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Abstract South Asia, is home to over one fifth of the world’s population and
is known to be the most disaster prone region in the world. The high rates of
population growth, and natural resource degradation, with continuing high rates
of poverty and food insecurity make South Asia one of the most vulnerable regions
to the impacts of climate change. In general, past and present climate trends and
variability in South Asia can be characterized by increasing air temperatures
and there is an increasing trend in the intensity and frequency of extreme events
in South Asia over the last century. Temperature projections for South Asia for
the twenty-first century suggest a significant acceleration of warming over that
observed in the twentieth century. Recent modelling experiments indicate that
the warming would be significant in Himalayan Highlands including the Tibetan
Plateau and arid regions of Asia. An increase in occurrence of extreme weather
events including heat wave and intense precipitation events is projected in South
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Asia, along with an increase in the interannual variability of daily precipitation in
the Asian summer monsoon. The projected impacts of climate change in South
Asia will vary across sectors, locations and populations. Temperature rise will
negatively impact crop yields in tropical parts of South Asia where these crops are
already being grown close to their temperature tolerance threshold. While direct
impacts are associated with rise in temperatures, indirect impacts due to water
availability and changing soil moisture status and pest and disease incidence are
likely to be felt. The most significant impacts are likely to be borne by small-holder
rainfed farmers who constitute the majority of farmers in this region and possess
low financial and technical capacity to adapt to climate variability and change. The
projected impacts of climate change in different parts of South Asia are described.
The coping capacity of the rural poor, especially in the marginal areas, is low and
there is a need to mainstream the good practices for adaptation to climate change
into sustainable development planning in the region. Improved understanding of
the climate change impacts, vulnerability and the adaptation practices to cope with
climate change could help this process.

Keywords Indian sub-continent ¢ Mangroves ¢ El-Nifio « ENSO ¢ Rainfall
variability « Productivity « Fisheries ¢ Sea level rise

Abbreviations

ENSO El Nifio Southern Oscillation

FAR Fourth Assessment Report

GDP Gross Domestic Product

GHG  Greenhouse gas

GLOF Glacial Lake Outburst Flood

HDR  Human Development Report

NAO  North Atlantic Oscillation

UNEP United Nations Environment Program
WMO  World Meteorological Organization

2.1 Introduction

South Asia, comprising of eight countries i.e., Afghanistan, Bangladesh, Bhutan,
India, the Maldives, Nepal, Pakistan and Sri Lanka, is home to over one fifth of the
world’s population (Table 2.1) and is the most densely populated geographical region
in the world. South Asia is known to be the most disaster prone region in the world
(UNEP, United Nations Environment Programme 2003). Although agricultural sector
in South Asia is continuing to grow, it is declining in relative importance, both in terms
of its contribution to GDP (Table 2.1) and its share of the labour force. Urbanization
is increasing, and farm households are diversifying their sources of income beyond
agriculture. This relative decline of agriculture is inevitable in countries that experience
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Table 2.1 Statistics of various South Asian countries for 2008

Population  Arable land ~ GDP growth  Agric. contribution

Country Area (km?)  (millions) (%) rate (%) to GDP (%)
Afghanistan 652,230 28.40 12.13 34 31.0
Bangladesh 143,998 156.05 55.39 4.9 19.1
Bhutan 38,394 0.69 2.3 21.4 22.3
India 3,287,263 1,166.08 48.83 7.4 17.6
The Maldives 298 0.40 13.33 5.7 7.0
Nepal 147,181 28.57 16.07 4.7 32.5
Pakistan 796,095 176.24 24.44 2.7 20.4
Sri Lanka 65,610 21.32 13.96 6.0 13.4

economic growth, which has been widespread in the region. Nevertheless, a significant
percentage of the economically active population is still involved in agriculture in
South Asia, and agricultural employment is especially important for the livelihoods of
the poor. South Asia is also home to a majority of the world’s poor. According to FAO
(2009), 1.02 billion people are undernourished worldwide in 2009. About 456 million
people in South Asia are estimated to be undernourished.

In the recent past, climate change emerged as the single most pressing issue facing
society on a global basis, with serious implications for the food security of billions
of people in the developing countries. The inter-annual, monthly and daily distribution
of climate variables (e.g., temperature, radiation, precipitation, water vapor pressure
in the air and wind speed) affects a number of physical, chemical and biological
processes that drive the productivity of agricultural, forestry and fisheries systems
(Easterling et al. 2007). The high rates of population growth, and natural resource
degradation, with continuing high rates of poverty and food insecurity make South
Asia one of the most vulnerable regions to the impact of climate change. Land use,
land degradation, urbanization and pollution, affect the ecosystems in this region
directly and indirectly through their effects on climate. These drivers can operate
either independently or in association with one another (Lepers et al. 2005).
Complex feedbacks and interactions occur on all scales from local to global.
Cassman et al. (2003) emphasize that climate change will add to the dual challenge
of meeting food (cereal) demand while at the same time protecting natural resources
and improving environmental quality in these regions. In the long run, climate
change impacts, such as changes in temperature, shifts in growing seasons, storms,
floods, droughts, and changed rainfall patterns, risk the livelihood of drylands popula-
tions. Therefore, adaptation to the adverse effects of climate change through sustainable
land management is a crucial, though simultaneously challenging, task.

