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South Asia:  
Extremes of Water Scarcity and Excess
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In this report, South Asia refers to a region comprising seven coun-
tries18 with a growing population of about 1.6 billion people in 2010, 
which is projected to rise to over 2.2 billion by 2050. At 4°C global 
warming, sea level is projected to rise over 100 cm by the 2090s, 
monsoon rainfall to become more variable with greater frequency 
of devastating floods and droughts. Glacier melting and snow cover 
loss could be severe, and unusual heat extremes in the summer 
months (June, July, and August) are projected to affect 70 percent 
of the land area. Furthermore, agricultural production is likely to 
suffer from the combined effects of unstable water supply, the 
impacts of sea-level rise, and rising temperatures. The region has 
seen robust economic growth in recent years, yet poverty remains 
widespread and the combination of these climate impacts could 
severely affect the rural economy and agriculture. Dense urban 
populations, meanwhile, would be especially vulnerable to heat 
extremes, flooding, and disease.

Current Climate Trends and Projected 
Climate Change to 2100

South Asia has a unique and diverse geography dominated in 
many ways by the highest mountain range on Earth, the Himalayan 
mountain range and Tibetan Plateau, giving rise to the great river 
systems of the Indus, Ganges, and Brahmaputra. The climate of 
the region is dominated by the monsoon: The largest fraction of 
precipitation over South Asia occurs during the summer monsoon 
season. Eighty percent of India’s rainfall, for example, occurs in this 
period. The timely arrival of the summer monsoon, and its regular-
ity, are critical for the rural economy and agriculture in South Asia.

Under future climate change, the frequency of years with 
above normal monsoon rainfall and of years with extremely 
deficient rainfall is expected to increase. The Ganges, Indus, and 
Brahmaputra—are vulnerable to the effects of climate change 
due to the melting of glaciers and loss of snow cover. The result 

18	 Bangladesh, Bhutan, India, the Maldives, Nepal, Pakistan, and Sri Lanka. This 
follows the SREX regional definition and hence does not include Afghanistan. Some of 
the studies reviewed in the report however include Afghanistan, and less frequently 
Iran or Turkey, in their assessment for South Asia.
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is a significant risk to stable and reliable water resources for the 
region, with increases in peak flows associated with the risk of 
flooding and dry season flow reductions threatening agriculture.

In the past few decades a warming trend has begun to emerge 
over South Asia, particularly in India, which appears to be consis-
tent with the signal expected from human induced climate change. 
Recent observations of total rainfall amounts during the monsoon 
period indicate a decline in rainfall, likely due to the effects of 
anthropogenic aerosols, particularly black carbon. In addition to 
these patterns there are observed increases in the frequency of 
the most extreme precipitation events, as well as increases in the 
frequency of short drought periods.

Rainfall
During recent decades, increases in the frequency of the most 
extreme precipitation events have been observed. Annual pre-
cipitation is projected to increase by up to 30 percent in a 4°C 
world. The seasonal distribution of precipitation is expected to 
become amplified, with a decrease of up to 30 percent during 
the dry season and a 30 percent increase during the wet season.

Temperature
In a 4°C world, South Asian summer temperatures are projected 
to increase by 3°C to nearly 6°C by 2100, with the warming most 
pronounced in Pakistan. The pattern remains the same in a 2°C 
world, with warming reaching 2°C in the northwestern parts 
of the region and 1°C to 2°C in the remaining regions. By the 
time 1.5°C warming is reached, heat extremes that are unusual 
or virtually absent in today´s climate in the region are projected 
to cover 15 percent of land areas in summer.

