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Core concept of IPCC WG II: Risk of cc impacts

Risk = possibility of negative impacts = probability of occurrence of hazardous events or trends

multiplied by the impacts if event or trend occurs.

Fig. SPM.1 in SPM IPCC WG II 2014
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freshwater ecosystemsfreshwaterhumans

climate change

Endemic freshwater fish of Arabian Peninsula 
(http://www.senckenberg.de/root/index.php?page_id=283)
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Which impacts of cc on water resources indicators have

already been observed?

1. Detection

2. Attribution (mostly to changes

in climate variables, not to

anthropogenic reasons)

Fu et al. 2004 Climatic Change

observed

naturalized

Yellow River, semi-arid northeast of China

Attribution of ca. 60% of

observed river discharge trend

to observed temperature trend

(no significant precipitation

trend)
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Observed cc impacts on water quantity

� Renewable water resources

= long-term mean annual difference of precipitation and actual evapotranspiration

≈ long-term mean annual river discharge + evapotranspiration of river water due to

human water use

� Increases and decreases distributed around the globe

� Decreases in some low and mid-latitude basins in line with precipitation and

temperature trends and projection of the future

� Increases in many rivers fed by glaciers due to glacier melt (e.g. in China)

� Role of decreased stomatal opening of many plant species due to increased CO2

remains disputed
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Observed cc impacts on water quantity

� River discharge regime

� In snow-dominated areas, increased winter river discharge and earlier spring 

discharge, in some cases decreased summer low flows

� Droughts: less water than normal

� evidence for more droughts regarding precipitation and soil moisture for some

areas

� no evidence regarding river discharge and groundwater droughts

(low correlations between river discharge and precipitation droughts in dry areas)

� Renewable groundwater resources = groundwater recharge

� Very limited evidence (2 publications)

� Irrigation water requirements: no evidence
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Observed cc impacts on water quality

� Evidence from isolated study mostly in high-income countries, small number of water

quality indicators

Observations of the impacts of climate change on water quality, Fig. 3.2 of Jiménez Cisneros et al. 2014
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Observed cc impacts on floods

� High confidence that socio-economic

losses due to floods have increased (such 

that flood risks have increased)

http://www.fotocommunity.de/search?q=Hochwasser&index=f

otos&options=YToxOntzOjU6InN0YXJ0IjtpOjA7fQ&display=3

1178852

http://www.fotocommunity.de/search?q=Hochwasserschaden&index

=fotos&options=YToxOntzOjU6InN0YXJ0IjtpOjA7fQ&pos=2&display

=32360330

� Low confidence due to limited evidence

that cc has impacted flood hazard (lack of

long-term recored from unmanaged

catchments)
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“Was the flood event caused by climate change?“ 

� One study could be done up to now to show that climate change has altered the

probability of a specific flood event: the autumn 2000 flood in England and Wales

� Many citizens provided run time on their computers such that thousands of runs could

be performed by a seasonal weather forecast model that was coupled to model of

basin-scale runoff and channel-scale hydraulics (www.climateprediction.net). 

� Output of thousands of runs with the actual history of greenhouse gas emissions were

compared pairwise to thousands of runs without any anthropogenic emissions.

Result: 

It is most probable that anthropogenic

climate change increased the flood

probability by a factor of 2-3.

(Pall et al. 2011, simplified by Graham Cogley)
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Methods to compute future hazards and risks due to cc

Quantitative estimates of future risks of impacts are very uncertain.

demographic, socioeconomic and technological

development

greenhouse gas emissions

climate

(probability of) hazards and impacts (z.B. water resources, 

vegetation)

Integrated Assessment Models

Global climate models

Bias-correction/downscaling

methods + impact models
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Methods to compute future hazards and risks due to cc

� To deal with modeling uncertainty and to roughly estimate probability of future hazards

and risks, multi-model ensemble approaches have become state-of-the-art 

(generally with equal likelihood for each model)

� Multi-model ensembles are derived for individual greenhouse gas emissions scenarios.

