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i) Risk of death, injury, ill-health, or disrupted livelihoods in low-lying coastal zones and small island developing states and other small
islands, due to storm surges, coastal flooding, and sea level rise.37 [RFC 1-5]

ii) Risk of severe ill-health and disrupted livelihoods for large urban populations due to inland flooding in some regions.38 [RFC 2 and 3]
iii) Systemic risks due to extreme weather events leading to breakdown of infrastructure networks and critical services such as electricity,

water supply, and health and emergency services.39 [RFC 2-4]
iv) Risk of mortality and morbidity during periods of extreme heat, particularly for vulnerable urban populations and those working outdoors

in urban or rural areas.40 [RFC 2 and 3]
v) Risk of food insecurity and the breakdown of food systems linked to warming, drought, flooding, and precipitation variability and extremes,

particularly for poorer populations in urban and rural settings.41 [RFC 2-4]
vi) Risk of loss of rural livelihoods and income due to insufficient access to drinking and irrigation water and reduced agricultural productivity,

particularly for farmers and pastoralists with minimal capital in semi-arid regions.42 [RFC 2 and 3]
vii) Risk of loss of marine and coastal ecosystems, biodiversity, and the ecosystem goods, functions, and services they provide for coastal

livelihoods, especially for fishing communities in the tropics and the Arctic.43 [RFC 1, 2, and 4]
viii) Risk of loss of terrestrial and inland water ecosystems, biodiversity, and the ecosystem goods, functions, and services they provide for

livelihoods.44 [RFC 1, 3, and 4]
Many key risks constitute particular challenges for the least developed countries and vulnerable communities, given their limited ability to
cope.
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Assessment Box SPM.1 Figure 1 | A global perspective on climate-related risks. Risks associated with reasons for concern are shown at right for increasing levels of climate 
change. The color shading indicates the additional risk due to climate change when a temperature level is reached and then sustained or exceeded. Undetectable risk (white) 
indicates no associated impacts are detectable and attributable to climate change. Moderate risk (yellow) indicates that associated impacts are both detectable and attributable 
to climate change with at least medium confidence, also accounting for the other specific criteria for key risks. High risk (red) indicates severe and widespread impacts, also 
accounting for the other specific criteria for key risks. Purple, introduced in this assessment, shows that very high risk is indicated by all specific criteria for key risks. [Figure 19-4] 
For reference, past and projected global annual average surface temperature is shown at left, as in Figure SPM.4. [Figure RC-1, Box CC-RC; WGI AR5 Figures SPM.1 and SPM.7] 
Based on the longest global surface temperature dataset available, the observed change between the average of the period 1850–1900 and of the AR5 reference period 
(1986–2005) is 0.61°C (5–95% confidence interval: 0.55 to 0.67°C) [WGI AR5 SPM, 2.4], which is used here as an approximation of the change in global mean surface 
temperature since preindustrial times, referred to as the period before 1750. [WGI and WGII AR5 glossaries]
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Observed

RCP2.6 (a low-emission mitigation scenario)

RCP8.5 (a high-emission scenario)
Overlap

Summary for Policymakers

37 5.4, 8.2, 13.2, 19.2-4, 19.6-7, 24.4-5, 26.7-8, 29.3, 30.3, Tables 19-4 and 26-1, Figure 26-2, Boxes 25-1, 25-7, and CC-KR
38 3.4-5, 8.2, 13.2, 19.6, 25.10, 26.3, 26.8, 27.3, Tables 19-4 and 26-1, Boxes 25-8 and CC-KR
39 5.4, 8.1-2, 9.3, 10.2-3, 12.6, 19.6, 23.9, 25.10, 26.7-8, 28.3, Table 19-4, Boxes CC-KR and CC-HS
40 8.1-2, 11.3-4, 11.6, 13.2, 19.3, 19.6, 23.5, 24.4, 25.8, 26.6, 26.8, Tables 19-4 and 26-1, Boxes CC-KR and CC-HS
41 3.5, 7.4-5, 8.2-3, 9.3, 11.3, 11.6, 13.2, 19.3-4, 19.6, 22.3, 24.4, 25.5, 25.7, 26.5, 26.8, 27.3, 28.2, 28.4, Table 19-4, Box CC-KR
42 3.4-5, 9.3, 12.2, 13.2, 19.3, 19.6, 24.4, 25.7, 26.8, Table 19-4, Boxes 25-5 and CC-KR
43 5.4, 6.3, 7.4, 9.3, 19.5-6, 22.3, 25.6, 27.3, 28.2-3, 29.3, 30.5-7, Table 19-4, Boxes CC-OA, CC-CR, CC-KR, and CC-HS
44 4.3, 9.3, 19.3-6, 22.3, 25.6, 27.3, 28.2-3, Table 19-4, Boxes CC-KR and CC-WE

