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“PREDICTION IS VERY DIFFICULT,	  ESPECIALLY ABOUT THE FUTURE.”	  N.	  BOHR

“…ALL MODELS ARE WRONG;	  THE PRACTICAL QUESTION IS HOW WRONG DO THEY HAVE
TO BE TO NOT BE USEFUL?”	  	  BOX AND DRAPER



UNCERTAINTY IN GLOBAL/REGIONAL CHANGE
RESPOND AND ADAPT TO WHAT EXACTLY?

  

Simulated  Precipitation  Change  in  21st Century:  A1B  Scenario
Opposing  Climate  Model  Results  at  the  Regional  Scale  

HOW TO PREPARE WHEN REGIONAL CHANGES DIFFER IN SIGN?



http://globalchange.mit.edu/ 

MIT Integrated Global System Model (IGSM) 

Key goal:
Projections and risks of the 
natural, managed and built 
environmental responses to 
human and natural forcings.



ANY PREDICTION MODEL MUST REPRESENT THE EARTH’S SYSTEMS –
WHETHER NATURAL,	  MANAGED,	  OR BUILT – IN DISCRETE PIECES IN

SPACE AND TIME.	  	  BELOW IS AN EXAMPLE FOR THE IGSM.
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Expected Global GHG Emissions
if Paris Pledges are Implemented, but No Further Action

Emissions are flat and declining for 
most of the G20 (including China) 

and Developed countries but 
emissions in India and the Rest of 
the World would continue to grow.
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Renewables (8x) and 
nuclear (3x) expand 
several fold but not 
enough to drive out 
fossil fuels

The world remains largely fossil fuel dominated: ~75% but
down from ~83% w/o  the Paris agreement
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If Paris locks us in through 2025, 
how fast must emissions turn down after?

Three emissions paths for high, median, 
and low climate sensitivity—how certain 
do we want to be about avoiding 2° C?

Annual mean SAT relative to 1861-1880 mean
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Implications for Energy Use and How It is Supplied 
Depends on Technology Advances

We simulate different possible scenarios using IEA estimates of 
technology costs, and ranges.  Here for median climate sensitivity.

With central technology cost 
estimates from IEA, nuclear 
power dominates and biofuels 
gradually displace oil and 
gas.  Coal disappears rapidly.
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Implications for Energy Use and How It is Supplied 
Depends on Technology Advances

We simulate different possible scenarios using IEA estimates of 
technology costs, and ranges.  Here for median climate sensitivity.

With central IEA estimates for all 
technologies, but with high 
costs/constraints for nuclear, 
biomass is used for fuel in vehicles 
and for electricity generation. 
Natural gas remains in the mix for 
power generation with CCS.



Observations	  and	  Models	  Allow	  Us	  to	  Place	  
Boundaries	  to	  Our	  Confidence	  for	  

Prediction

FOREST ET AL.  (2008)

Rate	  of	  Ocean	  Heat	  Uptake	  (Sqrt(cm2/s)

• EMISSIONS UNCERTAINTY

• CLIMATE SENSITIVITY (CHANGE
IN TEMPERATURE DUE TO
CHANGE IN RADIATIVE
FORCING).

• HEAT UPTAKE BY DEEP OCEAN
(& CARBON UPTAKE)

• RADIATIVE FORCING OF
AEROSOLS

• CO2 FERTILIZATION EFFECT ON
ECOSYSTEM (WIDE RANGE)

• PRECIPITATION TRENDS



SHOWN ABOVE IS A RANGE OF GLOBAL
TEMPERATURE RESPONSES THAT RESULT FROM
A RANGE OF EMISSION SCENARIOS.	  SOME
CONVEY LITTLE WHILE OTHERS A STRONG

DEGREE OF MITIGATING ACTION.

SHOWN BELOW EACH ONE OF THESE
EMISSION SCENARIOS SHOULD ALSO COVER
THE RANGE OF PLAUSIBLE RESPONSES –
DICTATED BY EMPIRICAL KNOWLEDGE

NOT ONLY SHOULD WE ACCOUNT FOR THE RANGE OF EMISSION
SCENARIOS – BUT ALSO “PLAUSIBLE”	  GLOBAL RESPONSES



EMERGENT PRECIPITATION PATTERN CHANGES
JUNE-AUGUST

WE MUST ALSO RECOGNIZE AND ACCOUNT FOR THE WIDE
RANGE OF “PLAUSIBLE”	  PATTERNS OF CHANGE



IGSM	  Scenarios
(Sokolov	  et	  al.,	  2009,	  and	  Webster	  et	  al.,	  2009)

Temperature-‐change	  distributions	  conveyed	  
as	  “The	  Greenhouse	  Gamble”	  wheels
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IMPLICATIONS:	  	  CURRENT (2001-‐2020)	  “WATER STRESS”

CURRENT WATER STRESS (UNITLESS RATIO OF WITHDRAWAL
VERSUS AVAILABILITY) SIMULATED AVERAGE 2001-2020



CLIMATE MITIGATION CAN REDUCE -‐ BUT NOT
ELIMINATE -‐ HEIGHTENED RISKS TO “WATER STRESS”

CHANGE IN DECADAL
WATER STRESS

(2041-2050)



CHINA

INDIA

CHANGE IN DECADAL AVERAGED UNMET DEMAND IN 2040S
MITIGATION VS.	  ADAPTATION

UCE L2S Adaptation

A1:	  UCE	  with	  lined	  canals
A2:	  A1	  with	  all	  irrigated	  lands	  at	  least	  furrow
A3:	  A1	  with	  all	  irrigated	  lands	  at	  least	  low	  efficiency	  sprinklers
A4:	  A1	  with	  all	  irrigated	  lands	  high	  efficiency	  sprinklers

Total	  Cost
(Billions	  2000	  US$)

China India

L2S 400 40

A1 35 23

A2 6 2

A3 81 73

A4 142 114

Baseline
UD:	  34%

Baseline
UD:	  23%

Adaptation	  Scenarios

China	  2050	  population:	  1.4	  billion	  people
India	  2050	  population:	  1.7	  billion	  people



Thank	  You
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