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Risk/Impact 0.8°C WARMING 
(Observed)

2°C WARMING 
(2040s)1

4°C WARMING 
(2080s)

Heat extremes

Unusual heat 
extremes

Virtually absent About 60–70 percent of land in boreal 
summer months (JJA)

>90 percent of land in boreal 
summer months (JJA)

Unprecedented 
heat extremes

Absent 30–40 percent of land area during 
boreal summer months (JJA)15 

>80 percent of land area  
during boreal summer 
months (JJA)

Tropical cyclones

Overall decrease in tropical cyclone fre-
quency 16,17; global increase in tropical 
cyclone rainfall; increasing frequency of 
category 5 storms18

Decreased number of tropical 
cyclones making landfall, 
but maximum wind velocity 
at the coast is projected to 
increase by about 6 percent 
for mainland South East Asia 
and about 9 percent for the 
Philippines

Sea-level rise

75cm (65–85cm) by 2080–2100 110 cm (85–130 cm) by 
2080–2100, lower around 
Bangkok by 5 cm 

Sea-level rise 
impacts

Coastal erosion 
(loss of land)

For the south Hai Thinh commune 
in the Vietnamese Red River delta, 
about 34 percent (12 percent) 
of the increase of erosion rate 
between 1965 and 1995 (1995 and 
2005) has been attributed to the 
direct effect of sea-level rise19

Mekong delta significant 
increase in coastal erosion20

Population 
exposure

20 million people in South East 
Asian cities exposed to coastal 
flooding in 200521

8.5 million people more than 
at present are projected to be 
exposed to coastal flooding 
by 2100 for global sea-level 
rise of 1 m22

City exposure Ho Chi Minh City—up to 60 
percent of the built-up area 
projected to be exposed23 to 
1 m sea-level rise 

Salinity intrusion

Mekong River delta (2005): Long 
An province’s sugar cane produc-
tion diminished by 5–10 percent; 
and significant rice in Duc Hoa 
district was destroyed24

Mahakam river region in Indo-
nesia, increase in land area 
affected by 7–12 percent25

Ecosystem im-
pacts (Coral reefs / 
coastal wetlands)

Nearly all coral reefs experience severe 
thermal stress under warming levels of 
1.5–2°C

Coral reefs subject to severe 
bleaching events annually 
and coastal wetland area 
decrease26

Aquaculture

Estimations of the costs of adapting27 
aquaculture in South East Asia range 
from US$130–190 million per year from 
2010–2050

Marine fisheries
Decrease in maximum catch potential 
around the Philippines and Vietnam28 

Markedly negative trend in 
bigeye tuna29

Health and poverty
The relative risk of diarrhoea is ex-
pected to increase30

Tourism

 Thailand, Indonesia, the Philippines, 
Myanmar and Cambodia among the 
most vulnerable tourism destinations31 

Table 2: Climate Impacts in South East Asia
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Risk/Impact 0.8°C WARMING 
(Observed)

2°C WARMING 
(2040s)1

4°C WARMING 
(2080s)

Heat extremes

Unusual heat 
extremes

Virtually absent About 20 percent of land in boreal sum-
mer months (JJA)

>70 percent of land in boreal 
summer months (DJF)

Unprecedented 
heat extremes

Absent <5 percent of land in boreal summer 
months (JJA), except for the south-
ernmost  tip of India and Sri Lanka 
with 20-30 percent of summer months 
experiencing unprecedented heat

>40 percent of land in boreal 
summer months (DJF)

Drought

Increased drought over 
northwestern India, Pakistan, 
and Afghanistan32. Increased 
length of dry spells in eastern 
India and Bangladesh33

Sea-level rise

70cm (60–80cm) by 2080–210034 105 cm (85–125cm) by 
2080–2100, higher by 5–10 
cm around Maldives, Kolkata

Tropical cyclones
Increasingly severe tropical cyclone 
impacts35

Flooding

Increasingly severe flooding36 By 2070 approximately 1.5 
million people are projected 
to be affected by coastal 
floods in the coastal cities of 
Bangladesh37