Climate Impacts Outline
• Introduction to Impacts 
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Outline

Global distribution of water resources

Freshwater use: focus on South Asia

Impacts of climate change on freshwater

Impacts of intensive pumping for irrigation

Summary



Distribution of water on Earth Global distribution of surface water

Global Lakes and Wetlands Database: 
• Total lakes and reservoirs: ~2.7 million km2 (2% of total land area) 
• Total lakes: 250,000 (lake area ~2.4 million km2) 
• Total rivers: 360,000 km2 (0.3% of total land area) 
• Total wetlands (including rivers): 8–10 million km2 (6.2–7.6% of total land area)

Bernhard Lehner, Petra Döll

Surface water represents ~1% freshwater

Global distribution of groundwater

Taylor et al. (2013a), Nature Climate Change 3, 322–329

Groundwater represents ~30% freshwater
Global use of freshwater (e.g. groundwater)

World Water Assessment Programme

Agricultural water supply 
Domestic water supply  
Industrial water supply

UNICEF, Bangladesh

The Daily Star, Bangladesh

Groundwater: 1/3rd of all global freshwater withdrawal

%

Taylor et al. (2013a), Nature Climate Change 3, 322–329



Freshwater use in South Asia

Shamsudduha (2013)

How resilient are these water supplies to climatic and anthropogenic stresses?

Bangladesh: population of 150 million !
Groundwater-fed drinking water: 90% 

Groundwater-fed irrigation: 80% 

Gleeson et al. (2012) Nature 488, 197–200

Groundwater security – global-scale stress

Stressed Groundwater Regions Around the World• Groundwater stress may be affecting ~1.7 billion people and could limit the 
potential to increase agricultural production

More water use and climate change will further increase these stresses

Impacts of intensive pumping on freshwater

Wada et al. (2014), Earth Syst. Dynam. 5, 15-40 

• Globally, Irrigation accounts for 70-80% of the total freshwater use 
• Surface water withdrawals increased from 1,350 km3 yr−1 in 1979 to 2,100 

km3 yr−1 in 2010 (56% increase) 
• Groundwater withdrawals increased from 650 km3 yr−1 in 1979 to 1,200 km3 

yr−1 in 2010 (85% increase)

Impacts of intensive pumping on groundwater

Groundwater depletion for the year 2000 (mm a−1) (Wada et al. (2010)

• Total global groundwater depletion increased from 126(±32) km3 a−1 in 
1960 to 283(±40) km3 a−1 in 2000 

• This depletion equals 39(±10)% of the global yearly groundwater 
abstraction, 2(±0.6)% of the global yearly groundwater recharge and a 
considerable amount of 0.8 (±0.1) mm a−1 to current sea-level rise



Climate change: impacts on water storage

Climate change manifests itself mainly through changes in 
the Earth’s hydrological systems

US EPA (2013)

source: NASA

Climate change impacts on water stores

Taylor et al. (2013), Nature Climate Change 3, 322–329

Ground'ice'
and'snow
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moisture
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(0.05%)

(30.1%)

Note: % of total freshwater

Water Stores

 Global warming intensifies the hydrological system through: 
❖ Net transfer of freshwater from ice and snow 
❖ Higher saturation vapour pressures that enhance precipitation and evapotranspiration

• Net transfer of freshwater from ice and snow

http://www.grid.unep.ch/glaciers/img/6-1.jpg

Global distribution of glaciers and ice

Alpine Glaciers

Ice sheets

Recent alpine glacial recession in the Himalaya

Bolch et al. (2012), Science 336, 310-314 

Ice sheets and glaciers 1.74% 68.7%

Antarctic ice sheet 1.62% 64.2%

Greenland ice sheet 0.17% 6.70%

Glaciers 0.02% 0.69%

http://en.wikipedia.org/

Total Fresh



Contribution of melt-water discharges from snow and alpine 
glaciers to river flow is major in very dry basins, moderate in most 

mid-latitude basins, and minor in monsoon climates

Glacial recession and river flow

Kaser et al. (2010), PNAS 107, 20223-20227

Aral Sea

Ganges River

Trends in terrestrial water mass anomalies from 2002 to 2011 
observed by NASA’s GRACE satellite mission - negative signals 

dominate over Greenland, Alaska and Antarctica

Recent terrestrial water mass losses

Jin and Feng (2013), Global and Planetary Change 106, 20-30

Trends in GRACE terrestrial water mass (2002-2011)

