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Recap: Hydrological uncertainties
In perspective (hydropower)
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Typical outcome: “the uncertain outlook™
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Model simulations of future annual energy production at Kairakkum, Tajikistan.
Source: EBRD (2011)
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An optimistic view

TOWARD A NEW GENERATION
OF WORLD CLIMATE RESEARCH
AND COMPUTING FACILITIES

&7 . SHukLa, T. M. Pares, B. Hagenore, B. Hosows,
). Keyrer, |. Marorzee, M. Miwer, an . Susco

To acrelerate progress in understanding and predicting regional dlimate chanpe,
national cdimate reseanch Gdlities must be enhanced and dedicated
muiti-national fadlites should be established.

eather and cdimate are undisputedly major
factors for the well-being and development of
society, impacting all scales from individual
livesio ghﬂm] econmies (Sachs 2008). Societies have
flourished by adapting to and taking advantage of
current climate conditions. However, this relation-
ship between climate and society is fragile and
volatiles during the past 25 years, weather-related
dizasters have caused mare than 00,000 fatalities and

AFFILIATIONS: S s shn Ennr—George Mason Unbrardty
{GEL), Fairtae, Virgii, and COLAMGES, Cabmrton, Marptand;
Hamnoaw so Muvia—Ewropean Cenire for Medium-Ranga:
weather Foresasts {ECMWE), Reading, United Kingdom;
Homrs—Impartal Colege London, London, Usitad Kingdom, and
Univarziy of Reading, Reading, Unked KINgoom; Msaore—ax
Planck Ingtiuta for Mateoroiogy, Hamberg, Sarmany; Pares—
ECHMWWF, Reading, United Eingdom, and Cndord Univarsity,
Oarandon Laboratory, Oudord, Unitad Kingdom; Surco—MRE
{Offica, Exatar; Unitad Kingdom, and Department of Mataoroiogy,
Univarziy of Raading, Reading, Unked Kingdom
CORRESPOMDING AUTHOR: Prof. Jagadich Shuitla, GHILITGES,
4041 Posder Mil Road, Sute 307, Calverton, D 700053006
E-mail: theklaifieo iges org

Tha airetroct for Shie arifce com b6 foaed in thie (oo, Folfowing e
Babve o costants.
DOA:10ITE IO QBAMEIIS0

Irs Firal fizrm 18 Decernber 2009
Q2010 Americes, Metecrlogial

AMEFICAN METEQROLOGICAL SOCIETY

1.3 trillion (U5, dollars) of economic losses. This
Paper is part of an ensemble of papers proposing an
international multidisciplinary prediction initiative
(Shapiro et al. 20000,

Caonsidering the increasing frequency of extrems
weather and climate events (Alley et al. 2007) together
with our enhanced vulnershility (WAO 2006) to
weather and dimate harards caused by rapsd econom-
ic and population growth, martality and economic
losses will continue to rise. As the Stern report has
emphasired (Stern 2007), climate change is a trillion-
dollar problem: inaction will ke many times costlier
than cutting greenhouse gas emissions, which itself
could cost the world economy as much as 1% of its
gross domestic prnd.uct (GDF).

The Intergovernmental Panel on Climate Change
{IPCC) has alerted society to the risk the world
faces from climate change, and governments are
formulating dimate-change-related policies. However,
formulating cost-effective and responsihle mitigation
and adaptation strategies rises questions about specif-
ics of climate change. How fr can greenhouss gas con-
centrations rise before dangerous climate changes are
inevitahle? How bigan investment does society nesd to
adapt to already inevitable climate changes? How will
dlimate change regionally, not just in terms of tempera-
ture but of ather key variables such as precipitation
and storminess? For example, what is needed to ensure
that people in regions at risk of increased drowught will

ooToeER 00 BANE | 14T

“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)
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Exhibit 1: Country climate summaries
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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
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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?
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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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Envelope of uncertainty ——

GHG
emissions

Climate
model

Regional
scenario

The cascade of uncertainty

Adaptation
responses

Adapted from: Wilby and Dessai (2010)
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Partial analysis of climate impact uncertainty

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 r,; 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

Source: Wilby and Harris (2006)
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Combining components of uncertainty
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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)
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Conditional probabillities of lower summer flows