2.2 Climate Change

The climate system is a complex, interactive system consisting of the atmosphere,
land surface, snow and ice, oceans and other bodies of water, and living things. The
Intergovernmental Panel on Climate Change (IPCC) was established in 1988,
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by the World Meteorological Organization (WMO) and the United Nations
Environment Program (UNEP), to assess scientific information on climate change,
as well as its environmental and socioeconomic impacts, and to formulate response
strategies. Climate change is defined by the IPCC as any change in climate over
time, whether due to natural variability or as a result of human activity (IPCC
2007). Evidence from observations of the climate system has led to the conclusion
that human activities are contributing to a warming of the earth’s atmosphere.
Human activities — primarily burning of fossil fuels and changes in land cover — are
modifying the concentration of atmospheric constituents or properties of the Earth’s
surface that absorb or scatter radiant energy. In particular, increases in the concen-
trations of greenhouse gases (GHGs) and aerosols are strongly implicated as con-
tributors to climatic changes observed during the twentieth century and are expected
to contribute to further changes in climate in the twenty-first century and beyond.
In the 1950s, the greenhouse gases of concern remained CO, and H,0O, the same
two identified by Tyndall (1861) a century earlier. It was not until the 1970s that
other greenhouse gases — CH,, N,O and CFCs — were widely recognized as impor-
tant anthropogenic greenhouse gases (Ramanathan 1975; Wang et al. 1976; IPCC
2007). By the 1970s, the importance of aerosol-cloud effects in reflecting sunlight
was known (Twomey 1977), and atmospheric aerosols (suspended small particles)
were being proposed as climate-forcing constituents. The amount of carbon dioxide
in the atmosphere has increased by about 35% in the industrial era, and this increase
is known to be due to human activities, primarily the combustion of fossil fuels and
removal of forests. These changes in atmospheric composition are likely to alter
temperatures, precipitation patterns, sea level, extreme events, and other aspects of
climate on which the natural environment and human systems depend.

As climate science and the Earth’s climate have continued to evolve over recent
decades, increasing evidence of anthropogenic influences on climate change has
been found. Correspondingly, the IPCC has made increasingly more definitive
statements about human impacts on climate. [PCC released its Fourth Assessment
Report (FAR) in 2007 that focused on observed climate change and the potential
impacts of future climate change. The sections below on observed and future climate
change borrow heavily from the information provided in FAR.

2.2.1 Observed Climate Change

At the time of the Third Assessment Report of IPCC, scientists could say that the
abundances of all the well-mixed greenhouse gases during the 1990s were greater
than at any time during the last half-million years (Petit et al. 1999), and this
record now extends back nearly 1 million years (IPCC 2007). In 2005, the
concentration of carbon dioxide exceeded the natural range that has existed over
650,000 years. Evidence from observations of the climate system show an
increase of 0.74 + 0.18°C in global average surface temperature during the 100 year
period from 1906 to 2005 and an even greater warming trend over the 50 year
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period from 1956 to 2005 than over the entire 100 year period i.e., 0.13°C =
0.03°C vs. 0.07°C = 0.02°C per decade (IPCC 2007). Eleven of the 12 year
period between 1995 and 2006 are among the 12 warmest years since the instru-
mental record of global surface temperature was started in 1850 (IPCC 2007).
Land regions have warmed at a faster rate than the oceans. Warming has occurred
in both land and ocean domains, and in both sea surface temperature (SST) and
nighttime marine air temperature over the oceans. However, for the globe as a
whole, surface air temperatures over land have risen at about double the ocean
rate after 1979 (more than 0.27°C per decade vs 0.13°C per decade).

The following information on the observed climate change in South Asia was
summarized from the report of the Working Group II chapter on Asia (Chapter 10 —
Cruz et al. 2007) of IPCC. In general, past and present climate trends and variability
in Asia can be characterized by increasing air temperatures which are more pro-
nounced during winter than in summer. During recent decades, the observed
increases in some parts of Asia have ranged between less than 1-3°C per century.
Across all of Asia, interseasonal, interannual and spatial variability in rainfall trend
has been observed during the past few decades. Decreasing trends in annual mean
rainfall have been observed in the coastal belts and arid plains of Pakistan and parts
of North-East India with increasing trends in Bangladesh. Table 2.2 provides a
detailed list on observed characteristics in surface air temperature and rainfall for
some of the countries in South Asia.