NASA’s GRACE 
satellite mission 
(Gravity Recovery 
And Climate 
Experiment)

Groundwater depletion in NW India

Groundwater depletion detected from in situ and GRACE 
satellite data in California Central Valley, North China Plain, 

High Plains Aquifer, NW India and Bangladesh

Rodell et al. (2009); Chen et al. (2010); Longuevergne et al. (2010); 
Famiglietti et al. (2011); Scanlon et al. (2012); Shamsudduha et al. (2012)

Rodell et al. (2009); www.nasa.gov

Contribution of GW depletion to sea-level rise

Groundwater depletion contributes to sea-level rise through a 
net transfer of freshwater from long-term terrestrial 

groundwater storage to active circulation near the earth’s 
surface and its eventual transfer to oceanic stores

Taylor et al. (2013a), Nature Climate Change 3, 322–329



Recent increase in the mean rate of sea-level rise, 3.3 mm/year, relative 
to 20th C average:1.7 mm/year

Nicholls and Casenave (2010), Science, vol. 328, 1517-1520

Trends in global sea levels – overall rise

• Red curve - tidal 
gauge record 

• Black curve - altimetry 
record  

• Shaded light blue 
zone - IPCC AR4 
projections for the 
A1FI scenario  

• Blue, green & red 
bars - semi-empirical 
projections (various 
studies)

Spatial variations in global sea levels

Substantial variations in global sea levels derived from satellite 
altimetry data – vulnerable coastal ecosystems

Data source: National Centre for Space Studies (CNES) at http://www.aviso.oceanobs.com/

Warmer air holds more moisture…

The increased moisture in the atmosphere is driving the shift to 
heavier but less frequent rains — “when it rains, it pours.”

www.cksimpsonwx.blogspot.co.uk/ and www.climatecommunication.org/

• Higher vapour pressure enhances precipitation

1.Warmer air holds more water 
– amount rises exponentially 
with temperature 

 4.5 g·m-3 @ 0°C 
 30 g·m-3 @ 30°C

Clausius-Clapeyron relation

Theoretical basis for the intensification of rainfall 

As air temperature rises in 
the tropics it leads to greater 
increases in water-holding 
capacity so in the tropics 
intensification of rainfall is 
projected to be greatest 
under a warmer climate

2. Heavy rainfalls tend to deplete 
the available moisture in air



1975: 
!
Total rainfall: 394 mm 
Yield = 1360 kg/ha

1981: 
!
Total rainfall: 389 mm 
Yield = 901 kg/ha

More variable precipitation (soil moisture) reduces crop yields 
Example: groundnut crop in Andhra Pradesh (India)

Challinor et al. (2006), “Avoiding Dangerous Climate Change”, 187-194

Negative effect of rainfall intensity on crop Positive effect of rainfall intensity on groundwater

Taylor et al. (2013b), Nature Climate Change 3, 374-378

Longest, observed  
record of 
groundwater 
levels in the 
tropics: 
Makutapora well 
field in Tanzania

Groundwater 
recharge results 
disproportionately 
from very intense, 
extreme seasonal 
rainfalls

Projected changes in precipitation intensity 

More variable & intensive rainfall – widespread signal

IPCC AR4 (2007)

Climate change and groundwater recharge

Portmann et al. (2013), Environ. Res. Lett. 8, 024023  

IPCC AR5 - Coupled Model Intercomparison Project (CMIP5), RCP 8.5

Debate on focused versus diffuse recharge



Summary

Groundwater is the largest store of global freshwater (30.1%); 
Groundwater contributes 1/3rd of all freshwater withdrawal;  

Groundwater use in South Asia is very high

Global water withdrawal increased by more than 60%  
from 2000 km3 yr−1 in 1979 to 3300 km3 yr−1 in 2010

Climate change and variability will affect the global distribution of 
freshwater stores, particularly pronounced in the tropics

Groundwater recharge results disproportionately from very intense, 
extreme seasonal rainfalls in the tropics

