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About This Document

The United States Climate Alliance (USCA) commissioned the Institute for Policy Integrity at New York University 
School of Law to produce The Social Cost of Greenhouse Gases: A Guide for State Officials. This document was prepared with 
guidance and significant contributions from the USCA Social Cost of Carbon Working Group, which includes staff from 
various state government agencies and offices. Not all states in the Alliance participated in this process. This document is 
not meant to represent a policy plan for the Alliance or any Alliance states, but is designed to serve as reference for states 
as they contemplate utilizing the social cost of greenhouse gases to consider the societal and environmental impacts of 
GHG emissions and climate change across relevant policy-making and decision-making processes.

ABOUT THE U.S. CLIMATE ALLIANCE

The United States Climate Alliance is a bipartisan coalition of governors committed to reducing greenhouse 
gas emissions consistent with the goals of the Paris Agreement. Smart, coordinated state action can ensure that 
the United States continues to contribute to the global effort to address climate change. Each member state 
commits to:

• Reducing collective net GHG emissions at least 26-28 percent by 2025 and 50-52 percent by 2030, both 
below 2005 levels, and collectively achieving overall net-zero GHG emissions as soon as practicable, and 
no later than 2050.

• Accelerating new and existing policies to reduce GHG pollution, building resilience to the impacts of 
climate change, and promoting clean energy deployment at the state and federal level.

• Centering equity, environmental justice, and a just economic transition in their efforts to achieve their 
climate goals and create high-quality jobs.

• Tracking and reporting progress to the global community in appropriate settings, including when the 
world convenes to take stock of the Paris Agreement
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Executive Summary

S tates are at the forefront of efforts to reduce the greenhouse gas emissions that cause climate change. State 
officials who aim to consider climate change alongside their other policy and decisionmaking priorities need 
tools to help them weigh what potential approaches to a given sector or policy issue would mean for the climate.

In particular, they need to be able to assess the effects of agency actions (or inaction) on activities that emit climate-
altering greenhouse gases in easy-to-understand terms. Such an assessment often involves comparing costs and benefits, 
but that comparison is no simple matter. Costs tend to include things like equipment, labor, and financing, most of which 
are assigned prices by the marketplace or can readily be valued in several ways, such as through competitive bidding. By 
contrast, the benefits of avoiding damage to society from climate change are difficult to value in monetary terms. How 
much is marginally greater stability with respect to sea level, global temperature, weather patterns, and other drivers 
of climate-related impacts on the economy worth? Without an answer to that question, comparisons of the costs and 
benefits of actions aimed at reducing greenhouse gas emissions will be apples-to-oranges. And valuing damages in the 
same way as costs can help to justify policy choices logically, legally, and politically.

The Social Cost of Greenhouse Gases (SC-GHG) offers an answer to the question above. It is a set of estimates of how 
much damage results, in monetary terms, from the emission of one additional metric ton of carbon dioxide (CO2), 
methane (CH4), or nitrous oxide (N2O).1 By indicating the monetary cost to society of releasing greenhouse emissions 
into the atmosphere, the SC-GHG makes it possible to say how worthwhile it would be to reduce or altogether avoid 
emitting activity—that is, to weigh the benefit of doing so against the costs. 

The SC-GHG serves a very specific purpose: it assigns a monetary value to the climate damage done by a marginal 
unit of greenhouse gas emissions. It does not value all of the effects, environmental or otherwise, of operating an 
emitting facility, driving emitting vehicles, or engaging in other activities that give rise to climate pollution. It does not 
indicate whether one approach to a policy goal will be more efficient or cost-effective than another. It just assigns a value 
to the climate damages that follow from release into the atmosphere of carbon dioxide, methane, nitrous oxide, and other 
greenhouse gases. 

Figure ES-1, below, which is discussed in depth in Section 2, provides a visual summary of how the SC-GHG translates 
a variety of types of information about the economy, climate, and passage of time into monetary estimates of the damage 
done by different greenhouse gases. 

1  The SC-GHG can also be used to determine the climate damages resulting from emissions of other greenhouse gases. See infra Section 2.3.
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Figure ES-1. SC-GHG Components
 

As that figure shows, the SC-GHG is the output of a series of modules, each of which draws on diverse inputs. In addition 
to depicting how the outputs of one module serve as inputs to the next, ES-1 highlights how key decisions about the 
scope of inputs and outputs inform in the SC-GHG’s estimates.

The SC-GHG makes it possible to value greenhouse gas emissions reductions, but making use of the SC-GHG in state-
level policymaking is not simply a matter of doing the math properly. This Guide recognizes that before an agency uses the 
SC-GHG, it is often necessary to first explain why states should use it, how it can be incorporated into different types of 
decisions, and what makes it an economically and legally defensible tool. Those explanations might be demanded by one 
or more of several audiences: legislators who will decide how the SC-GHG should inform analyses and decisions; agency 
staff who will be asked to incorporate the SC-GHG into analyses and decisions; regulated industries that are directly 
affected by climate-oriented policy changes; the public; and courts. This Guide is intended to support explanations to 
these various audiences, in part by providing examples of the SC-GHG’s application in different contexts.

This Guide is divided into four main sections. 

1. Introduction describes the SC-GHG’s intellectual and institutional origins and briefly summarizes how states have 
applied it to date.

2. Key Concepts and Features describes the SC-GHG’s component parts and logic. It also notes the SC-GHG’s limitations 
and responds to common criticisms of its derivation or application.

3. Legal Authority frames the SC-GHG in a legal context, describing the metes and bounds of agency authority—or 
obligation—to apply it to particular analyses or decisions. 

4. Applications categorizes and describes a variety of analyses and decisions in which the SC-GHG can be applied. This 
section draws on numerous examples of state and federal agency action.

This Guide will be updated to reflect two types of changes: Section 2 will be updated consistent with changes made to 
the SC-GHG by the federal Interagency Working Group; and Section 4 will be updated periodically as states apply the 
SC-GHG in new ways.
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Glossary and Abbreviations
These phrases and terms appear in the guidebook and referenced materials.

Circular A-4 – Guidance document created by the federal Office of Management and Budget that instructs federal 
agencies on how to conduct cost-benefit analysis in regulatory settings, including by discussing discount rates and 
geographic scope.

CO2 – Carbon dioxide

CO2e – Carbon dioxide equivalent

CH4 – Methane 

Discount Rate (private) – A rate, often represented as a percentage, that indicates how much a person would need to 
be compensated today to receive a dollar amount in the future rather than in the present. Private discounts are limited 
by individual/firm myopia that includes private risk premiums as well as returns to market power and externalities and 
fails to consider future generations.

Discount Rate (social) – A rate that indicates how much society needs to be compensated tomorrow to receive benefits 
in the future rather than in the present. In the climate context, the wider perspective of social discount rates captures 
how society should trade off currents costs of greenhouse-gas mitigation against the future benefits of avoided climate 
impacts.

Declining Discount Rate Schedule – A set of discount rates that decline over time, so distant future costs and benefits 
are discounted at a lower rate than near future costs and benefits.

IWG – The Interagency Working Group on the Social Cost of Greenhouse Gases. The IWG was originally formed in 
2009 and called the Interagency Working Group on the Social Cost of Carbon. 

MAC – Marginal abatement cost refers to an approach to monetizing greenhouse gas emissions that is based on the cost 
of abating the last marginal ton in the context of a specific, binding emissions target.

N2O – Nitrous oxide

OMB –Office of Management and Budget, a federal office responsible for publishing Circular A-4.

SCC – Social Cost of Carbon (carbon dioxide) developed by the IWG.

SC-CH4 – Social Cost of Methane developed by the IWG.

SC-CO2 – Social Cost of Carbon (carbon dioxide) developed by the IWG.

SC-GHG –Social Cost of Greenhouse Gases developed by the IWG. As of 2021, these social cost estimates exist for 
carbon dioxide, methane, and nitrous oxide.

SCM – Social Cost of Methane developed by the IWG.

SCN – Social Cost of Nitrous Oxide developed by the IWG.

SC-N2O – Social Cost of Nitrous Oxide developed by the IWG.
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1. Introduction

M ore and more states are working to embed climate change considerations into their policy frameworks. These 
efforts center on two primary questions: how do we reduce climate change’s impact on our state? and how 
do we reduce our state’s contributions to climate change? This guide helps to answer the second question. 

Reducing greenhouse gas emissions will require a sea change of policy planning and implementation, including: 
analyzing decarbonization pathways to help establish the need for interventions in various sectors—transportation, 
power, buildings, industry—and identify policies capable of meeting that need;1 designing new codes and standards to 
guide, among other things, energy use in buildings,2 efficiently connecting distributed energy resources (like rooftop 
solar panels) to the electric grid,3 reducing reliance on sources of short-lived climate pollutants;4 and creating protocols 
and calculators to tally the emissions expected to result from a given policy, activity, or decision.5 Rising to meet these 
needs would be easier if states could compare the costs and benefits of different policy options in consistent units. The 
Social Cost of Greenhouse Gases (SC-GHG) does just that, and can undergird, complement, and guide the formulation 
and application of policies. The SC-GHG is a set of estimates of how much damage results, in monetary terms, from 
the emission of one additional ton of carbon dioxide, methane, nitrous oxide, or other greenhouse gases that 
contribute to climate change when released into the atmosphere.

This guide is meant to inform and support the use of the SC-GHG by state officials and others. It is divided into four 
main sections. The first section introduces the SC-GHG and notes how states have used it to date. The second section 
describes what the SC-GHG is, how it was developed, how it was calculated, and why decisionmakers should understand 
not only the final numbers but also the SC-GHG development process. The third section provides a general overview 
of the legal authority required for a government to use the SC-GHG to inform different types of analyses or decisions. 
Finally, the fourth section describes applications of the SC-GHG to policymaking and regulatory decisionmaking in 
different types of decision or analysis, and particular economic sectors. 

In addition to helping state officials use the SC-GHG, this guide can also help them explain its use to the staff of state 
agencies, to regulated industries, to the public, and, if necessary, to courts.

1.1. History of the SC-GHG

The SC-GHG started out as a subject of academic research but has become an integral element of federal policymaking in 
the United States. Academic researchers first developed in the 1990s the integrated assessment models (IAMs) on which 
the SC-GHG is based.6 Those IAMs, which have since undergone multiple rounds of updates and peer review,7 estimate 
the global economic damages from climate change by tracing relationships among emissions, the Earth’s temperature, 
physical planetary systems, and economic effects. More specifically, IAMs make it possible to estimate the cost to society 
of each ton of greenhouse gases emitted into the atmosphere. 

Governments first began exploring use of the SC-GHG, in one form or another in the early 2000s, when the United 
Kingdom considered potential applications of the IAMs to policy planning.8 Shortly thereafter, in the United States, 
participants in the rulemaking process for emissions standards for light trucks for model years 2008–2011 noted the 
British government’s research into how IAMs could be used by agencies to estimate climate damages.9 The National 
Highway Traffic Safety Administration initiated that rulemaking process in 2003, published a proposed rule in 2005, and 
a final rule in 2006.10 The final rule was immediately challenged before the U.S. Court of Appeals for the Ninth Circuit, 
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which, in 2008, rejected the rule because it had failed to estimate the climate benefits of greater fuel efficiency in monetary 
terms to match its estimate of the monetary costs to manufacturers.11 The Bush administration (2001–2008) did not 
respond to this decision during its final months in office, but in 2009, then-newly-elected President Obama convened the 
Interagency Working Group on the Social Cost of Carbon12 (IWG or Working Group) to develop a uniform social cost 
of carbon dioxide value for use by all federal agencies in regulatory analysis.13 The Working Group was led by staff at the 
Office of Management and Budget (OMB) and Council of Economic Advisers (CEA), and its membership to include 
scientific and economic experts from the White House, Environmental Protection Agency (U.S. EPA), and Departments 
of Agriculture, Commerce, Energy, Transportation, and Treasury.14 

The Working Group initially developed the SC-GHG through a rigorous process and has undertaken several similarly 
rigorous updates.15 The SC-GHG values were developed using the three most widely cited IAMs: DICE, FUND, and 
PAGE.16 Model developers include William Nordhaus, who won a Nobel prize for this work,17 and Chris Hope, a lead 
author on the Third and Fourth Assessment Reports of the Intergovernmental Panel on Climate Change.18 Their IAMs 
used by the Working Group—reflect extensive peer review by economic experts.19 The Working Group’s approach gives 
each model’s outputs equal weight to arrive at the SC-GHG.20 The inputs to the models are all drawn from peer-reviewed 
literature,21 and decisions about which inputs to use were also submitted for peer-review.22 

The Working Group’s approach to developing and updating the SC-GHG has been transparent and open throughout. 
That is, the Working Group has shown its work by releasing technical support documents along with its estimates, and 
it has solicited public and expert feedback on draft documents before finalizing its analyses.23 When the Government 
Accountability Office examined the Working Group’s 2010 and 2013 processes, it found that they were consensus-based, 
relied on sound academic research and modeling, disclosed relevant limitations, and incorporated new information via 
public comments and updated research.24 

Consistent with the imperative that its work be thorough, transparent, and up-to-date, in 2016 the Working Group asked 
the National Academies of Sciences, Engineering, and Medicine (National Academies) to review recent research on 
climate modeling and to assess the technical merits and challenges of potential approaches to future updates of the SC-
GHG.25 While the National Academies’s interim report advised against conducting an update to the estimates in the 
near term to capture changes to a revised element of the IAMs,26 it also recommended ways to enhance the presentation 
and discussion of uncertainty regarding particular estimates.27 The IWG responded to these recommendations in its 
2016 technical support document,28 which included an addendum on the social cost of methane and the social cost of 
nitrous oxide.29 Consistent with its interim report, National Academies’s final report, issued in January 2017, endorsed 
the continued near-term use of the Working Group’s existing social cost estimates based on the DICE, FUND, and PAGE 
models, but also contained a roadmap of methodological changes to guide the Working Group when it next updated its 
SC-GHG estimates.30 

But the Working Group did not have the opportunity to implement the National Academies’s recommendations before 
President Trump issued an executive order in 2017 that disbanded it and directed federal agencies to use a revised set 
of climate damage estimates. Those estimates assigned far lower values to greenhouse gas emissions, owing to their use 
of a higher discount rate and a purportedly “domestic” (rather than global) assessment of climate damages. (Sections 
2.1.3 and 2.1.4 explain these features of the SC-GHG in detail.) Because these features departed from the best available 
science, federal courts rejected a federal agency decision that relied on the revised estimates: reliance was inconsistent 
with the requirements of federal administrative law.31 A 2020 Government Accountability Office report similarly stated 
that, due to the Trump executive order directing agencies to apply revised estimates, the federal government was not 
“well positioned to ensure agencies’ future regulatory analyses [we]re using the best available science.”32 
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When President Biden took office, one of his first executive orders reconvened the Working Group and directed it to 
update the estimates of the SC-GHG.33 The Working Group released interim estimates in February 2021 that were 
identical to the 2016 estimates, adjusted for inflation.34 The 2021 technical support document acknowledges that new 
data is available to support the use of a lower discount rate when calculating the SC-GHG, and advises federal agencies 
that they may wish to conduct sensitivity analyses with discount rates below 2.5%.35 The Working Group is expected 
to publish a draft technical support document for an updated set of estimates sometime in 2022. As of this writing, the 
interim 2021 SC-GHG is considered the best available estimation of the climate damages resulting from a marginal ton 
of greenhouse gas emissions; the Working Group’s updated estimate is expected to supersede it as the best available 
estimation of those damages.

The SC-GHG is not a carbon tax.

The SC-GHG is a metric that estimates how much economic damage results from a unit of emissions; it is not 
a “carbon price,” a fee, or a tax on greenhouse emissions. The SC-GHG can be used to set the level of a fee or 
tax charged to emitters, but it does not, on its own, establish a price to be paid for emitting greenhouse gases.

One reason confusion might arise over these categories is that the SC-GHG is sometimes referred to as 
a “price on carbon” and is in use by many entities as a “shadow price.”36 But a shadow price does not 
necessarily translate to the price actually paid by emitters. It is instead a value used to estimate the damages 
from a particular action. Estimation of this sort can be used for planning, accounting, modeling exercises, or 
other forms of analysis. It is most often employed within an institution or organization to better understand 
which assets or operations are relatively emissions intensive and to plan or stress test in anticipation of policy 
changes—whether intra-organizational or imposed from without—that somehow limit emissions volumes.37

1.2. How States Have Used the SC-GHG to Date

More than a dozen states have applied the SC-GHG over the past decade in analyses that inform policymaking or in 
decisions with concrete implications for stakeholders. The table below lists types of applications of the SC-GHG on 
the left—that list aligns with the organization of Section 4 of this Guide—and each dot shows that a particular state has 
engaged in that application. 

Table 1-1. States’ Uses of the SC-GHG to Date38

 States
Type of Use CA CO DE IL ME MD MN NV NJ NY OR VA VT WA

C
os

t-b
en

efi
t 

an
al

ys
is

Rulemaking (informational) • • •
Electric Utility IRPs • • • • • • •

Gas Distribution System
Planning Info. •

Land Use • • • • •
Grants & Investments • •38 •

Procurement •
Penalties
Royalties

Resource Compensation • • • • •
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The five kinds of cost-benefit analysis indicated in the table (and discussed in Section 4) are: (1) regulatory rulemakings; 
(2) integrated resource plans submitted by electric utilities to state utility commissions for review and approval; (3) 
planning and decisions about the gas distribution system; (4) multisectoral planning analyses; and (5) land use plans 
and decisions. The grey shading of the “land use plans and decision” row indicates that no state has, so far, clearly applied 
the SC-GHG in that context.