� Bias-corrected output of multiple climate models drives one or more impact model, using one

or more bias-correction methods

� Multiple population and socio-economic scenarios to characterize exposure and vulnerability

(not yet done)

� While ensemble mean is regarded to be the most robust estimate of future hazards, 

the risk approach suggests to use model runs with high potential impacts to inform 

decisions, depending on risk aversion.
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CC is projected to decrease renewable water resources in 

most areas with dry or mediterranean subtropic climate

Percent change of

mean annual river

discharge

for 2°C GW  from 1980-

2010

Ensemble mean of 55 

model runs;

11 hydrological models

driven by output of 5 

climate models, 

Schewe et al. 2014)
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Benefits of climate mitigation: 

reduces number of people suffering from decreased

renewable water resources

Each additional degree of warming will confront an additional 7% of global population with 

a severe decrease in water resources (by more than 20% or 1 standard deviation of annual 

discharge 1980-2012) (ensemble mean).

Percent of world population

suffering from a significant

decrease of renewable

water resources with

increasing GW

(Schewe et al. 2014)
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Benefits of climate mitigation: 

reduces flood hazard and risk

(1 hydrological model

driven by output of 11 

climate models,

Hirabayashi et al. 2013)

Population affected by

today‘s 100-year flood is

three times higher in 

2080-2100 under RCP8.5 

than under RCP 2.6
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Conclusions

� Currently observed cc impacts on water resources

� Impacts of climate change on water resources have already been observed for some 

hydrological indicators and regions (best in case of temperature being the main driver)

� However, for most hydrological indicators, detection and attribution is difficult due to 

confounding human impacts (e.g. land use change), lack of consistent data (e.g. time 

series of precipitation and river discharge, irrigation water use) and process knowledge 

(e.g. reaction of vegetation to increased atmospheric CO2 concentration)

� Potential future cc impacts on water resources

� Among 23 key regional risks listed for eight IPCC world regions (Table TS.5), 9 relate 

to decreased (4) or altered (1) water resources or increased floods (4). 

� Risks of climate change related to freshwater will be very high in the second half of the 

century, unless strong emissions reductions are achieved soon (as in RCP 2.6).

� Indicators of extreme impacts increase more or less linearly with global mean 

temperature rise.
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Suggested reading

� WG II report (2014)

� Chapter 3 Freshwater resources

� Cross-chapter Box RF Impact of climate change on freshwater ecosystems due to 

altered river flow regimes

� Cross-chapter Box VW Active role of vegetation in altering water flows under 

climate change

� Cross-chapter Box WE The water-energy-food/feed/fiber nexus as linked to 

climate change

� Döll et al. (2015): Integrating risks of climate change into water management, 

Hydrological Sciences Journal 60: 4-13
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Portmann et al. 2013

Carbon dioxide emissions and related increases in 

global mean surface temperature

1.0 [0.3-1.7] °C

1.8 [1.1-2.6] °C 

2.2 [1.4-3.1] °C 

3.7 [2.6-4.8] °C 

1850-1900 to 1986-2005: 

0.61 [0.55-0.67] °C

1986-2005 bis 2081-2100



19

Plenary session of Working Group II of IPCC, Yokohama, 25-29 March 2014
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Historical development

of climate change impact studies

� For a long time, climate change impact studies compared the

future value of the variable of interest in the case of a certain

climate change to the case of no climate change

� e.g. if temperature rises by 2°C and precipitation decreases by

5%, water resources in the Mississippi basin will decrease by

10%.

� Until IPCC AR4 (2007), most climate impact studies compared

the variable of interest under some future climate (e.g. 2071-

2100) to the variable under current climate (e.g. 1961-1990), for

a given GHG emissions scenario. 

� e.g. water resources will decrease by 10% in the Mississippi basin

� Afterwards, focus shifted towards showing the differences

between impacts under different emissions scenarios as

there is no possible future without climate change.

� e.g. water resources will decrease by 10% in case of emissions

scenario A2, and by 7% in case of emissions scenario B1

in support of adaptation

in support of mitigation
(and adaptation)

IPCC AR4 WG 1 SMP 2007


