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Overview

South Asia’s Hotspots: The Impact of 
Temperature and Precipitation Changes 
on Living Standards is the first book of its 

kind to conduct granular spatial analyses of the 
long-term effects of changes in average temper-
ature and precipitation—referred to throughout 
the book as “average weather”—in one of the 
world’s poorest regions. This book builds upon 
accumulated research on climate change by 
analyzing how trends in average temperatures 
and precipitation patterns over the coming 
years will affect living standards. It uses weather 
data from global climate models to predict 
changes in average weather at the local level. 
The book analyzes these climate data in combi-
nation with household surveys to explain how 
changes in average weather will affect living 
standards.

Research on the effects of climate change 
has focused mostly on the immediate shocks of 
extreme events, such as major storms, droughts, 
and floods. Valuable insights have also been 
gained on the effects of sea-level rise. This book 
complements the existing body of knowledge 
by providing granular analyses of projected 
changes in average weather. It shows how these 
changes in average weather conditions will dif-
fer across regions.

Furthermore, the book analyzes how 
living standards, measured by per capita con-
sumption expenditures, will be affected by 
these changes in average weather. Analyses of 

the relationship between weather conditions 
and living standards are conducted separately 
for individual countries. The combination of 
localized climate projections and household 
survey analyses yields a granular picture of 
the expected effects.

The book shows that average temperatures 
have risen over the past six decades and will 
continue to rise. Over the 2050 horizon, it 
predicts more warming inland and less warm-
ing in coastal areas. Changes in precipitation 
patterns have been more mixed, and this 
diversity will persist in the future. These 
weather changes are expected to result in a 
decrease in living standards in most countries 
in the region, compared with a situation in 
which current weather conditions are 
preserved. 

In the coming decades, changes in average 
weather will have a clearly negative effect on 
living standards in Bangladesh, India, Pakistan, 
and Sri Lanka. Overall, inland areas will be 
more severely affected than those near the 
coast. In India and Pakistan, water-stressed 
areas will be more adversely affected compared 
with the national average. 

Many parts of Afghanistan and Nepal are 
relatively cold at present, so warming will not 
have a negative effect on living standards in 
these countries. In addition, climate change 
may increase precipitation in Afghanistan, 
which is predicted to have a positive effect. 
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These predicted positive effects do not 
account for the projected negative effects of 
natural disasters and extreme events, to which 
these countries are highly vulnerable, accord-
ing to other studies.

Scenarios representing atmospheric emis-
sions of greenhouse gases (GHGs) and their 
associated atmospheric concentrations are 
referred to as representative concentration 
pathways (RCPs). The trends and impacts 
just described will occur under both a 
 climate-sensitive scenario (RCP 4.5) and 
a carbon-intensive scenario (RCP 8.5). In the 
former, some collective global action is under-
taken to reduce the GHG emissions that are a 
major cause of climate change. In the latter 
scenario, the assumption is that there is no 
global action. Adverse effects on living stan-
dards in South Asia are greater under the 
carbon-intensive scenario.

The current research adds to the under-
standing of the effects of climate change 
through a more granular approach that yields 
predictions at the district level. The book 
identifies “hotspots”— districts where rising 
average temperatures and changing precipita-
tion patterns will have a notable negative 
effect on living standards. Almost half of 
South Asia’s population now lives in areas 
that are projected to become moderate to 
severe hotspots under the  carbon-intensive 
scenario.

The book uses granular information from 
the South Asia Spatial Database to examine 
the characteristics of the hotspots and of the 
households that are located in them. The 
analyses reveal that hotspots tend to be more 
disadvantaged districts, even before the effects 
of changes in average weather are felt. 
Hotspots are characterized by low household 
consumption, poor road connectivity, limited 
access to markets, and other development 
challenges.

This level of granularity provides new 
awareness of how effects will differ from 
country to country and from district to dis-
trict throughout the region. Such granular-
ity increases the ability of decision makers 
to focus resilience-building efforts on the 
most vulnerable locations and population 

groups. The hotspots analysis contained 
herein can serve as a development blue-
print by providing region-specific insights 
on the effects of these changes and ways to 
adapt.

The analyses in the full book complement 
a body of well-documented work on emer-
gency response and disaster preparedness, 
with a view to informing long-term develop-
ment planning to build climate change resil-
ience. The findings can help governments, aid 
agencies, and others involved in development 
efforts expand beyond policies to tackle natu-
ral disasters and vulnerability of coastal areas.

At the regional level, the book shows the 
certainty of adverse long-term effects in South 
Asia under all climate change scenarios. 
Smaller effects under the climate-sensitive sce-
nario emphasize the need for nations to work 
together to reduce GHG emissions, as called 
for by the Paris Agreement of 2015. The link 
between climate effects and living standards, 
especially among the poorest populations, 
provides an economic argument for stronger 
mitigation efforts. 

At the local level, the hotspot analyses 
provide guidance for decision makers in 
South Asia on where to focus investments 
that increase resilience to the effects of 
changes in average weather. Investing now 
in building resilience will equip populations 
in South Asia that are particularly vulnera-
ble to climate change with the needed tools 
and resources to break the downward spiral 
of poverty and inequality, helping them 
become drivers of growth and sustainable 
development. For example, prioritizing 
investments in climate resilience based on 
needs identified by the book’s hotspots 
modeling can get resources to where they 
will be most needed in coming decades. The 
research discusses how specific actions—
such as moving people out of agriculture, 
increasing educational attainment, and pro-
viding access to  electricity—could ease the 
decline in living standards caused by 
changes in average weather. The research 
also points out that the actions with the 
greatest potential to make a difference vary 
across countries and locations.
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A Vulnerable Region
South Asia is recognized as being very vulnera-
ble to climate change. The region’s varied geog-
raphy combines with regional circulation 
patterns to create a diverse climate. The glaci-
ated northern parts—which include the 
Himalayas, Karakoram, and Hindu Kush 
mountains—have annual average temperatures 
at or below freezing, whereas much of the 
Indian subcontinent averages 25°C to 30°C 
(77°F to 86°F). Both the hot and cold extremes 
are challenging for human well-being, and cli-
mate change heightens these challenges.

Increasing average temperatures and 
changes in seasonal rainfall patterns are 
already having an effect on agriculture across 
South Asia. Low-lying Bangladesh and the 
Maldives are increasingly vulnerable to flood-
ing and cyclones in the Indian Ocean. The sci-
entific literature suggests that such events will 
grow in intensity over the coming decades. 
Dhaka, Karachi, Kolkata, and Mumbai—
urban areas that are home to more than 
50 million  people—face a substantial risk of 
flood-related damage over the next century.

Average annual temperatures throughout 
many parts of South Asia have increased sig-
nificantly in recent decades, but unevenly 
(map O.1). Western Afghanistan and south-
western Pakistan have experienced the largest 
increases, with annual average temperatures 
rising by 1.0°C to 3.0°C (1.8°F to 5.4°F) from 
1950 to 2010. Southeastern India, western 
Sri Lanka, northern Pakistan, and eastern 
Nepal have all experienced increases of 1.0°C 
to 1.5°C (1.8°F to 2.7°F) over the same period. 
The precise magnitude of the estimated tem-
perature changes varies across locations, but 
the direction of the changes is unambiguous.

Climate Change and Living 
Standards
Climate change includes rising temperatures, 
changing precipitation patterns, and intensi-
fying extreme events, such as storms and 
droughts. All these have profound repercus-
sions for societies, from sudden economic dis-
ruptions to a longer-term decline in living 

standards. In this analysis, household con-
sumption expenditures are used as a proxy 
for living standards.

Rising average temperatures can affect living 
standards through diverse pathways, such as 
agricultural and labor productivity, health, 
migration, and other factors that affect eco-
nomic growth and poverty reduction 
 (figure O.1). They can dampen agricultural 
productivity, leading to a decline in living stan-
dards for agriculture-dependent households. 
A warmer climate can also increase the 
propagation of vector-borne and other infec-
tious diseases, resulting in lost productivity and 
income. At the same time, a warmer climate 
can increase productivity in historically colder 
regions, such as mountainous areas. 