The table details five additional uses of the SC-GHG beyond cost-benefit analysis. Grants and investments involve 
allocating funds based in part on a showing that the resulting program or infrastructure will reduce greenhouse gas 
emissions relative to an alternative or baseline. Procurement refers to the purchasing of assets by government agencies for 
their own use. Penalties refers to civil or administrative penalties that might be meted out by any agency with enforcement 
authority. As the gray shading indicates, no state agency has yet clearly incorporated the SC-GHG into its calculation 
of the penalty to be paid for some violation that had an impact on the climate. Royalties refers to payments due to a 
property owner upon the extraction of a mineral resource from under its land. Here again, no state has yet applied the 
SC-GHG to its specification of the royalty payments it is owed by an extractive industry. Finally, resource compensation 
refers to payment to the owner of a resource for performing a function without generating emissions. The best known 
example is the zero emissions credits paid to nuclear generators not for electricity but for the emissions their generation 
of electricity avoids

New York’s Value of Carbon

New York State’s Climate Leadership and Community Protection Act, enacted in 2019, directs the state’s 
Department of Environmental Conservation, in consultation with the state’s Energy Research and Development 
Authority, to “establish a social cost of carbon for use by state agencies.” After reviewing options and relevant 
research,39 those agencies issued guidance (not a regulation) in December 202040—that is, before the Biden 
Administration’s Working Group on the Social Cost of Greenhouse Gases (Working Group) issued its Interim 
SC-GHG in February 2021. The December 2020 guidance recommends following the lead of the Working 
Group in most respects but not all. Its most important departure relates to discount rates41—a feature of the SC-
GHG explained in Section 2.1.4 of this Guide. That departure results in SC-GHG values that are significantly 
higher than those recommended to federal agencies by the Working Group in 2016 and again in 2021.

Different states’ uses of the SC-GHG are tracked on the Cost of Climate Pollution website.42 Section 4 discusses a variety 
of examples of SC-GHG applications by agencies in these states, as well as uses by federal agencies. As those examples 
reflect, there are clear patterns across different states, but also a great deal of diversity and idiosyncrasy. 

1.3. Quantifying Greenhouse Gas Emissions—A Prerequisite 
 Analytical Step

The SC-GHG translates a quantity of greenhouse gas emissions into a monetary value.43 That translation enables the 
comparison of quantities whose relative significance is difficult to weigh. For instance, purchasing and installing an 
electric heat pump in a home to replace a fossil-fuel-fired furnace comes at a cost—materials and labor—that is dissimilar 
to the benefit of the greenhouse gas emissions avoided by heating with electricity instead of fuel oil or methane gas. 
Putting both those costs and benefits into monetary terms makes it possible to determine whether this replacement will 
be net beneficial to society. Of course, comparing those costs and benefits requires first determining how many tons of 
greenhouse gases are emitted as a result of using the furnace and the heat pump.



1-5

Several factors can make it challenging to estimate the changes in emissions that result from a given policy intervention, 
and assessing a set of policy interventions can be harder still. Efforts by researchers and government officials to overcome 
these challenges have yielded a great many studies and tools,44 some of which are listed on a website maintained by the 
U.S. Environmental Protection Agency (EPA).45 EPA also hosts an emissions calculator webpage that convert units of 
fuel to emissions and vice versa, which is useful for identifying emissions factors for fuels and types of usage.46 In general, 
while many of the emissions quantification tools that are publicly available embody sound methodologies and can yield 
technically defensible results, there is not, as of yet, a unified and standardized rubric for emissions accounting.

Although this document does not present guidance on how to quantify emissions, it does discuss potential legal risk 
arising from emissions quantification being unavailable, partial, or hard to verify in Section 3.4.
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1. Introduction            Endnotes  
         

1  See, e.g., Off. of Governor Jared Polis, Colorado 
Greenhouse Gas Pollution Reduction Roadmap 
(2021), https://energyoffice.colorado.gov/climate-energy/
ghg-pollution-reduction-roadmap; N.J. Bd. Pub. Utils. et 
al., New Jersey Energy Master Plan: Pathway to 
2050 (2019), https://nj.gov/emp/docs/pdf/2020_NJB-
PU_EMP.pdf; Energy & Env’t Economics, Pathways 
to Deep Decarbonization in New York State (2020), 
https://www.nyserda.ny.gov/-/media/files/edppp/energy-
prices/energy-statistics/2020-06-24-nys-decarbonization-
pathways-report.ashx.

2 See, e.g., Dep’t of Energy, Off. of Energy Efficiency & Renew-
able Energy, Building Energy Codes Program: Determinations, 
https://www.energycodes.gov/determinations (last visited 
Apr. 7, 2022); see also Rocky Mountain Inst., Building 
Decarbonization Roadmap ( June 2021), https://stat-
ic1.squarespace.com/static/5a4cfbfe18b27d4da21c9361/
t/60c9295c0d6f5b30e2a66948/1623796080027/Alliance
+Building+Decarbonization+Roadmap.pdf. 

3 See, e.g., Michael Ingram, Akanksha Bhat & David Narang, 
Nat’l Renewable Energy Lab’y, A Guide to Updating Inter-
connection Rules and Incorporating IEEE Standard 1547 
(2021), https://www.nrel.gov/docs/fy22osti/75290.pdf. 

4 U.S. Climate Alliance, From SLCP Challenge 
to Action (Sept. 2018), https://static1.square-
space.com/static/5a4cfbfe18b27d4da21c9361/t/
5b9a9cc1758d466394325454/1536859334343/
USCA+SLCP+Roadmap_final+Sept2018.pdf.

5 See, e.g., Washington State Office of Financial Mgmt., Life 
Cycle Cost Tool (Sept. 2020), https://ofm.wa.gov/budget/
budget-instructions/budget-forms.

6 See Douglas J. Arent et al., Key Economic Sectors and Ser-
vices – Supplementary Material, in Climate Change 2014: 
Impacts, Adaptation, and Vulnerability. Part A: Global and 
Sectoral Aspects. Contribution of Working Group II to the 
Fifth Assessment Report of the Intergovernmental Panel on 
Climate Change, at SM10-4, tbl.SM10-1 (C.B. Field et al. 
eds. 2014) (listing peer reviewed estimates of the welfare 
impact of climate change in terms of global GDP, starting in 
the early 1990s).

7 See, e.g., William Nordhaus, Evolution of Modeling of the 
Economics of Global Warming: Changes in the DICE Model, 
1992–2017, 148 Climatic Change 623 (2018) (describ-
ing process and substance of model updates).

8 See Richard Clarkson & Kathryn Deyes, Estimating the 
Social Cost of Carbon Emissions 7–11 (Gov't Econ. Serv. 
Working Paper 140, 2002) (discussing damages- and cost-
based approaches to emissions valuation and recommend-
ing that ministries use a particular range of shadow prices to 
develop or evaluate policies with effects on greenhouse gas 
emissions). In 2003, the UK Department for Environment, 
Food, and Rural Affairs commissioned a two-part Social 

Cost of Carbon Review, which was published in late 2005. 
See Paul Watkiss et al., The Social Costs of Carbon 
(SCC) Review–Methodological Approaches for 
Using SCC Estimates in Policy Assessment, Final Re-
port (2005); Thomas E. Downing et al., Social Cost 
of Carbon: A Closer Look at Uncertainty (2005).

9 See Ctr. for Biological Diversity v. Nat’l Highway Traffic and 
Safety Admin., 538 F.3d 1172, 1188 n.19 (9th Cir. 2008) 
(noting reference to Watkiss et al. by commenter Environ-
mental Defense).

10 See id. at 1182–93 (describing procedural history and assem-
bling relevant citations).

11 Id. at 1227.
12 This group was later renamed the Interagency Working 
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2. Key Concepts and Features

T his section is meant to help users of the Social Cost of Greenhouse Gases (SC-GHG) understand the tool’s key 
features and limitations. It proceeds in four main subsections. The first subsection describes the components of the 
SC-GHG itself, including modeling and discount rates. The second explains differences between the SC-GHG, 

which estimates the damage caused by each additional ton of greenhouse gas emissions, and the marginal abatement cost 
approach, which estimates how much it would cost to reduce greenhouse gas emissions by a ton. This subsection notes 
that each approach is appropriate in certain situations and that the two can function as analytical complements. The 
third subsection discusses the valuation of greenhouse gases for which the Working Group does not yet have estimates, 
such as CFCs, HFCs, and other refrigerants. And the fourth walks through common criticisms of the SC-GHG and the 
estimation of climate damages more generally. Some of those criticisms tend to come from academics and researchers 
working to improve upon scientific understanding of climate change and its effects. Other criticisms are commonly 
heard from opponents of climate action.

2.1. Components and Decisions Embodied in the SC-GHG

The interim SC-GHG estimates—adopted by the Interagency Working Group in February 2021—characterize the 
relationship between society and climate change using four components: socioeconomics, physical climate, damages, 
and discounting. Each module serves as a source of inputs to the next. Socioeconomic factors drive emissions, which 
inform changes to the climate. Climatic changes result in physical climatic damages. Those damages inform economic 
damages, in turn, and those damages are then discounted. This modeling methodology includes a linear progression 
through each module toward the SC-GHG, but also captures how some outputs of those modules feed back into one 
another. Just as socioeconomics affects climate, climate and climate damages affect socioeconomic factors. Figure 2-1 
shows how these modules interconnect and highlights which modules reflect key decisions about the scope of inputs and 
outputs to be reflected in the SC-GHG’s estimates. 

Figure 2-1. SC-GHG Components
 

 

SocioeconomicsMODULES

OUTPUTS

Climate Damages Discounting

Emissions

SC-GHG

Monetized damagesTemperature
Sea level

Ocean acidification

Feedback

Key modeling decisions:
• Equity (intra- and intergenerational)
• Global vs domestic damages



2-2

The rest of this subsection describes the components shown in this figure and the decisions that inform their ultimate 
outputs. Note that this subsection does not describe the SC-GHG that is expected to be issued by the Working Group in 
the latter half of 2022.

2.1.1. The Models of the Economy and Climate, and Damage Functions

The interim SC-GHG adopted in 2021 is estimated by combining data from three models, known as reduced-form 
integrated assessment models (IAMs): DICE, FUND, and PAGE.1 These IAMs rely on a mix of empirical evidence 
and modelers’ expert judgment about the relationships between physical aspects of a changing climate and market and 
nonmarket effects in society.2 The model developers include William Nordhaus, a Nobel Prize winner and professor at 
Yale University; David Anthoff, a professor at University of California Berkeley and University Fellow at Resources for 
the Future; and Richard Tol, a professor with appointments at universities in Britain and the Netherlands and member 
of the Academia Europaea; and Chris Hope, the lead author reviewer of the Third and Fourth Assessment Reports 
of the Intergovernmental Panel on Climate Change. The models translate greenhouse gas emissions into changes in 
atmospheric greenhouse concentrations; atmospheric concentrations into climate drivers like temperature, sea level, and 
ocean acidification; climate drivers into environmental impacts; and environmental impacts into economic damages.3 As 
summarized here, each of these three models works slightly differently. 

DICE examines the interplay between carbon emissions and global productivity at an aggregate global level.4 It treats 
emission reductions as “natural capital” that reduce the harmful effects of climate change and assumes that greenhouse 
gas emissions “are a function of global [gross domestic product]” and the pollution intensity of economic output, “with 
the latter declining over time due to technological progress.”5 DICE then calculates the effect of temperature on the 
global economy using a global damage function that is not disaggregated by impacts to specific sectors.6 Although DICE 
does not explicitly model adaptive behaviors, some adaptation measures are implicitly modeled because some of the 
underlying studies used to calibrate DICE’s aggregate damage function do model adaptation.7 

PAGE looks at economic, noneconomic, and catastrophic damages in eight different geographic regions.8 For each region, 
climate damages are expressed as a portion of economic output, where the portion of lost output is tied to regional 
temperature change.9 Unlike DICE, PAGE explicitly takes adaptation into account.10 Essentially, PAGE assumes that 
adaptation lessens the severity of climate impacts at a certain degree of warming.11 

FUND considers a number of specific market and nonmarket components of climate impacts, including agriculture, 
forestry, water, energy use, sea level rise, ecosystems, human health, and extreme weather.12 Damages for each component 
are modeled differently and are calculated for 16 geographic regions.13 Unlike in PAGE, where damages are tied to 
temperature change, FUND assumes damages are a function not only of temperature change, but also of the rate of 
temperature change (for some types of impacts), and relative regional income.14 Adaptation is reflected both explicitly 
in certain components, like sea level rise and agriculture, and implicitly in others, like energy and health, where income 
affects vulnerability to impacts.15 A number of FUND’s characteristics mean it could, in theory, produce a negative 
damage estimate—that is, the model allows for the possibility that climate change is net beneficial.16 

The Working Group has integrated updates to the models into SC-GHG estimates several times.17 

It is important to note that these models omit, or do a poor job of quantifying, certain significant damages.18 As mentioned 
above, each modeler makes assumptions using a combination of empirical research and their expert judgment about the 
relationship between changes in global temperature, physical effects, and economic damages.19 These assumptions are 
represented by the damage functions that underlie each model.20 Many experts believe the Working Group’s SC-GHG 
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underestimates climate damage—though those experts generally endorse continued use of the SC-GHG for the time 
being as the best available estimate.21 Since the SC-GHG was last updated in 2016, new research has added to available 
knowledge of climate impacts and economic damages.22 The modeling gaps that inform the 2021 SC-GHG estimates are 
discussed further below.

2.1.2. Modeling Limitations Underlying the SC-GHG

There are factors and impacts that the models underlying the SC-GHG do not currently capture. In some cases, the 
models omit important damages, such as fire risk and disease. (These omissions are much of the reason that current 
estimates of the SC-GHG should be considered a lower bound.23) In other cases, the models do not consider benefits 
of climate action, such as improved health outcomes from decreased emissions of particulate matter and other harmful 
local pollutants. The models also do not consider potential distributional effects of climate impacts and policy. 

2.1.2.1. Omitted Damages

The SC-GHG’s estimates of climate damage (discussed further in 2.1.4 below) represent the federal government’s best 
available estimates of the marginal climate damages caused by an additional unit of greenhouse gas emissions. However, 
those estimates should be treated as a lower-bound estimate of true climate damages. Due to technical and modeling 
limitations, many climate damages have not been reflected in the Working Group’s SC-GHG estimates. Specifically, 
the Working Group’s social cost estimates are based on models that place no value on some major climate impacts like 
increased fire risk, the geographic spread of pests and pathogens, slower economic growth, mass extinctions, large-scale 
migration, increased social and political conflict, violence borne of resource scarcity, and the loss of coral reefs and other 
aquatic life.24 

The models do a better job of measuring the market costs of average temperature increases compared to how well they 
capture other types of impacts, but in all cases, the models omit important interactions between large ecosystem and 
climatic changes, which the Intergovernmental Panel on Climate Change (IPCC) refers to as impact drivers. These 
impact drivers, such as flooding and extreme temperatures are difficult to model, but nonetheless important. 

The models also omit other variables discussed in the IPCC’s 5th Assessment Report (AR5), such as the role of social 
factors in projecting climate impacts,25 owing in part to the technical challenges of reflecting variability and tipping points 
in models.26 

The tables below show which effects are included and which are excluded from the reduced-form social cost IAMs 
underlying the 2021 interim SC-GHG. The contents of these tables can be found on the Cost of Climate Pollution 
project website.27 
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Table 2-1. How the Working Group’s SC-GHG Accounts for IPCC Climate Impact Drivers

Status Climate-Related Drivers of Impacts

Excluded

Extreme temperature
The health impacts of extreme temperatures are the only impact considered by IAMs

Drying trend

Extreme precipitation

Snow cover

Ocean acidification

Partially 
Included

Flooding
Coastal flooding is included and inland flooding is excluded

Storm surge
Partially included, fails to account for combine effect of sea level rise and increased intensity of coastal storms

Included

Warming trend

Precipitation

Damaging cyclones

Carbon dioxide concentration

Sea level rise

Table 2-2. IPCC Climate Impacts in the Working Group’s SC-GHG Estimates

Sector Status Impact

Economic

Agriculture

Included
Impacts on average crop yields due average temperature increases CO2 fertilization effect
More optimistic than current observation, potentially due to optimistic assumptions about CO2 
fertilization effect

Excluded Increases in yield variability

Excluded Change in food quality, including nutrition content

Excluded Increased pest and disease damage

Excluded Flood and sea level impacts on food infrastructure and farmland

Excluded Food security

Excluded Food price stability, and price spikes

Forestry

Included CO2 fertilization

Included Shifting geographic range

Excluded Increased pest and disease damage

Excluded Increasing risk of wildfire
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Sector Status Impact

Fresh water 
availability

Included Changing precipitation

Excluded Melting snowpack

Excluded Changing water quality

Excluded Competing uses, including overexploitation of groundwater resources

Excluded Water security, and water prices

Partially 
included

Water supply system losses and disruptions
While general infrastructure costs of coastal extreme events (flooding and storms) are in-
cluded, inland extreme events are omitted. Also, IAMs exclude more long term costs from these 
infrastructure losses, including human suffering.