Under 2°C warming, unusual extreme heat over 20 percent 
of the land area is projected for Northern Hemisphere summer 
months, with unprecedented heat extremes affecting about 5 percent 
of the land area, principally in the south. Under 4°C warming, 
the west coast and southern India, as well as Bhutan and north-
ern Bangladesh, are projected to shift to new, high-temperature 
climatic regimes. Unusual heat is projected for 60–80 percent of 
the Northern Hemisphere summer months in most parts of the 
region. Some regions are projected to experience unprecedented 
heat during more than half of the summer months, including Sri 
Lanka and Bhutan. In the longer term, the exposure of South Asia 

Figure 5.1: South Asia Multi-model mean of the percentage change dry-season (DJF, left) and wet-season (JJA, right) 
precipitation for RCP2.6 (2ºC world; top) and RCP8.5 (4ºC world; bottom) for South Asia by 2071–2099 relative to 1951–1980

Hatched areas indicate uncertainty regions with 2 out of 5 models disagreeing on the direction of change compared to the remaining 3 models.
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to an increase in these extremes could be substantially limited by 
holding warming below 2°C.

Likely Physical and Biophysical Impacts as a Function of 
Projected Climate Change
The projected changes in rainfall, temperature, and extreme event 
frequency and/or intensity would have both direct and indirect 
impacts on monsoon activity, droughts, glacial loss, snow levels, 
river flow, ground water resources, and sea-level rise.

Monsoon
While most modeling studies project increases in average annual 
monsoonal precipitation over decadal timescales, they also project 
significant increases in inter-annual and intra-seasonal variability.

For global mean warming approaching 4°C, a 10 percent 
increase in annual mean monsoon intensity and a 15 percent 
increase in year-to-year variability of Indian summer monsoon 
precipitation is projected compared to normal levels during the 
first half of the 20th century. Taken together, these changes imply 

Table 5.1: Summary of climate impacts and risks in South Asiaa

Risk/Impact

Observed 
Vulnerability or 
Change

Around 1.5°Cb 
(2030sc)

Around 2°C 
(2040s)

Around 3°C 
(2060s)

Around 4°C 
(2080s)

Regional warming 2011 Indian 
temperature 9th 
warmest on record. 
2009 warmest 
at 0.9°C above  
1961–90 average

Warm spells 
lengthen to 20–
45 days. Warm 
nights occur 
at frequency 
of 40 percent

Warm spells lengthen 
to 150–200 days. 
Warm nights occur at 
frequency of 85 percent

Heat 
extremes
(in the 
Northern 
Hemisphere 
summer)d

Unusual heat 
extremes

Virtually absent 15 percent of land 20 percent of land >50 percent of land >70 percent of land
In south almost all 
summer months 
unusually hot

Unprecedented 
heat extremes

Absent Virtually absent <5 percent of land 20 percent of land >40 percent of land

Precipitation
(including the monsoon)

Decline in South 
Asian monsoon 
rainfall since 
the 1950s but 
increases in 
frequency of most 
extreme precipitation 
events

Change in rainfall 
uncertain

Change in 
rainfall uncertain; 
20 percent increase 
of extreme wet day 
precipitation share 
of the total annual 
precipitatione

About 5 percent 
increase in summer 
(wet season) rainfall

About 10 percent 
increase in summer 
(wet season) rainfall. 
Intra seasonal 
variability of monsoon 
rainfall increased, by 
about 15 percent.
75 percent increase 
of extreme wet day 
precipitation share of 
total annual precipitationf

Drought Increased frequency 
short droughts

Increased drought 
over north-western 
parts of the region, 
particularly Pakistan

Increased length of dry 
spells measured by 
consecutive dry days 
in eastern India and 
Bangladesh

Sea-level rise above current: About 20 cm to 2010 30cm–2040s
50cm–2070
70 cm by 2080–2100

30cm–2040s
50cm–2070
70cm by 2080–2100

30cm–2040s
50cm–2060
90cm by 2080–2100

30cm–2040s
50cm–2060
105cm by 2080–2100, 
Maldives 10cm higher

a A more comprehensive table of impacts and risks for SEA is presented at the end of Chapter 5.
b Years indicate the decade during which warming levels are exceeded in a business-as-usual scenario exceeding 4°C by the 2080s.
c Years indicate the decade during which warming levels are exceeded in a business-as-usual scenario exceeding 4°C by the 2080s.
d Mean across climate model projections is given. Illustrative uncertainty range across the models (minimum to maximum) for 4°C warming are 70–100 percent for 
unusual extremes, and 30–100 percent for unprecedented extremes. The maximum frequency of heat extreme occurrence in both cases is close to 100 percent, as 
indicator values saturate at this level.
e 50 percent uncertainty range 8–12 percent.
f 50 percent uncertainty range 65–85 percent.
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that an extreme wet monsoon that currently has a chance of occur-
ring only once in 100 years is projected to occur every 10 years 
by the end of the century.