Uncertainty component Likelihood
Min Max
Emissions 82 83
GCM 47 100
Downscaling 66 100
Hydrological model 72 92
All weighted/ unweighted 76 82

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

(a) GCM uncertainty (b) RCM uncertainty

------------------------------------------------------------------------------------------------------------------------------------
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Source: Dobler et al. (submitted)

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

Uncertainty in Climate Change Research: An Integrated Approach ] LOllgthl‘OUgh
6-17 August 2012 Institute for Mathematics Applied to Geosciences, NCAR, Boulder, CO University




Quantifying components of uncertainty
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(a) Uncertainty in the projection of mean annual runoff (Q) resulting from (i) GCM, (ii) RCM,
(ii) 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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Living with uncertainty (UK water sector)

Kerang, Victoria January 2011

Source: http://www.uhavtal.ausequine.com/kerang_floods_2011.htm

Walham, Gloucester July 2007

Source: Pitt Review
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Setting the scene

2008 Climate Change Act 2008

2009 2010 2011
UKCPQO9 projections RCEP Adapting Institutions Foresight Future Farming
CCRA begins Flood and Water RCEP Demographic Change

Management Act
& National Flood Risk

Coalition Government Management Strategy
PSAs scrapped UK National Ecosystem
Assessment

First Reporting Power reports
Foresight International

National Indicators scrapped : :
Dimensions

UKCIP role moved to EA

2012 Climate Change Risk Assessment (CCRA) 2012

2013 National Adaptation Programme 2013
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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

» Compulsorily convert all permanent abstraction licenses to time-
@Envimnmem limited status, to provide flexibility to respond to climate change.
Agency

* 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

Waterfor beople ani ihe Spvionnant a regulatory level and a voluntary code beyond that.

Water Resources Strategy for * Further leakage control based on alternative methods of setting
e 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.

Source: EA (2009)
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Strategy 2a: Modify operations

B Zero MHistoric " Licence BROC ®Smart

250
wn
(¢b)]
8 200
o)
@
ST 150
=
°3
c S 100
=
(7))
£ 50
@®
T

0

1961-1990 1901-1930 1931-1960 1991-2009 DRY WET

Mean annual frequency of ecologically harmful flows (<224 MI/d) in the River Itchen
under various abstraction license conditions, climate variability and change.
Source: Wilby et al. (2011).
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Strategy 2b: Wait and see (delay investment)
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\ Detection times (years from 1990) for
120 summer low flows in the River Itchen
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v 80
E \\
c 60
9
: N\
Q 40
)
° \\
* \
0 : ; ; :
0 10 20 30 40 50

Detection trend (% change)

Source: Wilby (2006)
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Strategy 2c¢: Accept lower levels of service
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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)
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Strategy 3: Evaluate adaptation portfolios...

Peak demand: 0
to 147 MIid
over 12 months

Schematic of the Wimbleball
water resource zone.
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Uncertainty in Climate Change Research: An Integrated Approach o Loughborough

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




...to identify robust options

mBusinessasUsual ®mDemand m=Reservoir mDemand+Reservoir
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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
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Figure 6 | Population equivalent at risk in case of widespread flooding. Results shown per
catchment before and after implementation of flood mitigation options.
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Source: Hen”ques & Spraggs (2011) Figure 7 | Population equivalent at risk in case of widespread flooding for three example

catchments before and after implementation of improved system resilience.
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Strategy 5: Apply safety margin(s)

” S p— Table B.1 Recommended contingency allowances for net sea level rise
Administrative Region Net Sea Level Rise (mm/yr)
Annex B: Climate Change Relative to 1990
1990 to 2055 to | 2085 to
2025 2085 2115
e e w22 East of England, East Midlands, London, 4.0 8.5 12.0 15.0
eﬁ_pa:bcdh:\:ms::ign‘i‘l_’mt glohal climate d:rxg:ﬂu:ingr_]ﬁ:_nmmry.ﬁ:m;m\enf SE En Iand
climate change at a regional level will vary: for the UK, projections of fature dimaie change g