Days of extreme heat are generally corre-
lated with lower worker productivity, espe-
cially in areas that are already warm. A 
changing climate can force people out of their 
traditional professional domains, resulting in 
individuals not earning as much income.

Previous research on climate change in 
South Asia and associated policy prescriptions 
has focused on disaster-resilient infrastructure 
and emergency responses, such as building 

MAP O.1 Temperatures Have Been Increasing in Much of 
South Asia

Sources: Mani et al. 2018; data from Harris et al. 2014.
Note: Changes are based on trend analysis between 1950 and 2010.
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cyclone shelters and coastal embankments. 
There has also been a focus on strengthening 
early warning systems in areas that are highly 
vulnerable to flooding, storm surges, and sea-
level rise. The benefit from these investments is 
to reduce the economic shocks associated with 
extreme weather events.

However, little effort has been made to 
understand the diverse effects of changes in 
average weather. These effects could be sub-
stantial, given the implications of weather con-
ditions for agricultural productivity, health, 
migration, and other factors. Addressing this 
knowledge gap is important. Increasing evi-
dence shows that changing temperatures and 
seasonal precipitation patterns have already 
altered the growing seasons of regions in 
Bangladesh, India, and Pakistan, and have 
resulted in serious health and productivity 
damage (Burke, Hsiang, and Miguel 2015). 
Less understood are the economic implications 
of these long-term changes for households and 
communities.

The book adds to the accumulated knowl-
edge on climate change in South Asia through 
a combination of spatially granular weather 
data and statistical household analyses. The 
weather data are derived from predictions 
from global climate models that are especially 
relevant for South Asia. The household sur-
veys are designed to be representative of con-
ditions at different levels of administrative 
aggregation, varying by country. For example, 

survey data for Pakistan are designed to rep-
resent provincial conditions, whereas survey 
data for India can show district conditions.

The book focuses on the impact of changes 
in average weather on living standards. Such 
changes in averages can be projected with 
greater confidence than changes in extreme 
events. Although extreme events cause major 
disruptions to consumption, they generally 
are of relatively short duration, and con-
sumption bounces back after relief and reha-
bilitation efforts have been undertaken. In 
contrast, the effects of long-term changes in 
climate, such as average temperatures and 
precipitation patterns, are recurring and will 
require adaptation to overcome.

The book uses household consumption 
expenditures as a metric that expresses the 
monetary dimensions of living standards 
because it is objectively quantifiable. It is well 
understood that nonmonetary dimensions of 
well-being matter as well. However, the focus 
on per capita consumption expenditures 
makes the analyses in this book consistent 
with the literature on poverty and inequality.

There is a wide range of model formula-
tions that could potentially be used to estimate 
the relationship between weather and living 
standards. Similar to previous studies, this 
research uses a reduced-form model. Reduced-
form models do not make assumptions about 
the channels through which external factors 
such as weather affect living standards, and 
cannot provide a causal analysis. Instead, these 
models seek to capture the aggregate relation-
ship between external factors and  outcomes—
which, in this case, are changes in average 
weather and living standards. 

The book confirms that there is an 
optimal temperature range that is correlated 
with higher consumption expenditures rela-
tive to locations where temperatures 
are either hotter or colder ( figure O.2). The 
overall relationship is similar between coun-
tries, but the optimal temperature differs. 
This indicates that there may be some 
ability for countries to adapt to long-term 
changes in temperature. Nationally, temper-
atures in Bangladesh, India, Pakistan, 
and Sri Lanka are already above their 

FIGURE O.1 Increases in Temperatures and Changes in 
Precipitation Patterns Are Linked to Living Standards 
through a Diverse Set of Pathways
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Source: Mani et al. 2018.



 o v e r v I e w   5

FIGURE O.2 Temperature and Consumption Have an Inverted U–Shaped Relationship for Countries in South Asia
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optimal values. This means that at the 
national level, any further increase in aver-
age temperature will have a negative effect 
on consumption expenditures. Temperatures 
in Nepal are still less than the inflection 
point, meaning that increases in tempera-
tures are predicted to have positive effects 
on consumption. Nationally, Afghanistan is 
close to its optimal temperature; however, 
consumption expenditures are less sensi-
tive to temperature in Afghanistan than 
in the other countries analyzed.

Climate Modeling and Effects
The primary driver of climate change is 
GHG emissions, with human-caused emis-
sions as the major contributor. Projecting 
future climatic changes requires creating a 
scenario that projects the amount, timing, 
and type of future GHG emissions by 
human activities. 

The international community has devel-
oped multiple scenarios to account for uncer-
tainty about the path the world will take. 
Scenarios representing atmospheric emissions 
of GHGs and their associated atmospheric 
concentrations are referred to as RCPs. This 
book uses  climate projections corresponding 
to RCPs 4.5 and 8.5. With RCPs, a higher 

number means greater overall emissions and 
atmospheric concentrations—and therefore 
the potential for more severe climate change.

The 2015 Paris Agreement on climate 
change sets a target of limiting average global 
temperature increases to 2°C (3.6°F) relative 
to preindustrial conditions. RCP 4.5 repre-
sents a future in which some collective action 
is taken to limit GHG emissions, with global 
annual average temperatures increasing 2.4°C 
(4.3°F) by 2100. Therefore, the book labels 
RCP 4.5 as a “climate-sensitive” development 
scenario. RCP 8.5 is closer to a scenario in 
which no actions are taken to reduce emis-
sions, and global annual average tempera-
tures increase 4.3°C (7.5°F) by 2100. The 
book labels RCP 8.5 as a “carbon-intensive” 
development scenario.

Global climate models are the primary 
tool for projecting how a given RCP scenario 
will affect the Earth’s climate. Climate mod-
els are designed to approximate fundamental 
laws of physics, modeling interactions 
between the atmosphere, land, and oceans. 
This research considers 18 global climate 
models covered by the Climate Model 
Intercomparison Project (CMIP5), and 
assesses their performance in reproducing 
historic weather patterns observed in South 
Asia. On the basis of this performance crite-
rion, 11 models are selected that perform 
best. The research uses these 11 climate mod-
els to project long-term changes in average 
temperature and precipitation throughout 
South Asia.

The average prediction by these climate 
models is that annual average temperatures in 
South Asia will increase 1.6°C (2.9°F) by 
2050 under the  climate-sensitive scenario, 
and 2.2°C (3.9°F) under the carbon-intensive 
scenario. These increases are relative to 1981–
2010 conditions (figure O.3).

Projected changes in precipitation are 
highly uncertain, in part because they are 
heavily dependent on cloud microphysics, 
which are difficult to represent in current 
global climate models. The average climate 
model prediction is that average monsoon 
precipitation will increase 3.9 percent under 
the climate-sensitive scenario and 6.4 percent 

FIGURE O.3 Annual Temperature Increases Are Projected to 
Accelerate
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under the carbon- intensive scenario by 2050 
(figure O.4).

If average precipitation increases, some 
areas that have historically experienced low 
rainfall could benefit. It is also likely that 
extreme precipitation events will become 
more common, especially because of the 
large simultaneous temperature increases. 
Extreme precipitation events would cause 
an increase in damage and economic dis-
ruption, whereas decreasing precipitation 
would result in less overall water availabil-
ity in South Asia, which would reduce agri-
cultural yields and water security in some 
areas (map O.2, panels a and b).

The book shows that failure to reduce 
GHG emissions and take measures to build 
climate change resilience will lead to dimin-
ished economic performance in most South 
Asian countries. At the same time, changes in 
average weather may have some benefits for 
Afghanistan, Nepal, and high-elevation areas 
of India because of their cold climates. 

