growth through
the revenues raised.>”'°

The current review attempts to examine the impact of
CC on South and East Asian Region (SEAR) and the
current and projected health implications in this region.
This paper identifies some adaptation and mitigation
methods and thereby supports policymakers in decision-
making.

Materials and methods

A comprehensive literature review on climate change
and impact on health in the South East Asian Region
was undertaken using the databases Medline, Embase,
Biomed central, Science Direct, Web of Science, for
relevant articles. Also useful websites, reports were
looked up. The searches were conducted in December
2015. The search strategy for scientific literature
consisted of free text and MeSH terms related to the
following key words: ‘Climate change, global warming,
health impacts, adaptation, mitigation. The resulting hits
were filtered for the occurrence of the term “South
Asian countries”. Systematic, reports and other reviews
as well as research findings were considered. Literature
published in the last 20 years, excluding those not in a
peer reviewed journal, was included. The references of
retrieved articles were manually searched for further
material. The primary purpose of the search was to
come to a collective decision on the type of action that
needs to be taken to avoid catastrophic consequences
due to climate change and global warming in the SEAR.

Results and Discussion
The key findings of the review in relation to CC are as
follows:

Impact on development

The development of a country depends on three
important factors; Labour, capital and environmental
quality.'™'? The adverse effects of CC are expected to
have negative impacts on all three factors. In addition,
alleviation of poverty, malnutrition, and adverse health
effects would be expected to increase child mortality,
and affect an otherwise economically productive labor
force.'*'* The inefficient workforce would subsequently

Table 2: GDP and CO, emission by country in the SEAR'®

affect future output and thereby growth and
development of a country. Considering the baseline
CC scenario, the loss of GDP in SEAR alone by 2100
is put at 3.5%.° It is projected that CC driven GDP
loss would drive more people below the poverty
line.*"?

The developing countries argument is that reducing
emissions may hinder the economic development of
the respective countries and that the very poorest of
countries should not sacrifice growth to combat CC.
Developed countries emit around 4.3 tons of carbon
per person. The countries of European Union emit 2.2
tons per person, while the developing countries emit
1.1 tons per person.” The emissions per capita target
in 2100 is 0.3 tons per person, which is less than one-
third of what developing countries are emitting
today;” this emphasizes that all countries should make
efforts in dealing with this global threat while at the
same time achieving their economic development
goals. In the short run, considering that developing
countries are attempting to tackle CC, growth could
be hindered initially.” Over the long term, the
developing countries will be affected even more by
CC in all sectors, and it will adversely affect growth
and development of these countries (Table 1). There-
fore, all countries will need to take measures
immediately before the damages are irreversible, in
which case the price would be too high, especially
where human lives are involved. Developing
countries need to explore climate resilient growth
strategies keeping in mind policies that promote green
technologies and technical transfers, which ultimately
increase growth and development. Mitigation policies
such as carbon taxes (CT) and Emission-Trading-
System (ETS) would generate revenues, and provide
opportunities to stimulate growth through the income
raised.*'* The technological transfers and green funds
that were discussed at Paris (UN Climate Change
conference 30" Nov-12" Dec, 2015) would enable the
countries to enter into the development pathway
through international mitigation efforts and maximize
their future growth prospects. '

Health impact on SEAR countries

Based on World's Health Organization (WHO)
classification, the South East Asian Region consists of
11 Member Countries."’ Namely, Bangladesh,
Bhutan, Democratic People's Republic of Korea
(DPRK), India, Indonesia, Maldives, Myanmar,
Nepal, Sri Lanka, Thailand, and Timor-Leste. Table 2
shows gross domestic product (GDP), CO, emissions

Country GDP 2014 (US$) CO; emission in 2011 (metric Health expenditure
tons per capita) (% of GDP) 2013

Bangladesh 172.9 billion 0.4 3.7

Bhutan 1.959 billion 0.8 3.6

India 2.049 trillion 1.7 4.0

Indonesia 885.0 billion 2.3 3.1

Maldives 3.062 billion 2.9 10.8

Myanmar 64.33 billion 0.2 1.8

Nepal 19.77 billion 0.2 6.0

Sri Lanka 78.82 billion 0.7 3.2

Thailand 404.8 billion 4.5 4.6

Timor-Leste 1.417 billion 0.2 1.3

DPRK 12.38 billion 3.0 NA

South East Asia Journal of Public Health 2016;6(2):3-10
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and health expenditures as a percentage of GDP by
country in the SEAR.