As for extreme climatic events, there has been new evidence on recent trends,
particularly on the increasing tendency in the intensity and frequency of these
events in South Asia over the last century. There have been significantly longer

Table 2.2 Summary of key observed past and present climate trends and variability in some
countries in South Asia (Cruz et al. 2007)

Country Change in temperature Change in precipitation
Bangladesh Increasing trend of about 1°C in Decadal rain anomalies above long
May and 0.5°C in November term averages since 1960s
from 1985 to 1998
India 0.68°C increase per century with Increase in extreme rains in north-
increasing trends in annual west during summer monsoon in
mean temperature and warming recent decades and lower number
more pronounced during post of rainy days along east coast
monsoon and winter
Nepal 0.09°C increase per year in No distinct long-term trends in
Himalayas and 0.04°C in Terai precipitation records for
region with more in winter 1948-1994
Pakistan 0.6-1.0°C increase in mean 10-15% decrease in coastal belt and
temperature in coastal areas hyper arid plains and increase in
since early 1900s summer and winter precipitation
over the last 40 years in northern
Pakistan
Sri Lanka 0.016°C increase per year between An increase trend in February and

1961 to 90 over entire country
and 2°C increase per year in
central highlands

decrease trend in June
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heat waves in many countries of South Asia with several cases of severe heat
waves. The AR4 report noted that, in general, the frequency of more intense rainfall
events in many parts of Asia has increased, causing severe floods, landslides, and
debris/mud flows. It is interesting that at the same time, the number of rainy days
and total annual amount of precipitation has decreased. Therefore, the total
amount rainfall has decreased but the rain has been concentrated in few days.
Analysis of rainfall data for India highlights the increase in the frequency of severe
rainstorms over the last 50 years. The number of storms with more than 100 mm
rainfall in a day is reported to have increased by 10% per decade (UNEP, United
Nations Environment Programme 2007).

An example of this can be demonstrated by the extreme rainfall event which
occurred in Mumbai, India on 26 and 27 July 2005. In a matter of 18 h, 944 mm of
rain was recorded which was the highest rainfall ever recorded in the last 100 years
in India. Mumbai and adjacent areas of Maharashtra experienced one of their worst
floods in history (Government of Maharashtra 2005).

In many parts of South Asia, there have been an increasing frequency and inten-
sity of droughts. The linear trends of rainfall decreases for 1900-2005 were 7.5% in
South Asia (significant at <1%). Droughts have become more common, especially
in the tropics and subtropics, since the 1970s (IPCC 2007). Observed marked
increases in drought in the past three decades arise from more intense and longer
droughts over wider areas, as a critical threshold for delineating drought is exceeded
over increasingly widespread areas. Decreased land precipitation and increased
temperatures that enhance evapotranspiration and drying are important factors that
have contributed to more regions experiencing droughts, as measured by the Palmer
Drought Severity Index. Also, there has been a noted decrease in the number of
cyclones originating from the Bay of Bengal and Arabian Sea since 1970 but the
intensity of these storms has increased and the damage caused by intense cyclones
has risen significantly in India and the Tibetan Plateau. Table 2.3 details a summary
of observed changes in extreme events and severe climate anomalies in South Asia.

During the twentieth century, the changes in temperature and precipitation
described above caused important changes in hydrology over large regions. One
change was a decline in spring snow cover. Less snow generally translates to lower
reservoir levels. The earlier onset of spring snowmelt exacerbates this problem.
Snowmelt started 2-3 weeks earlier in 2000 than it did in 1948 (Stewart et al.
2004). Particularly worrisome is the reduction in the mass balance of the glaciers
and this has serious implications for the availability of water for over 500 million
people in South Asia.

Another manifestation of changes in the climate system is a warming in the
world’s oceans. The global ocean temperature rose by 0.10°C from the surface to
700 m depth from 1961 to 2003 (IPCC 2007). Warming causes seawater to expand
and thus contributes to sea level rise. This factor, referred to as thermal expansion,
has contributed 1.6 + 0.5 mm per year to global average sea level over the last
decade (1993-2003). Other factors contributing to sea level rise over the last decade
include a decline in mountain glaciers and ice caps (0.77 + 0.22 mm per year)
(IPCC 2007). In the coastal areas of Asia, the current rate of sea-level rise is
reported to be between 1 and 3 mm/year which is slightly greater than the global
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Table 2.3 Summary of observed changes in extreme events and severe climate anomalies in
South Asia (Cruz et al. 2007)

Climatic event Observed change

Heat waves Frequency of hot days and multiple-day heat wave has increased in
past century in India with an increase in deaths due to heat stress
in recent years.

