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Backdrop
• Supreme Court decision – Under the Clean Air Act, EPA must make 

an endangerment determination regarding GHGs from vehicles
• President Bush’s 20-in-10 policy – 20% reduction in gasoline 

consumption in 10 years
• 9th Circuit Court decision – DOT’s implied zero marginal benefit 

value is arbitrary and capricious 
• Proposed standards – DOT vehicle efficiency, DOE appliance 

efficiency, EPA renewable fuels standard (forthcoming)
• EPA Advanced Notice of Proposed Rulemaking – GHG regulation 

and the Clean Air Act
• DOI Endangered Species Act listing of polar bears
• Climate legislative proposals
• President Bush: “Yet even if we reduced our own emissions to zero 

tomorrow, we would not make a meaningful dent in solving the 
problem without concerted action by all major economies” (April 6, 
2008).



Default problem statement

• Maximize welfare (MB = MC)
• But…substantial uncertainty 

– Undermines application of CBA criteria for 
efficiency, and even positive net benefits

• Also, who’s welfare?
– Domestic decision-makers and a global 

externality imply sub-optimal climate 
decisions



Uncertainties
• Socioeconomic

– Demographics
– Elasticities
– Preferences
– Technological – e.g., costs, R&D, diffusion, current vs. new 

technology
– Resource availability and productivity

• Emissions and sequestration
• Biophysical response – e.g., climate, carbon cycle, 

nitrogen cycle, biogeophysical, terrestrial
• Impacts – net effects, feedbacks
• Policy – climate and non-climate
• Historic vs. projected uncertainty



Benefits of incremental GHG 
emissions reductions?

• Confronted by policies with incremental 
reductions in global emissions – e.g., 
1%/yr CO2 starting around 2010

– Is there a measurable benefit?
– Is there a climate signal?

• Answer could have significant legal implications
– Is there a value?



Climate signal? Not looking too good.



Climate signal?
Shifting the distribution
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Clamoring for a number

The number is…
(drum role please) 

4.75
units?
(my son’s age)



A value? A metric?
• Projected net GHG emissions reductions incremental to total global 

emissions
• Projected global climate signal incremental, but discernable (e.g., shift in 

the distribution of projected GMST)
• Conceptually appropriate to consider the social cost of carbon (SCC)

– SCC = the net present value of climate change impacts over 100+ years of one 
additional net global ton of GHGs emitted to the atmosphere at a particular point 
in time. 

– Conceptually appropriate metric for monetizing the benefits of incremental global 
GHG emissions reductions

• Estimating the SCC requires global modeling frameworks with consistent 
integrated socioeconomics, emissions, climate change, and impacts
– Model global emissions? You’ve got to be kidding.
– Inherently, large uncertainties
– Current capability limited to aggregated integrated models due to data limitations

• Global SCCs are all that exist in the peer reviewed literature
– A global SCC value internalizes the global and temporal externality of U.S. GHG 

emissions/reductions
• Also asked to develop domestic SCC estimates



Developed two sets of marginal benefit 
estimates (i.e., the social cost of carbon)

1. Refined IPCC/Tol global meta analysis range 
– Refined Tol (2005) and Tol (2008) meta analyses – Tol (2005) used in IPCC 

(2007)
– Subset of estimates considered: peer reviewed, approximately 2-3% 

consumption discount rates, more recent studies (> 1995), un-weighted (i.e., 
unity weighted) regional aggregations

2. Consistent set of domestic & global ranges based on the FUND model
– Ability to define assumptions & sensitivities

• Ramsey discounting with consumption discount rates calibrated to approximately 2% & 
3%* to match inter-generational discounting guidance, and 7% per OMB request

• IPCC (2007) climate sensitivity range: 
– 1.5°C to 6.0°C (IPCC “likely” range is 2°C to 4.5°C, “very unlikely” to be less than 1.5°C, and 

“values substantially higher than 4.5°C cannot be excluded”)
• Socioeconomic and emissions baselines: FUND and IPCC SRES: A1b, A2, and B2 

(B1 considered a policy case so not used)
• EPA value of statistical life = $4.8 million (1990$)
• Global estimate is the un-weighted sum of regional estimates

– Best available estimates given current modeling frameworks. Future work to 
update parameters where possible and evaluate omitted impacts is planned.

* Actual consumption discount rates vary by region and time period. For example, the 2005 consumption discount 
rates ranged from 1.8 – 5.5% across regions and baselines (and from 2.7 – 2.9% for the U.S.)



