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Plan of the Presentation

n Motivation for an integrated state-level modeling system

n Unique trade structure that consistently incorporates external 
impacts in a micro model of the state economy

n Model and Data

n Scenarios that illustrate the performance of the integrated 
system 

n Results for Colorado



Objectives for the State Climate Policy 
Model   

n Different states are likely to face a wide range of impacts 
from international and national carbon abatement policies

n State impacts of climate change policy are politically 
relevant

n Other efforts have failed to build credibility in state models  
s WEFA (1997, American Petroleum Institute Study)
s Li and Rose (1995, Economic Systems Research, Vol 7, No 2)

n Illustrate the importance of external impacts 
n SIAM -- internet based GUI model for policy analysis

s Provide a state-of-the-art, peer-reviewed analytical capability to 
EPRI utilities

s Allow interactive analysis and discussion of alternative 
proposals

s Accommodate a wide range of views on future economic 
conditions and market responses (real-time sensitivity analysis)





Methodology -- Solve the state as an SOE but 
generate terms-of-trade from regional models
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Hierarchical Model Structure

Carbon
Content by

Fuel

MRN
• U.S. Economy
• 5 Regions
• 10 Sectors
• IMPLAN and EIA Data

State
• One State
• 10 Sectors
• IMPLAN and 

EIA Data

Inter-Regional
Trade Prices

U.S. Carbon Limits 
and World Carbon 

Permit Prices

Global Trade
Prices

MRT
• World Economy
• 8 Regions
• 9 Sectors
• GTAP Data w/ IEA

Energy Accounting

Climate Policy 
Scenario



General features of the MRN and the State SOE 
models
n Dynamic general equilibrium models with carbon emissions limits and 

permit trading 
n Features and special adjustment dynamics

s True capital-accumulation dynamics with perfect foresight

s Careful treatment of fuel nesting and energy use by industry and consumers

s Partial Putty-Clay production structure (as an alternative to quadratic 
adjustment costs)

s Equilibrium unemployment
s Decreasing returns in energy extraction

n SAM constructed from state-level IMPLAN data

n Commodity Flow Survey data for bilateral trade
n Dynamic calibration to BEA and EIA data and forecasts 



Scenarios

2010 Carbon Pr ice 2010 Emissions 2010 Permit Revenues

Descr iption National International National International ($/Tonne)  by Colo.  (MMT) for  Colo. ($Bil l ions)*

1. UNILATERAL No No No No $197 15.8 3.1
(endogenous)

2. DOMESTIC Yes No Yes No $231 16.3 3.6
(endogenous)

3. KYOTO_NT Yes Yes Yes No $231 16.5 3.6
(endogenous)

4. KYOTO_AB Yes Yes Yes Partial $72 19.2 1.1
(endogenous)

5. KYOTO_GL Yes Yes Yes Full $37 20.2 0.6
(endogenous)

Colorado Carbon Abatement Scenarios 

Kyoto Scenario -- International Carbon 
Trade between Annex B Countries 

Kyoto Emission Reductions Under Full 
Global Carbon Trade* *

Kyoto Stabilization with only domestic 
price impacts

Unilateral Stabilization by Colorado (7% 
below 1990 levels)

Terms-of-Trade Impacts Carbon Trade

*   We hold the carbon endowment fixed at 7% below 1990 levels, and revenues reflect the value of this endowment (including the sales of carbon in the national or international markets).  The 
fixed endowment maintains consistency across scenarios.  It shou

* *   Total global emissions targets are not specified under the current Kyoto agreement.  We impose a total cap equal to the total emissions computed for the Kyoto scenario with no international 
carbon trade.  This reflects an increase in emissions by deve

Scenar io 

Kyoto with No Trade in CO2 Permits 
Internationally



Baseline Emissions and CO2 Cap

2000 2005 2010 2015 2020 2025 2030
Colorado Emissions(MMT) 21.3 20.9 21.2 21.5 21.9 22.6 23.5

Cap as a % of Emissions N/A N/A 74% 73% 72% 70% 67%

US Emissions(MMT) 1,633       1,749       1,868       1,954       2,024       2,096       2,171       
Cap as a % of Emissions N/A N/A 67.09% 64% 62% 60% 58%

Baseline Emissions



Aggregate Impacts on Colorado

Permit Price 
($/tonne, 2010) Welfare

Gross Product 
(2010)

Investment 
(2010)

Consumption 
(2010)

CO2 Permit 
Exports 

(MMT, 2010)
1) UNILATERAL $197      -0.2% -1.0% -8.7% -0.9% N/A
2) DOMESTIC $231      -0.9% -1.4% -3.8% -1.1% -0.5
3) KYOTO_NT $231      -0.9% -1.1% -3.1% -1.0% -0.7
4) KYOTO_AB $  72      -0.5% -0.5% -0.8% -0.4% -3.4
5) KYOTO_GL $  37      -0.2% -0.3% -0.2% -0.2% -4.4

Overall Impacts by Scenario



Adjustment Dynamics and External Effects
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Adjustment Dynamics and External Effects 
(cont.) 
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Sectoral Results

(1) UNILATERAL (2) DOMESTIC (3) KYOTO_NT
ELE                                     2010 -19.0%      -18.7%      -18.2%      
Electricity 2030 -21.5%      -16.0%      -15.5%      