Fisheries 
and aquatic 

tourism

Excluded Shifted geographic ranges, seasonal activities, migration patterns, abundances, and 
species interactions

Excluded Reduced growth and survival of shellfish and other calcifiers

Excluded Coral bleaching

Excluded Decrease in catch potential at some latitudes

Energy Partially 
included

Energy system losses and disruptions
While general infrastructure costs of coastal extreme events (flooding and storms) are in-
cluded, inland extreme events are omitted. Also, IAMs exclude more long term costs from these 
infrastructure losses, including human suffering and increases in energy prices.

Property and 
infrastructure 

loss

Included Coastal property losses due to storms, flooding, and sea level rise

Excluded Inland property loss due to extreme weather events, including flooding

Excluded Melting permafrost

Excluded Wildfires

Declining 
economic 

growth

Excluded Labor productivity

Excluded Prolong existing and create new poverty traps

Excluded Diverted R&D funds for adaptation research

Excluded Lost land, capital, and infrastructure
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Sector Status Impact

Non-market

Human health

Cardiovascular, 
respiratory disorders, 

diarrhea, and 
morbidity for some 
health impacts are 
included in FUND 

and partially 
included in PAGE

Included Coastal mortality from flooding and storms

Included Spread in geographic range of vector-borne diseases
Significant diseases are included, though Lyme disease is excluded.

Excluded Wildfires

Excluded Mortality from inland extreme weather events

Excluded Food and water availability

Partially 
included Heat related deaths

Partially 
included Water-borne diseases

Partially 
included Morbidity: non-fatal illness and injury

Partially 
included

Air quality
Air quality is included in DICE, though does not account for changes due to pollen or wildfire

Terrestrial, 
freshwater, and 

marine ecosystems 
and wildlife

Included

Shifted geographic ranges, seasonal activities, migration patterns, abundances, and 
species interactions
The value of ecosystems and biodiversity are included in general terms not specific to any one 
damage.

Included Extinction and biodiversity loss

Excluded Non-climate stressors: habitat modification, over-exploitation, pollution, and invasive 
species

Excluded
Abrupt and irreversible regional-scale change in the composition, structure, and 
function of ecosystems
Environmental tipping points in non-climate systems are excluded.

Excluded Effects of ocean acidification on polar ecosystems and coral reefs
Ocean acidification is excluded.

Partially 
included

Loss of habitat to sea level rise
Wetland loss explicitly modeled in FUND, and thus partially in PAGE

Social

Migration Excluded
Increased displacement
FUND partially accounts for migration, but uses arbitrary measurements of resettlement 
and costs

Social and political 
instability

Excluded Violence, civil war, and inter-group conflict

Excluded National Security

Stressors

Non-climate 
stressors Excluded Climate-related hazards exacerbate other non-climate stressors

Multidimensional 
inequalities Excluded Inequalities including income

Violent conflict Excluded Violent conflict increases vulnerability
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Sector Status Impact

Tipping points

Climate 
tipping points

Known tipping points 
are modeled as a 

single event, instead 
of multiple events. 
Furthermore, fat 

tails, which capture 
unknown tipping 

points, are excluded

Partially
included Reduction in terrestrial carbon sink

Partially 
included Boreal tipping point

Partially 
included Amazon tipping point

Partially 
included Other tipping points

Ecosystem 
tipping points Excluded

Abrupt and irreversible regional-scale change in the composition, structure, and 
function of ecosystems
Environmental tipping points in non-climate systems are excluded.

2.1.2.2.	Co-benefits

The SC-GHG does not capture the adverse effects of local pollutants that are often emitted along with greenhouse 
gases. For example, burning coal releases fine particular matter (PM2.5) and sulfur-dioxide along with greenhouse gases. 
These local pollutants can have significant adverse impacts on the environment and public health, and so are important 
for decisionmakers to consider when making and implementing policy. Notably, some greenhouse gas pollutants, like 
methane, may have local effects, which are also not captured in the SC-GHG.28 

Although the SC-GHG currently omits local pollution, states still can and should separately consider local pollution 
co-benefits in assessing policies. Calculating the value of the co-benefits of avoided local pollution can be very complex 
because even when global and local pollutants flow from the same facility they do damage in very different ways.29 
Fortunately, there are well-established monetized estimates of some co-benefits of greenhouse gas reductions that have 
been used by federal agencies,30 as well as detailed qualitative assessments of non-monetized co-benefits.31 Two reports 
published by the Institute for Policy Integrity, Valuing Pollution Reductions32 and Making the Most of Distributed Energy 
Resources,33 set forth a basic methodology for how to calculate location-specific environmental and health effects.34 

For examples of how a government agency has included co-benefits from reduced ozone and other co-pollutants in cost-
benefit analysis, states can look to the U.S. Environmental Protection Agency’s (EPA) December 2021 regulatory impact 
statement for updated vehicle emissions standards or EPA’s 2016 regulatory impact analysis for the new source emissions 
standards for the oil and gas sector.35

2.1.2.3. Distributional Consequences 

Another important consideration is that the Working Group’s social cost estimates do not reveal how the various effects of 
climate change—physical and economic—are distributed across geographic areas and populations.36 Existing inequities, 
stemming from historical and ongoing unjust treatment, has made certain communities—especially communities of 
color and low-income communities—more vulnerable to the costs of a given action or policy. The coronavirus pandemic 
has shone a bright light on how public health outcomes are tied to uneven underlying conditions across communities, 
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even if the hazard or adverse event appears to be uniform. Communities of color and low-income communities have 
consistently faced higher infection and death rates during successive waves of the virus, owing to many factors, including 
disproportionate exposure to local pollution.37 Similarly, multiple factors—such as infrastructure or access to air 
conditioning—can contribute to uneven distributions of climate-driven effects on a community, some more closely tied 
to policy measures than others.38 

Several states, as well as the federal government, are exploring how to give due consideration to populations that were 
disproportionately harmed by past policies.39 The SC-GHG does not tell policymakers about the disproportionate effects 
of past energy and climate policies, much less how to consider or remedy those effects. Evaluating or addressing past or 
present distributional effects of climate policy decisions therefore requires supplementing the SC-GHG with other tools 
and analytical techniques.

2.1.3. Global vs. Domestic Damages

Decisionmakers should use SC-GHG values that reflect global climate damages—doing otherwise would almost 
certainly undercount the costs of climate change and so under-regulate its causes. There are several reasons for using 
global values, all of them relevant to decisions made at the state as well as federal level. For one, because of the world’s 
interconnected financial, political, health, security, and environmental systems, climate impacts that occur beyond the 
geographic borders of the United States—or any given U.S. state—will tend to cause significant costs that accrue directly 
or indirectly to U.S. residents.40 Further, because U.S. climate policy, which is made up in part of subnational policies, can 
strategically influence the climate policies of other nations, actions in the United States can trigger reciprocal reductions 
of foreign emissions, directly benefiting the United States in ways not accounted for through a rigid domestic-only 
perspective.41 In addition, U.S. residents have direct interests in climate-related impacts that will occur overseas, including 
those affecting citizens living abroad or U.S. assets located abroad, and those harming international habitats or species 
that U.S. citizens value.42 As an empirical matter, moreover, there are very few region-specific estimates in the literature 
to date, and those that do exist ignore international spillovers and reciprocity and so are incomplete.43 

For a more in-depth discussion of the reasons for using a global rather than a domestic estimate of climate damages, 
see Strategically Estimating Climate Pollution Costs in a Global Environment and Think Global: International Reciprocity as 
Justification for a Global Social Cost of Carbon.44 

2.1.4. Discounting

Answers to the two questions posed here establish the rudiments of why discounting is necessary when calculating 
climate damages and how discount rates are derived.

What is a discount rate? 

A discount rate identifies the present value of some future cost or benefit. If offered $1 now or $1 in a year, most people 
would choose to receive the $1 now; they would only opt to be paid next year if they were offered more than $1. A similar 
pattern holds for society as a whole. The discount rate captures how much more, in percentage terms, people would have 
to receive in the present to be willing to wait until next year.

The less value that is assigned to the future effect in the present, the higher the discount rate. The closer the value of the 
future effect to its present value, the lower the discount rate. And, because discounting compounds, applying a discount 
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rate over a long span of time reveals that a distant future effect has a much lower value in the present: even at a 1% discount 
rate, $1 million accrued 300 years in the future is worth about $50,000 today; at a 5% rate, it is worth less than 50 cents.45

Why is there not just one discount rate? 

There are several reasons why a future effect might be valued less in the present. Those reasons include: the pure rate of 
time preference (i.e., impatience); the expectation that future generations will grow richer than the present generation; 
or the opportunity cost of capital for a private investor who must decide whether to invest or retain access to liquid 
capital for a future use.46 

These different reasons correspond to different empirical bases for specifying a discount rate. Empirical estimates of a 
discount rate based on the expectation of future growth look to government bonds. This yields a “consumption based” 
rate.47 Empirical estimates based on private investors’ opportunity cost of capital look to pre-tax marginal rates of return 
on private investments,48 which generally yield a higher “capital based” rate of return than government bonds.49 

Further, in addition to these “descriptive” approaches that seek to identify a discount rate from empirical evidence of 
observed market outcomes, there are also “prescriptive” approaches that ground a discount rate in ethical considerations.50 
For instance, some have argued that impatience, as represented by a positive pure rate of time preference, is an indefensible 
basis for discounting future value in an inter-generational timeframe because doing so would unfairly discriminate against 
future generations. These arguments propose that the only defensible pure rate of time preference is either zero or close 
to it, because this better reflects society's aversion to such unequal treatment of later generations.51 

The White House Office of Management and Budget’s Circular A-4, which was issued in 2003, directs agencies analyzing 
the effects of a proposed regulation within an intra-generational time horizon (i.e., less than 30 years) to apply both a 
3% and 7% discount rate.52 The document explains that using a range—rather than a single rate—is appropriate because 
the proper rate depends in part on the share of policy costs to be borne by consumers and investors, an allocation that 
is impossible to foresee with precision.53 Circular A-4 also directs agencies to apply lower discount rates to analyses 
of effects over a longer, intergenerational timeframe, consistent with the discussion of prescriptive rates above.54 This 
instruction owes to several factors, including uncertainty about future growth rates, the expectation that the long-run 
rate of economic growth will decline, and to the basic fact that rates based on the private cost of capital cannot reflect an 
inter-generational perspective.55 

2.1.4.1. How discounting informs the SC-GHG

Because greenhouse gases emitted today stay in the atmosphere and warm the climate for centuries, the Working Group 
bases its estimation of climate damages on modeling that extends from the present out to the year 2300.56 The estimation 
of the SC-GHG is highly sensitive to how future damages are discounted to estimate their present value. Figures 2-1 and 
2-2 illustrate this point by showing the significant effect of applying different discount rates—2.5%, 3%, and 5%—to the 
damages resulting from one ton of CO2.
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Figure 2-1. Undiscounted Damages from 1 Metric Ton of CO2 Emissions in 2015.57 

Figure 2-2. Annual Damages from Emissions of 1 Metric Ton of CO2 
Discounted	Using	Three	Different	Discount	Rates.58 

 

To understand how a discount rate is applied to the numbers generated by the combined socioeconomics, climate, 
and damage function modules of the IAMs, it helps to first explain how the modeling is done. Recall that each model 
incorporates numerous input parameters, most of which are represented not by a single value but by a range of possible 
values. For each of the 15 - possible combinations of scenario and discount rate, the three climate-economic models 
are each run thousands of times, each time in a slightly different way, as determined by drawing a value at random from 
the appropriate ranges for each parameter.59 This yields 150,000 SC-GHG estimates per discount rate. After taking the 
average of the 150,000 model runs per discount rate across all 15 model-scenarios, the Working Group was left with 
10,000 SC-GHG estimates per discount rate.60 For each discount rate, the result of those model runs is a frequency 
distribution that shows how often different SC-GHG estimates occur conditional on the discount rate, as well as the 
mean and variance of the distribution.
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Consistent with the discussion above about why governments might use more than one discount rate, the Working 
Group’s process generates several SC-GHG values, each corresponding to the mean SC-GHG estimate of a particular 
discount rate—2.5%, 3%, and 5%.61 Figure 2-3, below, shows that each of those values relates to a frequency distribution 
of model outputs described above. 

Figure 2-3. Frequency Distribution of SC-CO2 Estimates for 202062 

In addition to the three mean SC-GHG estimates, each based on a different discount rate, the Working Group also 
includes the 95th percentile SC-GHG estimate of the distribution corresponding to the 3% rate. The bottom of Figure 
2-3 shows the 5th to 95th-percentile ranges of each frequency distribution representing the range of likely outcomes.63 
Of these outcomes, the Working Group focused on the low-probability, high-impact scenario corresponding to the 
3% discount rate based on its recognition that omitted damages and tipping points made the SC-GHG a conservative 
estimate.64 

The Working Group’s 2010, 2013, and 2016 technical support documents recommend using the 3% discount rate as the 
“central estimate” of climate damages. However, the technical support document for the 2021 interim SC-GHG does not 
recommend using a central estimate and recommends that users consider using lower discount rates (discussed further 
below).65 Therefore, when applying the SC-GHG, states should not feel bound to use a central estimate, and should 
consider using estimates based on the lower discount rates discussed below. 

As Figures 2-2 and 2-3 make clear, the choice of discount rate has significant implications for the ultimate social cost 
value. And applying lower discount rates—as recommended by the Working Group and New York’s Department of 
Environmental Conservation—extends the pattern further: whereas the average of the distribution at a 3% discount rate 
yields a value of $51 per ton of carbon dioxide emissions,66 the average of the distribution at a 2% discount rate is $129 
per ton, and at a 1% discount rate, $418 per ton.67 
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2.1.4.2. Beyond discounting basics

Three further points deserve mention in this overview of discount rates and their role in estimating the value of climate-
damaging emissions: first and most important is why some high discount rates are inappropriate in the climate context; 
second is the logic and potential application of declining discount rates; and third is that recent research findings that 
suggest the SC-GHG should reflect lower discount rates than have been applied to date. 

Inappropriately high discount rates. The Working Group recommends against using a 7% discount, which reflects the 
opportunity cost of capital,68 to estimate the value of the SC-GHG.69 It identifies several reasons for this recommendation, 
which are consistent with findings and recommendations of the National Academies,70 as well as the findings of recent 
expert elicitations.71 Those reasons, some of which are quite technical, are premised, fundamentally, on the principle 
that such a higher rate is grounded in an approach to discounting that focuses on the shorter-term and largely adopts 
the perspective of private investor.72 Those elements are both a mismatch for the climate-related intergenerational and 
society-wide effects that the SC-GHG aims to value.

Declining discount rates. So far, this document has discussed only constant discount rates, but some prominent 
commentators have suggested that declining discount rates are more appropriate for analyses of intergenerational 
effects.73 Indeed, there is an emerging but strong consensus in the economics literature that uncertainty over future social 
and economic conditions supports both a declining discount rate schedule, under which effects further into the future 
are discounted at gradually lower rates.74 The government of the United Kingdom has published guidance on discounting 
that recommends agencies use a graduated set of discount rates: 3.5% for the first 30-year period of analysis, then 3% for 
the subsequent 45-year period, and so on down to 1% after year 300.75 The guidance explains that this recommendation 
reflects both prescriptive and normative considerations.76 On this basis, the Working Group made a rate of 2.5% the 
lowest of the rates it applied.77 

Lower discount rates. The National Academies recommended in 2017 that updates to the SC-GHG reflect recent research 
findings, including that discount rates appear to be lower than they were when Circular A-4 issued in 2003.78 This approach 
accorded with the view of the Council of Economic Advisors and that of New York’s Department of Environmental 
Conservation.79 There are several bases for that finding, some empirical, others the result of methodological innovations 
by researchers, all of which point in the same direction:

• Real interest rates on U.S. treasuries have fallen steadily and substantially since at least 2000, and even recently 
hit negative numbers;80 

• Forecasts for future real interest rates have also fallen;81

• These patterns are not unique to the United States, and reflect demographic shifts worldwide;82 

• Applying an updated methodology to the same data used to inform Circular A-4 yields a lower discount rate—
1% to 2% instead of 3%;83 

• Expert elicitations, which reflect considerations for uncertainty about the future and ethics as well as empirical 
findings, also indicate that the SC-GHG should reflect lower discount rates.84

• Theoretical research into discounting also increasingly supports the finding that discount rates used for 
intergenerational analyses should be lower than those used in the past.85 
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Figure	2-4.	Monthly	10-Year	Treasury	Rates,	Inflation	Adjusted86 

 

More information on all of the aspects of discounting mentioned above, as well as others, such as how to apply a Ramsey 
framework to discounting, can be found in the Policy Integrity report, About Time: Recalibrating the Discount Rate for the 
Social Cost of Greenhouse Gases.87 

2.2. SC-GHG vs Marginal Abatement Cost

A damage-based approach like the SC-GHG is not the only way to assign a value to greenhouse gas emissions for the 
purpose of making and implementing climate policy. Another approach is to set a deadline for reducing emissions by a 
set amount and then estimate the cost of that abatement. This approach, which involves keeping to an emissions budget, 
is sometimes called “target-consistent,” though economists (and this document) refer to it as the marginal abatement 
cost (MAC)-based approach.88 The SC-GHG and MAC-based approach are distinct in several important respects and 
are useful for different but potentially complementary purposes. 