However, not all effects of increasing tem-
peratures will be positive in Afghanistan, 

Nepal, and high-elevation areas of India. For 
example, people in the mountain regions rely 
extensively on streamflow from snow and gla-
ciers. Warming will affect the timing and avail-
ability of water resources, which could have 
profound effects. In addition, mountain regions 
may be less resilient to natural disasters.

FIGURE O.4 Monsoon Precipitation Varies Considerably and 
Projections Are Uncertain
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Changes in average weather are predicted 
to reduce living standards in Bangladesh, 
India, Pakistan, and Sri Lanka, relative to 
what they would have been with the same cli-
mate as today. By 2050, under the carbon-
intensive scenario the declines are projected 
to be 6.7 percent for Bangladesh, 2.8 percent 
for India, 2.9 percent for Pakistan, and 
7.0 percent for Sri Lanka.

For countries with severe hotspots—
Bangladesh, India, and Sri Lanka—the 
 negative impacts are predicted to be even 
greater. Translated into gross domestic 
product (GDP) per capita, changes in aver-
age weather are predicted to reduce income 
in severe hotspots by 14.4 percent in 
Bangladesh, 9.8 percent in India, and 
10.0 percent in Sri Lanka by 2050 under 
the carbon-intensive scenario compared to 
the climate of today.

Climate effects are smaller under the 
 climate-sensitive scenario. This finding high-
lights the importance of taking actions to 
reduce GHG emissions, and provides an addi-
tional economic justification for continuing to 
work toward meeting the targets established 
under the Paris Agreement.

Hotspots
South Asian megacities—such as Chennai, 
Dhaka, Karachi, Kolkata, and Mumbai—are 
often said to be climate hotspots because they 
are vulnerable to extreme events and sea-level 
rise, including coastal flooding and storm 
surges. In this book, however, hotspots 
are defined as areas where changes in average 
weather will  adversely affect l iving 
standards.

Hotspots are the result of two interrelated 
factors: (a) the magnitude of predicted 
changes in average weather at the local level; 
and (b) the relationship between weather and 
living standards in that location. The magni-
tude of predicted changes in average weather 
is estimated using global climate models. 
The relationship between weather and living 
standards is estimated using country-specific 
household surveys and is therefore different 
across countries.

This diversity in the way that living stan-
dards react to changing weather conditions 
can be interpreted as implicitly capturing the 
effects of differences in institutional settings, 
economic structures, and policy frameworks 
across countries. The diversity may also 
reflect differing degrees of adaptive capability 
by households and communities to weather 
conditions.

Hotspots are labeled mild when projected 
consumption spending declines by less than 
4 percent, moderate for declines of 4 percent 
to 8 percent, and severe for declines exceed-
ing 8 percent.

Hotspots are primarily predicted to occur 
in Bangladesh, India, Pakistan, and 
Sri Lanka. In these countries, projected 
changes in average weather are expected to 
result in an overall decrease in per capita 
consumption expenditures. The analyses do 
not include Bhutan and the Maldives because 
adequate climate projection data are not 
available.

In general, hotspots tend to be less densely 
populated and have poorer infrastructure, 
such as fewer roads, which hinder their inte-
gration with the broader society. Inland areas 
are predicted to be more affected by projected 
changes in average weather than coastal areas 
and mountainous regions (map O.3, panels a 
and b). However, there are also hotspots in 
some areas where precipitation is expected to 
increase, such as southeast Bangladesh, parts 
of the Kashmir Valley, and the southern tip 
of India. 

Identifying hotspots is not as simple as 
finding the regions where changes in average 
weather are projected to be the largest. Even 
if climate were to change by similar magni-
tudes in two locations, the response would 
depend on the historic relationship between 
weather and living standards at the locations. 
For example, if two countries are identical 
except that one relies more heavily on agricul-
ture, the magnitude of impact attributable to 
weather during the growing seasons can be 
expected to be larger in the agriculture-heavy 
country, all other factors held equal. The 
same principle applies to other pathways by 
which weather impacts living standards 
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as well. For example, Ramanathapuram 
District in India and Jaffna District in Sri 
Lanka are  separated by about 100 kilometers 
and have relatively similar weather. However, 
Ramanathapuram does not emerge as a 
hotspot in the analysis, whereas Jaffna 
emerges as a moderate to severe hotspot.

Under the carbon-intensive scenario, doz-
ens of inland hotspots in the center of South 
Asia would shift from moderate in 2030 to 
severe by 2050. Coastal areas do not gener-
ally experience this additional deterioration in 
living standards. However, they could be neg-
atively affected by other consequences of cli-
mate change, such as sea-level rise and a likely 
increase in storms and other extreme events.

Overall, more than half the region will be a 
hotspot by 2050 under the carbon-intensive 
scenario, with 45 percent of the present popu-
lation of South Asia—800 million people—
living in areas projected to become moderate 
or severe hotspots. Under the climate-sensi-
tive scenario, the number of people affected 
would be 375 million, or 21 percent of the 
population. This finding demonstrates that 

mitigation efforts to minimize the effects of 
climate change, such as reducing GHG emis-
sions, can positively affect living standards 
throughout the region.

Because climate impacts vary from region 
to region, the hotspots provide a blueprint for 
prioritizing investments and actions to build 
resilience. A look at where changes in average 
weather are predicted to impact living stan-
dards in individual countries reveals the diver-
sity of findings from the analyses.

In Bangladesh, Chittagong Division is the 
most vulnerable to changes in average 
weather, followed by Barisal and Dhaka 
divisions. Chittagong is relatively more 
developed in terms of infrastructure com-
pared with the national average, and is also 
characterized by fewer households engaged 
in agriculture. However, the area includes 
hill tracts, which are vulnerable to changes 
in average weather. Over the years, the 
Chittagong hill tracts have experienced out-
breaks of vector-borne diseases and defores-
tation that have resulted in major landslides 
and the destruction of property.

MAP O.3 Severe Hotspots Will Cover a Significant Portion of South Asia by 2050

Source: Mani et al. 2018.
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In India, inland states in the central, 
northern, and northwestern regions emerge 
as the most vulnerable to changes in aver-
age weather. Chhattisgarh and Madhya 
Pradesh—which are predicted to have a 
 living standards decline of more than 
9 percent—are the top two hotspot states, 
followed by Rajasthan, Uttar Pradesh, and 
Maharashtra. Chhattisgarh and Madhya 
Pradesh are also low-income states, home 
to large tribal populations. Changes in 
average weather could therefore have 
important  impl icat ions for  poverty 
reduction.

In Sri Lanka, the Northern and North 
Western provinces emerge as the top two 
hotspots, followed by the much less densely 
populated North Central Province. The 
Northern Province is home to large numbers 
of poor and displaced people, so the effects 
of changes in average weather will add to 
these  challenges. The North Western 
Province, in turn, is one of the driest regions 
of Sri Lanka.

The highly urbanized and densely popu-
lated Western Province, which includes 
Colombo, is also predicted to experience a 
living standards decline of 7.5 percent by 
2050, compared with a situation without 
changes in average weather. This is a substan-
tial drop, with potentially large implications 
for the country, given that the province con-
tributes more than 40 percent of Sri Lanka’s 
GDP.

In Pakistan, Sindh Province emerges as 
the most vulnerable hotspot, followed by 
Punjab. Sindh has the second-largest econ-
omy in the country. Its GDP per capita is 35 
percent above the national average, and 
contributes around 30 percent of Pakistan’s 
GDP. The province’s highly diversified 
economy ranges from heavy industry and 
finance in and around Karachi to a substan-
tial agricultural base along the Indus River. 
Punjab, which is the most densely popu-
lated province, has the largest economy in 
Pakistan. It contributes 53 percent of the 
country’s GDP and is known for its relative 
prosperity.