A series of unusually intense monsoonal rainfall events in 
the mountainous catchment of the Indus River was one of the 
main physical drivers of the devastating Pakistan floods of 2010, 
which resulted in more than 1,900 casualties and affected 
more than 20 million people. Farms and key infrastructure, 
such as bridges, were washed away in the predominantly rural 
areas affected. The rainfall event itself was only the start of a 
chain of events that led to prolonged and wide-scale flooding 
downstream, with many other factors due to human activity. 
Irrigation dams, barrages, river embankments, and diversions 
in the inland basins of rivers can seriously exacerbate the risk 
of flooding downstream from extreme rainfall events higher up 
in river catchments.

Large uncertainty remains about the behavior of the Indian 
summer monsoon under global warming. An abrupt change in 
the monsoon, for example, toward a drier, lower rainfall state, 
could precipitate a major crisis in South Asia, as evidenced by 
the anomalous monsoon of 2002, which caused the most serious 
drought in recent times (with rainfall about 209 percent below 
the long-term normal and food grain production reductions of 
about 10–15 percent compared to the average of the preceding 
decade). Physically plausible mechanisms have been proposed 
for such a switch, and changes in the tropical atmosphere that 
could precipitate a transition of the monsoon to a drier state are 
projected in the present generation of climate models.

Droughts
The projected increase in seasonality of precipitation is associated 
with an increase in the number of dry days and droughts with 
adverse consequences for human lives. Droughts are expected to 
pose an increasing risk in parts of the region, particularly Paki-
stan, while increasing wetness is projected for southern India. 
The direction of change is uncertain for northern India. Of the 
ten most severe drought disasters globally in the last century, 
measured in terms of the number of people affected, six were in 
India, affecting up to 300 million people. For example, the Indian 
droughts of 1987 and 2002/2003 affected more than 50 percent 
of the crop area in the country and, in 2002, food grain pro-
duction declined by 29 million tons compared to the previous 
year. It is estimated that in the states of Jharkhand, Orissa, and 
Chhattisgarh, major droughts, which occur approximately every 
five years, negatively impact around 40 percent of agricultural 
production.

Glacial Loss, Snow Cover Reductions, and River Flow
Over the past century most of the Himalayan glaciers have been 
retreating. Currently, 750 million people depend on the glacier-fed 

Indus and Brahmaputra river basins for freshwater resources, 
and reductions in water availability could significantly reduce 
the amount of food that can be produced within the river basins. 
These rivers depend heavily on snow and glacial melt water, 
which makes them highly susceptible to climate-change-induced 
glacier and snowmelt. Warming projections of about 2.5°C above 
pre-industrial levels by the 2050s indicate the risk of substantial 
reductions in the flow of the Indus and Brahmaputra in summer 
and late spring, after a period with increased flow. The availability 
of water for irrigation is very much contingent on these water 
resources, particularly during the dry seasons.

•	 An increased river flow in spring is projected due to stronger 
glacial melt and snowmelt, with less runoff available prior to 
monsoon onset in late spring and summer.

•	 For the Indus River Delta, high flow is projected to increase 
by about 75 percent for warming above 2°C. Higher peak 
river flows expose a growing number of people inhabiting 
the densely populated river deltas of the regions to the com-
bined risks of flooding, sea-level rise, and increasing tropical 
cyclone intensity.

Groundwater Resources 
Groundwater resources, which are mainly recharged by precipita-
tion and surface-water, are also expected to be impacted by climate 
change. South Asia, especially India and Pakistan, are highly 
sensitive to decreases in groundwater recharge as these countries 
are already suffering from water scarcity and largely depend on a 
supply of groundwater for irrigation. In India, for example, 60 per-
cent of irrigation depends on groundwater, while about 15 percent 
of the country’s groundwater tables are overexploited, including 
the Indus basin. Groundwater resources are particularly important 
to mitigate droughts and related impacts on agriculture and food 
security. With increased periods of low water availability and dry 
spells projected, it is likely that groundwater resources will become 
even more important for agriculture, leading to greater pressure on 
resources. Projected increases in the variability and seasonality of 
monsoon rainfall may affect groundwater recharge during the wet 
season and lead to increased exploitation during the dry season.