Decisionmakers should be aware of several fundamental distinctions between the SC-GHG and a MAC-based approach. 
The SC-GHG values emissions based on how much damage an additional unit of greenhouse gas in the atmosphere 
would cause. It also can be used to identify the point at which the benefits of a project or decision exceed its emissions-
related costs. By contrast, a MAC-based approach does not embody a direct estimate of climate damages or indicate 
the value of avoiding them. Nor does it suggest a target date for zeroing out emissions based on its analysis. Instead, 
it relies on someone else to set an emissions reduction target or deadline and estimates how much it would cost to 
remove the last, or most expensive, unit of pollution in the course of reaching that target. Further, unlike the SC-GHG, 
which considers both local and global effects, a MAC-based approach can apply to a particular jurisdiction or economic 
sector,89or to a sector within a jurisdiction.90
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The legal context in which these approaches might be applied matters a great deal. For instance, federal agencies are 
typically required to compare the costs and benefits of major regulations.91 So, if a regulation would result in a significant 
reduction of greenhouse gas emissions, the responsible agency is obliged to estimate the benefits of those reductions—
something that the SC-GHG can reveal but a MAC-based valuation of emissions cannot. In contrast, in the United 
Kingdom, where a 2008 law (updated in 2019) imposes an economy-wide net-zero emissions target, policies are 
oriented to the cost-effective compliance with that MAC-based target.92 Consequently, although the SC-GHG might be 
generally informative for a British government agency, because it does not tell agencies how to comply with the legislated 
emissions reduction target, it does not have clear regulatory significance.

Using somewhat more generic terms helps to summarize how the legal basis for an agency decision can determine which 
metric is more appropriate. An agency charged with conducting a cost-benefit analysis before adopting a regulation 
must, if the regulation would have emissions impacts, determine how much harm those emissions would impose (or 
avoid). The SC-GHG helps to make that determination in a way that a MAC-based value cannot. But the SC-GHG will 
not help an agency tasked with deciding what premium should be paid for a good that reduces or avoids greenhouse 
gas emissions, consistent with a binding, economy-wide emissions-reduction target. Instead, that agency would have to 
calculate the MAC for that good or the sector that good comes from.

Because of these differences, it is misguided to present the SC-GHG and MACs as substitutes. Analytically, they answer 
different questions. One is not “better” or “worse” than the other in the abstract. Each is suited for particular contexts 
and analyses. 

Indeed, these two metrics can be used in analytically complementary ways. For instance, suppose a regulator is tasked 
with reducing greenhouse-gas emissions by some amount as cheaply as possible. They may employ MACs to help guide 
how much the state should expect to spend on meeting this target and where that funding should be allocated. They 
may also employ the SC-GHG to determine the net social benefits this regulation produces. The former might help 
inform how much the state as a whole should allocate to emission-reduction efforts in one sector versus other sectors, as 
policymakers can also monetize and compare those other sectors’ values. The comparative values of the SC-GHG and 
the relevant MAC may also reveal that the state is spending too little (or too much) on emission reduction, which would 
in turn imply that the target reductions are too modest (or too ambitious).93 In other words, an optimal scenario is where 
the SC-GHG, representing the marginal damage cost, is equal to the MAC.94 

2.2.1. Marginal Abatement Cost Curves

MAC values are generally derived using a MAC curve. A MAC curve requires an emissions reduction target and a 
geographic and/or sectoral scope of analysis. The Paris Agreement embodies a scientifically determined global target: it 
adopts average global temperature increases of 1.5ºC or 2ºC as thresholds to be avoided through policy interventions by 
signatory states.95 A number of state governments have adopted emissions reduction commitments for 2050 (or earlier) 
that align with the Paris Agreement.96 Whatever the source of a target, in order for it to inform a MAC-based approach 
to valuing emissions, that target must be both legally and economically binding. Legally binding means that the state is 
responsible for achieving the target and consequences of some sort would follow from noncompliance. Economically 
binding means that the target is set lower than the level of emissions that would be achieved in its absence. MAC analysis 
cannot make use of hazy or flexible targets.97 While the United States as a whole lacks the sort of binding emissions 
reduction targets required for a MAC-based emissions value, several states have adopted targets that appear to be 
sufficiently binding.98 

A MAC curve typically lines up options for greenhouse gas emissions reductions by technology or sector. 
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Consider Figure 2-4, below, which shows the cost per ton of greenhouse gases abated using different interventions in five 
sectors: electricity, transportation, buildings and industry, fuels, and hydrogen.99 Each category of technology appears 
as a wedge, sized to show how costly it would be to reduce emissions from the baseline emissions scenario.100 In general, 
it is more expensive to reduce emissions when a jurisdiction is closer to meeting its goals than it is at the outset (since 
jurisdictions typically begin with the lowest-hanging fruit). Note that this is a static curve, and that a dynamic curve 
would reflect regular updates to inputs related to technologies, costs, and policies.101

Figure 2-5. A 2050 MAC Curve for U.S. Energy and Industry CO2 Relative	to	a	Baseline	Scenario102 
 

Several notable points are captured by this curve: first, that a variety of measures, or technologies, can be adopted at 
the same marginal abatement cost;103 second, that each technology has a range of costs depending on the distance from 
the emissions baseline;104 and third, that multiple interventions can be deployed in combination to reach a least-cost 
solution.105
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2.2.2. Using MAC Curves: An Example and a Caveat

MAC analysis can be useful for state governments, but should be undertaken in a way that seeks to capture—or at least 
not ignore—all relevant factors, even if they are potentially difficult to measure. Two studies help to illustrate these 
points. The first study focuses on residential decarbonization in California.106 The second builds on the first, highlighting 
the importance of tenant behavior to the cost-effectiveness of different residential decarbonization measures, and notes 
the variability of that behavior across climatic regions.107 

California is home to a legally and economically binding economy-wide greenhouse gas emissions reduction target,108 
and to a building energy use code that is periodically updated in line with state greenhouse gas emissions reduction 
requirements.109 In a 2019 paper, White and Niemeier examine the cost-effectiveness of emissions reductions from 
different approaches to compliance with California’s 2019 building energy codes.110 The paper develops a MAC curve, 
based on a typology of homes with different energy use characteristics, notionally situated across California’s different 
climatic zones.111 Its findings indicate the potential for cost-effective greenhouse gas emissions abatement in California’s 
residential building sector and suggest designs and equipment that are likely to yield more or less cost-effective abatement 
in different parts of the state.112 

A second study, authored by Das et al., highlights that the factors considered in the first study—building envelopes, 
HVAC equipment, and climatic context—do not provide a complete picture of whether a particular set of energy 
efficiency measures are likely to yield cost-effective emissions reductions. Behavioral differences across tenants are also 
a major determinant of such measures’ cost-effectiveness, and so ought to be incorporated into an analysis of how well 
and at what cost those measures can be expected to reduce emissions. Indeed, the authors find that “particulars of a 
household are often more important than technology in determining energy and economic savings for an efficiency 
upgrade.”113 Further, integrating tenants’ preferences and heterogeneous behaviors into the MAC analysis complicates 
that analysis—but in a useful way that sheds light on how programs that encourage technology adoption should be 
designed. As the authors explain, with reference to the paired figure below, “[a]ccounting for heterogeneity changes the 
nature of the MAC[ curve]: it is no longer segregated by technology, but rather mixes consumer characteristics with 
technologies.”114 Adding those factors into the analysis reveals that “[t]here are subsets of consumers who benefit much 
more than average, and subsets who pay much more.”115 
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Figure	2-6.	MAC	Curves	for	Five	Residential	Energy	Efficiency	Technologies	
(a) Without and (b) With Heterogeneous Tenant Preferences and Behavior.116 

Based on their findings, Das et al. recommend that “the organization of energy efficiency programs around technology 
type should be reconsidered. Currently, utilities decide rebates by technology type, generally assuming an average user. 
Compensating consumers for savings rather than purchase of a particular technology could yield larger energy savings 
with lower subsidy cost.”117 
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In combination, these two studies serve to indicate the potential usefulness of MAC analyses, but also the importance of 
conducting such analyses in a way that captures salient features of the relevant context and actors involved. 

2.3. Non-CO2 Greenhouse Gases

Although carbon dioxide is the most prevalent of the greenhouse gases, it is not the most potent—and it is not the only 
greenhouse gas states should consider. Note that when assessing the climate damages from different greenhouse gases, 
using carbon dioxide equivalent units may not yield the same values as using the Working Group’s social cost modeling 
process for each gas. This fact was recognized and addressed by the Working Group when it developed estimates for the 
social cost of methane (SC-CH4 or SCM) and the social cost of nitrous oxide (SC-N2O). EPA likewise chose to use the 
Working Group’s methodology to develop social cost estimates for hydrofluorocarbons when it recently issued a rule on 
these pollutants.

2.3.1. Methane and Nitrous Oxide

In 2016, the Working Group adopted estimates for methane and nitrous oxide, to accompany its social cost estimates 
for CO2.118 States that rely on the Working Group’s values for CO2 should also do so for methane and nitrous oxide, 
and should not just multiply the values for CO2 by the global warming potential (GWP) coefficient that approximates 
the different impacts of each gas on the climate. This “CO2-equivalent” (CO2e) proxy for different gases’ impacts is 
often used to convey the significance of emissions other than CO2, but the Working Group has made clear that it “is 
not optimal” because it ignores meaningful physical differences in how each gas behaves and affects the climate.119 One 
such difference relates to have greenhouse gases vary with respect to their warming effect and their rate of decay in the 
atmosphere over time: as shown in Figures 2-7 and 2-8, whereas methane remains in the atmosphere for mere decades 
and begins decaying quickly, CO2 remains for centuries and decays little over that time.120 

Figure 2-7. Atmospheric Decays Following Pulses of Carbon Dioxide and Methane in Year 0.121 
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Figure 2-8. Global Warming Potential for Methane over Time; GWP20yrs	=	84,	GWP100yrs = 28.122 
 

Consequently, treating the warming effect of methane emissions as different from carbon dioxide only in terms of the two 
gases’ average warming potential over a 20 or 100-year timeframe results in a mischaracterization of methane emissions’ 
impact, which changes significantly over decades rather than—as with carbon dioxide—over centuries.

These and other differences explain why researchers and policymakers continue to discuss whether to use a 100-year 
timeframe for the impact of a unit of emissions, a 20-year timeframe, or both.123 Applying the SC-CO2, SC-CH4, and 
SC-N2O to a quantity of the appropriate greenhouse gas largely avoids this issue by simply modeling the impact of a 
particular gas on the climate. 

The Working Group’s caution against relying on CO2e values is especially important for agencies that are required to use 
the SC-CO2 and have opted to ignore the Working Group’s SC-CH4 and SC-N2O values.124 In short, relying on just CO2 
valuation as a proxy for greenhouse gas valuation generally yields an incomplete result and relying on CO2e yields a result 
that is somewhat more complete but also incorrect. To ensure accuracy and consistency, states should use the available 
Working Group values for all greenhouse gases. 

2.3.2. HFCs

HFCs were initially developed to replace the chlorofluorocarbons that damaged the Earth’s ozone layer, but have since 
also been found to be a source of tremendous global warming. In 2021, the U.S. EPA adopted a regulation to guide the 
phase-down of hydrofluorocarbons (HFCs).125 EPA’s analysis of its rule applied estimates of the social cost of HFCs.126 
These estimates were developed by EPA, not the Working Group, but EPA used the Working Group’s methodologies and 
assumptions.127 New York State also published its own estimates for HFCs in early 2022 adapting the Working Group’s 
methodology to its range of discount rates (1%, 2%, and 3%).128 Applying EPA’s HFCs estimates would give states a 
methodologically consistent set of values to use alongside the Working Group’s SC-GHG. 

HFCs and other refrigerants may be of particular interest to states as these chemicals play a significant role in building 
electrification efforts, for example through their use in heat pumps.129 
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2.3.3. Other Greenhouse Gases

The comprehensive table of greenhouse gases below appears in the IPCC’s Fifth Assessment Report. For each gas, the 
table indicates estimates from 2005 and 2011 of atmospheric concentration and the amount of global warming—termed 
“radiative forcing”—that results from emission of a unit of the gas.130 

Table	2-3.	Concentrations	and	GWP	Coefficients	for	Greenhouse	Gases131 

 

Notes:
a Pre-industrial values are zero except for CO2 (278 ppm), CH4 (722 ppb), N2O (270 ppb) and CF4 (35 ppt).
b  Total includes 0.007 W m–2 to account for CFC-114, Halon-1211 and Halon-1301.
c  Total includes 0.009 W m–2 forcing (as in AR4) to account for CFC-13, CFC-114, CFC-115, Halon-1211 and Halon-1301.
d  Defined here as CFCs + HCFCs + CH3CCl3 + CCl4.
e  The value for the 1750 methane concentrations has been updated from AR4 in this report, thus the 2005 methane RF is slightly lower than reported in AR4.
f  Estimates for halocarbons given in the table may have changed from estimates reported in AR4 owing to updates in radiative efficiencies and concentrations.

States (individually or as a group) with sufficient resources might choose to supplement the Working Group’s estimates 
of the social costs of CO2, methane, and nitrous oxide with estimates of some of the gases listed in Table 2-3. Should they 
do so, states should ground their estimates in the same Integrated Assessment Models—and versions of those models—
used by the Working Group to ensure that inputs and key methodological elements are consistent. Key features of such 
an estimation would include: a business-as-usual emissions path; a discount rate (or discount rate schedule) consistent 
with the one used for other greenhouse gases;132 and an equilibrium climate sensitivity value set near the median value of 
3°C. Note that these features may change with the updated estimates from the Working Group.

Concentrations (ppt) Radiative forcing a  (W m –2)
Species 2011 2005 2011 2005

CO2 (ppm) 391 ± 0.2 379 1.82 ± 0.19 1.66

CH4 (ppb) 1803 ± 2 1774 0.48 ± 0.05 0.47e

N2O (ppb) 324 ± 0.1 319 0.17 ± 0.03 0.16

CFC-11 238 ± 0.8 251 0.062 0.065

CFC-12 528 ± 1 542 0.17 0.17

CFC-13 2.7 0.0007

CFC-113 74.3 ± 0.1 78.6 0.022 0.024

CFC-115 8.37 8.36 0.0017 0.0017

HCFC-22 213 ± 0.1 169 0.0447 0.0355

HCFC-141b 21.4 ± 0.1 17.7 0.0034 0.0028

HCFC-142b 21.2 ± 0.2 15.5 0.0040 0.0029

HFC-23 24.0 ± 0.3 18.8 0.0043 0.0034

HFC-32 4.92 1.15 0.0005 0.0001

HFC-125 9.58 ± 0.04 3.69 0.0022 0.0008

HFC-134a 62.7 ± 0.3 34.3 0.0100 0.0055

HFC-143a 12.0 ± 0.1 5.6 0.0019 0.0009

HFC-152a 6.4 ± 0.1 3.4 0.0006 0.0003

SF6 7.28 ± 0.03 5.64 0.0041 0.0032

SO2F2 1.71 1.35 0.0003 0.0003

NF3 0.9 0.4 0.0002 0.0001

CF4 79.0 ± 0.1 75.0 0.0040 0.0036

C2F6 4.16 ± 0.02 3.66 0.0010 0.0009

CH3CCl3 6.32 ± 0.07 18.32 0.0004 0.0013

CCl4 85.8 ± 0.8 93.1 0.0146 0.0158

CFCs 0.263 ± 0.026 b 0.273 c

HCFCs 0.052 ± 0.005 0.041

Montreal gasesd 0.330 ± 0.033 0.331

Total halogens 0.360 ± 0.036 0.351 f

Total 2.83 ± 0.029 2.64
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Consistency is particularly important for the discount rate across greenhouse gases, as changes to the discount rate 
would yield drastically different values, discussed in Section 2.1.4. If no rigorously developed, multiple-model estimates 
exist for a particular gas, states could consider using the radiative forcing coefficients listed in Table 4-3 for both 20-year 
and the 100-year global warming potential time horizons to convert those gases to CO2e units and so approximate the 
damages from other greenhouse gases.

2.4. Responding to Common Criticisms of the SC-GHG and the    
 Damage Cost Approach

This subsection is meant to alert readers to common criticisms of the SC-GHG to date and to help them understand the 
nature and flaws of those criticisms, so that they might respond as appropriate.

2.4.1. The Working Group’s Process 

Recent criticisms of the SC-GHG, including those raised in litigation, often focus on the Working Group’s process, 
and allege that it lacked transparency or scientific rigor.133 On the contrary, the Working Group’s process was rigorous, 
transparent, and based on the best available science and economics. This subsection summarizes that process, as it has 
been conducted since 2009. Further process details are available from each of the Working Group’s technical support 
documents.

Starting in 2009, the Working Group assembled experts from a dozen federal agencies and White House offices to 
“estimate . . . of the monetized damages associated with an incremental increase in carbon emissions in a given year” 
based on “input assumptions grounded in the existing scientific and economic literatures.”134 As discussed in Section 
2-2, the Working Group combined three of the most frequently used models built to predict the economic costs of the 
physical impacts of each additional ton of carbon dioxide.135 The underlying models themselves were the subject of 
extensive expertise and peer review. 