CRU 2010 0.9%      8.8%      -6.5%      
Crude and Natrual Gas Extraction 2030 0.8%      9.7%      -9.0%      

EIS                                     2010 -3.5%      -3.4%      0.1%      
Energy Intensive Sectors 2030 -7.9%      -4.9%      -1.6%      

MAN                                     2010 0.9%      0.3%      -0.2%      
Manufacturing 2030 -3.1%      -3.6%      -3.2%      

Percentage Change in Output (2010 and 2030)
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Wrap-up

n Consistent and comprehensive state-level analysis of climate change 
policy is feasible

n External effects are important 

n Substantial gains from international carbon trade (efficiency vs. equity) 
n We should be wary of balanced data especially at the state or county 

levels 

n Tradeoffs must be made when we link models
s Structural consistency across models

s Data consistency

n Dynamic CGE models are theoretically consistent but produce familiar 
time series of income and other accounting measures

(Equivalent Variation vs. GDP)



Backup Slides



Data

n Data for a benchmark year, and assumptions about the 
economic outlook
s Static calibration to a detailed set of Social Accounts for all 50 

states

s Dynamic calibration to a consensus forecast (the model is not a 
forecasting tool, it is intended to quantify policy shocks)

n Data sources
s IMPLAN: 528x528 input/output tables for each state

s EIA: Adjust accounts to match to EIA/SEDS state-level data

s CFS or EIA: Interstate trade relationships
s BEA or EIA:  output, or value added projections; and fuel price 

projections



Industry Behavior 

Nesting Structure for Non-primary Resource Sectors
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Household Behavior

Household Consumption Nesting

Non-Energy
Composite

Consumption
Composite

VMT

Fuel
Oil Gas Coal Electricity

Household energy response

Personal transportation elasticity



Personal Transportation

Personal Transportation Nesting

Stock of Autos Gasoline Other Driving
Expenses

VMT
i

Auto efficiencyelasticity



(1) UNILATERAL (2) DOMESTIC (3) KYOTO_NT
SRV                                     2010 -2.7%      -1.1%      -0.8%      
Services 2030 -1.8%      -1.9%      -1.6%      

MAN                                     2010 0.9%      0.3%      -0.2%      
Manufacturing 2030 -3.1%      -3.6%      -3.2%      

EIS                                     2010 -3.5%      -3.4%      0.1%      
Energy Intensive Sectors 2030 -7.9%      -4.9%      -1.6%      

AGR                                     2010 -1.0%      -1.4%      -1.3%      
Agriculture 2030 -6.8%      -2.0%      -2.1%      

M_V                                     2010 -13.5%      -12.6%      -12.5%      
Motor Vehicles 2030 -6.3%      -7.3%      -6.6%      

GAS                                     2010 -36.7%      -34.6%      -31.0%      
Natural Gas Distribution 2030 -44.6%      -40.1%      -36.5%      

COL                                     2010 -10.3%      4.7%      -8.2%      
Coal 2030 -12.7%      6.4%      -11.4%      

CRU                                     2010 0.9%      8.8%      -6.5%      
Crude and Natrual Gas Extraction 2030 0.8%      9.7%      -9.0%      

ELE                                     2010 -19.0%      -18.7%      -18.2%      
Electricity 2030 -21.5%      -16.0%      -15.5%      

OIL                                     2010 -30.9%      -36.0%      -27.8%      
Refined Oil 2030 -42.7%      -43.2%      -34.6%      

Percentage Change in Output by Sector (2010 and 2030)



Gains from international carbon trade
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Key Response Parameters
Consumer Responses

s Intertemporal Elasticity of Substitution 0.50
w CES between leisure and consumption 0.87
c_vmt CES between VMT and Other Consumption 0.60
esub CES between Energy and Non-energy composite commodities consumed by households 0.50
cons CES between non-energy commodities consumed by households 1.00
etyp CES between energy commodities consumed by households 0.50
tech_vmt CES between auto capital and gasoline 0.30

Industry Responses (non-resource extraction)
matsub CES between KLE composite and materials 0.00
KL_E CES between Capital-Labor Composite and Energy Composite (Not Electricity) 0.95

CES between Capital-Labor Composite and Energy Composite (Electricity) 0.20
K_L CES between Capital and Labor 1.00
ELE_NELE CES between Electric and Non-electric energy (Not Electricity) 0.20

CES between Electric and Non-electric energy (Electricity) 0.00
OIL_CG CES between Refined Oil and the Coal-Gas Composite 0.10
ECG CES between Coal and Natural Gas 2.00

Industry Responses (Resource Extraction)
mSR_COL Short run elasticity of coal supply 0.40
mLR_COL Long run elasticity of coal supply (7% convergence rate) 1.90
mSR_CRU Short run elasticity of crude oil and gas extraction supply 1.00
mLR_CRU Long run elastictiy of crude oil and gas extraction supply (7% convergence rate) 1.00

Trade Responses
ARM_SUB CES between domestic composite and foreign imports 4.00
DARM CES between domestic source goods (home good and US regional imports) 8.00
TARM CET between goods produced for home market, regional exports, and foreign exports 2.00