Sea-level Rise
With South Asian coastlines being located close to the equa-
tor, projections of local sea-level rise show a greater increase 
compared to higher latitudes. Sea-level rise is projected to 
be approximately 100–115 cm by the 2090s in a 4°C world, 
and 60–80 cm in a 2°C world, by the end of the 21st century rela-
tive to 1986–2005, with the highest values (up to 10 cm more) 
expected for the Maldives. This is generally around 5–10 percent 
higher than the global mean, and a 50 cm sea-level rise would 
likely occur by 2060.
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Sector-based and Thematic Impacts

Water Resources are already at risk in the densely populated 
countries of South Asia, according to most studies that assess this 
risk. One study indicates that for a warming of about 3°C above 
pre-industrial levels by the 2080s, it is very likely that per capita 
water availability will decrease by more than 10 percent due to a 
combination of population increase and climate change in South 
Asia. Even for 1.5–2°C warming, major investments in water storage 
capacity would be needed in order to utilize the potential benefits 
of increased seasonal runoff and compensate for lower dry seasons 
flows, to allow improved water availability throughout the year.

The quality of freshwater is also expected to suffer from poten-
tial climate impacts. Sea-level rise and storm surges in coastal 
and deltaic regions would lead to saltwater intrusion degrading 
groundwater quality. Contamination of drinking water by saltwater 
intrusion may cause an increasing number of diarrhea cases. Cholera 
outbreaks may also become more frequent as the bacterium that 
causes cholera, vibrio cholerae, survives longer in saline water. 
About 20 million people in the coastal areas of Bangladesh are 
already affected by salinity in their drinking water.

Crop Yields are vulnerable to a host of climate-related factors in 
the region, including seasonal water scarcity, rising temperatures, 
and salinity intrusion due to sea-level rise. Rising temperatures 
and changes in rainfall patterns have contributed to reduced 
relative yields of rice, the most important crop in Asia, especially 
in rainfed areas. Cultivated crops have been observed to also be 
sensitive to rising temperatures. One study finds that compared 
to calculations of potential yields without historic trends of tem-
perature changes since the 1980s, rice and wheat yields have 
declined by approximately 8 percent for every 1°C increase in 
average growing-season temperatures. Another study found that 
the combination of warmer nights and lower precipitation at the 
end of the growing season has caused a significant loss of rice 
production in India: yields could have been almost 6-percent higher 
without the historic change in climatic conditions.

While overall yields have increased over the last several decades, 
in the last decade worrying signs have emerged of crop yield 
stagnation on substantial areas of Indian cropland. The projected 
increase in extreme heat affecting 10 percent of total land area 
by 2020 and 15 percent by 2030 poses a high risk to crop yields. 
Crop yields are projected to decrease significantly for warming in 
the 1.5–2.0°C range; if there is a strong CO

2 fertilization effect, 
however, the negative effects of warming might be offset in part 
by low-cost adaptation measures. Above about 2°C warming 
above pre-industrial levels, crop yields are projected to decrease 
around 10–30 percent for warming of 3–4.5°C, with the largest 
reductions in the cases where the CO2 fertilization effect is weak.

Total Crop Production without climate change is projected to 
increase significantly (by 60 percent) in the region and be under 

increased price pressure and a trend factor expressing techno-
logical improvements, research and development, extension of 
markets, and infrastructure. Under 2°C warming by the 2050s, 
the increase may be reduced by at least 12 percent, requiring 
more than twice the imports to meet per capita demand than is 
required without climate change. As a result, per-capita calorie 
availability is projected to decrease significantly. Decreasing food 
availability can lead to significant health problems in affected 
populations, including childhood stunting, which is projected to 
increase by 35 percent by 2050 compared to a scenario without 
climate change.

