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Major sources of uncertainty limit projections of future climate change: 
 

•  Emissions projections 
 - Socio-economic assumptions 

 

•  Global climate response 
 - Climate parameters 

 

•  Structural uncertainty/regional patterns of change 

 - Differences between climate models 
 

•  Natural variability 

 - Initial condition perturbations 

•  Land use land cover change 

- Interaction between climate impacts on ecosystem productivity 
and socio-economic assumptions (agriculture, forestry…) 
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Emissions projections are highly uncertain because they depend on: 

•  Economic and population growth 

•  Emergence and costs of new technology 

•  Implementation of climate policies 
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Emissions projections are highly uncertain because they depend on: 

•  Economic and population growth 

•  Emergence and costs of new technology 

•  Implementation of climate policies 
 

General approach is emissions scenarios: 
-  “Business as usual” scenarios 
-  Climate mitigation scenarios 

used as far back as IPCC FAR (1990) 
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Emissions projections are highly uncertain because they depend on: 

•  Economic and population growth 

•  Emergence and costs of new technology 

•  Implementation of climate policies 
 

General approach is emissions scenarios: 
-  “Business as usual” scenarios 
-  Climate mitigation scenarios 

used as far back as IPCC FAR (1990) 

  
Alternative:  
Probabilistic distributions of emissions 
derived by sampling socio-economic and 
technological parameters for each region 
covered by the economic model.  
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•  The largest uncertainties in the global climate system response to a 
change in forcing involve 3 major “climate parameters”: 
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•  The largest uncertainties in the global climate system response to a 
change in forcing involve 3 major “climate parameters”: 

 

 - Climate sensitivity 
Change in temperature associated with a doubling of CO2 concentration 

 - Ocean heat uptake rate 

Rate at which the heat stored by the global ocean increases in time 
 - Aerosol forcing 

Radiative forcing of aerosol particles, both direct and indirect (clouds) 
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The IGSM couples: 
-  a human activity model (EPPA) 

-  an Earth system model of 
intermediate complexity 
(MESM) 

 
 

THE&MIT&INTEGRATED&GLOBAL&SYSTEM&MODEL&

Trace gas 
fluxes (CO2, 
CH4, N2O) 
and policy 
constraints

CO2, CH4, CO, 
N2O, NOx, SOx, 
NH3, CFCs, 
HFCs, PFCs, SF6, 
VOCs, BC, etc.

Hydrology/ 
water 
resources

Agriculture, 
forestry, 
bio-energy, 
ecosystem 
productivity

Human 
health 
effects

Implementation of feedbacks is under development

Exchanges utilized in targeted studies

Exchanges represented in standard runs of the system

Earth System

Economic Projection and Policy Analysis (EPPA)
National and/or Regional Economic Development, 

Emissions & Land Use

Human System

Land use 
change

Atmosphere
2-Dimensional Dynamical,

Physical & Chemical 
Processes

Ocean
2- or 3-Dimensional 

Dynamical, Biological, 
Chemical & Ice Processes

Urban Airshed
Air Pollution Processes

Land
Water & Energy Budgets (CLM)

Biogeochemical Processes 
(TEM & NEM)

Coupled Ocean, 
Atmosphere, and Land

Sea level 
change

Climate/ 
energy 
demand

Solar 
forcing

Volcanic 
forcing

13&



h"p://globalchange.mit.edu/&&

The IGSM couples: 
-  a human activity model (EPPA) 

-  an Earth system model of 
intermediate complexity 
(MESM) 

 
 
Flexibility of IGSM include: 
-  Varying climate parameters 
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(can run 1000s of simulations) 
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5

representation of critical sectors (particularly energy resource and supply sectors) along with key
technological alternatives. Inevitably, the availability of data and parameters for which there is
an empirical basis places limits on the structure and level of detail of the model. Also, there are
tradeoffs between realistic detail for individual technologies and sectors and the computational
demands of solving a complex model such as EPPA.