The Working Group first issued its social cost of carbon estimates in 2010 and has updated those several times.136 These 
estimates have been subject to public comment both in the context of dozens of agency proceedings as well as a Working 
Group comment period in 2013.137 Following the development of social cost estimates for CO2, at the recommendation 
of the National Academies of Sciences, Engineering, and Medicine (National Academies), the Working Group applied 
the same basic methodology in 2016 to develop the social cost of methane and social cost of nitrous oxide.138 These 
additional metrics used the same economic models, the same treatment of uncertainty, and the same methodological 
assumptions that the Working Group applied to the SC-CO2, and these new estimates underwent rigorous peer review.139 

The Working Group’s methodology has been repeatedly endorsed by independent reviewers. In 2014, the U.S. Government 
Accountability Office concluded that the Working Group had followed a “consensus-based” approach, relied on peer-
reviewed academic literature, disclosed relevant limitations, and adequately planned to incorporate new information 
through public comments and updated research.140 In 2016 and 2017, the National Academies issued two reports 
that, while recommending future improvements, supported the continued use of the Working Group’s estimates.141 In 
particular, the National Academies reports led the Working Group to expand its representation of uncertainty in the 
2016 technical support document. Leading economists and climate policy experts, including the late Nobel laureate 
Kenneth Arrow, have also endorsed the Working Group’s values as the best available estimates.142 And the U.S. Court of 
Appeals for the Seventh Circuit has upheld agency reliance on the Working Group’s valuations.143 
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Because the Trump administration disbanded the Working Group in early 2017,144 the Working Group was—until 
now—unable to implement suggestions from the National Academies to update the social cost valuations to reflect more 
recent data. Moreover, without consulting the then-defunct Working Group, several agencies developed their own social 
cost estimates that devalued the SC-GHG using a few makeshift methodologies that bucked expert recommendations, 
citing an executive order from then-President Trump.145 Furthermore, the Trump administration made no attempt to 
update or improve those valuations by incorporating recent research as recommended by the National Academies.146 
Finally, application of the Trump-era figures was struck down as arbitrary and capricious in federal court.147 

In early 2021, the Working Group, after being reconvened by President Biden, released interim values that were the same 
as the 2016 estimates, only adjusted for inflation.148 Like their predecessors, these interim numbers are the best available 
estimates. The Working Group has been directed to publish updated social cost estimates in 2022, pursuant to President 
Biden’s Executive Order 13,990,149 and open those estimates up to a public comment process. Until those updates are 
published following the completion of this public comment process, however, both federal and state agencies should feel 
confident relying on the interim values released by the Working Group in February 2021, as no superior government-
wide estimates exist. 

2.4.2. The Working Group’s Methodological Choices

Criticisms of the Working Group’s estimates often focus on four methodological choices in particular: 

• inclusion of global damages—not just domestic damages;

• exclusion of a 7% discount rate from the range of discount rate values for which estimates are calculated; 

• handling of uncertainty; and

• treatment of positive externalities. 

Recent attacks against the SC-GHG also call into question additional issues, such as whether the Working Group: 

• correctly modeled the pace of climate change;

• used an appropriate emissions baseline; and

• used reasonable damage functions. 

This section discusses in some depth the first set of criticisms, and touches on some of the second set. A more detailed 
description of the latter set of criticisms and their rebuttals can be found in the Institute for Policy Integrity report, 
Playing with Fire: Responding to Criticism of the Social Cost of Greenhouse Gases150 and a Yale Journal on Regulation article 
by Richard Revesz and Max Sarinsky, The Social Cost of Greenhouse Gases: Legal, Economic, and Institutional Perspective.151

2.4.2.1. Global Damages

The Working Group—and agencies that have used its estimates—has been criticized by opponents of sensible climate 
policy for focusing on global, rather than U.S. domestic, climate damages. But the focus on global climate damages is 
appropriate and attempts to restrict damage estimates to the geographical borders of the United States are misguided. 
The use of global damage valuations reflects U.S. strategic interests, is widely regarded as appropriate for global pollutants 
like greenhouse gases, and is consistent with federal guidance. As the U.S. Court of Appeals for the Seventh Circuit has 
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stated, it is reasonable for agencies to determine that because greenhouse gas emissions cause “global effects . . . those 
global effects are an appropriate consideration when looking at a national policy.”152 Similarly, the U.S. District Court 
for the Northern District of California recently held that a global focus is critical for an agency to reliably assess climate 
impacts.153 

For the sake of its own territory, population, and other interests, every government worldwide, including that of the 
United States, should set climate policy using the global SC-GHG. There are significant, indirect costs to trade, human 
health, and security likely to “spill over” to the United States as other regions experience climate change damages.154 
Due to its unique place among countries—both as the largest economy with trade- and investment-dependent links 
throughout the world, and as a military superpower—the United States and its constituent jurisdictions are particularly 
vulnerable to effects that will spill over from other regions of the world. Spillover scenarios could entail a variety of 
serious costs, ranging from impacts on investments and supply chains to more direct effects like surges of international 
migration, as unchecked climate change devastates other countries. Correspondingly, mitigation or adaptation efforts 
that avoid climate damages to foreign countries will radiate benefits back to the United States as well.155 

Finally, using a social cost estimate based on a rigid concept of U.S. or state borders or share of world GDP will fail to 
capture some of the climate-related costs and benefits that matter to U.S. citizens,156 including significant U.S. ownership 
interests in foreign businesses, properties, and other assets, as well as consumption abroad including tourism,157 and even 
the 8.7 million Americans living abroad.158 

In addition, because greenhouse gas pollution does not stay within geographic borders but rather mixes in the atmosphere 
and affects the climate worldwide, each ton emitted from any given jurisdiction not only creates domestic harms within 
that jurisdiction, but also imposes large externalities on the rest of the world. Conversely, each ton of greenhouse gases 
abated elsewhere benefits the United States along with the rest of the world. If all countries set their climate polices based 
on only domestic costs and benefits, ignoring the large global externalities, the aggregate result would be unduly weak 
climate protections and significantly increased risks of severe harms to all nations, including the United States. The same 
holds true for state policies that ignore global externalities. Thus, the United States stands to benefit greatly if all countries 
apply global SC-GHG values in their regulatory decisions and project reviews. Indeed, the United States stands to gain 
hundreds of billions or even trillions of dollars in direct benefits from efficient foreign action on climate change.159 

Using the SC-GHG, which incorporates global climate damages, is a good way to secure an economically efficient 
outcome from climate policy for the United States and its constituent states.160 The United States is engaged in a repeated 
strategic dynamic with several significant players—including the United Kingdom, Germany, Sweden, and others—
that have already adopted a global framework for valuing the social cost of greenhouse gases.161 For example, Canada 
and Mexico have explicitly borrowed U.S. estimates of a global social cost to set their own fuel efficiency standards.162 
States have also entered into this international dynamic, with California coordinating with Canada on its cap-and-trade 
program163 and with a coalition of states and cities agreeing to uphold the pledges from the Paris Agreement.164 For the 
United States or any individual state to now depart from this collaborative dynamic by selecting a domestic-only estimate 
could undermine the country’s long-term interests because it may lead other countries to follow suit, thus jeopardizing 
emissions reductions underway in other countries, which are already benefiting all 50 U.S. states and territories.165 

Policy Integrity has a number of reports and papers that dive deeper into the justifications for using global values, 
including Strategically Estimating Climate Pollution Costs in a Global Environment,166 Think Global,167 and Foreign Action, 
Domestic Windfall.168 
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2.4.2.2.	Selection	of	Discount	Rates

The Working Group has been criticized on numerous occasions by opponents of common-sense climate policy for 
omitting a 7% discount rate when deriving the SC-GHG estimates. Critics tend to make two arguments to support this 
point: that a 7% rate correctly approximates the private cost of capital; and that federal policy, embodied in Circular A-4, 
directs government agencies conducting a regulatory cost-benefit analysis to use a 7% rate.169 Each of these arguments is 
unpersuasive—for both state and federal officials’ purposes.

Regardless of whether a 7% discount rate reflects the private cost of capital, it does not usefully describe individuals’ or 
society’s valuation of future climate damages. In its most recent technical support document, the Working Group discusses 
at length the economic evidence supporting its choice of discount rates. Among other things, that evidence indicates that 
high discount rates, like 7%, are inappropriate for effects that occur over longer, inter-generational time horizons such 
as the impacts of climate change.170 When considering such time horizons, there is broad agreement among economists 
that a consumption-based discount rate of 3% or lower is appropriate for evaluating climate impacts.171 This view is 
consistent with the latest economic literature,172 and has been echoed by OMB, the Council of Economic Advisers,173 
and the National Academies.174 

Circular A-4‘s prescribed use of a 7% discount rate for federal agencies’ analysis of regulations is similarly irrelevant to 
the question of whether government agencies, and especially state agencies, should discount climate damages at that 
rate. For one, Circular A-4 itself recognizes that inter-generational calculations should be handled differently than intra-
generational ones.175 Further, it does not govern states’ analytical or decisionmaking processes. Finally, since it was 
published in 2003, new research, discussed in Section 2.1.4, has found that lower discount rates are appropriate for a 
variety of purposes, and especially for use in analyses with an inter-generational time horizon.

For further explanation as to why lower discount rates are appropriate for estimating the social cost values, please see the 
Institute for Policy Integrity report, About Time: Recalibrating the Discount Rate for the Social Cost of Greenhouse Gases.176 

2.4.2.3. Uncertainty

Estimates of how climate change will affect the economy are necessarily characterized by uncertainties. Some critics 
argue that the Working Group’s social cost valuations embody too much uncertainty—about the nature and severity 
of climate change impacts, about what the models should include, and about how the models should translate climatic 
effects into economic impacts—to be useful. For example, a 2022 article by Nicholas Stern, Joseph Stiglitz, and Charlotte 
Taylor argue that profound uncertainties undermine the validity of the damage-cost approach taken by the SC-GHG.177 
Several features of the SC-GHG, they say, make it incapable of accurately characterizing the economic system it aims to 
interpret and of specifying an optimal emissions reduction target.178 In their view, because the three IAMs used by the 
Working Group fail to capture climatic tipping points, do not take economic inequality into account, and disregard the 
role of information problems and irrationalities in markets, they do an irretrievably bad job of describing the effects of 
climate change.179 As explained below, these arguments are incorrect in several respects.
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There are, broadly speaking, four responses to these criticisms:

First, uncertainty cannot be avoided. Because federal law requires agencies to estimate climate damages (see Section 
3.2), analytical solutions that sidestep the estimation of damages by looking instead to an emissions reduction target (see 
Section 2.2) cannot substitute for the SC-GHG’s damage-based approach. And although states with binding emissions 
reduction targets arguably can make recourse to this sort of solution, such an alternative approach would not so much 
reduce the presence of uncertainties as change their source and nature: instead of climate damages being the main source 
of contention, it would likely be patterns and rates of technological change and adoption.180 

Second, recognizing that living with (rather than avoiding) uncertainties is intrinsic to its task, the Working Group’s 
methodology accounts for parametric uncertainty (uncertainty in model inputs), structural uncertainty (uncertainty 
in model design), and stochastic uncertainty (uncertainty in predicting future events such as the pace of climate change 
and economic development), and does so transparently. This is consistent with the recommendations of the National 
Academies, and addresses several of the criticisms levelled by Stern et al., and others.181 Some further details about the 
Working Group’s process helps to illustrate how it embodies rigor and transparency with respect to its characterization of 
uncertainties. To develop the SC-GHG estimates, the Working Group ran the models 150,000 times for each greenhouse 
gas and each discount rate, took random draws of different uncertain parameters to develop a probability distribution of 
social cost values, used a Monte Carlo simulation to make thousands of random draws from the probability distribution, 
and then averaged across those results to develop the estimates that agencies apply.182 In addition to reporting the average 
valuations, the Working Group also published the results of each model run and summarized results for each scenario.183 
In other words, the Working Group made methodological choices to reflect uncertainty in the SC-GHG estimates. 

Third—and contrary to the view that uncertainty warrants disregarding the SC-GHG’s estimates—experts broadly agree 
that the presence of uncertainty in the social cost valuations counsels for more stringent climate regulation, not less.184 This 
is due to various factors including risk aversion, the informational value of delaying greenhouse gas emissions, insurance 
value, and the possibility of irreversible climate tipping points that cause catastrophic damage.185 In fact, uncertainty 
is a factor justifying lowering the discount rate, particularly in intergenerational settings.186 Furthermore, the current 
omission of key features of the climate problem such as catastrophic damages and certain cross-regional spillover effects 
further suggests that the true SC-GHG values are likely higher than the Working Group’s best estimates. According to the 
Working Group, “these limitations suggest that the SC-CO2 estimates are likely conservative.”187 In short, critics’ claim 
that there is too much uncertainty to use the social cost estimates is misguided. If anything, the presence of uncertainty 
is a reason to view the Working Group’s estimates as a lower bound. 

Fourth, federal courts have repeatedly recognized that agency analysis necessitates making predictive judgments under 
uncertain conditions, explaining that “[r]egulators by nature work under conditions of serious uncertainty”188 and “are 
often called upon to confront difficult administrative problems armed with imperfect data.”189 As the U.S. Court of 
Appeals for the Ninth Circuit has explained, “the proper response” to the problem of uncertain information is not for the 
agency to ignore the issue but rather “for the [agency] to do the best it can with the data it has.”190 Courts generally grant 
broad deference to agencies’ analytical methodologies and predictive judgments so long as they are reasonable, and do 
not require agencies to have complete certainty before acting.191 Critics are thus incorrect to suggest that the presence of 
some uncertainty in the social cost values merits their abandonment. 

In addition to these responses, it is important to note the interplay between good faith criticisms of the SC-GHG’s 
treatment of uncertainty and arguments made by opponents of climate policy. An especially clear example of this is the 
uses to which Professor Robert Pindyk’s research have been put. Pindyck criticized the 2013 update to the SC-GHG 
for mischaracterizing key uncertainties and so undervaluing climate damages.192 His criticisms were then misread by 
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opponents of ambitious climate policy as arguing that economic valuations of climate change were simply useless and 
wholly misleading.193 Pindyck subsequently clarified that his criticism of the Working Group’s estimates did not amount 
to a call for jettisoning them: “My criticism of IAMs should not be taken to imply that because we know so little, nothing 
should be done about climate change right now, and instead we should wait until we learn more. Quite the contrary.”194 
In fact, Pindyck’s own best “high confidence” estimate of the social cost of carbon dioxide in a 2019 paper is between $80 
and $100.195 Nonetheless, Pindyck continues to be cited as a critic of the SC-GHG, most often by those who disagree 
with his fundamental conclusion that a robust accounting of climate damage externalities should inform regulatory 
decisionmaking.196 In other words, the best critic of the Working Group’s methodology that opponents of sensible 
climate policy could find actually considers the Working Group’s methodology to yield conservative underestimates of 
greenhouse gases emissions’ true cost to society.

2.4.3. Benefits of Climate Change

Some critics argue that the SC-GHG ignores the potential benefits of increased carbon dioxide.197 However, some of these 
benefits, such as potential increases in agricultural yields at low-level temperature increases, are captured in the SC-GHG 
estimates.198 These benefits reduce the magnitude of the SC-GHG, and are likely overestimated (not underestimated) 
in the models.199 Other benefits that are the result of climate change are omitted, including the lower cost of supplying 
renewable energy from wind and wave sources, the increased availability of oil due to higher temperatures in the Arctic.200 
However, omitted negative impacts overwhelm omitted benefits.201 

The other (not climate-related) benefits from the use of carbon fuels that are unrelated to climate change (such as 
economic output) are omitted from the SC-GHG, but they are typically included in any analysis in which the SC-GHG 
is used. In a benefit-cost analysis, the cost of regulations, such as the potential loss of output, is balanced against the 
benefits of greenhouse gas emissions reductions as measured by the SC-GHG. 
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(1999).

52 Office of Mgmt. & Budget, Circular A-4 on Regulatory Analy-
sis 36 (2003) [hereinafter “Circular A-4”].

53 Qingran Li & William Pizer, Use of the Discount Rate for 
Public Policy Over the Distant Future, 107 J. Env’t Econ. & 
Mgmt. 102428, at 16 (2021) (“This result also assumes that 
benefits accrue entirely to consumption.”). To explain more 
fully: the derivation of this range assumes all of the benefits 
of the project go to consumers, but also that it is uncertain 
whether consumers or capital owners will bear the costs of 
the project.

54 Circular A-4, supra note 52, at 35–36. Although Circular 
A-4 does not define “intergenerational,” it is useful to note 
that Britain’s Treasury defines it as longer than 30 years. 
HM Treasury, Green Book, Annex 6 (2020) (directing 
government departments on how to employ discounting 
in their analyses); see also Joseph Lowe, HM Treasury, 
Intergenerational Wealth Transfers and Social 
Discounting: Supplementary Green Book Guid-
ance 4 (2008). Relatedly, 30 years is the longest available 
duration for a U.S. Treasury. Cf. U.S. EPA, Guidelines for 
Preparing Economic Analysis 6-12 (explaining that 
intergenerational discounting is complicated by the fact that 
“the ‘investment horizon’ is longer than what is reflected in 
observed [market] interest rates” representative of intertem-
poral consumption tradeoffs made by the current genera-
tion).