Energy Security is expected to come under increasing pressure 
from climate-related impacts to water resources. The two dominant 
forms of power generation in the region are hydropower and ther-
mal power generation (e.g., fossil fuel, nuclear, and concentrated 
solar power), both of which can be undermined by inadequate 
water supplies. Thermal power generation may also be affected 
through pressure placed on cooling systems by increases in air 
and water temperatures.

Integrated Synthesis of Climate Change 
Impacts in the South Asia Region

Water resource dynamics: Many of the climate risks and impacts 
that pose potential threats to populations in the South Asia region 
can be linked back to changes to the water cycle—extreme rainfall, 
droughts, and declining snow fall and glacial loss in the Himalayas 
leading to changes in river flow—combined in the coastal regions 
with the consequences of sea-level rise and increased tropical 
cyclone intensity. Increasing seasonality of precipitation as a 
loss of snow cover is likely to lead to greater levels of flooding, 
and higher risks of dry periods and droughts. Exacerbating these 
risks are increases in extreme temperatures, which are already 
observed to adversely affect crop yields. Should these trends and 
patterns continue, substantial yield reductions can be expected 
in the near and midterm. Changes in projected rainfall amounts 
and geographical distribution are likely to have profound impacts 
on agriculture, energy, and flood risk.

The region is highly vulnerable even at warming of less than 2°C 
given the significant areas affected by droughts and flooding at 
present temperatures. In addition, the projected risks to crop 
yields and water resources, and sea-level rise reaching 70 cm by 
the 2070s, are likely to affect large populations.

Deltaic Regions and Coastal Cities are particularly exposed to 
cascading risks resulting from a combination of climatic changes, 
including increased temperature, increased river flooding, rising 
sea levels, and increasingly intense tropical cyclones and their 
consequences. Deaths in India and Bangladesh currently account 
for 86 percent of global mortalities from cyclones even though 
only 15 percent of all tropical cyclones affect this region.
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•	 Bangladesh emerges as an impact hotspot with increasing and 
compounding challenges occurring in the same timeframe from 
extreme river floods, more intense tropical cyclones, rising 
sea levels, extraordinarily high temperatures, and declining 
crop yields. Increased river flooding combined with tropical 
cyclone surges poses a high risk of inundation in areas with 
the largest shares of poor populations. A 27 cm sea-level rise, 
projected for the 2040s, in combination with storm surges from 
an average 10-year return period cyclone, such as Cyclone Sidr, 
could inundate an area more than 80-percent larger than the 
area inundated at present by a similar event.

•	 Kolkata and Mumbai are highly vulnerable to the impacts of 
sea-level rise, tropical cyclones, and riverine flooding. Floods 
and droughts are associated with health impacts, including 
diarrheal diseases, which at present are a major cause of child 
mortality in Asia and the Pacific.

Climate change shocks to seasonal water availability would 
confront populations with ongoing and multiple challenges to 
accessing safe drinking water, sufficient water for irrigation, and 
adequate cooling capacity for thermal power production.

Irrespective of future emission paths, in the next 20 years a 
several-fold increase in the frequency of unusually hot and extreme 
summer months can be expected from warming already underway. 

A substantial increase in excess mortality is expected to be associ-
ated with such heat extremes and has been observed in the past.

Increasing risks and impacts from extreme river floods, more 
intense tropical cyclones, rising sea levels, and extraordinarily high 
temperatures are projected. Population displacement, which already 
periodically occurs in flood-prone areas, is likely to continue to 
result from severe flooding and other extreme events. Agricultural 
production is likely to suffer from the combined effects of rising 
temperatures, impacts on seasonal water availability, and the 
impacts of sea-level rise.