Considering the temperature rises in this region, the
Intergovernmental-Panel-on-Climate-Change (IPCC)
projects the mean annual increase in temperature by the
end of the centurz to be 3.3°C with the min-max range of
2.7 and 4.7°C.” The vulnerability and exposure of
societies to climate-related hazards could vary in these
regions because of differences in socio-demographic,
economic, cultural, institutional and governance
indicators. Most of these countries have experienced
rapid and unplanned urbanization. The socio-economic
inequality is vast in the region and poverty is a major
factor in determining vulnerability to CC, which will act
as an aggravating and a predisposing factor for many
emerging and re-emerging diseases. The countries in the
SEAR rely heavily on agriculture for livelihoods, and this
sector accounts for around 43% of total employment and
contributes about 11% to GDP’ making the region highly
susceptible to an Y extreme weather event associated with
global warming.

Today, the world is experiencing CC in tandem with
other changes such as rapid urbanization, demographic-
transitions, land-use-change and depletion of freshwater
resources, Whlch are causative and magnifying factors of
CC.' Figure 3 depicts potential mechanisms by which
CC could influence health. Climate factors would have
direct, indirect ill-effects on health while at the same time
interacting with socio-economic factors, prompting the
emergence and re-emergence of infectious diseases.”*”!
Diseases linked to CC may vary from cardiovascular to
respiratory diseases due to altered transmission of
communlcable diseases and malnutrition from crop
failures.”® Due to projected changes in the hydro-cycle
especially in SEAR, dlarrhoeal disease-related morbidity
and mortality would rise.”> Many serious infectious and
mosquito-borne diseases such as dengue, malaria, and
viral encephalitis are also predicted to be more prevalent
as the temperature increases causing boost of potential
breeding sites, which subsequently increases the spread
of geographic range. Flooding due to extreme weather
events will raise the incidence of water-borne infections

caused by a variety of mlcroorganlsms, bio-toxins,
and toxic contaminants. Moreover, the
literature suggests that CC adversely affects mental
health indirectly by inflicting stressors due to
natural disasters on human settlements, adverse
effects on livelihood and illness.**** The increase in
acute and chronic mental health disorders would
increase the burden on health systems.”*® Some
severe mental illnesses could ultimately result in
suicide.”” Therefore, the developing countries of the
SEAR would evidently face high disease burden,
which needs to be accounted for while planning to
combat CC challenges.

Climate change has become a certainty, thus the
need for public health preparedness to anticipate,
manage, and alleV1ate the health burdens it will
impose, is vast”®* We must understand the
differential effects of CC on various groups and the
increased vulnerability of certain individuals,
regardless of the socioeconomic status. Mothers and
children, older people, certain occupational groups,
may have h1gher vulnerability to CC and should be
considered in public health preparedness plans.”®

DALY due to climate change

WHO defines the burden of disease (BOD) as the
total amount of disease or premature deaths within
the population.®® The widely used measure of BOD,
Disability-Adjusted-Life-Year (DALY), is the sum
of years-of-life-lost (YLL) due to premature death
and years of life lived with disability (YLD).* The
global burden attributable to CC was estimated by
the WHO up to the year 2000, and model-based
predictions were made of the health risks due to CC
until 2030.3'2? In this assessment, the average
climate from 1960 to 1991 was considered as the
baseline.*> Epidemiological models were used to
estimate elevated risk due CC on health outcomes
such as malaria, diarrhoeal disease, malnutrition,
flood deaths, direct effects of heat and cold.?**

WHO reports that CC is responsible for 3% of the
diarrhoeal, 3% of malaria and 3.8% of the dengue

MRl

Direct effects Indirect effects

Social dynamics

Climate change

Health impact
| Mental illness | | Undernutrition | | Allergies |
| Cardiovascular diseases | | Infectious diseases |
| Injuries I l Respiratory diseases I | Poisoning

= 1

Figure 3: Direct and indirect effects of climate change on health and wellbeing®
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fever-related deaths in the year 2004 worldwide. The
attributable mortality due to CC accounted for 0.2% of
the deaths worldwide** As shown in Table 3,
developing countries will have to bear the highest
burden of disease that would escalate due to impacts of
cc*?