Toward Greater Resilience
At the highest level, an agenda for building 
resilience includes sustaining economic 
growth and ensuring shared prosperity. 
Development is indeed the best adaptation 
strategy, since it is associated with improved 
infrastructure, market-oriented reforms, 
enhanced human capabilities, and a stronger 
institutional capacity to respond to the 
increasing threat of natural disasters. But the 
agenda must also include creating an incen-
tive framework for private action, committing 
public resources to mitigation and adapta-
tion, and prioritizing spending.

The full book identifies and highlights cli-
mate hotspots where communities and house-
holds are likely to be particularly vulnerable 
to changes in average weather. An important 
finding of the book is that focusing location-
specific resilience-building efforts on the most 
vulnerable areas and population groups can 
reduce hotspots. 

The public sector can help build resilience 
among these communities through actions 
that support adaptation, such as helping 
develop drought-resistant crops and provid-
ing weather forecasts and climate risk assess-
ments. In addition, the public sector can 
establish a policy framework for adaptation 
that creates incentives for private action, 
including (a) regulatory and insurance 
instruments that convey the correct incen-
tives for adaptation; (b) pricing and other 
policies that encourage the efficient use of 
energy, water, agriculture, and other natural 
resources; and (c) facilitating market access 
and providing fiscal incentives for research 
and development to exploit existing technol-
ogies or develop new ones in the energy, 
water-supply, agricultural, forestry, and live-
stock sectors.

No single set of interventions will work in all 
hotspots. For example, inland areas in India 
emerge as severe hotspots, whereas in Sri Lanka, 
the postconflict northern coastal areas are most 
vulnerable. The household characteristics of 
these areas also differ from one another, so inter-
ventions must be tailored to the specific context. 
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Understanding these diverse effects is critical to 
help countries design appropriate policies for 
building long-term resilience in communities 
and households.

The book investigates specific investment 
and policy options that countries could con-
sider to attenuate or offset the the negative 
impacts of projected changes in average 
weather.

For Bangladesh, the analysis suggests 
that enhancing opportunities in the nonag-
ricultural sector could potentially reduce 
the effect of changes in average weather on 
living standards. A 15 percent increase in 
nonagricultural employment would attenu-
ate the effect of weather changes from –6.7 
percent to –1.4 percent. Similarly, a 30 
percent increase in the share of nonagricul-
tural employment would not only reduce 
the negative effect of changes in average 
weather but would also result in increased 
living standards. 

In India, the analyses discuss three options: 
increasing educational attainment, reducing 
water stress, and expanding the nonagricul-
tural sector. The analyses predict that increas-
ing the average educational attainment by 1.5 
years would reduce the magnitude of decline 
in living standards from –2.8 percent to –2.4 
percent. Reducing water stress by 30 percent, 
and increasing employment in nonagricul-
tural sectors by the same percentage, would 
yield similar benefits. 

In Pakistan, the analyses reveal that 
expanding electricity access by 30 percent 
above current levels would reduce the living 
standards burden from –2.9 percent to –2.5 
percent.

In Sri Lanka, increasing the share of the 
nonagricultural sector by 30 percent relative 
to current levels would change the sign of the 
living standards impact from –7.0 percent to 
0.1 percent. Reducing travel time to markets 
and increasing average educational attain-
ment would also ease negative impacts on 
living standards. If implemented together, 
such interventions would likely yield signifi-
cantly positive climate cobenefits.

In the future, economic growth and struc-
tural changes will cause people to migrate to 
cities, leaving behind their agricultural and 
other climate-sensitive practices in rural areas. 
Although this could potentially make more of 
the population climate-resilient, urban migra-
tion also will create new climate impacts. 
Urban populations will face a number of 
health risks exacerbated by events such as 
heat waves and flooding.

Another challenge is to ensure that resil-
ience strategies and actions are inclusive, to 
avoid inequality in growth and opportunity. 
The projected emergence of many moderate 
and severe hotspots under the carbon-inten-
sive scenario shows the need for resilience 
policies to target impoverished populations 
and highly vulnerable regions.

It is worth noting that, although fraught 
with risks, changes in average weather pres-
ent opportunities for households, communi-
ties, and nations. Decisions about adaptation 
strategies, developing skills, and engaging 
with the communities will determine the qual-
ity of life of the next generation and beyond.
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A Vulnerable Region

Climate change is already a pressing 
issue for South Asia. Temperatures 
have been rising across the region, 

and are projected to continue increasing for 
the next several decades under all plausible 
climate scenarios (IPCC 2014). Precipitation 
response to global emissions is more difficult 
to estimate. There is evidence, though, that 
historic precipitation patterns are changing, 
and that these changes will become stronger 
and less predictable. 

South Asia is recognized as being highly 
vulnerable to climate variability and change 
(map 1.1). Increasing average temperatures 
and changing seasonal rainfall patterns are 
already affecting agriculture across the region. 
Low-lying Bangladesh and the Maldives are on 
the global front line of countries at risk for sea-
level rise—a result of glacier melt induced by 
climate change—and increasing vulnerability 
to flooding and cyclones in the Indian Ocean. 
Major cities such as Dhaka, Karachi, Kolkata, 
and Mumbai—which are home to more than 
50 million people and growing—face the 
greatest risk of flood-related damage over the 
next century. In addition, extreme temperature 
events such as the 2015 heat wave that killed 
more than 3,500 people also threaten the 
region. There are many such areas and regions 
in South Asia that are extremely vulnerable to 
climate change impacts.

The symptoms of climate change are multi-
faceted, including sea-level rise, shifts in aver-
age temperature and precipitation patterns, 
and increasing frequency of extreme events 
such as storms and droughts. These climatic 
changes have profound effects on societies, 
such as greater frequency of flooding events, 
more year-to-year variability in agriculture 
productivity, a greater demand for water 
(which may be more difficult to meet), and 
increased instances of heat-related medical 
problems. Furthermore, these and other cli-
mate change impacts will cause economic dis-
ruption in South Asia, with the effects 
continuing to grow over time (figure 1.1). 
These have been well articulated in various 
IPCC reports and country studies.

The effect of extreme events and sea-level 
rise is clear and well documented in the 
region (Bronkhorst 2012; Dasgupta and oth-
ers 2015; Hallegatte and others 2017; Sanghi 
and others 2010). Quantification of hazard, 
exposure and vulnerability (which together 
define “climate change risk”) is now a robust 
science; the economic consequences are exten-
sively studied, but many uncertainties remain. 
Hallegatte and others (2017) move beyond 
asset and production losses to focus on how 
natural disasters affect people’s well-being. By 
examining well-being instead of asset losses, 
their book provides a deeper view of natural 

1
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MAP 1.1 South Asia Remains a Region Very Vulnerable to Climate Change and Extreme Events

Source: Maplecroft Climate Vulnerability Index 2017.
Note: This index evaluates 42 social, economic, and environmental factors to assess national vulnerabilities across three core areas. These include exposure to climate-related 
natural disasters and sea-level rise; human sensitivity in terms of population patterns, development, natural resources, agricultural dependency, and conflicts; and assessing future 
vulnerability by considering the adaptive capacity of a country’s government and infrastructure to combat climate change.

disasters that takes better account of people’s 
vulnerability. With this lens, they find that 
poor people are significantly more impacted 
by natural disasters than nonpoor people.

Much of the focus related to climate 
change in the region has been on emergency 
response, including the building of cyclone 
shelters and coastal embankments as well 
as strengthening early warning systems in 
areas highly vulnerable to flooding, storm 
surges, and sea-level rise. This is an important 
course of action because the effects of extreme 
events are significant from an economic 
perspective. These investments help increase 
immediate political capital and have medium- 
to long-term benefits associated with reducing 

FIGURE 1.1 Some Manifestations of Climate Change
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the adverse economic impact of future 
extreme events.