Refined meta analysis range
(for emissions reductions in 2005)

Fisher-Tippett kernal estimate of the 
probability density functions

-35               0               35              70             105            140           175 
(2005$/tCO2)

~2%
~3%



Summary of EPA estimates
(various emissions years and discount rates, 2006$)

• Meta: Low (5th), Central (mean), High (95th)
• FUND: Low and High (min and max from the sensitivity analysis), 

Central (weighted average)
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Summary of EPA estimates
(various emissions years and discount rates, 2006$)

• Estimates for reductions in subsequent years are higher due to a 
larger marginal effect on net damages (IPCC suggests 2-4%/yr; 3% 
applied above) 

• DOT and DOE proposed rule estimates: $7/tCO2 in 2011 (2006$), 
range $0 - $14
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Difficult to apply in setting standards
• Ranges of estimates are appropriate, based on alternative assumptions of key 

scientific and economic parameters
– Appropriate to reflect results from multiple models

• “Very likely” underestimated due to omitted impacts, including non-market 
values and the value of changes in the likelihood of threshold impacts (e.g., 
species extinction, catastrophic events) or weather variability

• Deterministic estimates, not capturing changes in risk
• Data deficiencies – data not available for every major region (transfer 

assumptions used), more aggregate relationships modeled (e.g., global mean 
temperature changes and national net agricultural impacts)

• Direct benefits captured, not capturing global economic & social feedbacks, 
nor domestic WTP for international impacts or potential implications for other 
country action

• Estimates changing over time and non-CO2 gases have different values
• The estimates are relevant for incremental policies off of the baseline, they are 

not estimates of “optimal” marginal benefits 



FUND impacts
• A variety of impacts are not modeled in FUND, many due to data limitations 

(primarily physical data), some impacts based on older studies



Can uncertainty analysis help?

• Boil it down to a single number
– Robust enough for setting standards?
– Not likely to ever pin down the correct estimate

• However, valuable for valuing changes in risk

• What uncertainties can be meaningfully 
characterized?

• In our plans…



Thinking about trade-offs across global impacts 
(Estimates higher with A2 baseline, lower with A1b)



Thinking about trade-offs across US impacts 
(Estimates higher with A2 baseline, lower with A1b)



Non-incremental policies
• “What is the cost of inaction?”
• “What are the benefits of legislative proposals?”

• Tough to lean on the information available for quantifying 
benefits

• Optimal price path? Conceptually attractive, but given 
uncertainties (quantified and unquantified) difficult to 
believe that true social optimum

• More structural, integrated assessment frameworks are 
needed that capture biophysical and economic 
feedbacks
– Combined with complementary domestic bottom-up analyses



State of knowledge

• Not a 
sliding 
scale



State of knowledge

• Model uncertainty, not uncertainty



Managing Risk
• What level of risk is “acceptable?”

– What metric? Concentrations, temperature 
change, or impacts?

– If defined, carbon prices are the shadow price 
for benefits.

– Will include non-economic and non-scientific 
considerations

• Need to quantify the effects of mitigation 
and adaptation on uncertainty and risk



Cost uncertainties
E.g.,
• Model 

uncertainty
• Policy

– International 
action

– Program 
design

• Technology
• Reference

Source: USEPA 
Analysis of Senate 
Bill S.2191 
(http://www.epa.go
v/climatechange/ec
onomics/economic
analyses.html)



Summary
• Currently sensitivity analyses
• Uncertainty analysis 

– Can we boil it down to a defensible value? 
– Ranking policies vs. optimal policy
– Particularly valuable for quantifying changes in risk 

(and valuing those changes)
• What are the key uncertainties?

– Depends on the question
– Depends on the platform
– Different uncertainties at different scales

• Need to characterize
• Which at one scale confound utility of information at another 

scale 



Reading list
• Advance Notice of Proposed Rulemaking: Regulating 

Greenhouse Gas Emissions under the Clean Air Act 
(http://www.epa.gov/climatechange/anpr.html)
– Technical Support Document on the Benefits of Reducing GHG 

Emissions (www.regulations.gov)
– Draft Technical Support Document - Endangerment Analysis for 

Greenhouse Gas Emissions under the Clean Air Act 
(www.regulations.gov)

• USEPA Analysis of Senate Bill S.2191 
(http://www.epa.gov/climatechange/economics/economic
analyses.html)

• DOT (NHTSA) Average Fuel Economy Standards, 
Passenger Cars and Light Trucks, MY 2011-2015 
(http://www.nhtsa.dot.gov/portal/site/nhtsa/menuitem.43a
c99aefa80569eea57529cdba046a0/) 

http://www.epa.gov/climatechange/anpr.html
http://www.regulations.gov/
http://www.regulations.gov/
http://www.epa.gov/climatechange/economics/economicanalyses.html
http://www.epa.gov/climatechange/economics/economicanalyses.html
http://www.nhtsa.dot.gov/portal/site/nhtsa/menuitem.43ac99aefa80569eea57529cdba046a0/
http://www.nhtsa.dot.gov/portal/site/nhtsa/menuitem.43ac99aefa80569eea57529cdba046a0/


Extra slides



Crosswalk to Tol (2005) SCC estimates
• Adjusting Tol’s composite density function mean to 2006$, CO2 units, 

and later emissions years (using 3% growth)

• Remaining differences from EPA estimates due to: 
– Set of studies considered (we used Tol, 2008)
– Range of discount rates (Tol covers all discount rates)
– Non-equity weighted estimates (Tol includes them)
– Year of study (Tol includes all years)
– Sensitivity analysis (EPA FUND covers broader range of assumptions)
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