2.2 The Structure of CGE Models

EPPA belongs to a class of economic simulation models known as computable general
equilibrium (CGE) models. CGE models represent the circular flow of goods and services in the
economy, as illustrated in Figure 2. Starting at the top of the cartoon of an economy, the model
represents the supply of factor inputs (labor and capital services) to the producing sectors of the
economy and provides a consistent analysis of the supply of goods and services from these
producing sectors to final consumers (households), who in turn control the supply of capital and
labor services. Corresponding to this flow of goods and services is a reverse flow of payments.
Households receive payments for the services from the producing sectors of the economy for the
labor and capital services they provide. They then use the income they receive to pay producing
sectors for the goods and services consumed.

Personal and business savings as well as taxes provide the funds for investment and
government purchases. EPPA also contains a full set of inter-industry transaction (not shown in
Figure 2). Much of the gross production of some industries is used as intermediate inputs in other

Region C

Mitigation Policies
  • Emissions limits
  • Carbon taxes     
  • Energy taxes
  • Tradeable permits
  • Technology regulation

Model Features
  • All greenhouse-relevant gases
  • Flexible regions
  • Flexible producer sectors
  • Energy sector detail
  • Welfare costs of policies

MIT Emissions Prediction and Policy Analysis (EPPA) Model
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Figure 2. The circular flow of goods and resources in EPPA.
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Figure 2. The circular flow of goods and resources in EPPA.
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Pattern scaling method: 

STATISTICAL&DOWNSCALING&

•  Efficient method 
•  Can emulate multiple climate models 

•  Can be combined with the IGSM distributions of climate change 
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DYNAMICAL&DOWNSCALING&

The MIT IGSM is linked to the NCAR 3-dimensional Community 
Atmospheric Model (CAM) version 3 (Monier et al., 2013). 

CAM is driven by the IGSM: 
-  SST and sea ice  

-  greenhouse gases concentrations 
-  aerosols concentrations 
-  Land use land cover change 

MIT IGSM-CAM framework: 

Monier&et&al.&(2013a)&
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SUMMARY&OF&MODELING&FRAMEWORK&

APPROACH% STRENGTHS% LIMITATIONS%

IGSM[Pa"ern&scaling&
(staTsTcal&approach)&

•  Can&emulate&mulTple&models&
•  ComputaTonally&efficient&

•  Can&derive&full&distribuTons&

•  Limited&to&T&and&P&
•  Limited&to&monthly&Tme&scale&

•  Cannot&simulate&changes&in&
variability&and&extremes&

&

IGSM[CAM&
(dynamical&approach)&

&

•  Can&simulate&changes&in&
variability&and&extremes&

•  Not&limited&to&T,P&(can&drive&
models&requiring&various&

input&variables&or&3D&fields)&
•  High&temporal&resoluTon&

•  Limited&to&a&single&model&
•  ComputaTonally&intensive&

•  Can&only&approximate&the&
bounds&of&the&distribuTons&

&

Strengths and limitations of the 2 downscaling methods 
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THE&CIRA&PROJECT&

Benefits  
of Global Action

CLIMATE CHANGE IN THE UNITED STATES

U
nited States Environm

ental Protection Agency    •     Clim
ate Change in the U

nited States: Benefits of G
lobal Action    •     June 2015
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Benefits  
of Global Action
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STEP&3|&ANALYZE&SECTORAL&IMPACTS&

• WATER RESOURCES 
• AGRICULTURE & FORESTRY 
• ECOSYSTEMS 

• HEALTH 
•  INFRASTRUCTURE 
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MATRIX&OF&SIMULATIONS&

INIC1

INIC2

INIC3

INIC4

INIC5

CS2.0

CS3.0

CS4.5

CS6.0

REF

POL4.5

POL3.7

CAM IGSM PATTERN
SCALING

REF

POL4.5

POL3.7

CS2.0

CS3.0

CS4.5

CS6.0

MIROC3.2

CCSM3

BCM2.0

MULTI
MODEL
MEAN

CLIMATE
SENSITIVITY

NATURAL
VARIABILITY

EMISSIONS
SCENARIO

CLIMATE
SENSITIVITY

EMISSIONS
SCENARIO

MODEL
PATTERNS

60 IGSM-CAM SIMULATIONS 48 IGSM-PATTERN SCALING SIMULATIONS

TOTAL OF 108 SIMULATIONS
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RANGE&OF&TEMPERATURE&PROJECTIONS&
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IMPACT&OF&SOURCES&OF&UNCERTAINTY&
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IMPACT&OF&SOURCES&OF&UNCERTAINTY&
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CLIMATE&IMPACT&ANALYSIS&
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BENEFITS&OF&CLIMATE&ACTION&