This book looks at the impact of long-term 
changes in average temperature and precipita-
tion. “Long-term” changes in the average spe-
cifically refers to changes in the mean of 
30 consecutive years of weather for a given 
parameter. The 30-year mean can be calcu-
lated for a specific season or to represent 
annual conditions. Throughout the book, 
“average weather” is used to refer to long-
term changes in average seasonal temperature 
and precipitation.

There has been little effort to understand 
the spatial heterogeneity of changes in average 
weather—specifically, increases in tempera-
ture and changes in precipitation patterns—
and their implications for agricultural 
productivity, health, and migration. This is an 
important knowledge gap since increasing evi-
dence suggests that these gradual changes are 
already disrupting the growing season for 
areas in Bangladesh, India, and Pakistan, and 
are causing serious health damage and pro-
ductivity losses (Burke, Hsiang, and Miguel 
2015). The economic implications of these 
changes in average weather for households 
and communities–and their possible 
thresholds or inflection points–are even less 
understood. This book aims to estimate these 
effects, focusing on changes in average 
weather and its impacts on household living 
standards across the region.

Progress So Far
The South Asia region has recently witnessed 
favorable economic growth and is gearing up 
to capitalize on opportunities provided by 
urbanization, economic diversification, and 
a young population. At the same time, the 
region is also home to one-third of the world’s 
poor (map 1.2).

Countries in the region now better under-
stand that adapting to climate change and 
building resilience are essential courses of 
action to sustain the benefits of their growing 
economies. They recognize climate change as 
a national priority and have been formulating 
strategies and action plans at the national and 

subnational levels (table 1.1). Furthermore, 
all countries in South Asia have pledged to 
contribute to global emissions reductions 
under the Paris Agreement through their sub-
mitted intended national contributions.1

Going forward, adapting to long-term cli-
matic shifts such as increasing temperatures 
and changing seasonal precipitation patterns 
will involve a portfolio of actions—from 
improving infrastructure to introducing mar-
ket reforms and building household and insti-
tutional capacity. Given that such actions 
will incur a cost, there will inevitably be 
trade-offs; therefore, governments must pri-
oritize efforts. In addition to internal 
resources, both international public and pri-
vate funds and resources will be needed to 
build resilience. Decisions must be made in 
some cases with incomplete information, and 
all countries will face the dilemma of either 
not taking early action—with the risk of 
incurring very high future costs—or acting 
early on—when the pressure on public and 
private resources is intense—and eventually 
realizing the actions were redundant.

MAP 1.2 South Asia Continues to Be Home to a 
Large Number of Poor People

Source: Household survey data (see table 3.1).
Note: PPP = purchasing power parity.
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The best approach is for countries to gather 
the existing information about the most likely 
causes of the problem and assess the pros and 
cons—costs and benefits—of alternative 
actions. There is, therefore, a pressing need to 
provide decision makers with the economic 
rationale for investing in resilience to changes 
in average weather as part of their adaptation 
strategies. In addition, governments require 
information on the types of interventions that 
will build resilience and the locations where 
the investments are most needed.

A Road Map for Climate-Resilient 
Development
This book identifies climate hotspots, defined 
as locations that will be adversely affected by 
changes in average weather. The book does not 
focus on short-term manifestations of climate 
change, such as extreme events, or slow onset 
events, such as glacier melt or sea-level rise. 
However, the analysis does capture some long-
term effects of changes in extreme temperature 
and precipitation (box 1.1). Overall, the analy-
sis builds on the existing well-documented 
work on emergency response and disaster pre-
paredness with a view to inform long-term 
development planning, public sector programs, 
and public and private sector projects.

The book uses granular spatial information 
from the World Bank’s South Asia Spatial 
Database and national household surveys to 
understand the characteristics of hotspots at 
the household and district levels. The infor-
mation will be useful from a national perspec-
tive (for example, when designing a social 
welfare program) as well as a local one (for 
example, determining which investments 
would be most needed in each community, 
accounting for local socioeconomic character-
istics and climate-related risks). Detailed 
analyses are carried out for Afghanistan, 
Bangladesh, India, Nepal, Pakistan, and 
Sri Lanka—the South Asian countries for 
which the necessary household survey and 
climate data are available.

The objective is to investigate the spatial 
patterns of historic and projected changes 
in average weather across South Asia and 
their effects on living standards. To this 
end, the book attempts to answer three 
specific questions related to changes in 
average weather:

• What changes in average temperature and 
precipitation will occur in different loca-
tions across South Asia?

• How will these changes affect living 
standards?

TABLE 1.1 Climate Change Strategies and Action Plans of Countries in South Asia

Country National Strategy, Policy, or Action Plan Year

Afghanistan Intended Nationally Determined Contribution 2015
Bangladesh Bangladesh Climate Change Strategy and Action Plan

Intended Nationally Determined Contribution
2009
2015

Bhutan National Adaptation Plan
Intended Nationally Determined Contribution

2015
2015

India National Action Plan on Climate Change
Intended Nationally Determined Contribution

2009
2015

Maldives, The Strategic National Action Plan for Disaster Risk Reduction and Climate Change Adaptation
Intended Nationally Determined Contribution

2010
2015

Nepal National Framework on Local Adaptation Plans for Action
Intended Nationally Determined Contribution

2011
2015

Pakistan National Climate Change Policy
Intended Nationally Determined Contribution

2012
2015

Sri Lanka National Adaptation Plan for Climate Change Impacts in Sri Lanka
Intended Nationally Determined Contribution

2015
2015
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The term climate change refers to changes in the 
frequency or magnitude of weather. Climate 
change therefore encapsulates a wide variety of 
phenomena, including changes in average tem-
perature and precipitation and changes in the fre-
quency or severity of extreme events (such as 
tropical storms or heat waves). Often, much of 
the attention related to climate change is on 
extreme events and sea-level rise, which are more 
immediately visible through the profound effects 
these events have on communities. From a long-
term perspective, both changes in the average 
weather and extreme events matter.

In many cases, changes in extreme events can 
be explained through changes in average 
weather. As a practical example, over the past 
30 years there has been an increasing number of 
heat-related deaths in South Asia and around 
the world. The increase has been driven by more 
frequent, longer, and more intense heatwaves 
during the summer. While heatwaves are an 
extreme event, their changes are explained well 
through analyzing shifts in the average distribu-
tion of temperature (McKinnon and others 
2016). Similarly, the analyses in this book, which 
focus on shifts in average weather, are able to 
capture some changes in extreme events.

The concept that changing averages can cap-
ture changes in extreme weather is demon-
strated visually in figure B1.1.1. In this figure, it 
is supposed that the average temperature of a 
location is 28°C (represented by the blue solid 
line) and that climate change shifts the mean 
temperature +3°C (represented by the red solid 
line). Assuming the shape of the underlying 
probability distribution remains constant, this 
shift would increase the likelihood that temper-
ature exceeds 34.6°C (the assumed 95th percen-
tile of the 28°C distribution) by 13 percent. This 
increased likelihood is represented by the red-
shaded area.

Any rise in the average temperature could 
thus potentially lead to a rise in the number of 
days that are extremely hot. This increase in 
heat has repercussions for a myriad of sectors, 
including health, farming, and energy systems. 
More extreme heat raises the risk of heat-related 
illnesses, such as heat exhaustion, and allows 
insects to move into new areas, potentially 
increasing the spread of vector-borne diseases. 
It could also stress crops accustomed to a milder 
climate and worsen drought conditions. In 
addition, extreme heat is associated with air 
stagnation, which could trap pollutants and 
worsen respiratory illnesses such as asthma. 
Similarly, shifting the average of the precipita-
tion  distribution would mean a greater likelihood 
of no precipitation or extreme precipitation, 
corresponding to an increasing likelihood of 
droughts or flooding, respectively.

BOX 1.1 Why Do Changes in the Average Weather Matter?

FIGURE B1.1.1 Increased Average Temperature 
Causes Increased Likelihood of Extreme Heat Events
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• What are the characteristics of the places 
and people most affected by these 
changes?

