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Typical outcome: “the uncertain outlook”

Model simulations of future annual energy production at Kairakkum, Tajikistan. 

Source: EBRD (2011)
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An optimistic view

“Soon the societal demand 

for policy-relevant climate 

predictions will be so great 

that the most advanced 

technology and the best 

available talent must be 

brought to bear to address 

this great challenge.”

Shukla et al. (2010: 1412)



Exhibit 1: Country climate summaries

  

 Change in average annual temperature [left] and precipitation [right] by 2100 from the 

1960-1990 baseline climate, averaged over 21 CMIP3 models. The size of each pixel 

represents the level of agreement between models on the magnitude of the change. 

Source: UK Met Office Hadley Centre.
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Exhibit 2: Climate Change Knowledge Portal

 

0

1

2

3

4

5

6

7

8

-30 -20 -10 0 10 20 30 40 50 60 70 80 90 100

N
u

m
b

e
r 

o
f 

cl
im

at
e

 m
o

d
e

ls

Change in mean annual runoff (%)

A1B

A2

B1

 

 

Example output from the WBG Climate Change Knowledge Portal for river basin 5438 in 

Yemen. The histogram shows the distribution of projected changes in mean annual runoff 

under three emissions scenarios (A1B, A2 and B1) for 2050-2059. Source: Wilby (2012)
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A triumph for decision-making?

Annual count of “climate downscaling” publications between 1993 and 2011 identified 

by the Web of Science [9 June 2012]. Note that the count combines all types of 

downscaling study – statistical and dynamical. Source: Wilby and Dawson (2012)
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“If you do not expect the unexpected, 

you will not find it” 
Heraclitus ca 550-475BC
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Quantifying uncertainty in projected river flows

River Thames, UK

• 4xGCMs, 2xEmissions, 2xDownscaling methods, 

2xLow flows models, 100xParameter sets 

• Weight GCMs by modified Climate Prediction Index

• Weight low flow model structures by radj statistic

• Weight low flow model parameters by N-S score

• Emissions and downscaling method un-weighted

• Monte Carlo simulation (2000+ runs)

• Evaluate using (Q95) low-flow index for River Thames

Partial analysis of climate impact uncertainty

Source: Wilby and Harris (2006)
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Conditional probabilities of lower summer flows in the River Thames 

by the 2020s, 2050s and 2080s. Source: Wilby and Harris (2006)

Combining components of uncertainty
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Conditional probabilities of lower summer flows

Source: Wilby and Harris (2006)
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Quantifying uncertainty in the Lech, Austria
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Quantifying components of uncertainty

(a) Uncertainty in the projection of mean annual runoff (Q) resulting from (i) GCM, (ii) RCM, 

(iii) bias-correction and (iv) hydrological model parameters. (b) Size of impact range 

originating from each uncertainty source. Source: Dobler et al. (submitted)
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Walham, Gloucester July 2007
Source: Pitt Review

Kerang, Victoria January 2011
Source: http://www.uhavta1.ausequine.com/kerang_floods_2011.htm

Living with uncertainty (UK water sector)
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Setting the scene

2008 Climate Change Act 2008

2009 2010 2011

UKCP09 projections

CCRA begins

RCEP Adapting Institutions

Flood and Water 
Management Act

Coalition Government

PSAs scrapped

First Reporting Power reports

National Indicators scrapped

Foresight Future Farming

RCEP Demographic Change

National Flood Risk 
Management Strategy

UK National Ecosystem 
Assessment

Foresight International 
Dimensions

UKCIP role moved to EA

2012 Climate Change Risk Assessment (CCRA) 2012

2013 National Adaptation Programme 2013



Strategy 0: Scenario-led

2050s  A1FI
10th percentile

2050s  B1
90th percentile

Changes in 

summer 

mean totals

by 2050s.