Future economic development and growth will contribute to 
reducing the vulnerability of South Asia’s large and poor popula-
tions. Climate change projections indicate, however, that high 
levels of vulnerability are projected and their societal implications 
indicate that high levels of vulnerability are likely to remain and 
persist. Warming is projected to significantly slow the expected 
reduction in poverty levels. Many of the climate change impacts 
in the region pose a significant challenge to development, even 
with relatively modest warming of 1.5–2°C. Major investments in 
infrastructure, flood defense, and development of high temperature 
and drought resistant crop cultivars, and major improvements in 
such sustainability practices as groundwater extraction, would 
be needed to cope with the projected impacts under this level 
of warming.
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Abbreviations

°C	 degrees Celsius
3-sigma events	 Events that are three standard deviations 

outside the historical mean
5-sigma events	 Events that are five standard deviations out-

side the historical mean
AI	 Aridity Index
ANN	 Annual
AOGCM	 Atmosphere-Ocean General Circulation Model
AR4	 Fourth Assessment Report of the Inter

governmental Panel on Climate Change
AR5	 Fifth Assessment Report of the Inter

governmental Panel on Climate Change
BAU	 Business as Usual
CaCO3	 Calcium Carbonate
CAT	 Climate Action Tracker
CMIP5 	 Coupled Model Intercomparison Project 

Phase 5
CO2	 Carbon Dioxide 
DIVA 	 Dynamic Interactive Vulnerability  

Assessment
DJF	 December January February
ECS	 Equilibrium Climate Sensitivity
GCM	 General Circulation Model
GDP	 Gross Domestic Product
FPU	 Food Productivity Units
GFDRR	 Global Facility for Disaster Reduction and 

Recovery
IAM	 Integrated Assessment Model

IEA	 International Energy Agency
IPCC	 Intergovernmental Panel on Climate Change
ISI-MIP	 Inter-Sectoral Impact Model Intercomparison 

Project
JJA	 June July August
MAGICC	 Model for the Assessment of Greenhouse-gas 

Induced Climate Change
MGIC	 Mountain Glaciers and Ice Caps 
NH	 Northern Hemisphere 
OECD	 Organisation for Economic Cooperation and 

Development
PDSI	 Palmer Drought Severity Index
ppm	 parts per million
RCP	 Representative Concentration Pathway
SCM	 Simple Climate Model
SLR	 Sea-level Rise
SRES	 IPCC Special Report on Emissions Scenarios 
SREX	 IPCC Special Report on Managing the Risks 

of Extreme Events and Disasters to Advance 
Climate Change Adaptation

SSA	 Sub-Saharan Africa
UNEP	 United Nations Environment Programme
UNFCCC	 United Nations Framework Convention on 

Climate Change
UNRCO	 United Nations Resident Coordinator’s Office
USAID	 United States Agency for International 

Development
WBG	 World Bank Group 
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Glossary

Aridity Index  The Aridity Index (AI) is an indicator designed for 
identifying structurally “arid” regions, that is, regions with a 
long-term average precipitation deficit. AI is defined as total 
annual precipitation divided by potential evapotranspiration, 
with the latter a measure of the amount of water a representative 
crop type would need as a function of local conditions such as 
temperature, incoming radiation and wind speed, over a year 
to grow, which is a standardized measure of water demand.

Biome  A biome is a large geographical area of distinct plant and 
animal groups, one of a limited set of major habitats, classified 
by climatic and predominant vegetative types. Biomes include, 
for example, grasslands, deserts, evergreen or deciduous 
forests, and tundra. Many different ecosystems exist within 
each broadly defined biome, which all share the limited range 
of climatic and environmental conditions within that biome.

C3/C4 plants refers to two types of photosynthetic biochemical 
“pathways”. C3 plants include more than 85 percent of plants 
on Earth (e.g. most trees, wheat, rice, yams and potatoes) and 
respond well to moist conditions and to additional carbon 
dioxide in the atmosphere. C4 plants (for example savanna 
grasses, maize, sorghum, millet, sugarcane) are more efficient 
in water and energy use and outperform C3 plants in hot and 
dry conditions. 

 CAT  The Climate Action Tracker (CAT) is an independent science-
based assessment, which tracks the emission commitments 
and actions by individual countries. The estimates of future 
emissions deducted from this assessment serve to analyse 
warming scenarios that would result from current policy: 
(a) CAT Reference BAU: a lower reference ‘business-as-usual’ 
(BAU) scenario that includes existing climate policies, but not 
pledged emission reductions; and (b) CAT Current Pledges: 

a scenario additionally incorporating reductions currently 
pledged internationally by countries. 