Intense rains Serious and recurrent floods in Bangladesh, Nepal and north-east

and floods states of India during 2002, 2003 and 2004; floods in Surat,
Barmer and in Srinagar of India during summer monsoon season
of 2006; 17 May 2003 floods in southern province of Sri Lanka
were triggered by 730 mm rain.

Droughts 50% of droughts associated with El Nifio; consecutive droughts
in 1999 and 2000 in Pakistan and Northwest India led to sharp
decline in water tables; consecutive droughts between 2000 and
2002 caused crop failures, mass starvation and affected ~11 million
people in Orissa, India; droughts in Northeast India during summer
monsoon of 2006.

Cyclones/typhoons Frequency of monsoon depressions and cyclones formation in Bay of
Bengal and Arabian Sea on the decline since 1970 but intensity is
increasing causing severe floods in terms of damages to life and

property.

average. The rate of sea-level rise of 3.1 mm/year has been observed over the past
decade compared to 1.7-2.4 mm/year over the twentieth century which suggests
that the rate of sea level rise has accelerated relative to the long-term average.

Chapter 10 of the IPCC Working Group II report also summarized the impacts
of observed changes in climate. For agriculture, the report noted that the production
of rice, maize and wheat over recent decades has declined in many parts of Asia
due to increasing water stress partly due to increasing temperature, increasing
frequency of El Nifio’s and a lower number of rainy days. The chapter summarizes
a study by the International Rice Research Institute which observed a 10% decrease
in rice yield for every 1°C increase in growing-season minimum temperature (Peng
et al. 2004). For water resources, there is concern about melting glaciers, since they
account for over 10% of freshwater supplies the drier parts of Asia. There have
been observations of Asian glaciers melting faster than in the past, especially in
Central Asia, Western Mongolia and North-West China. However, studies in northern
Pakistan indicate that glaciers in the Indus Valley region may be expanding, due to
increases in winter precipitation over western Himalayas during the past 40 years.
In India, Pakistan, Nepal and Bangladesh, water shortages have been attributed to
rapid urban growth, industrialization, population growth and inefficient water use,
which are exacerbated by a changing climate and its negative impacts on water
demand, supply and quality.

The coastlines of South Asia are highly prone to cyclones and the combination
of extreme climatic and non climatic events have caused coastal flooding,
resulting in substantial economic losses and fatalities. In the major river deltas of
the region, wetlands have been significantly altered in recent years due to large
scale sedimentation, land-use conversion, logging and human settlement. Also,
salt water is reported to have penetrated 100 km or more inland along tributary
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channels of the Bay of Bengal during the dry season. Along the South Asian
coastlines, a large portion of the mangroves, which help prevent salt-water intru-
sion have been reportedly lost during the last 50 years largely due to human
activities.

In the coastal areas of Asia, the current rate of sea-level rise is reported to be
between 1 and 3 mm/year which is slightly greater than the global average. The rate
of sea-level rise of 3.1 mm/year has been observed over the past decade compared
to 1.7-2.4 mm/year over the twentieth century which suggests that the rate of sea
level rise has accelerated relative to the long-term average.

2.2.2 Future Climate Change

Looking ahead, IPCC (2007) projects increases in global mean surface air tempera-
ture (SAT) continuing over the twenty-first century, driven mainly by increases in
anthropogenic greenhouse gas concentrations, with the warming proportional to the
associated radiative forcing. An expert assessment based on the combination of
available constraints from observations and the strength of known feedbacks simu-
lated in the models used to produce the climate change projections indicates that
the equilibrium global mean SAT warming for a doubling of atmospheric CO,, or
‘equilibrium climate sensitivity’, is likely to lie in the range 2—4.5°C, with a most
likely value of about 3°C (IPCC 2007). Warming in the twenty-first century is
expected to be greatest over land and at the highest northern latitudes. It is very
likely that heat waves will be more intense, more frequent and longer lasting in a
future warmer climate.

Increasingly reliable regional climate change projections are now available due
to advances in modeling and understanding of the physical processes of the climate
system. IPCC (2007) projections show that drier subtropical regions are warming
more than the moister tropics. Warming is likely to be above the global mean in
South Asia. The temperature projections for South Asia for the twenty-first century
suggest a significant acceleration of warming over that observed in the twentieth
century. The increase in temperature is least rapid, similar to the global mean
warming, in South-East Asia, larger over South Asia and East Asia and greatest in
the continental Asia (Central, West and North Asia). Also, in general, the projected
warming over Asia is higher during northern hemisphere winter than during summer
for all time periods. Recent modelling experiments indicate that the warming would
be significant in Himalayan Highlands including the Tibetan Plateau and arid
regions of Asia.