55 The very limited market evidence on intergenerational as-
sets, based on long-run leases in certain real estate markets, 
finds that market rates may also decline over time. Howard 
& Schwartz, Valuing the Future, supra note 47, at 619. 

56 2010 TSD, supra note 2, at 25.
57 NAS 2017, supra note 7, at 158 fig.6-1.
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3. Legal Authority for Applying the SC-GHG

I n order to use the SC-GHG in regulatory decisions that directly affect private actors’ rights and obligations, state 
policymakers must first have the legal authority to do so. Determining whether and how policymakers have the 
authority to apply this metric requires case- and context-specific analyses. Still, some generalizations bear mentioning. 

This section first discusses legal authority to apply the SC-GHG at a general, abstract level. It then discusses concrete 
examples at both the federal and state levels. The federal examples provide additional detail for applications not yet 
explored by many—or any—states. 

3.1. Legal Authority Generally

State agencies’ authority to apply the SC-GHG most often comes from enabling statutes, though it could, in principle, 
derive from a state constitution as well.1 If a law unambiguously indicates that policymakers must or must not use the 
SC-GHG, the decision is clear. Similarly, a law that explicitly permits—but does not require—a policymaker to consider 
those costs leaves little ambiguity. Statutes that are silent on the point are harder to interpret. 

While policymakers should, of course, assess each statute’s unique language and context, several generalizations are 
possible. 

First, if the statute allows policymakers to consider highly general factors like welfare, public health, costs and benefits, 
or economic impact, when making decisions about how to implement a law, the SC-GHG likely suits those ends. As 
Section 2.1 of this guidebook explains, the SC-GHG reflects many of the welfare, public-health, and economic harms 
that greenhouse gas emissions impose. So, language that directs state agencies or courts to consider these factors when 
making decisions or determinations can provide a basis for applying the SC-GHG.

Second, if the law offers little or no guidance on what factors to consider, then policymakers often can—and should—
employ the SC-GHG to help illuminate the climate impacts of their decisions. That is especially true in sectors like 
transportation, energy, land use, and others that carry strong implications for greenhouse gas emissions, as the SC-GHG 
can help illustrate and contextualize the associated harms.

Third, if the law lists many factors to consider, and no express reference to climate change or climate impacts is included, 
then the statute’s context would dictate how to interpret that omission. On the one hand, if the statute uses words like 
“including” or “for example” in introducing its list of factors, then the statute likely allows policymakers to use the SC-
GHG. On the other hand, if it lists factors that are unrelated to climate impacts without such qualifiers, then policymakers 
might have to infer whether the list is intended as exclusive, or whether unlisted factors may also bear on the policy.

Fourth, if policymakers are unable to quantify climate impacts, they would still do well to describe climate impacts 
qualitatively, using as much quantitative information as the relevant context and available data allow.

3.2. Federal Authority

Federal agencies generally apply the SC-GHG in three broad decisionmaking frameworks: cost-benefit analysis, review of 
environmental impacts pursuant to the National Environmental Policy Act (NEPA), and procurement and grantmaking 
decisions. 
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Federal agencies’ authority (and, potentially, obligation) to apply the SC-GHG in regulatory cost-benefit analysis arises 
from one of two types of sources. One is substantive statutes. The Energy Conservation Policy Act, for instance, directs 
the Department of Energy to adopt energy efficiency standards for appliances that will achieve maximal energy efficiency 
within the bounds of what the agency determines to be “technologically feasible and economically justified.”2 When the 
department weighed its updated energy efficiency standard for commercial refrigerators in 2014 and found that standard 
to be “economically justified,” it used the SC-GHG to help estimate the standard’s benefits.3 In the Zero Zone case, the 
U.S. Court of Appeals for the Seventh Circuit upheld the updated standard as well as the department’s reasoning.4 The 
other source of authority is the combination of Executive Orders 12,866 and 13,563 and the Administrative Procedure 
Act. The Executive Orders direct federal agencies to conduct cost-benefit analysis to justify significant rules,5 and the 
federal Administrative Procedure Act requires agencies to ground their regulations in sound reasoning and evidence.6 
While courts reviewing an agency decision do not prescribe a particular rationale for arriving at and defending that 
decision, courts do examine the quality and rationality of the agency’s justification.7 So, when an agency justifies its 
decision using cost-benefit analysis—as required for significant rules under the Executive Orders—a reviewing court 
will insist that the analysis be complete and evenhanded.8 Agency decisions that increase or reduce greenhouse gas 
emissions are therefore hard to justify without valuing those emissions in a way that enables—as the SC-GHG does—
comparison to other effects.

The second type of application, environmental review of agency decisions, is required by NEPA but not consistently 
undertaken by agencies.9 NEPA requires agencies to take a “hard look” at how their actions affect the environment,10 
meaning that they must identify environmental impacts, assess alternatives to the proposed action, and consider how to 
mitigate environmental harms.11 Operationally, this application looks much like the monetization of benefits (or costs) 
that informs a cost-benefit analysis, but instead of the resulting monetary value always being netted against others, the 
monetized value of emissions often merely features in the list of impacts attributable to a given decision or project.12 
Some agencies’ applications of the SC-GHG to environmental review more closely resemble cost-benefit analysis than 
others—the U.S. Postal Service, for instance, recently used the SC-GHG in a final environmental impact assessment to 
compare different vehicle fleet procurement options.13 

The third type of application rests on federal laws governing procurement and grantmaking by individual agencies and 
involves including the SC-GHG among other factors that inform decisions about what to procure or to whom funding 
should be granted.14 The particular laws that authorize procurement or grantmaking generally set forth criteria for 
conducting those activities. The Federal Acquisition Regulation, for instance, directs agencies to prefer the alternative 
that offers the “best value.”15 Notably, this can include consideration of a range of social consequences and not only 
effects to which markets have assigned prices. Governments can apply the SC-GHG to the procurement of a wide range 
of assets, including vehicle fleets, energy, energy efficiency retrofits for buildings, and even the cement and steel used 
in infrastructure and construction. Although the analyses of each of these differ, in all cases they involve estimating the 
lifecycle emissions profiles of different procurement options or grant applications and using the SC-GHG to translate 
avoided emissions into a value comparable to other types of cost savings. Grant awards, similarly, can require applicants 
to include analyses of emissions impacts (or avoidance) of their proposals so that the awarding agency can weigh that 
aspect of the program or project against others in comparable terms.

3.3. State Authority

As noted in Section 1.2, states have applied the SC-GHG in several types of decisions and analyses, the clear majority 
of which have, to date, focused on the power sector. Some of those applications, both in relation to the power sector 
and others, have an explicit statutory basis. In other instances, an agency’s authority to employ the SC-GHG has been 
inferred from statutory language that does not expressly refer to the metric but also does not proscribe its use. 
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Two examples of power sector integrated resource planning rules—one from Washington State and one from Georgia—
help to illustrate the difference between explicit and implicit authority to apply the SC-GHG. As described more fully in 
Section 4.1.1.2, electric utilities in many states are required to periodically submit integrated resource plans (IRPs) that 
present different approaches for how the utility will supply power to their consumers for the next 10 or 20 years. IRPs 
generally include analyses of expected outcomes related to, among other things, costs and emissions volumes. 

In Washington State, provisions of the 2019 Clean Energy Transformation Act expressly require electric utilities to 
incorporate the SC-GHG into the analyses presented in their biennial IRP of different proposals for capital investments 
and programs.16 The Act also requires that utilities disclose greenhouse gas emissions arising from electricity generation 
and that the power sector, as a whole, complies with an emissions reduction schedule.17 

In Georgia, state law requires electric utilities to file IRPs,18 and the implementing regulations adopted by the state’s utility 
commission spell out what utilities must include in those IRPs.19 Unlike in Washington, however, those regulations do 
not refer to the SC-GHG, nor do they require expressly that IRPs present a monetized estimate of the climate damage 
(or its avoidance) arising from investments in particular resources or programs. They do, however, direct utilities to 
take several analytical steps that can be read to include applying the SC-GHG in the analyses presented in IRPs. Those 
directions begin with the definitions in the commission’s implementing regulations. “Avoided externality costs” are 
cognizable,20 and “[e]xternalities should be quantified and expressed in monetary terms where possible.”21 Climate 
change is, of course, an externality of greenhouse gas emissions, meaning that it is a quantifiable effect of those emission 
that is not reflected in the price paid by emitters for their emissions. Further, “environmental impacts of air pollutant 
emissions from power plants” are to be counted as “indirect costs.”22 These definitions suggest that the SC-GHG would 
be well suited to carrying out commission policy “concerning minimizing customer bills, minimizing overall rates and 
maximizing net societal benefit.” 23 

Use of the SC-GHG in the resource planning process is discussed further in Section 4.1.1.2.

3.4. Legal Risks of Applying the SC-GHG

The nature of the legal risks that states face by using the SC-GHG depends on the legal context of the use. Broadly 
speaking, climate policy at the state level tends to be made in two legally distinct phases. The first is a planning or 
informational phase in which key facts are established. Plans and analyses conducted in this phase include “scoping 
plans” and “energy master plans” that map out economy-wide options for emission reducing measures (see Section 
4.1.1.4), as well as analyses that focus more narrowly on particular resource types, like studies of the value of distributed 
solar generation (see Section 4.3.3). The second phase involves decisions with legal force that apply the SC-GHG to help 
determine the allocation of obligations, resources, costs, or subsidies. 

Legal risks generally do not arise in this first phase, which involves the conduct of nonbinding analyses in which a 
state uses the SC-GHG to plan or estimate the value of particular assets, activities, or interventions.24 Still, use or non-
use of the SC-GHG in such an analysis can plant a seed that grows into potential legal risk later on. For example, if a 
decisionmaker later relies upon that analysis or planning process to support of justify a decision with direct effects on the 
rights or obligations of private actors, the plan could become subject to judicial scrutiny. To mitigate this potential risk, 
state policymakers should consider the end-use of the planning document during its development and appropriately 
apply the SC-GHG to align with the laws that are likely to govern the decisions that grow from the planning document. 



3-4

The second phase of policymaking, in which an agency relies on the SC-GHG to make legally binding decisions, can give 
rise to several kinds of legal risk: 

One sort of legal challenge would involve allegations that the agency lacks the authority to rely on the SC-GHG. Whether 
the statute or executive order on which the agency bases its use of the SC-GHG is the state’s version of the federal 
Administrative Procedure Act or a substantive statute, such a challenge might allege that the SC-GHG is not relevant to 
the decision or is proscribed from consideration based on the other decisionmaking criteria omitted from or enumerated 
in the statute. To reduce risk, agencies should carefully explain how the SC-GHG (and the climate damages it estimates) 
relate to the factors identified by the governing statute or executive order. Agencies may also benefit from explaining why 
it is not only permissible but necessary to apply the SC-GHG in order to make a reasoned decision. 

Other challenges might allege that the SC-GHG itself is flawed for one or more of the reasons discussed in Section 2.4. 
To ward off such challenges, state legislatures and agencies might consider conducting a review that establishes and 
explains the validity of the Working Group’s SC-GHG for the state’s own purposes.25 That review would not substitute 
for or redo the work of the Working Group, but would provide an independent legal basis for using the SC-GHG—one 
that does not rely entirely on the continued application of the federal SC-GHG by federal agencies. 

A third type of legal risk can arise not from use of the SC-GHG itself, but rather from challenges in fully quantifying or 
verifying changes in emissions. In general, agencies should try to take symmetrical analytical approaches to estimating 
both costs and benefits, and to quantify effects to the extent possible. When faced with a decision between using limited or 
uncertain emissions data to estimate climate impacts or simply omitting any quantified estimate of emission impacts, an 
agency should strive to include a quantitative estimate. As Montana’s Department of Public Service Regulation observed 
in a decision about whether to value avoided greenhouse gas emissions, “[a]lthough highly uncertain, all parties agreed 
that future carbon costs should not be considered zero.”26 And, in the event that the available data are simply too poor 
to support quantification, the agency should instead develop a thorough qualitative description to be considered in the 
agency’s analysis.
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(1943); Caroline Cecot & W. Kip Viscusi, Judicial Review of 
Agency Benefit-Cost Analysis, 22 Geo. Mason L. Rev. 575 
(2015).

8 See, e.g., Mozilla Corp. v. Fed. Commc’ns Comm’n, 940 F.3d 
1, 70–71 (D.C. Cir. 2019) (discussing the consistency of the 
FCC’s approach with instructions in Circular A-4); Cooling 
Water Intake Structure Coal. v. EPA, 905 F.3d 49, 67 (2d 
Cir. 2018) (“[A]gencies are ordinarily required to consider 
the relative costs and benefits of a regulation as part of 
reasoned decisionmaking.”); Nat’l Ass’n of Home Builders 
v. EPA, 682 F.3d 1032, 1040 (D.C. Cir. 2012) (“[W]hen an 
agency decides to rely on a cost-benefit analysis as part of 
its rulemaking, a serious flaw undermining that analysis can 
render the rule unreasonable.”); City of Portland v. EPA, 507 
F.3d 706, 713 (D.C. Cir. 2007) (“[W]e will [not] tolerate 

rules based on arbitrary and capricious cost-benefit analy-
ses.”).

9 See Zoe Palenik, The Social Cost of Carbon in the Courts: 
2013-2019, 28 N.Y.U. Env’t L.J. 393, 405–10 (2020) (trac-
ing line of recent cases).

10 See, e.g., Vecinos para el Bienestar de la Comunidad Costera 
v. FERC, 6 F.4th 1321 (D.C. Cir. 2021); High Country Con-
servation Advoc. v. U.S. Forest Serv., 52 F. Supp. 3d 1174, 
1181 (D. Colo. 2014).

11 See Baltimore Gas & Elec. Co. v. Natural Res. Def. Coun-
cil, 462 U.S. 87, 96 (1983); see also 40 C.F.R. § 1508.8(b) 
(2018) (requiring assessment of the “ecological,” “econom-
ic,” “social,” and “health” effects).

12 See, e.g., U.S. Forest Serv., Rulemaking for Colorado Road-
less Areas: Supplemental Final Environmental Impact State-
ment 35–46 (2016).

13 U.S. Postal Serv., Record of Decision and Record of 
Environmental Consideration: Next Generation Delivery 
Vehicle Acquisitions app. A, 4-18 to -21 (2022), https://
cdxapps.epa.gov/cdx-enepa-II/public/action/eis/
details?eisId=354079; see also Bureau of Ocean & Energy 
Mgmt., Cook Inlet Planning Area Oil and Gas Lease Sale 
244 In the Cook Inlet, Alaska Final Environmental Impact 
Statement 4-190 to 4-191 (2016) (estimating the social cost 
of emissions resulting from proposed offshore oil and gas 
lease sales).

14 E.g., U.S. Gen. Servs. Admin., Fact Sheet: GSA Includes New 
Environmental Features in Next-Generation Parcel Delivery 
(undated), https://www.gsa.gov/cdnstatic/DDS3_green_
features_fact_sheet.doc (describing application of SCC to 
procurements); U.S. Department of Transportation, 
Benefit-Cost Analysis Guidance for Discretionary 
Grant Programs 34–35 tbl.A-6; 40–41 (2021).

15 41 U.S.C. § 1303(b)(3)(B).
16 Wash. Rev. Code §§ 19.280.030(3)(a) (“An electric utility 

shall consider the social cost of greenhouse gas emissions . . . 
when developing integrated resource plans and clean energy 
action plans.”).

17 Id. §§ 19.405.060, 19.405.070(1) ("Each electric utility 
must provide . . . its greenhouse gas content calculation in 
conformance with this section."); see also Elizabeth Hossner 
& Keith Faretra, Puget Sound Energy, 2021 IRP Webinar 
#5: Social Cost of Carbon, Planning Assumptions & Re-
source Alternatives Electric Portfolio Model ( July 21, 2020) 
(describing use of SCC of $75 for 2022 rising to $99 by 
2040 in resource planning in compliance with prescriptions 
of Washington State’s Clean Energy Transformation Act).

18 Ga. Code Ann. § 46-3A-2.
19 Ga. Comp. R. & Regs. § 515-3-4.01 et seq.
20  Id. § 515-3-4-.02(2)(b).

https://cdxapps.epa.gov/cdx-enepa-II/public/action/eis/details?eisId=354079
https://cdxapps.epa.gov/cdx-enepa-II/public/action/eis/details?eisId=354079
https://cdxapps.epa.gov/cdx-enepa-II/public/action/eis/details?eisId=354079
https://www.gsa.gov/cdnstatic/DDS3_green_features_fact_sheet.doc
https://www.gsa.gov/cdnstatic/DDS3_green_features_fact_sheet.doc
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21 Id. § 515-3-4-.02(21).
22 Id. § 515-3-4-.02(24).
23 Id. § 515-3-4.-05(1)(a) (emphasis added).
24 A California’s court’s decision to dismiss a lawsuit that chal-

lenged the California Air Resources Board’s development of 
a scoping plan that itself had no regulatory effect illustrates 
the point. As the court observed, the statutory directives to 
the board “are exceptionally broad and open-ended. They 
leave virtually all decisions to the discretion of the Board . . 
. .” Ass’n of Irritated Residents v. State Air Res. Bd., 206 Cal. 
App. 4th 1487, 1495 (Cal. Ct. App. 2012).