River run-off

Indus Mean flow increase of about 65 per-
cent38

Ganges 20 percent increase in run-off39 50 percent increase in run-off

Brahmaputra Very substantial reductions in late 
spring and summer flow40

Water availability

 Overall In India, gross per capita water 
availability is projected to decline 
due to population growth41 

Food water requirements in India 
projected to exceed green water 
availability42, 43. Around 3°C, it is very 
likely that per capita water availability in 
South Asia will decrease by more than 
10 percent44

Groundwater 
recharge

Groundwater resources already 
under stress45

Climate change is projected to further 
aggravate groundwater stress

Crop production

Overall crop production is projected to 
increase by only 12 percent above 2000 
levels (instead of a 60 percent increase 
without climate change), leading to a 
one third decline in per capita crop 
production46

Yields
All crops Reduced rice yields, especially in 

rain-fed areas
Crop yield decreases regardless of 
potentially positive effects

Health and poverty

Malnutrition 
and childhood 
stunting

With climate change percentages 
increase to 14.6 percent and about 5 
percent respectively47

Malaria Relative risk of malaria projected to 
increase by 5 percent in 205048

Diarrheal 
disease 

Relative risk of diarrheal disease 
increase by 1.4 percent compared to 
2010 baseline by 2050

Heat waves 
vulnerability

New Delhi exhibits a 4 percent in-
crease in heat-related mortality per 
1°C above the local heat threshold 
of 20°C49

Most South Asian countries are likely to 
experience a very substantial increase 
in excess mortality due to heat stress by 
the 2090s50

Table 3: Climate Impacts in South Asia
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Endnotes