COASTAL PROPERTY

Approximately $3.1  
billion in avoided  

damages and  
adaptation costs from 

sea level rise and 
storm surge in 2100

ELECTRICITY 
DEMAND

An avoided
increase

in electricity
demand of
1.1%-4.0% 

in 2050 

 

ELECTRICITY 
SUPPLY

An  
estimated 
$10-$34 
billion in 

savings on 
power  

system costs 
in 2050

BRIDGES
An estimated 

720-2,200 
fewer bridges

 made structurally
 vulnerable

in 2100

 

ROADS
An estimated

$4.2 to $7.4 billion
in avoided 

adaptation costs
in 2100 

 

INFRASTRUCTURE

ELECTRICITY

AIR QUALITY
An estimated 

57,000 fewer deaths
from poor air

quality in 2100 

 

EXTREME TEMPERATURE

In 49 major U.S. cities, 
an estimated  

12,000 fewer deaths 
from extreme  

temperature in 2100

LABOR  
Approximately
$110 billion in

avoided damages
from lost labor
due to extreme
temperatures

in 2100 

 

 

 

WATER QUALITY
An estimated

$2.6-$3.0 billion
in avoided

damages from 
poor water

quality
in 2100 

HEALTH

URBAN DRAINAGE

In 50 U.S. cities,
an estimated
$50 million to

$6.4 billion
in avoided 

adaptation costs
in 2100
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BENEFITS&OF&CLIMATE&ACTION&

DROUGHT

An estimated 
 

40%-59% fewer 
 

severe and extreme 
droughts in 2100

FORESTRY
An estimated

$520 million to
$1.5 billion
in avoided

damages to
forestry in 2100 

 

SUPPLY & 

 

DEMAND
An estimated

$11 to $180 billion
in avoided

damages from
water shortages

in key
economic sectors

in 2100 

 

 

 
 

WATER RESOURCES

INLAND  
FLOODING

Estimates range
from approximately

$2.8 billion in
avoided damages to

$38 million in
increases damages

in 2100

CARBON 
STORAGE

An estimated
1.0 to 26 million

fewer tons of
carbon stored
in vegetation 

in 2100

 

 
 

FRESHWATER 
FISH

An estimated
230,000-360,000

acres of cold-
water fish

habitat preserved
in 2100 

 
 

 

WILDFIRE
An estimated
6.0-7.9 million

fewer acres
burned by
wildfires
in 2100 

ECOSYSTEMS

SHELLFISH
An avoided loss of

approximately
34% of the U.S.

oyster supply, 37%
of scallops, and 29%

of clams in 2100
CORAL REEFS

An avoided loss  
of approximately  

35% of current  
Hawaiian coral in 

2100, with a  
recreational value  

of $1.1 billion

AGRICULTURE

An  
estimated 
$6.6-$11 

billion in 
avoided 

damages to 
agriculture  

in 2100

AGRICULTURE AND FORESTRY
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SUMMARY&

•  The modeling framework accounts for multiple sources of uncertainty: 
-  Emissions scenarios 
-  Global climate response 
-  Natural variability 
-  Models regional patterns of change 
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-  Emissions scenarios 
-  Global climate response 
-  Natural variability 
-  Models regional patterns of change 

 

•  For temperature over the United States: 
-  Choice of policy is the largest source of uncertainty 
-  Climate sensitivity is second 
-  Natural variability and choice of model are small 

 

•  For precipitation over the United States: 
-  Natural variability dominates until 2060 
-  Choice of model is the second largest source of uncertainty  
-  Choice of policy catches up by 2100 

 

The modeling framework can be used to analyze the impact of climate 
mitigation and the benefits of climate action under uncertainty 
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