Mean winter precipitation will very likely increase in northern Asia and the
Tibetan Plateau and likely increase in West, Central, South-East and East Asia.
Summer precipitation will likely increase in North, South, South-East and East
Asia but decrease in West and Central Asia. Droughts associated with summer
drying could result in regional vegetation die-offs (Breshears et al. 2005) and
contribute to an increase in the percentage of land area experiencing drought at any
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one time, for example, extreme drought increasing from 1% of present-day land
area to 30% by the end of the century (Burke et al. 2006).

Climate extremes encompass both extreme weather, with durations of minutes
to days (the synoptic timescale), and extreme climate events with durations of
months, in the case of periods of wet/stormy weather, or years, in the case of
drought (McGregor et al. 2005). In all cases, the frequency of extreme events may
be affected by seasonal to inter-annual fluctuations of large scale climate variations
such as El Nifio/Southern Oscillation (ENSO) and the North Atlantic Oscillation
(NAO) (Schwierz et al. 2006).

The frequency of occurrence of climate extremes is expected to change during
the next century, with increases in the frequency of heat waves and heavy precipita-
tion events, and decreases in the frequency of frost days, as a consequence of
anthropogenically-forced climate change (Easterling et al. 2000). An increase in
occurrence of extreme weather events including heat wave and intense precipitation
events is projected in South Asia (Lal 2003) along with an increase in the interan-
nual variability of daily precipitation in the Asian summer monsoon (Lal et al. 2000;
May 2004; Giorgi and Bi 2005). For tropical cyclones, there is a projected increase
of 10-20% in the intensity of storms with an increase in sea-surface temperature of
2-4°C relative to the current temperatures in East Asia, South-East Asia and South
Asia. An increase in heights of storm-surges could result from the occurrence of
stronger winds, increases in sea-surface temperatures and low pressures associated
with tropical cyclones resulting in an enhanced risk of coastal disasters along the
coastal regions of the countries of East, South and South-East Asia.

Annual average river runoff and water availability are projected to decrease by
10-30% over some dry regions at mid-latitudes and in the dry tropics. The areas
suitable for rainfed agriculture are expected to significantly decrease affecting
adversely land productivity potential of the continent (Fischer et al. 2002).

2.3 Climate Change Impacts in South Asia

Projections indicate that climate variations in South Asia will be varied and
heterogeneous, with some regions experiencing more intense precipitation and
increased flood risks, while others encounter sparser rainfall and prolonged droughts.
The impacts will vary across sectors, locations and populations. Temperature rise
will negatively impact rice and wheat yields in tropical parts of South Asia where
these crops are already being grown close to their temperature tolerance thresh-
old. While direct impacts are associated with rise in temperatures, indirect
impacts due to water availability and changing soil moisture status and pest and
disease incidence are likely to be felt. The most significant impacts are likely to
be borne by small-holder rainfed farmers who constitute the majority of farmers
in this region and possess low financial and technical capacity to adapt to climate
variability and change.

Following is a short summary of the expected impacts across this diverse region.
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2.3.1 Impacts of Enhanced Temperatures

While plant response to elevated CO, is positive, recent studies confirm that the
effects of elevated CO, on plant growth and yield will depend on photosynthetic
pathway, species, growth stage and management regime, such as water and nitrogen
(N) applications (Jablonski et al. 2002; Ainsworth and Long 2005). Increased
temperatures may also reduce CO, effects indirectly, by increasing water demand.
Rain-fed wheat grown at 450 ppm CO, demonstrated yield increases with tempera-
ture increases of up to 0.8°C, but declines with temperature increases beyond
1.5°C; additional irrigation was needed to counterbalance these negative effects
(Xiao et al. 2005).

Temperature rise will negatively impact rice and wheat yields in tropical parts of
South Asia where these crops are already being grown close to their temperature
tolerance threshold (Kelkar and Bhadwal 2007). Kumar and Parikh (2001) show
that even after accounting for farm level adaptation, a 2°C rise in mean temperature
and a 7% increase in mean precipitation will reduce net revenues by 8.4% in India.
Wheat yields are predicted to decline by 6-9% in sub-humid, semiarid, and arid
areas with 1°C increase in temperature (Sultana and Ali 2006), while even a 0.3°C
decadal rise could have a severe impact on important cash crops like cotton, mango,
and sugarcane (MoE 2003). In Srilanka, half a degree temperature rise is predicted
to reduce rice output by 6%, and increased dryness will adversely affect yields of
key products like tea, rubber, and coconut (MENR, Ministry of Environment and
Natural Resources 2000). In the hot climate of Pakistan, cereal crops are already at
the margin of stress. An increase of 2.5°C in average temperature would translate
into much higher ambient temperatures in the wheat planting and growing stages.
Higher temperatures are likely to result in decline in yields, mainly due to the short-
ening of the crop life cycle especially the grain filling period. The National
Communication (MoE 2003) highlighted that crops like wheat, cotton, mango, and
sugarcane would be more sensitive to increase in temperatures compared to rice.

