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Adapt to what? – Global Wet and Dry 

Two extreme GCMs used to estimate range of costs 
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IGSM SCENARIOS
(SOKOLOV ET AL., 2009, AND WEBSTER ET AL., 2010)

RUN 400 MEMBER ENSEMBLES USING LATIN HYPERCUBE SAMPLING FOR EACH POLICY

NO POLICY (REFERENCE):
- CLIMATE & EPPA SAMPLES

POLICY SCENARIOS: 
REPRESENTATIVE CONCENTRATION PATHWAYS (RCPS)

- U.S. CCSP LEVEL 4
- U.S. CCSP LEVEL 3
- U.S. CCSP LEVEL 2
- U.S. CCSP LEVEL 1
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METHODOLOGY, PHILOSOPHY, PROOF OF EFFORT

•EXTRAPOLATION: OF GCM PATTERNS - HOW TO CHARACTERIZE?
– METHODS OUT THERE... SO WHERE’S THE QUANTUM LEAP?

•CONSISTENCY:
–  DO THE IGSM AND GCMS AGREE ON THE ZONAL TRENDS?

•PLAUSIBILITY:
–CAN/SHOULD WE FILTER OUT CERTAIN GCMS, HOW?

• IMPACT ON RESULTING REGIONAL PDFS?

•PROVISIONAL APPLICATION TO WATER-RESOURCE RISKS
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METHODS TO GET 3D FROM (≤)2D
• 0-ORDER:  ASSUME NO CHANGE IN PATTERNS FROM CLIMATOLOGY

• 0.5-ORDER:  PICK ONE GCM AND RUN WITH IT... BUT WHICH ONE DO YOU BELIEVE MORE?

• 0.75-ORDER: TAKE THE AVERAGE OF SOME GCMS... SMOOTH OUT PEAKS (HIGH RISK)

• 1ST-ORDER:  CONSIDER “ALL” EQUALLY PLAUSIBLE.

– SCENGEN:  SIMILAR... DRIVEN BY MAGICC (0-ORDER GLOBAL ENERGY BALANCE MODEL)

– COSMIC: PICK GCM, CS (CLIMATE SCALING FACTOR), AND EMISSIONS SCENARIO (BOTH GHG AND SULPHATE), DONE BY COUNTRY

– MERGE: BASED ON 1D DAMAGE FUNCTIONS

• THESE METHODS ARE 1D (I.E. GLOBAL) TO 3D... AND NO FEEDBACKS.

• 1.5-ORDER: FILTERED SELECTION (ZONALLY-BASED FOR IGSM)
• 2ND-ORDER: PROBABILISTIC-CONDITIONAL SELECTION W/ TIME-VARYING ELASTICITIES.

• “3RD-ORDER”: EXPLICIT REGIONAL CLIMATE CHANGE PROBABILITY VIA 3D GCM OR RCM.

GROUPS DOING SOMEWHERE BETWEEN 0 AND 1ST-ORDER
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Merging Regional Climate Uncertainty in the 
IGSM Framework

Use observed variables for Cx,y climatology of:
– Temperature (CRU: surface air temperature)
– Precipitation (GPCP: satellite and ground)

Use AR4 archive of 2xCO2 runs to estimate:
– Cx,y trends
– 19 GCM simulations available

Construct probabilistic sample of potential 
future Cx,y trends from AR4 projections
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SELECTION & FILTERING OF GCM PATTERNS

• Initially, all GCM patterns assumed equally probable.
•Filtering Philosophy: Cannot fuse a GCM pattern whose zonal 

trends do not match the IGSM.
– Doesn’t necessarily indicate GCM is “wrong” - just not consistent
– Tested criterion on a seasonal and annual basis.
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Water Resource System in IGSM
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THE MIT INTEGRATED GLOBAL SYSTEM MODEL VERSION 2 

IGSM2 Integrated 
Assessment model

Designed for analyzing the 
global environmental 

changes that may result 
from human causes, 

quantifying the 
uncertainties associated 

with the projected changes 
and assessing the costs 

and environmental 
effectiveness of  proposed 
policies to mitigate risk.