CMIP5  The Coupled Model Intercomparison Project Phase 5 
(CMIP5) brought together 20 state-of-the-art GCM groups, 
which generated a large set of comparable climate-projections 
data. The project provided a framework for coordinated climate 
change experiments and includes simulations for assessment 
in the IPCC´s AR5.

CO
2 fertilization  The CO2 fertilization effect may increase the rate 
of photosynthesis mainly in C3 plants and increase water use 
efficiency, thereby producing increases in agricultural C3 crops 
in grain mass and/or number. This effect may to some extent 
offset the negative impacts of climate change, although grain 
protein content may decline. Long-term effects are uncertain 
as they heavily depend on a potential physiological long-term 
acclimation to elevated CO2, as well as on other limiting factors 
including soil nutrients, water and light. 

GCM  A General Circulation Model is the most advanced type 
of climate model used for projecting changes in climate due 
to increasing greenhouse-gas concentrations, aerosols and 
external forcings like changes in solar activity and volcanic 
eruptions. These models contain numerical representations 
of physical processes in the atmosphere, ocean, cryosphere 
and land surface on a global three-dimensional grid, with 
the current generation of GCMs having a typical horizontal 
resolution of 100 to 300 km.

GDP (Gross Domestic Product) is the sum of the gross value 
added by all resident producers in the economy plus any 
product taxes and minus any subsidies not included in the 
value of the products. It is calculated without deductions for 



Turn Down The Heat: Climate Extremes, Regional Impacts, and the Case for Resilience

22

depreciation of fabricated assets or for depletion and degrada-
tion of natural resources.

GDP (PPP) per capita is GDP on a purchasing power parity basis 
divided by population. Please note: Whereas PPP estimates for 
OECD countries are quite reliable, PPP estimates for develop-
ing countries are often rough approximations.

Hyper-aridity  Land areas with very low Aridity Index (AI), gener-
ally coinciding with the great deserts. There is no universally 
standardized value for hyper-aridity, and values between 0 and 
0.05 are classified in this report as hyper-arid. 

IPCC AR4, AR5  The Intergovernmental Panel on Climate Change 
(IPCC) is the leading body of global climate change assess-
ments. It comprises hundreds of leading scientists worldwide 
and on a regular basis publishes assessment reports which 
give a comprehensive overview over the most recent scientific, 
technical and socio-economic information on climate change 
and its implications. The Fourth Assessment Report (AR4) was 
published in 2007. The upcoming Fifth Assessment Report 
(AR5) will be completed in 2013/2014.

ISI-MIP  The first Inter-Sectoral Impact Model Intercomparison 
Project (ISI-MIP) is a community-driven modeling effort which 
provides cross-sectoral global impact assessments, based on 
the newly developed climate [Representative Concentration 
Pathways (RCPs)] and socio-economic scenarios. More than 
30 models across five sectors (agriculture, water resources, 
biomes, health and infrastructure) participated in this model-
ing exercise. 

MAGICC  Carbon-cycle/climate model of “reduced complexity,” here 
applied in a probabilistic set-up to provide “best-guess” global-
mean warming projections, with uncertainty ranges related to 
the uncertainties in carbon-cycle, climate system and climate 
sensitivity. The model is constrained by historical observations 
of hemispheric land/ocean temperatures and historical estimates 
for ocean heat-uptake, reliably determines the atmospheric 
burden of CO2 concentrations compared to high-complexity 
carbon-cycle models and is also able to project global-mean 
near-surface warming in line with estimates made by GCMs.

Pre-industrial levels (what it means to have present 0.8°C 
warming)  The instrumental temperature records show that 
the 20-year average of global-mean near-surface air tempera-
ture in 1986–2005 was about 0.6°C higher than the average 
over 1851–1879. There are, however, considerable year-to-
year variations and uncertainties in data. In addition the 
20-year average warming over 1986–2005 is not necessarily 

representative of present-day warming. Fitting a linear trend over 
the period 1901 to 2010 gives a warming of 0.8°C since “early 
industrialization.” Global-mean near-surface air temperatures 
in the instrumental records of surface-air temperature have 
been assembled dating back to about 1850. The number of 
measurement stations in the early years is small and increases 
rapidly with time. Industrialization was well on its way by 
1850 and 1900, which implies using 1851–1879 as a base 
period, or 1901 as a start for linear trend analysis might lead 
to an underestimate of current and future warming, but global 
greenhouse-gas emissions at the end of the 19th century were 
still small and uncertainties in temperature reconstructions 
before this time are considerably larger.