Groundwater depletion from land has contributed to the global sea-level 
rise in recent time (global average: 0.4 to 0.57 m depending on method)

Acknowledgements

Institute for Risk and Disaster Reduction

• Professor Richard Taylor (UCL Department of Geography) 

• Dr. William Burgess (UCL Department of Earth Sciences) 

• Dr. Alan MacDonald (British Geological Survey) 

• Professor Kazi Matin Ahmed (University of Dhaka) 

• Dr. Anwar Zahid (Bangladesh Water Development Board)

Tropical Cyclones
Some of most deadly 
natural disasters


Roughly 90 storms occur 
every year.


Strong winds on scales 
smaller than GCMs


Feed on energy 
extracted from the ocean

TROPICAL CYCLONE CHANGES
COMPOSITE OF FOUR METRICS FROM IPCC WG1 (FIG 14.17)



Use four different 
climate models


Each give different 
altered frequency and/
or intensity of events


Yet more consistent 
message on changes 
in damage caused

Storm 
Damages

Mendelsohn et al., 2012, Nature Climate Change 
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ASSESSING AND MANAGING THE RISKS OF CLIMATE CHANGE

Human interference with the climate system is occurring,1 and climate change poses risks for human and natural systems (Figure SPM.1). The
assessment of impacts, adaptation, and vulnerability in the Working Group II contribution to the IPCC’s Fifth Assessment Report (WGII AR5)
evaluates how patterns of risks and potential benefits are shifting due to climate change. It considers how impacts and risks related to climate
change can be reduced and managed through adaptation and mitigation. The report assesses needs, options, opportunities, constraints,
resilience, limits, and other aspects associated with adaptation.

Climate change involves complex interactions and changing likelihoods of diverse impacts. A focus on risk, which is new in this report, supports
decision making in the context of climate change and complements other elements of the report. People and societies may perceive or rank
risks and potential benefits differently, given diverse values and goals.

Compared to past WGII reports, the WGII AR5 assesses a substantially larger knowledge base of relevant scientific, technical, and socioeconomic
literature. Increased literature has facilitated comprehensive assessment across a broader set of topics and sectors, with expanded coverage of
human systems, adaptation, and the ocean. See Background Box SPM.1.2

Section A of this summary characterizes observed impacts, vulnerability and exposure, and adaptive responses to date. Section B examines future
risks and potential benefits. Section C considers principles for effective adaptation and the broader interactions among adaptation, mitigation,

EMISSIONS 
and Land-use Change

Vulnerability

Exposure

RISKHazards

Anthropogenic 
Climate Change

Socioeconomic 
Pathways

Adaptation and 
Mitigation 

Actions

Governance

IMPACTS

Natural 
Variability

SOCIOECONOMIC
PROCESSES

CLIMATE

R

Figure SPM.1 | Illustration of the core concepts of the WGII AR5. Risk of climate-related impacts results from the interaction of climate-related hazards (including hazardous 
events and trends) with the vulnerability and exposure of human and natural systems. Changes in both the climate system (left) and socioeconomic processes including 
adaptation and mitigation (right) are drivers of hazards, exposure, and vulnerability. [19.2, Figure 19-1]

Summary for Policymakers

1 A key finding of the WGI AR5 is, “It is extremely likely that human influence has been the dominant cause of the observed warming since the mid-20th century.”
[WGI AR5 SPM Section D.3, 2.2, 6.3, 10.3-6, 10.9]

2 1.1, Figure 1-1

Hazards, Disasters & Risks
Disaster = human 
response to extreme 
events


Warning systems


Improved disaster 
responses


Resilience of at-risk 
communities

Exposure
Exposure to natural 
hazards has changed


More property in way of 
hurricanes (hence 
increased damages)


Better building codes 
reduce exposure to 
tornadoes


Living in a trailer park 
is as if no tornado 
science since 1920s.  