Considering the projected health risks, it was estimated
that excess risk due to CC would double by 2030.%* The
relative risk (RR) of diarrhoea would increase from 1.01
-1.02 in 2000 to 1.08-1.09. The RR due to malnutrition
would increase from 1.04 to 1.33 by 2030 compared to
2004 levels. Similar patterns of increase in RR are
observed for flood-related diseases, cardiovascular
diseases and malaria if unmitigated.**

Mitigation and Adaptation

Climate change and adverse health effects can be
minimized or averted w1th evidence-based mitigation
and adaptation strategies.>®’ Strategies for mitigation
will protect the environment by reducing GHG
emissions and adaptation is henceforth expected to
reduce the adverse effects on the environment and
human health, which cannot be avoided by mitigation
alone. Mitigation mainly focuses on reducing GHG
emission and enhancing carbon sinks by protecting
existing carbon sinks like forests and oceans, or by
creating new sinks to trap and remove carbon from the
atmosphere.’®

Adaptation means the adverse effects of CC are
ant1c1pated and approprlate action is taken to prevent or
minimize the damages Adaptation is a shared
responsibility, and is multifaceted. Multi-sectoral
collaboration is needed to contribute in adaptation
methods against CC, which includes developing
infrastructure, improving all aspects of public health and
changes in productlon and consumption decisions to
reduce the risk of CC.> Mitigation and adaptation must
g0 hand in hand for successful emission reduction
efforts.” It is also important to note that CC together
with environmental impact should not be considered in
isolation from the general economic, social and
ecological systems and must be dealt through contextual
multi-disciplinary approach suitable for the context to
achieve sustainable development. The countries in the
SEAR collectlvely contributed around 12 % of the
world's GHG emissions in the year 2000.* This is a
significant increase (27%) of the 1990 GHG emission.
The land-use-chan ﬁe -and-forestry (LUCF) sector was
the biggest source, contributing 75% of the region's
total, while the energy industry and the agrlculture
sector contributed to 15% and 8%, respectively.”
Hence, these areas could be targeted for adaptation and
mitigation measures. Figure 4 shows potential health
effects of CC and possible mitigation and adaptation
measures that could be implemented.

Mitigation

As mitigation involves the process of reducing
human-induced GHG-emissions through strategies that
reduce GHG-emissions and enhance GHG-sinks, this
section of the review will describe the potential
mitigation techniques that could be implemented in the
SEAR.

Land use is the type of activity being carried out on a
unit of land, such as forestland, cropland and grassland.
Changes in the way land is used, i.e., Clearlng of forest
for agriculture, reduce the carbon smks > The primary
mitigation strategies should, therefore, target these
activities in the region. GHG emission reduction could
be achieved by preserving rain forests while
maximizing the use of available land for agriculture.
Better land and farm management also include
strategies to reduce non-CO, emissions, such as reverse
emissions from land use change and increase
sequestration of carbon in the agro-ecosystem.
Afforestation and reforestation, and improving forest
management are additionally avallable strategles to se-
quester carbon by enhancing carbon sinks.*’

One hundred and ninety-one countries ratified the
Kyoto Protocol (KP), a milestone achievement in the
international history of climate protection policy:
consisting of the objectives of the UNFCCC in 1997.
The KP introduced three flexible mltlgatlon market—
based approaches for Annex one countries.”*® These
were the Joint Implementation (JI) mechanism, Clean
Development Mechanism (CDM) and Emission trading
system (ETS). The JI and CDM are two project-based
mechanisms, whereas ETS is a non-project based and
involves trading of emission permits within and
between countries. From a developing country
perspective, CDM and ETS are necessary.

A carbon tax (CT) is tax mechanism that can be
employed for all emissions, Wthh causes people to cut
back on the use of carbon Therefore, the price
determines the level of emission. The ETS, on the other
hand, works by setting a cap on emissions and requirln%
emitters to hold a permit for each ton of CO- they emit.
The level of the cap determines the number of permits
available. Unlike the CT, in the ETS method, the cap
determines the level of emissions.” If emitters do not
already hold a permit, they must either cut back on their
emissions or buy a permit from another emitter who
must then cut back. From the SEAR countries’ point of
view, both these tools would enable countries to cut
down on carbon emission while at the same time
generate revenues, which would subsequently provide
opportunities to stimulate growth and encourage the use
of renewable energy since this would not be subject to
any carbon tax.

Table 5: Estimates of the impact of climate change in 2000 in thousands of DALYs*
Regions Malnutrition | Diarrhoea | Malaria | Floods Total Total DALYs/
million population

African 616 414 860 4 1894 3071.5
Eastern Mediterranean 313 291 112 52 768 1586.5

Latin American/Caribbean 0 17 3 72 92 188.5

South East Asian 1918 640 0 14 2572 1703.5
Western Pacific 0 89 43 37 169 111.4
Developed countries 0 0 0 8 8 8.9

World 2847 1460 1018 192 5517 920.3

South East Asia Journal of Public Health 2016;6(2):3-10
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The CDM projects help developing countries through
domestic emission-reducing projects that are entirely
supported, technically and financially, by the Annex I
countries.” In addition to this, CDM provides incentives
to developing countries to preserve the rainforests,
which are carbon sinks, through mechanisms such as
REDD (Reduced Emissions from Deforestation and
Degradation).” These projects can be used to generate
emission reduction units, which can be later used by the
countries to trade or to utilize as their reduction
commitments. Developing countries are invited to make
the most out of such opportunities.