imdicate that mare fraguent shart-duration, high-intensity rzinfall and mare fraquent
periods af long-duraticn rainfall af the type reponsible for the 2000 flaods could be (south of Flamborou g h Head)
expected. Sea levels will continue to rise. These kinds of changes will have implications for
river fionding and also for local flash flooding. There are several indictions that the dimate
in the UK is already changing. Central England’s temperature rose by almost 1°C duaring

thie twentieth cantury. Heat waves have become more frequent in summer and thers are SOUth WeSt 35 80 1 1 5 145
now fewer frosts and winter cold spells. Winters over the last 200 years have become wetter

e o er et g e Gl o NW England, NE England 25 7.0 10.0 13.0
EL  To help organisations {incleding local autharities and regional planning bodies) to assess
ﬂ\:iv:h:!nh;l:mcﬂmchgng:mdplan:?pmpnﬂtdapl:miunsl!ﬂugiu:;w (north Of F|ambOI’OUgh Head}

Gavernment established the UK Climate Impacts Programme [UKCIFL' Scenarios of
fuature dimate change in the UK were produced for the UKCIP in 2002 and published by
the Department for Environment, Food and Rural Affairs (Defra). Over the next 2.3 years;
this climate change scenario information will be revised, expanded and developed fo better
mest stakeholder needs.

3. The companion guide sapparting the PPS Planning and Climais Change” will provide Table B.2 Recommended national precautionary sensitivity ranges for peak

guidance an how planning should secure new development and shape places resilient to the

effects of climate change. H H - - H
o e o e o i o i A 000 T gt rainfall intensities, peak river flows, offshore wind speeds and
that, using the UKCIPO? climate change projections, together with scemarios of potential wave helghts.

economic and social changes, anmual damage from flooding may riss from around
E100 million 4o between E460 million (under the commumity orientzted Local Stewardship

ﬁl_‘l;n?u;;j and £2,500 millon (under the more consumerist World Markers scenario) Parameter 1990 to 2025 to 2055 to 2085 to
B5  Global sea level will continue to rise, depending on greenhouse gas emissicns and the 2025 2055 2085 21 ‘1 5

sensitivity of the climate systemn. The relative sea level rise in England also depends on the

local vertical movement of the land, which is generally falling in the south-east and rising
in the north and west. Allowances for the regional raies of relative sea level rise shown in i i i 0, 0, 0, 0
T e Peak rainfall intensity +5% +10% +20% +30%
nl-ir.h the sensitivity ranges for wave height and wind speed in Table B2, in preparing flocd .
isk ascesaments. Peak river flow +10% I +20%
i o o
Offshore wind speed +5% +10%
T pevewrsitoip gk
T ey ot Extreme wave height +5% +10%

™0, 3004 The Fosmsght At Poodeg progecs

gt gk Previow_Profec and_Coardal Dok parts_ardl_Pud et Outp st him
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Response surfaces

Enrick at Mille of Tore (NE Scotland) Roding at Redbridge (SE England)

Mean annual precipitation change (in %)
Mean annual precipitation change (in %)
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Seasonal variation (in %) Seasonal vanation (in %)

- — ]
1 Al Ll 1
0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

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)
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Trading uncertainty for cost

20—yr return period -

= _'%_ —¥— —— —— —— ] — -
20 30 40 50 60 70 80 90 100

% scenarios> allowance
(the risk)
N
o
[

Precautionary allowance % (~the £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 50, 30t and 70", and 10t and 90t
percentiles (solid, dashed and dotted lines respectively) are shown for each ensembile.
Source: Prudhomme et al. (2010b)
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Concluding remarks

| THOWGHT | WAS
INTERESTED [N UNCERTRINT/
BuT oW (M oT 0 SURE

Is uncertainty a red herring
or, worse, a mill-stone?

 What has been the
opportunity cost?

 What are the alternatives to
the uncertainty paradigm?

Loughborough
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non-climatic — variability and O p I0NS- | o d
pressures Vulnerability change
s perspective
Adaptation
options
Social acceptability ABC.. Economic appraisal
Technical feasibility Regulatory context
Preferred
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=.
i 5]
Narratives of Climate change 5
non-climatic — : a
pressures Vulnerability narratives
(future)
Adaptation principles Robust Sensitivity analysis
measures
B, W
Performance appraisal Adaptation New evidence
pathways
W then B
| Source: Wilby & Dessai (2010)
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