20011926

TORNADO DEATH 
RATE PER MILLION 

PER YEAR IN THE 
US, 1875–2000

MOBILE HOMES 
(SOLID) AND 

PERMANENT HOME 
(OPEN), 1975-2000

Health Impacts
Lancet commission identified several threats


Largest threats to developing countries


Food, Water, and Habitation


Women suffer most


Changing patterns of disease


Heatstroke


Malaria
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Figure 11-1: Conceptual diagram showing three primary exposure pathways by which climate change affects health: 
directly through weather variables such as heat and storms; indirectly through natural systems such as disease 
vectors; and pathways heavily mediated through human systems such as undernutrition. The yellow box indicates 
the moderating influences of local environmental conditions on how climate change exposure pathways are manifest 
in a particular population. The orange box indicates that the extent to which the three categories of exposure 
translate to actual health burden is moderated by such factors as background public health and socioeconomic 
conditions, and adaptation measures. The green arrows at the bottom indicate that there may be feedback 
mechanisms, positive or negative, between societal infrastructure, public health, and adaptation measures and 
climate change itself. As discussed later in the chapter, for example, some measures to improve health also reduce 
emissions of climate-altering pollutants, thus reducing the extent and/or pace of climate change as well as improving 
local health. Credit: E. Garcia, UC Berkeley. 
[Illustration to be redrawn to conform to IPCC publication specifications.] 
 
 

  

CLIMATE IMPACTS HUMAN HEALTH THROUGH 3 PATHWAYS
MODERATED BY ENVIRONMENTAL CONDITIONS, SOCIETAL INFRASTRUCTURE AND PUBLIC HEATH CAPABILITIES

ESTIMATED EFFECTS OF CLIMATE CHANGE IN 2000
WORLD HEALTH ORGANISATION, IN DISABILITY ADJUSTED LIFE YEARS

  

DIRECT HEALTH PATHWAY - HEATWAVE OF 2003 
UP TO 70,000 DEATHS (ALTHOUGH SOME HARVESTING) - NORMAL CONDITIONS BY ~2040

Wet Bulb Globe Temperature

A measure of ‘human experienced’ temperature

Related to heat loss and hence maximum work rate

Globally reduction in labour capacity as heat rises 


Dunne et al., 2013, Nature Climate Change



Indirect Pathways

Altered ranges ecological and creatures (last week)


Some of those creatures are disease vectors

Different climate variables important for 
different diseases


Schistosomiasis (Green now, Blue future)


Intellectual property issues & Early 
warning systems
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Figure 11-4: Effect of rising temperatures on the area in which transmission of Schistosomiasis japonica may occur. 
Green area denotes the range of schistosomiasis in China in 2000. The blue area shows the additional area suitable 
for disease transmission in 2050. Based on a biology-driven model including parasite (Schistosoma japonicum) and 
snail intermediate host (Oncomelania hupensis) and assuming average temperatures in China in mid-winter 
(January) increase by 1.6°C in 2050, compared with 2000. Adapted from Zhou et al., 2008. 
[Illustration to be redrawn to conform to IPCC publication specifications.] 
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Table 11-1: The association between different climatic drivers and the global prevalence and geographic distribution 
of selected vector-borne diseases observed over the period 2008-2012. Among the vector borne diseases shown here, 
only dengue fever was associated with climate variables at both the global and local levels (high confidence), while 
malaria and hemorrhagic fever with renal syndrome showed a positive association at the local level (high 
confidence). 
 

 
 
 
 
 
 
Table 11-2: Number of under-nourished children less than 5 years of age (in millions) in 2000 and 2050, using the 
NCAR (National Center for Atmospheric Research) climate model (and the A2 scenario from AR4). Results assume 
no effect of heat on farmers’ productivity, and no CO2 fertilization benefits. Adapted from Nelson et al. (2009). 
 
Scenario South 

Asia 
East Asia/ 
Pacific 

Europe 
and 
Central 
Asia 

Latin 
America and 
Caribbean 

Middle 
East/ 
North 
Africa 

Sub-
Saharan 
Africa 

All Developing 
Countries 

2000 75.6 23.8 4.1 7.7 3.5 32.7 147.9 
2050        
No climate 
change 

52.3 10.1 2.7 5.0 1.1 41.7 113.3 

Climate change  59.1 14.5 3.7 6.4 2.1 52.2 138.5 
 
 
 

DISPROPORTIONATE IMPACTS - EMISSIONS VS CONSEQUENCES
A. EMISSIONS FROM 1950-2000; B. MORTALITY ESTIMATED BETWEEN 2000-2030 FROM MALARIA, MALNUTRITION, DIARRHOEA AND FLOODS

Summary
Today discussed more climate impacts


Climate change can exacerbate hazards


but still needs exposure and vulnerability


Now given climate diagnosis and prognosis without 
intervention


Next week: look at interventions


Mitigation and co-benefits