25 See, e.g., N.Y.S. Dep’t of Env’t Conservation, Estab-
lishing a Value of Carbon: Guidelines for Use by 
State Agencies (Rev. June 2021) (describing available 
options for emissions valuation and endorsing version of 
SC-GHG for use by New York agencies).

26 Vote Solar v. Montana Dep't of Pub. Serv. Regul., 473 P.3d 
963, 976 (Mont. 2020) (quoting Order No. 7323k, ¶ 81, the 
utility commission decision below), as amended on denial of 
reh'g (Oct. 6, 2020).

3. Legal Authority for Applying the SC-GHG                                                  Endnotes  
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4. Applications of the Social Cost of     
 Greenhouse Gases

T he internal workings of the SC-GHG are complex, but its application is straightforward.1 By assigning a monetary 
value to the harm caused by greenhouse gas emissions, the SC-GHG enables decisionmakers to make two sorts 
of comparisons: first, between the climate and non-climate effects of a given policy, activity, or decision; and 

second, between the climate effects of a policy, activity, or decision and the climate effects of an alternative. By converting 
climate impacts into dollars, the SC-GHG ensures that both of these comparisons are apples-to-apples, not apples-to-
oranges, and that decisionmakers can incorporate climate impacts into a wide variety of applications. For instance, being 
able to meaningfully compare climate effects and non-climate effects makes it possible to incorporate avoided climate 
damages along with other sources of value into royalties, fees, procurement decisions, or subsidies. And, making the 
climate effects of different alternatives readily comparable allows decisionmakers to weigh options on the basis of their 
relative environmental impacts, whether as part of an environmental impact review, a grant program, or in some other 
decisionmaking context. 

This section describes how using the SC-GHG can make it easier for states to evaluate and weigh climate impacts in the 
following operational areas:

• Cost-benefit analysis

• Environmental impact review

• Procurement, investments, and grantmaking

• Royalties, penalties, and resource compensation

To illustrate how state agencies’ planning and implementation of climate policy might involve each of these different 
types of decision or analysis, this section draws on examples from different sectors over which agencies have authority—
electricity, transportation, oil and gas, gas distribution systems, and land use. 

Though a number of states have used the SC-GHG in decisionmaking contexts, states have not, to date, used the SC-
GHG for all of the types of decisions and analyses discussed below. State agencies have yet to incorporate the SC-GHG 
into environmental impact review, for instance, so we draw on federal examples for that application. For still others, 
which neither state nor federal agencies have undertaken, we describe what such an application might involve.
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Table 4-1. Case Studies of SC-GHG Use

Type of Use Jurisdiction & Agency Subject

C
BA

Rulemaking

• U.S. Dep’t of Energy
• Colorado Dep’t of Transportation 
• New York Dep’t of Environmental 
 Conservation

• Energy efficiency standards for manufactured 
housing

• Rules for transportation-related capital 
spending

• Regulations of emissions from the oil and gas 
industry and vehicles.

Electric Utility IRPs Colorado Pub. Utilities Comm’n Inform electricity resource planning

Gas Distribution System New York Pub. Service Comm’n Utilities’ have developed Gas BCA Handbooks 
based on BCA Framework

Planning Info.
• California Air Resources Board
• New Jersey Governor’s Office

Demonstrate benefits of different components 
of climate change scoping plan (CA) and Energy 
Master Plan (NJ)

Land Use -- --

Grants & Investments

• Colorado, all agencies
• California Dep’t of Transportation
• U.S. Dep’t of Transportation

• Assessment of energy efficiency measures in 
capital spending projects

• Evaluation of potential capital spending 
projects

• Invites grant applicants to use the SC-GHG to 
characterize project benefits

Procurement U.S. Postal Service Environmental impact statement of planned 
procurement of mail delivery vehicle fleet

Penalties -- --
Royalties -- --

Resource Compensation

• Illinois Commerce Comm’n
• New Jersey Board of Pub. Utilities
• New York Pub. Service Comm'n
• Maine Pub. Utilities Comm’n

• Inform or delimit the value of a zero 
emission credit/certificate (IL, NY / NJ) to 
compensate nuclear generators 

• Study the value of distributed (rooftop) 
solar to determine the benefits of solar from 
reducing/avoiding emissions

4.1. Cost-Benefit Analysis 

Cost-benefit analysis requires a decisionmaker to weigh the positive and negative effects of an action. A decisionmaker 
can easily determine the monetary value of some effects, whether because markets assign them a price or, for instance, 
because regulated entities estimate their monetary value as a matter of course, such as the cost of capital investments. 
However, for other effects, like the harms done to human health by local air pollution or to the economy by contributing 
to the greenhouse gas emissions that cause climate change, a decisionmaker must look to tools that translate findings 
from scientific, medical, or economic literature into quantities and monetary values. Cost-benefit analysis is a way to 
identify and weigh all relevant considerations—even those that are difficult to measure—in a manner that enables the 
comparison of costs and benefits and thereby supports transparent and rigorous decisionmaking.

Federal and state agencies—and sometimes entities they regulate—apply the SC-GHG when they compare the costs 
and benefits of various decisions. Those comparisons can take several forms, some more rigorous and standardized than 
others. Notably, the SC-GHG was originally developed for use in the sort of cost-benefit analysis required of federal 
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agencies when they conduct rulemakings.2 It is no surprise, then, that federal agencies, which make routine use of highly 
standardized cost-benefit analysis, generally incorporate the SC-GHG into that analysis if the decision at issue has 
implications for greenhouse gas emissions. State agencies, by contrast, are not necessarily subject to the same cost-benefit 
analysis standards as federal agencies, and so may have varying approaches to how they examine and weigh decisions. 

Box	4-1:	Simplified	Steps	for	Applying	the	SC-GHG	in	CBA

The following, generic steps are very likely to feature in any cost-benefit analysis that makes use of the SC-
GHG to estimate the value of a given decision’s effects on greenhouse gas emissions.

1. Convert the SC-GHG values from the dollar year used for the SC-GHG estimates (the 2021 estimates 
use 2020 dollars), to the dollar year used in the rest of the analysis, if the values have not already been 
converted. 

2. Determine the avoided emissions for each year between the effective date and the end date of the policy;

3. Multiply the quantity of avoided emissions in each year by the corresponding SC-GHG for that year, to 
calculate the monetary value of damages avoided by avoiding emissions in that year;3 

4. Apply the same discount rate used to calculate the SC-GHG to calculate the present value of future 
effects of emissions from that future year;4 

 The present value of future money formula is: PV = FV/(1+i)n where PV is present value, FV is future 
value (i.e., the SC-GHG value for year 2025 emissions multiplied by the volume of emissions), i is the 
discount rate expressed as a decimal (e.g., 0.025 for 2.5%), and n is the number of years between 
the year of analysis and the future value. 

5. Sum these present values for all relevant years (e.g., 2022, 2023, etc. through the end date) between 
the effective date and the end date to arrive at the total monetized climate benefits of the plan’s avoided 
emissions;5 and

6. Describe qualitatively damages that have been omitted from the SC-GHG, and consider those benefits in 
any final assessments.6 

For analyses covering multiple greenhouse gases, officials should use the appropriate social cost value for 
each gas; they should not simply rely on global warming potential coefficients to translate between social cost 
values. For example, if a state is assessing a policy that would affect carbon dioxide and methane emissions, 
the analysis should include the SC-CO2 and the SC-CH4. Schedules of the annual values for all gases are 
included in Appendix A.

Step 4 of this analysis requires selection of a discount rate—or, potentially, a few. How to choose the proper 
discount rate (or rates) requires further explanation. That explanation is drawn from several resources, which 
explain the theoretical underpinnings and recent research in greater depth, which users of this guide may wish 
to consult separately.7 

Why use a discount rate? For several reasons, people prefer having a dollar now to having one in the future.8 
Recognizing this relationship between time and value, governments and private entities use discount rates 
(discussed in more depth in Section 2.1.4) when making comparisons of value across time. For instance, if 
a policy measure or private investment will incur costs over the next two years and yield benefits over the 
subsequent 25 years, discounting is needed to enable the comparison of those costs and benefits on an apples-
to-apples basis. 
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Importantly, however, discount rates depend on whether the perspective is that of society or of a private entity. 
Consumption-based discount rates reflect a public or societal perspective, and are lower than rates that reflect 
a private investor’s perspective. A private investor, by contrast, uses a higher capital-based discount rate, which 
reflects the opportunity cost of making a private investment instead of having money available to purchase 
or invest in something else in near future. The time horizon for an analysis is also important when deciding 
on a discount rate. For analyses of less than several decades, it is appropriate for an agency to apply an 
intra-generational discount rate;9 for longer durations, the agency should use an inter-generational rate.10 
Intergeneration rates tend to be lower and to have a smaller range.11 

Understanding what discount rate a state agency should use is important, but there are two more questions that 
state agencies must answer when they incorporate monetized emissions effects into their valuation of certain 
decisions or investments. First, how should they align the consumption-based discount rate they apply to policy 
decisions with the SC-GHG? And second, how should they deal with policy measures that involve both public 
and private intra-generational investments?

The first of these questions is easier to answer. As indicated in Step 4 above, an analysis should apply a 
consistent discount rate to both climate impacts and the net present valuation of those impacts. So, if an 
agency applies a 2.5% discount to get its estimate of the climate damage avoided from lower greenhouse 
gas emissions, it should also use a 2.5% rate for the net present value calculation that indicates what an 
investment’s value is today. Note, however, that using a consistent rate does not necessarily mean using only 
one rate: an analysis can be run multiple times with different rates, so that the agency can see the full spectrum 
of values revealed by different degrees of discounting. Supplemental analyses using different parameters, like 
a different discount rate, are called sensitivity analyses. 

The second question is harder to answer—and is arising more often as more state agencies direct regulated 
entities to incorporate emissions impacts into their valuations of proposed investments. The most frequent 
example of this involves a utility or renewable project developer being asked to present a utility commission with 
an analysis of what a proposed project is worth. Calculating that worth means integrating the monetary values 
of capital assets and emissions (or avoided emissions), which in turn means deciding how to reconcile different 
discount rates. At present, the latest research does not point to a tidy solution. So, as with the answer to the first 
question, the best available approach seems to be to generate a range or matrix showing the results of applying 
all potentially appropriate discount rates and possibly selecting one iteration as “central.” This could look like the 
U.S. Department of Energy cost-benefit analysis presented in Section 4.1.1.1.

We recognize that in some situations faced by regulators this recommendation amounts to incomplete guidance.12 
As this is a subject of intense interest to governments around the world,13 research is likely to illuminate more 
about how best to deal with this circumstance. In the meantime, we note that this recommendation goes 
against using an averaged or otherwise homogenized rate and instead calls for being forthright about 
the analytical dissonance that comes with applying several different rates. 

For a fuller discussion of discounting and the basis for these recommendations, see Valuing the Future: Legal 
and Economic Considerations for Updating Discount Rates.14 
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4.1.1. Case Studies of the SC-GHG Used in Cost-Benefit Analysis

The rest of this section presents examples of how federal and state agencies have incorporated—or could incorporate—
the SC-GHG into several forms of cost-benefit analysis. These analyses pertain to different sectors and have different 
aims. The first was conducted by the U.S. Department of Energy to support its adoption of energy efficiency standards 
for manufactured housing. The second was conducted by regulated electric utilities in Colorado as part of their triennial 
energy master planning obligation. And the third is a pair of informal cost-benefit analyses undertaken by the governments 
of California and New Jersey. 

4.1.1.1.	SC-GHG	in	Rulemaking	Cost-Benefit	Analysis

In 2021, the Department of Energy (DOE) conducted a cost-benefit analysis of its proposed energy efficiency standards 
for manufactured housing,15 as required by federal law (see Section 3.2). In that analysis, DOE considered “the effect 
of potential energy conservation standards on power sector and site combustion emissions,” as well as emissions from 
“upstream” fuel development and production.16 The figure below breaks out benefits from avoided greenhouse gas 
emissions for each alternative, and includes the whole range of Working Group estimates.17 These benefits are then 
tallied along with other benefits and costs to consumers. Note that DOE explored both tiered and untiered standards. 
In the tiered approach, certain units would be subject to less stringent energy conservation standards in light of “cost-
effectiveness considerations required by statute and affordability concerns.”18 The untiered standard applies the 2021 
International Energy Conservation Code uniformly.19 

Table	4-2.	Summary	of	Economic	Benefits	and	Costs	to	
Manufactured Home Homeowners under the Proposed Standards20 

 

Note: This table presents the costs and benefits associated with manufactured homes shipped in 2023–2052.
* The benefits from GHG reduction were calculated using global benefit-per-ton values. See section IV.D.2 of this document for more details.
** Total Benefits for both the 3-percent and 7-percent cases are presented using the average GHG social costs with 3-percent discount rate. In the rows labeled 

‘‘7% plus GHG range’’ and ‘‘3% plus GHG range,’’ the consumer benefits and NOX and SO2 benefits are calculated using the labeled discount rate, and those 
values are added to the GHG reduction using each of the four GHG social cost cases.

† The incremental costs include incremental costs associated with principal and interest, mortgage and property tax for the analyzed loan types.

 

Net present value 
(billion 2020$) Discount rate 

(%) 
Tiered Untiered 

Benefits: 
Consumer Operating Cost Savings ............................................................................ 5.5 .................... 6.1 .................... 7. 

14.3 .................. 15.9 .................. 3. 
GHG Reduction (using avg. social costs at 5% discount rate) * ................................ 1.1 .................... 1.2 .................... 5. 
GHG Reduction (using avg. social costs at 3% discount rate) * ................................ 4.5 .................... 5.0 .................... 3. 
GHG Reduction (using avg. social costs at 2.5% discount rate) * ............................. 7.4 .................... 8.2 .................... 2.5. 
GHG Reduction (using 95th percentile social costs at 3% discount rate) * ............... 13.6 .................. 15.0 .................. 3 
NOX Reduction ........................................................................................................... 0.2 .................... 0.2 .................... 7. 

0.4 .................... 0.5 .................... 3. 
SO2 Reduction ............................................................................................................ 0.3 .................... 0.3 .................... 7. 

0.7 .................... 0.8 .................... 3. 

Total Benefits ............................................................................................... 7 to 19.5 ........... 7.8 to 21.6 ........ 7 plus GHG range. 
10.5 .................. 11.6 .................. 7. 
20.0 .................. 22.2 .................. 3. 
16.6 to 29.1 ...... 18.4 to 32.2 ...... 3 plus GHG range. 

Costs: 
Consumer Incremental Product Costs † .............................................................. 3.9 .................... 4.7 .................... 7. 

7.9 .................... 9.6 .................... 3. 
Total Net Benefits: 

Including GHG and Emissions Reduction Monetized Value ............................... 3.1 to 15.6 ........
6.6 ....................

3 to 16.9 ...........
6.9 ....................

7 plus GHG range. 
7. 

12.1 .................. 12.6 .................. 3. 
8.7 to 21.2 ........ 8.7 to 22.6 ........ 3 plus GHG range. 
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This table shows the discount rates used to calculate the net present value of the proposals’ costs and benefits. It also gives 
a range of net benefits depending on the SC-GHG estimates used and the overall cost-benefit analysis discount rate. 

Colorado has also recently used the SC-GHG in the rulemaking context. The Colorado Department of Transportation 
(CO DOT) is developing regulations that will change how the state approaches transportation-related capital spending. 
Draft rules issued in September 2021 propose a greenhouse gas emissions standard for state and regional transportation 
plans that would align with the state’s goal of reducing transportation-sector emissions.21 The CO DOT prepared a cost-
benefit analysis of the proposed rules and included the SC-GHG in its calculation of the rules’ economic benefits.22 
That cost-benefit analysis captures several factors. Benefits include vehicle operating costs, local air pollution, safety, and 
climate impacts,23 which are weighed against the costs of program administration and infrastructure.24 The CO DOT 
uses the Working Group’s social cost estimate at a 2.5% discount rate to estimate the new rules’ avoided climate damages. 
Notably, this analysis is programmatic and does not examine individual transportation projects.

New York has also used the SC-GHG to estimate the net benefits of new regulations. In 2021, the state’s Department 
of Environmental Conservation adopted a rule copying California’s Advanced Clean Truck zero emission vehicle 
standards,25 and another that regulates emissions from oil and natural gas.26 The department’s analysis of the first rule, as 
shown in Figure 4-1, values carbon dioxide emissions at 1%, 2%, and 3% discount rates for the emissions modeled using 
two analytical approaches (“scenarios”).

Table 4-3. Estimated Avoided Social Cost of Carbon from 2025-204027 
 

Scenario
Avoided SC-CO2 

3% Discount Rate 
(2018$ millions)

Avoided SC-CO2 
2% Discount Rate 
(2018$ millions)

Avoided SC-CO2 
1% Discount Rate
 (2018$ millions)

CA Scaled 263 632 2,127

MOVES3 860 2,057 6,918

The analysis of the second rule, as shown in Figure 4-2, quantifies (first row) and values (second row) methane emissions 
reductions from the rule’s required changes to the production, refining, storage, gathering, and transmission of oil and 
gas. The valuation step applies the social cost of methane at 1%, 2%, and 3% discount rates.