Adaptation

The adaptation measures have to be multi-sectoral
involving global and local partners and stakeholders.
The developing countries need to develop adaptation
strategies to suit the context to support the development
of existing policies that ex_})loit "no regret" measures
and a "win- win" option."” The basis for estimating
adaptation costs is the economic opportunity cost of a
product or activity. Energy, transport, agriculture and
health-related adaptation methods are discussed below.
Significant adaptation policy measures lead to
increasing energy efficiency, a greater use of renewable
energy and infrastructure development.

Notably, the SEAR’s energy sector is a growing
contributor to emissions, another untapped potential for
mitigation.>*>° It is reported that in 2000, SEAR
countries contributed approximately 3% of global
energy-related CO2 emissions.” The emissions are
expected to rise significantly with rapid development
and population growth compared to the rest of the
world, in business as usual scenario. Switching to
renewable energy sources and use of cleaner black coal

South East Asia Journal of Public Health 2016;6(2):3-10
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Figure 4: Potential health effects of climate change and possible mitigation and adaptation measures**

instead of brown coal are strategies that would reduce
CO, emissions.” Additionally, efficient use of energy
should be targeted. The literature suggests that by
improvement and conservation in buildings and industry
sectors such as the use of efficient lighting and electrical
appliances, energy saving and better insulation, energy
can be preserved. Electricity subsidies are heavily
utilized in the countries of the region, and this has an
adverse impact on emissions leading to unnecessary
overuse and wastage of electricity.” Also, funding these
subsidies could otherwise be invested in the
economically productive activity or re-directed in the
form of income support measures to the very poor in
order to alleviate poverty.

According to the Asian Development Bank,’ transport
alone was responsible for 23% of global GHG
emissions and it is expected to escalate to 31% world-
wide by 2030. Policies that would enhance the use of
cleaner fuels/hybrid or electric transport and
infrastructure development to promote railway and pub-
lic transport should also be implemented.

The adaptation strategies for agriculture sector suitable
for SEAR are adjusting cropping calendar and crop
rotation; to develop and encourage the use of high-
yielding varieties and sustainable technological applica-
tions.>” Moreover, reduction of GHG emissions by
taxing nitrogen fertilizers and reforming agricultural
support policies to limit the use of nitrogen fertilizers
would be a helpful measure. Considering the health
sector, as noted earlier, most activities suggested are
preventive measures.”® These include improving
surveillance, monitoring, and dissemination of disease
as well as outbreak investigation. Improvements in the
healthcare system are warranted and staff must be well
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equipped and geared with appropriate skills and
technology to treat the emerging and re-emerging
diseases. It is also of importance to educate the public to
be vigilant and to raise awareness of infectious and
vector-borne diseases.’*'*#234374 Countries must
invest in infrastructure for proper waste disposal and
improve sanitation facilities as it may mitigate the
spread of most infectious diseases as well as reduce air
and water pollution. Implementing and monitoring
vaccine programs for vaccine-preventable diseases is
another key suggestion.”* It should be emphasized that
much damage could be instigated by extreme weather
events such as floods and heat waves. Therefore,
countries must be equipped with flood and drought
management and associated disaster preparedness
system. Continuous monitoring and analysis of the main
climatic elements are undoubtedly necessary while it is
also important to improve weather forecasting systems,
as this would assist in preparedness.>

Conclusion

Climate change is a global threat, and the SEAR would
be severely affected. Health impacts due to CC would
be direct and indirect and would be aggravated by
interacting with socioeconomic determinants of health.
CC would create new poverty traps and exacerbate
hunger, disease, and social disruption and the long run
growth and development of these countries will be
affected. Therefore, developing countries need to plan
new growth and development strategies while at the
same time reduce their contribution to global warming
through appropriate investment in adaptation and
mitigation strategies. Understanding the threats that CC
poses on health is also wvital for public health
preparedness,”® and would help in strategizing plans to
tackle the ongoing and emergent threats. Public health
issues in relation to environmental and social issues
should be prioritized, integrating climate and
meteorological observations to real-time public health
issues such as emerging and re-emerging diseases and
long- term climate models to estimate human exposure
risks and burden of disease.
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