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Climate Models and Scenarios

United Kingdom Water Industry Research (UKWIR)

e Guidelines for Resource Assessment
« UKWIRO06 Scenarios

Six Global Climate Models (GCMs)

* From climate specialists in Australia, Canada, Germany,
Japan, UK and USA

Monthly changes in rainfall and potential
evapotranspiration

Baseline 1961-1990
Projected changes for the 2020s (2011-2040)



Greenhouse Gas Emission Scenarios

The 6 models correspond to “medium” emissions

United Kingdom Climate Impacts Programme
(UKCIP) studied a range of emission scenarios

* High, Medium-High, Medium-Low, Low

 UKCIP02 Scenarios

Differences in impacts relatively minor for the 2020s
» Impacts largely reflect emissions that have already occurred

More significant impacts later in the century



Global vs Catchment Scale

« GCMs are on a very large grid
 Interpolated to the catchment scale

e Essentially following Catchment Abstraction
Management System (CAMS) boundaries In
England and Wales

 Water Framework Directive (WFD) basins In
Scotland



Projected Changes

From baseline (1961-90) to the 2020s
Graphs for an example catchment
Broadland Rivers, Norfolk

Rainfall

Potential Evapotranspiration (PET)

PET particularly important in this low rainfall
area

PET changes may not be significant in
western/ northern Britain
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Range of Projected Changes

6 GCMs used to quantify uncertainty

To be incorporated by Water Companies in
headroom allowance

Averaging the scenarios is not recommended
by UKWIR

However, for the purpose of illustrating
changes the following graphs are based on
such averages
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Application of the Model Scenarios

Rainfall-runoff models
» Key data inputs are rainfall and PET (& flows for calibration)

o Stanford Watershed Model / HYSIM, calibrated to recorded
flows

Simulate long-term daily flow series
» Typically 1920 - 2006

Reservoir operation models to assess yield
* Includes licence limits & pumping for offstream reservoirs

Repeat with data adjusted by climate change factors



Some “Issues”

e Are models calibrated on historic data valid
under a changed climate?

 |s straight factoring of the data reasonable?

 If there is more rain, will there be more wet days or
more rain on the wet days?

 Will the projected changes apply equally to wet,
average and drought years?

Other changes which may result from climate
change

« Changes in cropping patterns, demands, effluents



Reservolr Yield Assessment

e 8 reservoirs in Anglian Water area

e Assessed for a defined Level of Service

o Specified maximum frequencies of restrictions
such as hosepipe bans

 Essentially dependent on key drought periods
« Eg 1933-34, 1943-44, 1976, 1991/92

« Varies according to reservoir characteristics as
well as hydrological data



Change in Yield

Projected Changes in Reservoir Yield

All Reservoirs
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Direct River Intakes

 Significant resource In Norfolk (43% of supply)

* Yield depends on minimum level of river flows
In drought years

* No artificial storage, so wetter winters unlikely
to compensate for drier summers

e Duration of effective recharge period may be
Important for some rivers

« Potential for conjunctive use with groundwater



Change in Yield (%)
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Has Climate Change Already Begun?

« UKWIR report recommended that data since 1991 be
treated the same as the baseline period.

« Effectively says that climate change has not started,
and full projected changes applied to all data.

 We are now within 5 years of the start of “The 2020s”,
so there is uncertainty about this.

e In practice change has probably begun, but difficult to
separate from natural variability.

e What does historic data show?



Trends in River Flows ?

o Studied for UKWIR looking at period 1970-
2002

* Overall conclusion that climate change did not
have a significant impact

e Some short to medium term trends in autumn
and winter runoff, consistent with expected
changes from UKCIP02 scenarios

 However, cannot be attributed to climate
change over and above natural variability




Annual Rainfall, Lincolnshire, 1726-2005
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Seasonal Rainfall

700

600

500 '

N
o
o

Rainfall (mm)

200 J

w
o
o
|
—g]
+—F—
—
—
1

100

0 T T T T T
1725 1750 1775 1800 1825 1850 1875 1900 1925 1950 1975 2000

—— Jun-Oct —— Nov-May — — Linear (Jun-Oct) — — Linear (Nov-May)




Seasonal Rainfall Changes (50 yrs)

Model winter | spring | summer | autumn | annual
UK 1% -4% -9% 7% -1%
Canada 7% 5% -5% 2% 2%
Australia | 7% -4% 7% 1% 3%
USA 13% | -2% -13% 10% 2%
Germany | 18% 7% -16% 13% 6%
Japan 12% | -6% -17% -8% -5%
Data 2% 3% -3% -1% 0%




Percentage of Baseline (1961-90)

Annual PET
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Potential Evapotranspiration (mm/day’
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Changes in PET

The data shows a major change since about

1989.

* Pro

Widespread across East Anglia
Similar changes in south east Scotland

bably similar elsewhere, but less

significant in west of Britain

anc
e Hig

PET depends on temperature, sunshine, wind

humidity

ner temperatures appear to be the driver



Change in PET since 1961-9C

PET - Model and Recorded Change
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Summary

 Water resource yields severely reduced under
one of the climate models

e Minor changes to reservolir yields under the
other five models

* Direct river intakes more susceptible than
reservoirs

 The change In potential evapotranspiration
which appears to have already occurred is far
greater than model predictions for the 2020s
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