Understanding answers to these important 
questions will help countries and communi-
ties build resilience to changes in average 
weather in the region through the following:

• Designing interventions across locations 
that address the challenges posed by 
higher temperatures and uncertain long-
term precipitation patterns

• Helping local communities design social 
protection programs that can build cli-
mate resilience given the current spatial 
distribution of poverty through a location-
specific focus

• Highlighting the costs, trade-offs, and 
opportunities for countries to build cli-
mate resilience while realizing their 
growth potentials

The rest of this book is structured as 
follows: chapter 2 provides an overview of 
historic climate trends in the region, as well as 
future projections, using extensive and sophis-
ticated climate modeling; chapter 3 provides 
an analytical framework linking changes in 
average weather and living standards by 
estimating their effects on household con-
sumption; chapter 4 identifies future climate-
induced hotspots at the national and local 
levels; and chapter 5 provides policy 
recommendations.

Note
 1. At the Paris climate conference (Conference 

of Parties [COP21]) in December of 2015, 
195 countries reached the world’s most 

significant agreement to address climate 
change since the issue first emerged as a 
major political priority decades ago. 
Countries committed to keep global tempera-
tures from rising more than 2°C by 2100, 
with an ideal target of keeping temperature 
rise less than 1.5°C.
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Increasingly Hot

Temperatures have been rising in most 
parts of the globe, and South Asia is 
no exception (IPCC 2013). These tem-

perature increases are going to continue, with 
some variation based on location and the 
level of global collective action taken to limit 
greenhouse gas (GHG) emissions. As outlined 
in chapter 1, these changes will have varied 
consequences. Preparing for climate change 
impacts is critical and requires understanding 
projections of changes over the horizons use-
ful to planners. For this purpose, this chapter 
outlines the diverse historic climatic condi-
tions across South Asia and develops esti-
mates of future changes based on an ensemble 
of the most suitable climate models.

Highly Diverse Climate
The geography of South Asia is extremely 
varied. This, combined with regional circula-
tion patterns, leads to a highly diverse climate 
across the region. The glaciated northern 
parts—punctuated by the Himalayas, 
Karakoram, and Hindu Kush mountains—
have annual average temperatures at or below 
freezing (map 2.1). These areas, which contain 
small villages, are much less densely populated 
because of the harsh conditions. In contrast, 
much of the Indian subcontinent has average 
temperatures of 25°C to 30°C, resulting in a 

climate that is already uncomfortably hot much 
of the year. Both the hot and cold extremes are 
challenging for human well-being.

Precipitation patterns are similarly diverse, 
with portions of the region receiving as little 
as 100 mm of average annual precipitation and 
others receiving nearly 5,000 mm (map 2.2). 
The South Asian monsoon typically occurs 
during the months of June through September 
and is the most important climatic feature in 
terms of effect on the region’s people. During 
the premonsoon season, temperatures are 
typically the highest of any point during the 
year. The onset of monsoon rains quickly 
reduces temperatures to more comfortable 
levels and brings much of the year’s water, 
which facilitates agriculture. These water 
resources are close to fully used in many parts 
of South Asia, resulting in strong agricultural 
productivity (though not at its full potential), 
but with high vulnerability to changes in 
water supply or demand.

Too much water delivered too suddenly can 
cause significant damage. For example, swaths 
of South Asia have experienced several cata-
strophic tropical storms and flooding. 
Bangladesh is highly susceptible to flooding 
because much of the country is close to sea 
level and because the Ganges River and the 
Brahmaputra River—two of South Asia’s three 
great rivers—drain through the country.

2
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Unambiguous Historic Temperature 
Increases
Average annual temperatures throughout 
many parts of South Asia have increased 

significantly, but unevenly, in recent decades. 
Western Afghanistan and southwestern 
Pakistan have experienced the largest 
increases, with annual average temperatures 
rising by 1.0°C to 3.0°C from 1950 to 
2010 (map 2.3). Southeastern India, western 
Sri Lanka, northern Pakistan, and eastern 
Nepal have all also experienced increases of 
1.0°C to 1.5°C over the same time frame. 
Although the precise magnitude of these esti-
mated historic temperature changes varies 
depending on the time frame and the observa-
tional data set, the fact that temperature 
changes have been occurring is unambiguous 
(figure 2.1, panels a through g).

Changes in average precipitation are much 
harder to detect because of large year-to-year 
and interdecadal variability. From 1950 
through 2010, statistically significant trends 
of increasing monsoon precipitation are found 
for parts of eastern Afghanistan and central 
Pakistan, and decreasing monsoon precipita-
tion for Uttaranchal and Uttar Pradesh in 
India, but no statistically significant trends for 
other regions (map 2.4). Consequently, there 
are contradictory scientific findings regarding 
if and how precipitation is changing based on 
analysis of station records. For example, 

MAP 2.1 Temperatures Vary Significantly across 
South Asia

Source: Harris and others 2014 (Climate Research Unit TS 2.24).
Note: Annual average for 1981 through 2010.

MAP 2.2 Average Monsoon Precipitation in 
South Asia Generally Increases from West to East

Source: Harris and others 2014 (Climate Research Unit TS 2.24).
Note: Average monsoon precipitation for 1981 through 2010.

MAP 2.3 Temperatures Have Been Increasing in 
Most of South Asia

Source: Harris and others 2014 (Climate Research Unit TS 2.24).
Note: Linear trend in average annual temperature from 1951 through 
2010. Areas showing 0°C change include locations where trends are not 
statistically significant.
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FIGURE 2.1 Unambiguous Temperature Trends in South Asia
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Source: Calculations based on CRU TS 3.22 (Harris and others 2014).
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FIGURE 2.1 Unambiguous Temperature Trends in South Asia (continued)

on the basis of daily station records, Abbas 
and others (2014) do not identify any statisti-
cally significant precipitation time trends in 
Pakistan, whereas Basistha, Arya, and Goel 
(2009) find an increasing trend in monsoon 
precipitation for the Indian Himalayas from 
1902 through 1964 and a decreasing trend 

from 1965 through 1980. Other studies that 
are based on station records have found 
increasing monsoon precipitation trends in 
some parts of India and decreasing trends in 
others (Kumar and others 1992; Pal and 
Al-Tabbaa 2009; Roy and Balling 2004). The 
primary reasons for differences between these 
aforementioned results and those presented in 
this book are the data sets, time frames, and 
statistical tests used in the analyses.

There is more robust evidence for changes 
in monsoon wet and dry spells and overall 
weakening caused by human activities. For 
most regions in South Asia, the monsoon 
patterns have remained constant (similar to 
the findings in map 2.4). However, the core 
region (western and central India) has experi-
enced increases in both intensity of extreme 
wet periods and the frequency of dry periods 
(Singh and others 2014). The precise set of 
reasons for these changes is not known. It has 
been shown, though, that one contributing 
factor is an increase in the concentration of 
human-produced aerosols in the region. 
These aerosols have caused an overall drying 
(or weakening) of the monsoon in recent 
decades (Bollasina, Ming, and Ramaswamy 
2011; Singh 2016).

Projecting Future Climate
Climate change refers to long-term deviations 
in the strength or frequency of weather events 

MAP 2.4 No Overall Monsoon Precipitation 
Trends for Most of South Asia

Source: Harris and others 2014 (Climate Research Unit TS 2.24).
Note: The change in monsoon precipitation is based on a linear trend 
in the average monsoon precipitation from 1951 through 2010. Areas 
showing zero percent change include locations where trends are not 
statistically significant.
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relative to a historic baseline. There are many 
important aspects of the climate that may 
change, including for example:

• 30-year average annual or seasonal tem-
peratures at a given location

• Number or average strength of tropical 
storms

• Timing of the onset of the monsoon rains
• Frequency of droughts

Each of the aforementioned types of climatic 
changes has been observed in recent decades.