Includes an economic 
model for analysis of  
greenhouse gas and 

aerosol emissions and 
mitigation proposals, a 
coupled atmosphere-

ocean-land surface models 
with interactive chemistry 

and of  natural ecosystems.

(IGSM2: SOKOLOV ET AL., 2005, JP REPORT #124 EPPA: PALTSEV ET AL. 2005, JP REPORT #125 LAND: SCHLOSSER ET AL., 2007 JP 
REPORT #147 OCEAN: DUTKIEWICZ ET AL., 2005, JP REPORT #122, URBAN: COHEN AND PRINN, 2009, JP REPORT #181)

CLICROP

CROPWAT/FAO: IRRIGATION

SWAT/USDA: WATER MANAGEMENT

CERES/ICASA & IBSNAT: NUTRIENT
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Simulation Experiments
IGSM-CliCrop

• IGSM2 “NO POLICY” ENSEMBLES (WITH 400 MEMBERS) CONSIDERED. 

• EACH GCM ASSUMED EQUAL PLAUSIBILITY (RANDOM PICK OF FILTERED GCMS).

• CLICROP RUN GLOBALLY AT 2˚ X 2˚ SPATIAL RESOLUTION. 

• SIMULATION PERIOD: 2000-2100 (USING THE IGSM2 PROJECTIONS).
• CLICROP SIMULATIONS EXECUTED FOR MAIZE. OTHER CROPS WILL FOLLOW.

• TOTAL AREA OF RAINFED AND IRRIGATED CROPS KEPT CONSTANT IN TIME.

• CHANGES IN AGRICULTURAL TECHNOLOGY NOT CONSIDERED IN THIS EXERCISE.

CLICROP
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AGGREGATE CLICROP FOOD PRODUCING UNITS (FPUS)
•PRELIMINARY ANALYSIS/RESULTS FOR TWO LARGE AGRICULTURE FPUS:

– INDIA GANGES: ONE OF LARGEST IRRIGATED CROP AREAS 

–  SOUTH AFRICA EAST/WEST CAPE : ONE OF LARGEST RAIN FED CROP AREAS

–  NILE/ETHIOPIA AND MISSOURI RIVER BASIN

281 FPUS OF CLICROP
BASED ON WATER RESOURCE SYSTEM (WRS)
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South Africa: Change in Rain Fed Maize Yield (%)
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INDIA GANGES
CHANGE IN IRRIGATION DEFICIT (106 GAL/YEAR)
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AVERAGE DEFICIT: 1,082,314 MGAL/YEAR
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PDFS OF CHANGES

•Which wins out for Ganges, increased P or increased T?
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∆P (CM/MON): 21ST CENTURY CHANGE 

∆T (˚K): 21ST CENTURY CHANGE
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PDFS OF CROP YIELD CHANGE
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CLOSING REMARKS

• IN THESE PRELIMINARY RUNS WITH THE EXTRAPOLATED NO-POLICY, WE SEE TREND 
REVERSALS IN CROP (FOR NOW, MAIZE) PRODUCTIVITY & IRRIGATION DEMAND

• PDFS SHOW THAT ∆T’S WIN OUT OVER ∆P’S FOR BASINS CONSIDERED.

• NEAR TERM:

–  REFINE HYBRID REGIONAL PDFS OF ∆T’S AND ∆P’S

–  EXPAND CROPS AND LINK PUBLIC, INDUSTRIAL, HYDROELECTRIC WATER

–  ENSEMBLES (IGSM POLICY PLUS GCM PATTERNS)

•  LAND USE CHANGE:
–RENEWABLES (NREL) AND BIOFUELS AT LARGE-SCALE