RCP  Representative Concentration Pathways (RCPs) are based on 
carefully selected scenarios for work on integrated assessment 
modeling, climate modeling, and modeling and analysis of 
impacts. Nearly a decade of new economic data, information 
about emerging technologies, and observations of environmental 
factors, such as land use and land cover change, are reflected in 
this work. Rather than starting with detailed socioeconomic sto-
rylines to generate emissions scenarios, the RCPs are consistent 
sets of projections of only the components of radiative forcing 
(the change in the balance between incoming and outgoing 
radiation to the atmosphere caused primarily by changes in 
atmospheric composition) that are meant to serve as input for 
climate modeling. These radiative forcing trajectories are not 
associated with unique socioeconomic or emissions scenarios, 
and instead can result from different combinations of economic, 
technological, demographic, policy, and institutional futures.

RCP2.6  RCP2.6 refers to a scenario which is representative of the 
literature on mitigation scenarios aiming to limit the increase 
of global mean temperature to 2°C above the pre-industrial 
period. This emissions path is used by many studies that are 
being assessed for the IPCC´s Fifth Assessment Report and is 
the underlying low emissions scenario for impacts assessed in 
other parts of this report. In this report we refer to the RCP2.6 
as a 2°C World.

RCP8.5  RCP8.5 refers to a scenario with no-climate-policy baseline 
with comparatively high greenhouse gas emissions which is 
used by many studies that are being assessed for the upcoming 
IPCC Fifth Assessment Report (AR5). This scenario is also the 
underlying high emissions scenario for impacts assessed in 
other parts of this report. In this report we refer to the RCP8.5 
as a 4°C World above the pre-industrial period.

Severe & extreme  Indicating uncommon (negative) consequences. 
These terms are often associated with an additional qualifier 
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like “unusual” or “unprecedented” that has a specific quanti-
fied meaning (see “Unusual & unprecedented”). 

SRES  The Special Report on Emissions Scenarios (SRES), published 
by the IPCC in 2000, has provided the climate projections for 
the Fourth Assessment Report (AR4) of the Intergovernmental 
Panel on Climate Change (IPCC). They do not include mitiga-
tion assumptions. The SRES study includes consideration of 40 
different scenarios, each making different assumptions about 
the driving forces determining future greenhouse gas emissions. 
Scenarios are grouped into four families, corresponding to a 
wide range of high and low emission scenarios. 

SREX  In 2012 the IPCC published a special report on Managing 
the Risks of Extreme Events and Disasters to Advance Climate 
Change Adaptation (SREX). The report provides an assessment 
of the physical as well as social factors shaping vulnerability to 
climate-related disasters and gives an overview of the potential 
for effective disaster risk management. 

Unusual & unprecedented  In this report, unusual and unprec-
edented heat extremes are defined using thresholds based 
on the historical variability of the current local climate. The 
absolute level of the threshold thus depends on the natural 
year-to-year variability in the base period (1951–1980), which 
is captured by the standard deviation (sigma). Unusual heat 
extremes are defined as 3-sigma events. For a normal distri-
bution, 3-sigma events have a return time of 740 years. The 
2012 U.S. heat wave and the 2010 Russian heat wave classify 
as 3-sigma and thus unusual events. Unprecedented heat 
extremes are defined as 5-sigma events. They have a return 
time of several million years. Monthly temperature data do 
not necessarily follow a normal distribution (for example, 
the distribution can have “long” tails, making warm events 
more likely) and the return times can be different from the 
ones expected in a normal distribution. Nevertheless, 3-sigma 
events are extremely unlikely and 5-sigma events have almost 
certainly never occurred.
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