The primary driver of current climate 
changes is GHG emissions. The addition of 
human-emitted GHGs into the atmosphere 
has several effects, including raising tempera-
ture through the greenhouse effect. The green-
house effect is well understood and agreed on 
by the scientific community. The basic princi-
ple of the greenhouse effect is that more 
GHGs in the atmosphere lead to more heat 
being trapped by the climate system. This 
trapped heat transfers to many parts of the 
Earth system, resulting in warmer air temper-
atures, warmer oceans, and melting glaciers 
and ice sheets. This means that the response 
of long-term average air temperatures to 
release of GHGs is also well understood and 
agreed on. Although there are many sources 
of GHGs, it is also well documented and 
agreed on that emissions from human sources 
are the primary contributor driving recent 
observed changes in climate (IPCC 2013).

Projecting future climatic changes requires 
creating a scenario that represents future con-
ditions, including the amount, timing, and 
type of emissions by human activities. 
Multiple scenarios are developed to account 
for uncertainty about the path that the world 
will take. The socioeconomic dimensions of 
each scenario are referred to as shared socio-
economic pathways (SSPs) (O’Neill and oth-
ers 2014), and the scenarios representing 
atmospheric emissions of greenhouse gases 
(GHGs) are referred to as representative con-
centration pathways (RCPs) (Taylor, Stouffer, 
and Meehl 2012).

Climate models are the primary tools for 
projecting how a given RCP scenario will 
affect the Earth’s climate. Climate models are 
designed to approximate fundamental laws of 

physics (for example, conservation of energy, 
mass, and momentum) and interactions 
among the atmosphere, land, cryosphere, and 
oceans. The goal is to capture all the relevant 
processes governing the Earth’s climate. In 
practice, these models have certain deficien-
cies, such as not correctly accounting for 
cloud processes (Rosenfeld and others 2014). 
The relative strengths and weaknesses of 
climate models mean that they can more 
accurately project change in long-term tem-
perature, but they are much less able to proj-
ect extreme events and long-term changes in 
precipitation. These relative degrees of uncer-
tainty are borne out in the analysis through-
out this book.

Of the several existing RCPs, this book 
uses climate projections corresponding to 
RCPs 4.5 and 8.5. Conceptually, a higher 
number associated with an RCP corresponds 
to a scenario with greater overall emissions 
and potential for more severe climate change.

The landmark global Paris Agreement, in 
which countries came together to agree to 
limit GHG emissions, set a target of holding 
temperature increases at 2°C relative to prein-
dustrial conditions. The climate change sce-
nario corresponding to the Paris Agreement 
would be even less than RCP 4.5, which 
 represents a future in which some collective 
action is taken to limit GHG emissions and 
global annual average temperatures increase 
by 2.4°C (range of 1.7°C to 3.2°C) by 2100 
relative to preindustrial levels. RCP 8.5 is 
closer to a scenario in which no actions are 
taken to reduce emissions and global annual 
average temperatures increase by 4.3°C 
(range of 3.2°C to 5.4°C) by 2100 relative to 
preindustrial levels. Because RCP 4.5 depends 
on taking collective action, this book refers to 
it as the climate-sensitive scenario; because 
RCP 8.5 corresponds to emitting significant 
carbon dioxide (and other GHGs), this book 
refers to it as the carbon-intensive scenario.

The range of projected global temperature 
increases and precipitation changes cited in 
the previous paragraph stems from differ-
ences between the approximately 45 climate 
models used in the IPCC’s Fifth Assessment 
Report (IPCC 2013). In this book, climate 
projections for South Asia are based on the 
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11 climate models which have publicly avail-
able data and perform best for South Asia, as 
described in the following section.

Selecting Appropriate Climate 
Models
It is well accepted that projecting future 
changes to climate should be conducted using 
multiple climate models. The reason is that 
although all models have imperfections, they 
do not always have the same imperfec-
tions, and random errors will tend to cancel. 
Although a multimodel approach is preferred, 
adding poorly performing models degrades 
the quality of the information. Therefore, 
model selection is important to developing 
climate projection scenarios and assessing 
uncertainty.

Of the approximately 45 climate mod-
els participating in the Climate Model 
Intercomparison Program (CMIP5), 18 were 
evaluated for this book because they had pub-
licly available monthly output for the required 
historic and projection simulations (see 
the list of models assessed and selected in 
table B.1). The climate models were examined 
for their ability to replicate the observed char-
acteristics of the regional climate (see the 
more detailed explanation of model assess-
ment in appendix D). The two metrics used to 
assess model performance are spatial pattern 
correlation and regionally aggregated root 
mean squared error (RMSE).

A high spatial pattern correlation is 
desirable because it suggests that models 
capture the right climate processes respon-
sible for that pattern (that is, spatial pattern 
of mean climate, variability, or trend). 
A low RMSE is desirable because it suggests 
that model response to the relevant climate 
processes is more accurate. The aforemen-
tioned metrics were calculated for each 
model’s ability to reproduce the long-term 
mean, standard deviation, and trend in tem-
perature and precipitation relative to grid-
ded observational data.

Not all observational data sets are of equal 
quality, and errors and uncertainties in obser-
vations are inescapable. Several observational 

data sets were considered as possible repre-
sentation of the “true” historical climate. The 
principal data sets were Aphrodite v1101, a 
daily gridded data set for monsoon Asia, and 
CHIRPS v2.0, a daily gridded data set avail-
able globally. These two data sets were com-
pared with the daily gridded data set of the 
Indian Meteorological Department (IMD), 
whose data set is considered to be the most 
spatially and temporally consistent, but is 
available only over India. Therefore, the IMD 
data were used to determine which regionally 
available data set performs best for South 
Asia, on the basis of agreement over India. 
Overall, the Aphrodite data set best matches 
the spatial pattern and local magnitudes of 
the IMD data, particularly with respect to 
variability, trends, and precipitation extremes. 
Aphrodite is therefore used to assess the 
climate model performance.

The performance of each of the 18 climate 
models is displayed in figure 2.2, panels a 
and b. In general, the models better reproduce 
the spatial patterns of long-term average cli-
mate and year-to-year standard deviation com-
pared with the spatial pattern of multiyear 
trends; however, the climate models better 
reproduce regionally aggregated trends than 
long-term average climate or year-to year vari-
ability. In general, though, the climate models 
better reproduce the regionally aggregated cli-
mate than the spatial pattern of climate within 
South Asia. The method of model selection was 
to eliminate those with the worst performance. 
Four  models—CSIRO Mk3.6.0, GFDL 
ESM2G, HadGEM2 ES, and MPI ESM-LR—
were eliminated because of particularly poor 
spatial correlation performance. Three models—
GISS E2R, INM CM4, and MIROC5—were 
eliminated because of particularly poor region-
ally aggregated performance (see appendix D 
for more details). Therefore, of the 18 climate 
models assessed, 11 were selected for projecting 
conditions in South Asia (figure 2.2).

These 11 selected climate models are used 
to form ensemble climate projections for the 
climate-sensitive and carbon-intensive 
scenarios. The three metrics calculated for 
each ensemble are the multimodel mean 
(MMM), low, and high. The MMM is the 
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average of all 11 model values at each loca-
tion and time frame. The ensemble low and 
high are the values from the climate model 
that projects the minimum or maximum 
future climate aggregated over the country for 
each climate parameter and season (or on an 
annual basis). A different climate model can 
be selected as the low or high ensemble mem-
ber for each country and each season.

Ensemble climate model projections of 
the MMM, low, and high values are 

estimated for each district for all countries 
in South Asia. Climate projections are calcu-
lated for  annual  ( January through 
December), premonsoon (March through 
May), monsoon (June through September), 
and postmonsoon (October through 
February) seasons. Each projection is a 
30-year average centered on the target year. 
The hotspot analysis is conducted for the 
two climate projection time frames shown 
in table 2.1.