1	 Years indicate the decade during which warming levels are exceeded in a business-as-usual scenario, not in mitigation scenarios limiting warming to these levels, or 
below, since in that case the year of exceeding would always be 2100, or not at all.
2	 This is the general picture from CMIP5 global climate models; however, significant uncertainty appears to remain. Observed drought trends (Lyon and DeWitt 2012) and 
attribution of the 2011 drought in part to human influence (Lott et al. 2013) leaves significant uncertainty as to whether the projected increased precipitation and reduced 
drought are robust (Tierney, Smerdon, Anchukaitis, and Seager 2013).
3	 Dai (2012). CMIP5 models under RCP4.5 for drought changes 2050–99, warming of about 2.6°C above pre-industrial levels.
4	 see Endnote 2.
5	 Parry et al. (2007).
6	 Temperature increase of 2.3°C and 2.1°C for the period 2041–2079 under SRES A2 and B2 (Döll, 2009).
7	 Gerten et al. (2011).
8	 Nelson et al. (2010).
9	 Schlenker and Lobell (2010).
10	 FAO (2008).
11	 Thornton et al. (2011).
12	 Lam, Cheung, Swartz, & Sumaila (2012). Applying the same method and scenario as (Cheung et al., 2010).
13	 Hinkel et al. (2011) high SLR scenario 126 cm by 2100. In the no sea-level rise scenario, only accounting for delta subsidence and increased population, up to 9 million 
people would be affected.
14	 Lloyd, Kovats, and Chalabi (2011) estimate the impact of climate-change-induced changes to crop productivity on undernourished and stunted children under five years 
of age by 2050 and find that the proportion of undernourished children is projected to increase by 52 percent, 116 percent, 82 percent, and 142 percent in central, east, south, 
and west Sub-Saharan Africa, respectively. The proportion of stunting among children is projected to increase by 1 percent (for moderate stunting) or 30 percent (for severe 
stunting); 9 percent or 55 percent; 23 percent or 55 percent; and 9 percent or 36 percent for central, east, south, and west Sub-Saharan Africa.
15	 Beyond 5-sigma under 2°C warming by 2071–2099.
16	 Held and Zhao (2011).
17	 Murakami, Wang, et al. (2012).
18	 Murakami, Wang, et al. (2012). Future (2075–99) projections SRES A1B scenario.
19	 Duc, Nhuan, & Ngoi (2012).
20	 1m sea-level rise by 2100 (Mackay and Russell, 2011).
21	 Hanson et al. (2011).
22	 Brecht et al. (2012). In this study, urban population fraction is held constant over the 21st century.
23	 Storch & Downes (2011). In the absence of adaptation, the planned urban development for the year 2025 contributes to increase Ho Chi Minh City exposure to sea-level 
rise by 17 percent.
24	 MoNRE (2010) states “Sea-level rise, impacts of high tide and low discharge in dry season contribute to deeper salinity intrusion. In 2005, deep intrusion (and more early 
than normal), high salinity and long-lasting salinization occurred frequently in Mekong Delta provinces.”
25	 Under 4°C warming and 1 m sea-level rise by 2100 (Mcleod, Hinkel et al., 2010).
26	 Meissner, Lippmann, & Sen Gupta (2012).
27	 US$190.7 million per year for the period 2010–2020 (Kam, Badjeck, Teh, Teh, & Tran, 2012); US$130 million per year for the period 2010–2050 (World Bank, 2010).
28	 Maximum catch potential (Cheung et al., 2010).
29	 Lehodey et al. (2010). In a 4°C world, conditions for larval spawning in the western Pacific are projected to have deteriorated due to increasing temperatures. Overall 
adult mortality is projected to increase, leading to a markedly negative trend in biomass by 2100.
30	 Kolstad & Johansson (2011) derived a relationship between diarrhoea and warming based on earlier studies. (Scenario A1B).
31	 Perch-Nielsen (2009). Assessment allows for adaptive capacity, exposure and sensitivity in a 2°C warming and 50cm SLR scenario for the period 2041–2070. 
32	 Dai (2012).
33	 Sillmann & Kharin (2013).
34	 For a scenario in which warming peaks above 1.5°C around the 2050s and drops below 1.5°C by 2100. Due to slow response of oceans and ice sheets the sea-level 
response is similar to a 2°C scenario during the 21st century, but deviates from it after 2100.
35	 World Bank (2010a). Based on the assumption that landfall occurs during high-tide and that wind speed increases by 10 percent compared to cyclone Sidr.
36	 Mirza (2010). 
37	 Brecht et al. (2012). In this study, urban population fraction is held constant over the 21st century.
38	 Van Vliet et al. (2013), for warming of 2.3°C and of 3.2°C. 
39	 Fung, Lopez, & New (2011) SRES A1B warming of about 2.7°C above pre-industrial levels.
40	 For the 2045 to 2065 period (global-mean warming of 2.3°C above pre-industrial) (Immerzeel, Van Beek, & Bierkens, 2010).
41	 Bates, Kundzewicz, Wu, & Palutikof (2008); Gupta & Deshpande (2004).
42	 When taking a total availability of water below 1300m3 per capita per year as a benchmark for water amount required for a balanced diet. 
43	 Gornall et al. (2010). Consistent with increased precipitation during the wet season for the 2050s, with significantly higher flows in July, August and September than in 
2000. Increase in overall mean annual soil moisture content is expected for 2050 with respect to 1970–2000, but the soil is also subject to drought conditions for an increased 
length of time.
44	 Gerten et al. (2011). For a global warming of approximately 3°C above pre-industrial and the SRES A2 population scenario for 2080.
45	 Rodell, Velicogna, & Famiglietti (2009). (Döll, 2009; Green et al., 2011).
46	 Nelson et al. (2010).
47	 Lloyd et al. (2011). South Asia by 2050 for a warming of approximately 2°C above pre-industrial (SRES A2).
48	 Pandey (2010). 116,000 additional incidents, 1.8°C increase in SRES A2 scenario.
49	 McMichael et al. (2008).
50	 Takahashi, Honda, & Emori (2007), global mean warming for the 2090s of about 3.3°C above pre-industrial under the SRES A1B scenario and estimated an increase in 
the daily maximum temperature change over South Asia in the range of 2 to 3°C.
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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 
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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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