Quantifying the Likelihood
of Climate Change over

the Zambezi River Basin:
A Hybrid Approach

Quantify the climate-change risk of the
greater Zambezi River Basin, by covering
the range of uncertainty in the global and
regional climate response as well as
emissions under climate policies.
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UNCERTAINTY IN REGIONAL CHANGE

Simulated Precipitation Change in 215t Century: AiB Scenario
Opposing Climate Model Results at the Regional Scale
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HOw TO PREPARE WHEN REGIONAL CHANGES DIFFER IN SIGN?




e “..all models are wrong, some are useful... ” Box and Draper
= A positive spin: “No model is perfect, but many are suitable.”
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e “..all models are wrong, some are useful... ” Box and Draper
= A positive spin: “No model is perfect, but many are suitable.”

e Growing evidence that ‘superior’ model skill does not always apply.
=So we consider all “plausible outcomes”.
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e “..all models are wrong, some are useful... ” Box and Draper
= A positive spin: “No model is perfect, but many are suitable.”

e Growing evidence that ‘superior’ model skill does not always apply.
=So we consider all “plausible outcomes”.

 “Model mean” performance superior (even including “bad” models).

= Caveat: By averaging models you smooth extreme events, which
have large impact. Frequency distributions of impacts from each

model outcome considered separately, more appropriate.
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We cannot calculate the Our range of confidence limits
response of the atmosphere, our trust in a single prediction.
oceans, and land systems

precisely...

.. but observations help us So — we perform many
determine a range of simulations (at least on the

confidence. order of a few hundred) to
estimate the chances climate

Add to this our limited change given our range of

confidence in how much confidence in emissions and

greenhouse gases we will the climate response.

emit...




An Integrated Assessment Model (IAM)

(IGSM2: SOKOLOV ET AL., 2005, JP TECH. REPORT #124 EPPA: PALTSEV ET AL. 2005, JP TECH. REPORT #125
LAND: SCHLOSSER ET AL., 2007 JP TECH REPORT #147 OCEAN: DUTKIEWICZ ET AL., 2005, JP TECH. REPORT #122)

Human Activity (EPPA, USREP)

Global and Regional Economic Activities
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Coupled GCM + urban air chemistry
: Earth SVStem + marine & terrestrial ecosystems

ATMOSPHERE
2-D or 3-D dynamics, chemistry, URBAN air pollution
aerosols (CAM+, GEOSChem) (metamodel)

OCEAN LAND System

: 2-D or 3-D dynamics, biology, | | hydrology, biogeochemistry,
forcing chemistry, ice (MITgcm) vegetation (CLM, TEM, NEM)

Examples
of Model
Outputs

GDP growth,
trade, GHGs,
energy use,
ocean acidity,
temperature,
precipitation,
ozone damage,
water supply,
sea-levelrise,
energy sector
infrastructure
vulnerabilities,
coastal effects,
crop yields,
mortality/

morbidity,
ecosystem
response,
ice cover




16 regions:

Income

Sectors Sectors

AFR_|Afica

ANZ_|Australia and New Zealand

Expenditures

ASL [ Dynamic Asia

Region A

/ Reglon C
Consumer Producer Trade
Flows

=

Region B

Model Features
« All greenhouse-relevant gases
+ Flexible regions

Regional data tables are available at:http:/fglobalchange.mitedu/Outlook2012 « Flexible producer sectors

+ Energy sector detail

+ Welfare costs of policies

Mitigation Policies
+ Emissions limits
+ Carbon taxes
+ Energy taxes
« Tradeable permits
» Technology regulation

e APPROXIMATELY 100 (UNCERTAIN) PARAMETERS THAT INCLUDE:

PRODUCTIVITY GROWTH
ENERGY EFFICIENCY

EASE OF SUBSTITUTION
COSTS OF NEW TECHNOLOGY

MAIN OUTPUTS: EMISSIONS, PRICES, GDP, AND WELFARE
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B EMISSIONS UNCERTAINTY

" CLIMATE SENSITIVITY (CHANGE
IN TEMPERATURE DUE TO

CHANGE IN RADIATIVE FORCING).

" HEAT UPTAKE BY DEEP OCEAN
(& CARBON UPTAKE)

" RADIATIVE FORCING OF
AEROSOLS

" CO, FERTILIZATION EFFECT ON
ECOSYSTEM (WIDE RANGE)

" TRENDS IN PRECIPITATION
FREQUENCY

p(S,K,): IGSM2.2 Uniform and Expert CS priors

Effective Climate Sensitivity (C)

2
Rate of Ocean Heat Uptake [Sqrt(K,), (Sqrt(cm?/s))]

Forest et al., 2008



IGSM Scenarios
(Sokolov et al., 2009, and Webster et al., 2009)
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HOW CAN WE EXPRESS THE VALUE OF A

CLIMATE POLICY UNDER UNCERTAINTY THAT TRANSLATE
INTO “ODDS” OF CLIMATE CHANGE?

What would we achieve with
STABILIZATION
of CO, at 550 ppm?

14% chance ﬂ

96% chance




IGSM Precipitation Changes: Unconstrained Emissions

mm/day

15

0.5 -

-0.5

Changes in decadal-averaged precipitation at time of CO, doubling

Whisker plots convey plausible
range in projections
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CHARACTERIZING REGIONAL CLIMATE-CHANGE
UNCERTAINTY IN THE IGSM: A HYBRID APPROACH

Schlosser et al., Journal of Climate, 2012 (in press)

dCXy * A TG *\_/;GSM

Global
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“Regional climate change kernel” — shift in patterns in tandem with global

dT ll temperature, based on the CMIP3/IPCC archive (~17 GCMs).
Global




GLOBAL CHANGE
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Precipitation: Seasonal Averages
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Regional Climate-Change Kernels: DJF Surface-Air Temperature

CMIP3/IPCC Models CMIP3/IPCC Model Mean
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Climate-change pattern kernels from the IPCC AR4 climate models used to
construct hybrid climate-change distributions from the IGSM. Shown are the

relative changes in DJF surface-air temperature in response to a unit global
temperature increase as a result of anthropogenic greenhouse emissions.




Regional Climate-Change Kernels: DJF Precipitation 2
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Climate-change pattern kernels from the IPCC AR4 climate models used to
construct hybrid climate-change distributions from the IGSM. Shown are the

relative changes in DJF precipitation in response to a unit global temperature
increase as a result of anthropogenic greenhouse emissions.




Western Zambezi Frequency Distributions
2050 Decadal Average Surface-Air Temperature Change: Spring
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Eastern Zambezi Frequency Distributions ol 4%
2050 Decadal Average Surface-Air Temperature Change: Summer
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Western Zambezi Frequency Distributions
2050 Decadal Average Precipitation Change: Spring
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Eastern Zambezi Frequency Distributions >l i
2050 Decadal Average Precipitation Change: Summer
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« Approach to span plausible
outcomes across economic and
global-to-regional climate
uncertainties.

« Effect of economics and policy
Is multi-faceted in the climate
distributional responses.

e Seasonality
« Mode
« Skewness

« Beyond linearity?
« More details please?...

« THANK YOU!

Results from higher-resolution regional
model (right column) compared to its
global climate model counterpart.
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