FIGURE 2.2 An Illustration of Model Selection Criteria

BCC CSM1.1

CanESM2

CCSM4

CNRM CM5

CSIRO Mk3.6.0

GFDL ESM2G

GFDL ESM2M

GISS E2R

HadGEM2 CC

HadGEM2 ES

INM CM4

IPSL CM5A-LR

MIROC ESM

MIROC ESM-CHEM

MIROC5

MPI ESM-LR

MPI ESM-MR

NorESM1-M

–0.2

0

0.2

0.4

0.6

0.8

M
ea

n 
pr

em
on

so
on

 te
m

pe
ra

tu
re

SD
 in

 p
re

m
on

so
on

 te
m

pe
ra

tu
re

Tr
en

d 
in

 p
re

m
on

so
on

 te
m

pe
ra

tu
re

M
ea

n 
m

on
so

on
 te

m
pe

ra
tu

re

 S
D

 in
 m

on
so

on
 te

m
pe

ra
tu

re

Tr
en

d 
in

 m
on

so
on

 te
m

pe
ra

tu
re

M
ea

n 
po

st
m

on
so

on
 te

m
pe

ra
tu

re

M
ea

n 
pr

em
on

so
on

 p
re

ci
pi

ta
tio

n

M
ea

n 
m

on
so

on
 p

re
ci

pi
ta

tio
n

M
ea

n 
po

st
m

on
so

on
 p

re
ci

pi
ta

tio
n

 S
D

 in
 p

os
tm

on
so

on
 te

m
pe

ra
tu

re

SD
 in

 p
re

m
on

so
on

 p
re

ci
pi

ta
tio

n

SD
 in

 m
on

so
on

 p
re

ci
pi

ta
tio

n

SD
 in

 p
os

tm
on

so
on

 p
re

ci
pi

ta
tio

n

Tr
en

d 
in

 p
os

tm
on

so
on

 te
m

pe
ra

tu
re

Tr
en

d 
in

 p
re

m
on

so
on

 p
re

ci
pi

ta
tio

n

Tr
en

d 
in

 m
on

so
on

 p
re

ci
pi

ta
tio

n

Tr
en

d 
in

 p
os

tm
on

so
on

 p
re

ci
pi

ta
tio

n

G
CM

Co
rr

el
at

io
n 

(la
rg

er
 v

al
ue

s 
ar

e 
be

tt
er

)

Seasonal climate statistics

a. Spatial pattern reproduction

(continues next page)



26  s o u t h  a s I a ’ s  h o t s P o t s  

South Asia Continues to Get Hotter
Annual average temperatures in South Asia 
are projected to increase 1.6°C (with a range 

of 1.0°C to 2.3°C) under the climate-sensitive 
scenario and 2.2°C (range is 1.5°C to 3.1°C) 
under the carbon-intensive scenario by 2050, 
relative to 1981–2010 (figure 2.3). Although 
the uncertainty range is notable, the magni-
tude of the projected temperature increases is 
larger than the uncertainty. This indicates 
high confidence that temperatures in South 
Asia will continue increasing under both the 
climate-sensitive and carbon- intensive 
scenarios.

Unlike temperature, projected changes in 
precipitation are very uncertain (figure 2.4). 

TABLE 2.1 Results from Climate Model Projections 
for Two Future Time Frames 

Target year Definition

2030 Midpoint of projected climate values for 
2016 through 2045

2050 Midpoint of projected climate values for 
2036 through 2065

Note: Green rectangles indicate the four climate models that were eliminated because of low spatial pattern correlations and the three climate models that 
were eliminated because of large RMSE values (see appendix D for more details on model selection). RMSE = root mean squared error; SD = standard deviation.

b. Regionally averaged error
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FIGURE 2.2 An Illustration of Model Selection Criteria (continued)
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One reason for the high degree of uncertainty 
is that precipitation patterns highly depend on 
cloud microphysics, which is difficult to repre-
sent in current climate models. The projected 
MMM change in average monsoon precipita-
tion is ±3.9 percent under the climate-sensitive 
scenario and ±6.4 percent under the carbon-
intensive scenario (the range of projections is 
negative 6.9 percent to positive 25.2 percent, 
depending on the climate model and scenario). 
This large range represents a risk for South 
Asia. If average precipitation increases, some 
areas that have historically experienced low 
precipitation could benefit. At the same time, it 
is also likely that extreme precipitation events 
would become more common under a scenario 
of increasing precipitation patterns, especially 
because of the large temperature increases. 
Extreme precipitation events would cause an 
increase in damage. Decreasing precipitation 
would result in less overall water availability 
in South Asia, which would also cause prob-
lems for people and agricultural yields.

The patterns of temperature change are 
not evenly distributed throughout South Asia 
(box 2.1 and map 2.5, panels a and b). Under 
the climate-sensitive scenario, temperatures are 
projected to increase the most for the Hindu 
Kush and Karakoram mountains. Under the 
carbon-intensive scenario, the MMM climate 
model projection is for annual average temper-
atures to increase 2.5°C to 3.0°C for 
Afghanistan, the portion of Pakistan neighbor-
ing Afghanistan, the Karakoram mountains, 
and the Himalayas, relative to 1981–2010 val-
ues. Part of the reason for this spatial pattern of 
large temperature increases is that these regions 
will lose substantial snow and ice cover under 
these climate scenarios. For example, Mosier 
(2015) finds that snowfall will decrease more in 
the Hindu Kush mountains than the 
Karakoram or Himalaya mountains. Snow and 
ice help to regulate air temperatures because 
they reflect solar radiation and regulate air tem-
peratures through the melting process. Snow 
and ice also store water, which gets released 
during the hottest portions of the year. 
Therefore, losing these important natural water 
reservoirs results in feedback that enhances 
climate change and affects water availability.

In South Asia, temperatures are projected 
to increase the least along the coastal areas of 
India, Bangladesh, and Sri Lanka because the 
oceans help to moderate the temperature. 
Temperature increases in these areas are still 
1.0°C to 1.5°C under the climate-sensitive 

FIGURE 2.3 Historic Trends in Annual Temperature Increases 
Are Projected to Increase
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FIGURE 2.4 Monsoon Precipitation Varies Considerably Year to 
Year, and Projections Are Highly Uncertain
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Temperature patterns vary considerably through-
out South Asia. This means that in a given year, 
temperatures may be hotter than average in one 
part of the region but cooler than average in a dif-
ferent part. It also means that the trends are non-
uniform. These attributes do not decrease the 
ability to make projections about future climate, 
but they do demonstrate the importance of 

spatially analyzing climate change. At the national 
level, historic temperature trends are lowest for 
Bangladesh (0.09°C per decade), India (0.11°C 
per decade), Nepal (0.14°C per decade), and 
Bhutan (0.15°C per decade). Trends are the high-
est for Afghanistan (0.27°C per decade), Pakistan 
(0.17°C per decade), and Sri Lanka (0.17°C per 
decade) (figure B2.1.1, panels a through g).

BOX 2.1 Understanding Historic and Projected Temperatures for Each Country

FIGURE B2.1.1 Annual Temperatures Are Increasing for All Countries, but the Rate of Change Varies
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Sources: Harris and others 2014 (Climate Research Unit TS 2.24); 11 climate models cited in box 2.1.
Note: The black line line indicates yearly annual temperature, the gray line indicates average annual temperature from 1981 through 2010, the dashed purple line indicates 
multimodel mean under the carbon-intensive scenario, the dashed green line represents multimodel mean under the climate-sensitive scenario, and the shaded areas 
indicate 100 percent confidence interval based on 11 climate models for each scenario.

FIGURE B2.1.1 Annual Temperatures Are Increasing for All Countries, but the Rate of Change Varies (continued)
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scenario and 1.5 to 2.0°C under the carbon-
intensive scenario by 2050, relative to 1981 
through 2010.
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