Drylands and mountain regions are likely to be more vulnerable than others
(Gitay et al. 2001) and ecosystem degradation is largest in these regions (Hassan
et al. 2005). Climate change is likely to cause additional inequities, as its impacts
are unevenly distributed over space and time and disproportionately affect the poor
(Tol 2001; Stern 2007).

2.3.2 Impacts of Precipitation Variability and Water Resources

Current vulnerabilities to climate are strongly correlated with climate variability, in
particular precipitation variability. These vulnerabilities are largest in the semi-arid
and arid low-income countries with large tracts of drylands, where precipitation and
stream flow are concentrated over a few months, and where year-to-year varia-
tions are high (Lenton 2004). In such regions a lack of deep groundwater wells or



2 Climate Change in South Asia 23

reservoirs (i.e., storage) leads to a high level of vulnerability to climate variability, and
to the climate changes that are likely to further increase climate variability in future.

Water resources are inextricably linked with climate, so the prospect of global
climate change has serious implications for water resources and regional develop-
ment (Riebsame et al. 1995). Tendencies of increase in intense rainfall with the
potential for heavy rainfall events spread over few days are likely to impact water
recharge rates and soil moisture conditions. A warmer climate, with its increased
climate variability, will increase the risk of both floods and droughts (Wetherald
and Manabe 2002).

South Asia is endowed with great rivers, which are the lifelines of the regional
economy. The ice mass covering the Himalayan-Hindu Kush mountain range is
the source of the nine largest rivers of Asia, including the Ganges, Brahmaputra,
and Indus. These rivers provide water to more than half of the world’s population.
Many people in Asia are dependent on glacial melt water during dry season.
Accelerated glacial melt questions the very perennial nature of many of the
Himalayan flowing rivers. This is likely to have huge implications on those depen-
dent on the resource affecting water availability for agricultural purposes (Kelkar
and Bhadwal 2007). In Nepal and Bhutan, melting glaciers are filling glacial lakes
beyond their capacities contributing to Galcial Lake Outburst Floods (GLOFs)
(UNEP, United Nations Environment Programme 2007). Of 2,323 glacial lakes in
Nepal, 20 have been found to be potentially dangerous with respect to GLOFs.
The most significant such event occurred in 1985, when a glacial lake outburst
flood caused a 10—15 m high surge of water and debris to flood down the Bhote
Koshi and Dudh Koshi rivers for 90 km, destroying the Namche Small Hydro
Project (Raut 2000).

Semi-arid and arid areas are particularly exposed to the impacts of climate
change on freshwater. In semi-arid areas, climate change may extend the dry
season of no or very low flows, which particularly affects water users unable to rely
on reservoirs or deep groundwater wells (Giertz et al. 2006). Kundzewicz et al.
(2007) explain that many of these areas will suffer a decrease in water resources
due to climate change. The population of Maldives mainly depends on ground-
water and rainwater as a source of freshwater. Both of these sources of water
are vulnerable to changes in the climate and sea level rise. With the islands of
the Maldives being low-lying, the rise in sea levels is likely to force saltwater
into the freshwater lens. The groundwater is recharged through rainfall. Although
the amount of rainfall is predicted to increase under an enhanced climatic regime,
the spatial and temporal distribution in rainfall pattern is not clear (Ministry of
Environment and Construction 2005).

Agricultural irrigation demand in arid and semi-arid regions of Asia is esti-
mated to increase by at least 10% for an increase in temperature of 1°C (Fischer
et al. 2002; Liu 2002). Efforts to offset declining surface water availability due to
increasing precipitation variability will be hampered by the fact that groundwater
recharge will decrease considerably in some already water-stressed regions,
where vulnerability is often exacerbated by the rapid increase in population and
water demand.



24 M.V.K. Sivakumar and R. Stefanski

The greatest impact will continue to be felt by the poor, who have the most
limited access to water resources. Rapid depletion of water resource is already a
cause for concern in many countries in South Asia. About 2.5 billion people will
be affected with water stress and scarcity by the year 2050 in South Asia (HDR
2006). In the drylands, farmers and pastoralists also have to contend with other
extreme natural resource challenges and constraints such as poor soil fertility, pests,
crop diseases, and a lack of access to inputs and improved seeds. These challenges
are usually aggravated by periods of prolonged droughts and/or floods and are often
particularly severe during El Nino events (Vogel 2005; Stige et al. 2006). The
impact of changes in precipitation and enhanced evaporation could have profound
effects in some lakes and reservoirs.