Source: 

UKCP09



Traditional (supply-side) planning
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Climate change flow factors (2020s) for the River Itchen at Highbridge. Data source: UKWIR (2007)
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Strategy 1: Low regret measures

Source: EA (2009)

• Compulsorily convert all permanent abstraction licenses to time-

limited status, to provide flexibility to respond to climate change.

• Increase the connectivity of water supply infrastructure to 

improve resilience of existing resources and provide additional 

security from extreme events.

• All abstractors to consider accepting a reduction in the reliability 

of supply as an option for resolving future deficits.

• Increase levels of metering with suitable tariffs to improve water 

and economic efficiency whilst protecting vulnerable groups.

• Support water neutrality where new development is planned and 

require developers to produce water cycle studies for proposed 

housing developments.

• Identify water efficiency standards for non-household buildings at 

a regulatory level and a voluntary code beyond that.

• Further leakage control based on alternative methods of setting 

targets that better reflect the costs to society and the environment.

• Introduce further incentives for the purchase and fitting of water 

efficient equipment and appliances.
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Mean annual frequency of ecologically harmful flows (<224 Ml/d) in the River Itchen 

under various abstraction license conditions, climate variability and change. 

Source: Wilby et al. (2011).
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Strategy 2a: Modify operations
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Strategy 2b: Wait and see (delay investment)

 

0

20

40

60

80

100

120

140

0 10 20 30 40 50 60 70

D
e
te

c
ti

o
n

 t
im

e
 (
y
e
a
rs

)

Detection trend (% change)

1961-1990 1921-1990

Detection times (years from 1990) for 

summer low flows in the River Itchen 

using two different periods to estimate 

variance (1961-90 and 1921-90).

Source: Wilby (2006)
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Strategy 2c: Accept lower levels of service

The business as usual scenario for East Devon: the fraction of CP.net projections that fail 

to meet average water demand in October under SRES A1B. Source: Lopez et al (2009)

Uncertainty in Climate Change Research: An Integrated Approach

6-17 August 2012 Institute for Mathematics Applied to Geosciences, NCAR, Boulder, CO



Strategy 3: Evaluate adaptation portfolios…

Schematic of the Wimbleball 

water resource zone. 

Reservoirs, river abstraction 

points, and groundwater 

sources are represented by 

triangles, curvy lines, and 

punched circle, respectively. 

Solid circles represent 

different demands. WTW 

indicates water treatment 

works, and the arrows show 

the direction of flow between 

different sources and 

demands. 

Source: Lopez et al. (2009)
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…to identify robust options

Percentage of model runs with single year supply failure in East Devon under 

SRES A1B emissions. Source: Lopez et al (2009)
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Strategy 4: Improve asset/network resilience

Source: Henriques & Spraggs (2011)

*Security & Emergency Measures Direction

*

Resistance to +20% flood

Resilience to +20% flood
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Strategy 5: Apply safety margin(s)

Uncertainty in Climate Change Research: An Integrated Approach

6-17 August 2012 Institute for Mathematics Applied to Geosciences, NCAR, Boulder, CO



Response surfaces

Percentage changes in 20-yr flood peak (using coloured squares) against percentage changes in mean annual 

precipitation (y-axis) and seasonal variation in the changes (x-axis). Source: Prudhomme et al. (2010a)

Enrick at Mille of Tore (NE Scotland) Roding at Redbridge (SE England)
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Trading uncertainty for cost

 

Percentage of model runs exceeding a given 20-year flood safety margin based on 155 UK 

catchments and 16 AR4 GCMs (2080s, A1B emissions scenario). Each cross for a given 

allowance shows the results for one catchment. The 50th, 30th and 70th, and 10th and 90th

percentiles (solid, dashed and dotted lines respectively) are shown for each ensemble. 

Source: Prudhomme et al. (2010b)
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Concluding remarks

• Is uncertainty a red herring 

or, worse, a mill-stone?

• What has been the 

opportunity cost?

• What are the alternatives to 

the uncertainty paradigm?
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Discussion time

Derwent Reservoir in summer 1995. Courtesy of Nick Jackoby