2.3.3 Impacts of Increased Frequency of Extreme Events
and Natural Disasters

South Asia suffers an exceptionally high number of natural disasters. Between 1990
and 2008, more than 750 million people — 50% of the region’s population — were
affected by a natural disaster, leaving almost 60,000 dead and resulting in about
$45 billion in damages.

Several studies showed that generally, the frequency of occurrence of more
intense rainfall events in many parts of South Asia has increased, causing severe
floods, landslides, and debris and mud flows, while the number of rainy days and
total annual amount of precipitation has decreased (Mirza 2002; Lal 2003).
Increasing frequency and intensity of droughts in many parts of South Asia are
attributed largely to a rise in temperature, particularly during the summer and
normally drier months, and during ENSO events (Lal 2003). An increase in the
frequency of droughts and extreme rainfall events could result in a decline in tea
yield, which would be the greatest in regions below 600 m (Wijeratne 1996). With
the tea industry in Sri Lanka being a major source of foreign exchange and a
significant source of income for laborers the impacts are likely to be grave. On an
average during the period 1962-1988, Bangladesh lost about 0.5 million tonnes of
rice annually as a result of floods that accounts for nearly 30% of the country’s
average annual food grain imports (Paul and Rashid 1993).

Short-term natural extremes, such as storms and floods, interannual and decadal
climate variations, as well as large-scale circulation changes, such as the El Nifio
Southern Oscillation (ENSO), all have important effects on crop, pasture and forest
production (Tubiello 2005). Increased climate extremes may promote plant disease
and pest outbreaks (Gan 2004).

There is growing evidence that the frequency and extent of drought has increased
as a result of global warming. A global analysis has shown that abrupt changes in
rainfall are more likely to occur in the arid and semi-arid regions, and that this
susceptibility is possibly linked to strong positive feedbacks between vegetation
and climate interactions (Narisma et al. 2007). The socio-economic impacts of
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droughts may arise from the interaction between natural conditions and human
factors, such as changes in land use and land cover, water demand and use.
Excessive water withdrawals can exacerbate the impact of drought. Changes in the
frequencies of extreme events will have an impact on land degradation processes
such as floods and mass movements, soil erosion by both water and wind, and on
soil salinization.

2.3.4 [Impacts on Crop, Pasture and Forest Productivity

Agriculture is the mainstay of several economies in South Asia. It is also the largest
source of employment. The sector continues to be the single largest contributor to
the GDP in the region. As three-fifth of the cropped area is rainfed, the economy of
South Asia hinges critically on the annual success of the monsoons (Kelkar and
Bhadwal 2007). In the event of a failure, the worst affected are the landless and the
poor whose sole source of income is from agriculture and its allied activities. Cruz
et al. (2007) concluded that the crop yield in many countries of Asia has declined,
partly due to rising temperatures and extreme weather events and that future climate
change is likely to affect agriculture, risk of hunger and water resource scarcity
with enhanced climate variability and more rapid melting of glaciers.

For Asia, the results of recent studies suggest that substantial decreases in cereal
production potential could be likely by the end of this century as a consequence of
climate change. Cruz et al. (2007) stressed, however, that regional differences in the
response of wheat, maize and rice yields to projected climate change could likely be
significant. Results of crop yield projections, using the HadCM2 climate model,
indicate that crop yields could likely increase up to 20% in East and South-East Asia
while likely decrease up to 30% in Central and South Asia even if the direct positive
physiological effects of CO, are taken into account. In South Asia, there could be a
significant decrease in non-irrigated wheat and rice yields for a temperature increase
of greater than 2.5°C which could incur a loss in farm-level net revenue of between
9% and 25%. One study points out that in Bangladesh, production of rice and wheat
might drop by 8% and 32%, respectively, by the year 2050. Studies show that a
0.5°C rise in winter temperature could reduce wheat yield by 0.45 tons per hectare
in India. Other studies suggest that 2-5% decrease in Indian wheat and maize yield
potentials for temperature increases of 0.5-1.5°C could occur.

For countries in South Asia, the net cereal production is projected to decline at
least between 4% and 10% by the end of this century under the most conservative
climate change scenario. The changes in cereal crop production potential suggest
increasing stress on resources induced by climate change in many of the developing
countries of Asia. Climate change could affect not only the crop production per unit
area but also the area of production. More than 28 Mha in South and East Asia will
require a substantial increase in irrigation for sustained productivity and the
demand for agricultural irrigation in arid and semi-arid regions of Asia is estimated
to increase by at least 10% for an increase in temperature of 1°C.
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Grasslands in the drylands of South Asia consisting of fast-growing, often short
lived species, are sensitive to CO, and climate change, with the impacts related to
the stability and resilience of plant communities (Mitchell and Csillag 2001).
Experiments support the concept of rapid changes in species composition and
diversity under climate change. In dry regions, there are risks that severe vegetation
degeneration leads to positive feedbacks between soil degradation and reduced
vegetation and rainfall, with corresponding loss of pastoral areas and farmlands
(Zheng et al. 2002). The natural grassland coverage and the grass yield in Asia, in
general, are projected to decline with a rise in temperature and higher evaporation
(Lu and Lu 2003). Thermal stress reduces productivity, conception rates and is
potentially life-threatening to livestock (Easterling et al. 2007).

Although climate change will impact the availability of forest resources, the
anthropogenic impact, particularly land-use change and deforestation in tropical
zones, is likely to be extremely important (Zhao et al. 2005). The mangrove forests
along the Indus Delta in Pakistan are an especially diverse ecosystem. They provide
fuelwood and fodder to local inhabitants and are breeding grounds for an estimated
90% of shrimps that are exported. Pakistan’s national communication report states
that detrimental impacts of climate change on rural livelihoods would result in more
people being forced to seek employment in urban areas (MoE 2003). In Sri Lanka,
Somaratne and Dhanapala (1996) estimate a decrease in tropical rain forest of
2—-11% and an increase in tropical dry forest of 7-8%. This study also indicates that
increased temperature and rainfall would result in a northward shift of tropical wet
forest into areas currently occupied by tropical dry forest. Droughts combined with
deforestation increase fire danger (Laurance and Williamson 2001).

2.3.5 Impacts on Crop Pests and Diseases

According to Cruz et al. (2007), some studies have shown that higher temperatures
and longer growing seasons could result in increased pest populations in temperate
regions of Asia. Warmer winter temperatures would reduce winter kill and increase
insect populations. Overall temperature increases may influence crop pest and
disease interactions by increasing pest and disease growth rates which would then
increase the number of reproductive generations per season and by decreasing pest
and disease mortality due to warmer winter temperatures, would make the crop
more vulnerable. The report stated that climate change along with changing pest
and disease patterns will affect how crop production systems react in the future.

2.3.6 Impacts on Fisheries

For fisheries, an increased frequency of El Nifio events could likely lead to measurable
declines in fish larvae abundance in the coastal waters of South and South-East
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Asia (Cruz et al. 2007). This and other factors are expected to contribute to a general
decline in fishery production in the coastal waters of East, South and South-East
Asia. There is a potential to substantially alter fish breeding habitats and fish food
supply and therefore the abundance of fish populations in Asian waters due to the
response to future climate change to the following factors: ocean currents; sea level;
sea-water temperature; salinity; wind speed and direction; strength of upwelling;
the mixing layer thickness; and predator response.

2.3.7 Impacts of Sea Level Rise

Low-lying coastal cities will be at the forefront of impacts; vulnerable to the risks
of sea level rise and storms. These cities include Karachi, Mumbai, and Dhaka —
all of which have also witnessed significant environmental stresses in recent years.
Higher seawater levels would also increase the risk of flooding due to rainstorms,
by reducing coastal drainage. A rise in sea level would raise the water table,
further reducing drainage in coastal areas. All these effects could have possibly
devastating socioeconomic implications, particularly for infrastructure in low
lying deltaic areas.

Noronha et al. (2003) provided a coastal district level ranking of vulnerability to
one metre sea level rise in India by constructing a weighted index as an average of
the share of land area affected in the total area of district; the share of population
affected in the total population of the district; and the index of relative infrastruc-
ture development. The most vulnerable districts were found to be the metropolises
of Chennai and Mumbai.

The population of Maldives mainly depends on groundwater and rainwater as a
source of freshwater. Both of these sources of water are vulnerable to changes in
the climate and sea level rise. With the islands of the Maldives being low-lying, the
rise in sea levels is likely to force saltwater into the freshwater lens (Ministry of
Environment and Construction 2005).

2.4 Conclusions

South Asia is one of the most vulnerable regions in the world to climate change in
view of the huge population, the large number of poor facing food insecurity, inap-
propriate soil and management practices on marginal lands in the semi-arid regions
leading to increasing rates of land degradation and the projected impacts of climate
change on the agricultural, forestry and fisheries sectors. The coping capacity of
the rural poor, especially in the marginal areas, is poor and there is a need to
mainstream the good practices for adaptation to climate change into sustainable
development planning in the region. Improved understanding of the climate change
impacts, vulnerability and the adaptation practices to cope with climate change could
help this process.
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