Table	4-4.	Potential	Methane	Emissions	Reductions	and	Costs	of	Failing	to	Achieve	Them28 
 

Annual Cost of Methane

Total Potential Emissions 
Reductions (MTCH4) 14,643 – 52,534

Social Cost if Reductions 
are not achieved 
(2020 dollars)

$96,321,654 - 
$345,568,652

$40,736,826 - 
$146,149,588

$22,359,861 - 
$80,219,418

1% Discount Rate
($6,578/metric ton)

2% Discount Rate
($2,782/metric ton)

3% Discount Rate
($1,527/metric ton)
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4.1.1.2.	SC-GHG	in	Cost-Benefit	Analysis	for	Electric	Utility	Planning

In many states, utility commissions use an integrated resource planning process to assess utilities’ proposed investments 
and programs. Colorado,29 Minnesota, Nevada, and Washington State require utilities to use a version of the SC-GHG 
in the integrated resource plans they submit to utility commissions to propose investments and request authorization to 
recover the cost of those investments from ratepayers. 

Requiring utilities to incorporate climate damages into their analysis of possible investments enables utilities and 
regulators to see more plainly the full costs of polluting generation options and the benefits of clean generation. Utilities 
often conduct a cost-benefit analysis for each portfolio of investments they propose. An example from Colorado illustrates 
how this can incorporate the SC-GHG. 

In 2017, the Colorado Public Utilities Commission (CO PUC) ordered the Public Service Company of Colorado (a.k.a. 
Xcel Energy) to consider the social cost of carbon in its Electric Resource Plan.30 The CO PUC noted that, by modeling 
these climate impacts, “we can test the robustness of the portfolios and assess the impact to customers of a broader 
range of costs from carbon emissions.”31 The Commission also found that the Working Group estimate “is a reasonable 
quantification of the potential cost of externalities for the purpose of [resource plan] model portfolios.”32 Two years later, 
in early 2019, the Colorado State Legislature codified into law the CO PUC’s decision to require utilities to use the SC-
GHG in their Electric Resource Plans. Specifically, the legislature required the utilities commission to evaluate “the cost 
of carbon dioxide emissions” in resource planning, with the condition that the SC-GHG must be calculated using a 2.5% 
discount rate or lower and should be no less than $68 per ton of carbon dioxide.33 

In accordance with this new law, Xcel Energy used the SC-GHG in its 2021 Electric Resource Plan and Clean Energy 
Plan.34 Xcel’s plan aims to reduce greenhouse gas emissions by 85% from 2005 levels and provide 80% of its energy from 
clean generators.35 The analysis in Xcel’s plan used the SC-GHG as a shadow price, meaning that the utility modeled 
outcomes as though the Xcel would pay a price equal to the SC-GHG for emitting each ton of greenhouse gases.36 
Consequently, the benefits and costs of the scenarios Xcel valued included the climate damages that would be caused by 
emitting resources or avoided by clean ones. 

4.1.1.3.	SC-GHG	in	Cost-Benefit	Analysis	for	Gas	Distribution	System	Planning

States that have adopted economy-wide emissions reduction commitments must confront the tensions—or outright 
incompatibilities—between those commitments and existing approaches to the delivery and use of fossil methane gas in 
commercial and residential buildings. That sector’s use of gas on-site was responsible for about 13% of U.S. greenhouse 
gas emissions in 2019—the year of EPA’s most recent inventory.37 The gas was delivered through about 1.3 million 
miles of gas mains and just under a million miles of gas service lines.38 These distribution systems tend to grow when 
demand for gas has grown, but do not necessarily shrink when demand has fallen.39 Recognizing the need to harmonize 
the governance of gas distribution systems and utilities (usually called “local distribution companies” or LDCs) with 
statewide greenhouse gas emissions reduction goals, utility commissions in several states have initiated gas system 
planning proceedings.40 This marks a notable change from the longstanding reliance on periodic “rate cases” to review 
the prudence of investments in the gas distribution system and the rates charged by utilities to recover the costs of those 
investments. 
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The SC-GHG can help inform planning and decisionmaking in the states that have initiated gas planning proceedings 
and in others that seek to better align gas distribution systems and LDC investments and operations with climate goals. 
Similar to how electric utilities use the SC-GHG to compare different generation portfolios, the SC-GHG can also be 
used to help compare alternative investments proposed by LDCs and others in terms of their emissions impacts. Examples 
of what might be compared include: conventional investments in gas distribution infrastructure, improvements to gas 
distribution system efficiency, the development and operation of gas demand response programs, and electrification 
projects or project portfolios that help gas customers replace gas-reliant equipment and appliances with electric ones. In 
principle, the SC-GHG can be applied in comparisons made in a planning proceeding on the programmatic level, or the 
project or project portfolio level in a rate case.

To date, the SC-GHG has not been used in exactly this way, but it has been used in New York in an analogous fashion 
by utilities implementing the Public Service Commission’s Benefit Cost Analysis (BCA) Framework.41 That Framework 
was initially implemented to enable comparisons of conventional electricity infrastructure investments and non-wire 
alternatives,42 but has since provided the basis for analyzing non-pipes alternatives as well.43 The basic purpose of the 
Framework is, simply stated: to enable rigorous comparison of supply and demand-side solutions that can provide similar 
services but are highly dissimilar in their capital structure and operation. The SC-GHG is an important element of the 
Framework and enables the estimation in monetary terms of how much a project or project portfolio contributes—
whether positive or negative—to greenhouse gas emissions.

Of course, the availability of analytical tools like New York’s BCA Framework and the SC-GHG do not on their own 
empower utility commissions to give legal effect to the analytical conclusion that further investments in gas distribution 
infrastructure are less cost-effective for consumers than electrification. 

4.1.1.4.	SC-GHG	in	Informational	Cost-Benefit	Analysis	for	Multisector	Planning

Some states also use the SC-GHG for information purposes in a simplified cost-benefit analysis to show how climate 
benefits help to justify clean energy transition and emissions reduction measures over the medium and long-term. 
California’s 2022 Climate Change Scoping Plan is one such example.44 Figures 4-4 and 4-5 shows each element of the 
plan and the range of its expected climate benefits.45 



4-9

Table 4-5. Estimated Social Cost (Avoided Economic Damages) of 
Measures Considered in the Proposed Scenario (AB 32 GHG Inventory Sectors)46 

 

Table 4-6. Estimated Social Cost (Avoided Economic Damages) of 
Measures Considered in the Proposed Scenario (Natural and Working Lands)47 
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The Scoping Plan draws on several emissions reduction scenarios, covering California’s signature cap-and-trade program, 
as well as a renewable portfolio standard for the electric power sector, controls on mobile sources and freight, regulation 
of short-lived climate pollutants like HFCs, and energy efficiency measures.48 Because the Plan provides monetary values 
of the emissions as a reference, it allows Californians to more easily understand and assess the Plan than if it simply laid 
out quantities of emissions. 

New Jersey’s 2019 Energy Master Plan similarly employs the SC-GHG to show the benefits of the emissions reduction 
measures it proposes for transportation, the electric power sector, buildings, and other sectors that the state aims to 
target to meet its goal of 100% clean energy by 2050.49 Using the SC-GHG, New Jersey estimates that the plan would 
yield between $4 billion to $6 billion annually in avoided climate damages.50 As the figure below shows, the Energy 
Master Plan uses the SC-GHG to weigh the benefits of avoiding greenhouse gas emissions against the costs of doing so, 
and presents the results in a way that is easily understood.

Figure	4-1.	Benefits	and	Incremental	Costs	of	New	Jersey	in	the	Least-Cost	Scenario51 
 

In the planning documents issued by California and New Jersey, the SC-GHG improves the accessibility of the states’ 
climate benefit analysis, clarifying for the public and decisionmakers that the complex and ambitious program proposals 
are cost-justified and worthwhile. 

4.1.1.5.	SC-GHG	in	Cost-Benefit	Analysis	for	State	(and	Local)	Land	Use	Planning

“Land use” refers to efforts by states and localities to use legal mandates, prohibitions, and procedural rules to influence 
the form and modalities of the built environment. This includes, for instance, decisions about what structures or uses to 
allow. The SC-GHG can be useful for informing these types of land use decisions and for assessing how they are likely to 
contribute more or less to the emission of greenhouse gases.
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States’ and localities’ land use decisions contribute to greenhouse gas emissions in a number of ways. Zoning is the 
most commonly understood form of land use. While zoning decisions often contribute to greenhouse gas emissions 
(or reductions), other forms of land use decisionmaking similarly affect emissions-intensive decisions like whether 
and where to develop infrastructure and buildings. A 2019 analysis identifies six forms of land use planning that affect 
greenhouse gas emissions from the transportation sector:

• Local general plans (also known as comprehensive plans) guide infrastructure investments and zoning. They 
may be required to be consistent with state policy goals or coordinated with neighboring local governments. 
States may also require that local zoning ordinances be consistent with the local general plan.

• State and regional transportation plans are required in order to receive federal transportation funds.

• Long-range transportation plans have a 20-plus-year horizon and identify broad funding priorities and policy 
goals.

• Transportation improvement programs have a four-year horizon and specify individual projects to be financed 
with federal transportation funds.

• Climate action plans can cover a wide range of policy domains, unified only by the goals of reducing GHG 
emissions and adapting to the effects of climate change.

• Scenario plans use predictive modeling to structure policy in light of specified outcomes and/or to explore 
policy options for addressing foreseeable contingencies. They may be undertaken as part of one of the above 
planning processes, or independently.52 

Insofar as these sorts of land use decisions’ emissions impacts are quantifiable, then the SC-GHG can help inform relevant 
decisionmakers. Monetizing those emissions’ harms using the SC-GHG renders the harms comparable to other impacts 
that bear on the decision, like the degree of economic stimulation, consumer benefit, or tax revenue a decision would 
generate. In that sense, the SC-GHG can help enable apples-to-apples comparisons of a decision’s harms and benefits. 

4.2. Procurement, Grantmaking, and Capital Spending

States can work towards their climate goals by directing state dollars to goods, services, and programs that result in 
fewer greenhouse gas emissions—or none at all—compared to alternatives. Although procurement, grantmaking, 
and investing are distinct in important ways, they are similar in several respects, and can all be undertaken in ways that 
consider climate impacts by incorporating the SC-GHG.

4.2.1. SC-GHG in State and Federal Agency Procurement 

Agencies with broad discretion to consider environmental or climate impacts in their procurement decisions can use 
the SC-GHG to weigh monetized climate damages (or avoided climate damages) against other factors they consider in 
their procurement processes.53 For example, the laws that govern state procurement in Maryland include a section on 
“environmentally preferable purchasing,” which lists “climate change” and “fossil fuel” among the factors that are relevant 
to procurement decisions.54 The Buy Clean California Act is similar. The legislative findings section of the act explains 
that “California . . . can improve environmental outcomes and accelerate necessary greenhouse gas reductions to protect 
public health, the environment, and conserve a livable climate by incorporating emissions information from throughout 
the supply chain and product life cycle into procurement decisions.”55 California also has specific statutes that cover 
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vehicle procurement which defines “best value procurement” to include environmental benefits, such as “reduction of 
greenhouse gas emissions.”56 

Even if state agencies do not have explicit discretion to consider their spending choices’ climate or environmental effects, 
agencies may still have the authority to consider climate impacts and to incorporate the SC-GHG into procurement 
decisions. Consider the example of the federal-government-wide Federal Acquisition Regulation (FAR), which 
prescribes parameters of federal agency procurement. Many sections of the FAR permit agencies to use the SC-GHG in 
procurement even though they do not refer to that tool, climate change, or greenhouse gas emissions.57 In particular, the 
FAR regulations dictate that agencies prioritize “best value,” which is defined as “the expected outcome of an acquisition 
. . . that provides the greatest overall benefits.”58 And the Federal Regulatory Acquisition Council, made up of the General 
Services Administration, Department of Defense, and the National Aeronautics and Space Administration recently 
issued a call for comments about how to incorporate the SC-GHG into federal procurement decisions.59 

Some states have coupled permissive rather than prescriptive statutory provisions with one or more executive orders 
that expressly direct agencies to consider climate change when making procurement decisions. New York’s legislature 
determined that goods and services “be procured [by political subdivisions] in a manner so as to assure the prudent 
and economical use of public moneys in the best interest of the taxpayers” and “to facilitate the acquisition of goods and 
services of maximum quality at the lowest possible cost under the circumstances.”60 And New York’s 2008 Executive 
Order 4 establishes the Interagency Committee on Sustainability and Green Procurement and directs that committee to 
develop specifications and “green” procurement lists for use by agencies—those lists and specifications are to consider, 
among other things, “reduction of greenhouse gases.”61 Thus, New York’s agencies are authorized and directed to consider 
climate change in the context of procurement, and can employ the SC-GHG to help strike a balance between quality and 
cost. 

There are many generic tools available to support government entities seeking to incorporate environmental and climate 
impacts into their procurement decisions (see Box 4-2), but different governments have taken different approaches to 
weighing emissions in procurement decisions. Washington State and the U.S. Postal Service have both recently examined 
the effects of public vehicle fleet procurement options on greenhouse gas emissions. 

 Box 4-2: Atlas Fleet Procurement Analysis Tool

Atlas Public Policy, a consulting group, has developed a Fleet Procurement Analysis Tool that gives users 
information on “the financial viability and environmental impact” of different types of vehicles.62 An example 
graph and table included in the tool’s user guide provides a breakdown of the cost categories that make up the 
total vehicle costs per mile, including a carbon cost based on the SC-GHG.63

 
The tool treats the SC-GHG as just another cost like those accruing from taxes and fees, insurance, and 
assorted others.64 In the example shown above, the expected lifetime cost profile of an electric vehicle (2019 
Hyundai Ioniq) is lower than that of an internal combustion engine vehicle (2019 Chevrolet Cruze).65 

In 2020, Washington State published a study of options for electrifying its public vehicle fleets, which included over 
56,000 vehicles.66 A key objective of the study was to help the state specify criteria for when electrification of a subset of 
publicly owned fleets would be cost-effective. The study found—unsurprisingly—that assigning a price to carbon dioxide 
emissions based on the SC-GHG at a 2.5% discount rate ($74/ton in 2020) would make a big difference. Specifically, it 
would boost by a factor of three the number of vehicles for which electric replacement would be cost-effective. 
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The U.S. Postal Service began procuring a new fleet of “next generation” delivery vehicles in 2022.67 It conducted an 
environmental impact assessment of its procurement plan, which would purchase a fleet of vehicles intended to operate 
for 30 years.68 That assessment considered two options: a fleet made up of 90% internal combustion engine vehicles and 
10% battery electric vehicles, or a fleet composed of only battery electric vehicles.69 It used three different models to 
quantify emissions impacts of those options: GREET (Greenhouse Gases, Emissions, and Energy use in Technologies 
from the U.S. Department of Energy;70 eGRID (Emissions & Generation Resource Integrated Database from U.S. EPA;71 
and MOVES (MOtor Vehicle Emissions Simulator) from U.S. EPA.72 The assessment found that the mixed fleet would 
reduce greenhouse gas emissions relative to a “no action” alternative in which the existing fleet continued operating,73 but 
the all-electric fleet would reduce emissions by two to three times more.74 Monetizing those amounts yielded the values 
shown in Figures 4-6 and 4-7 below.75 

Table 4-7. Calculated SC-GHG (90% ICE NGDV and 10% BEV NGDV)76 
 

Operational Year 5% Discount Rate 
($, US Dollars)

3% Discount Rate 
($, US Dollars)

2.5% Discount Rate 
($, US Dollars)

3% 95th Percentile 
Discount Rate 
($, US Dollars)

2030 -5,498,055 -17,618,744 -25,236,314 -52,381,640

2035 -6,365,706 -19,055,123 -27,263,765 -57,804,880

2040 -7,225,573 -20,828,337 -29,291,215 -63,213,561

2045 -8,153,479 -22,533,511 -31,333,225 -68,128,329

2050 -9,267,583 -24,306,725 -33,106,439 -73,282,774

Notes:
1  Social Cost of GHG was estimated based on ten-year total emissions in GHG after completion of the project as the basis (from Table 4-6.2) to forecast 

lifespan Social Cost of GHG in five-year intervals. This approach likely provides higher Social Cost of GHG benefits than an approach using every 
intermediate year of emissions before completion of the project in year 2032. The Social Cost of GHG would be the same after completion of the project 
(2033 and beyond) under either approach.

2  The aggregated emission changes from the Proposed Action are shown to decrease; resulting in negative values for the corresponding social cost, which 
represents savings of the anticipated social cost in the future.

Table 4-8. Calculated SC-GHG (Alternative 1.2 - 100% LHD COTS BEVs)77 
 

Operational Year 5% Discount Rate 
($, US Dollars)

3% Discount Rate 
($, US Dollars)

2.5% Discount Rate 
($, US Dollars)

3% 95th Percentile 
Discount Rate 
($, US Dollars)

2030 -20,859,908 -65,488,599 -93,480,934 -192,210,077

2035 -24,155,829 -70,888,396 -101,157,155 -212,519,895

2040 -27,419,310 -77,717,670 -108,833,377 -232,689,604

2045 -31,125,212 -84,104,523 -116,649,707 -251,305,528

2050 -35,235,640 -90,933,797 -123,478,982 -270,628,290

Notes:
1  Social Cost of GHG was estimated based on ten-year total emissions in GHG after completion of the project as the basis (from Table 4-6.11) to forecast 

lifespan Social Cost of GHG in five-year intervals. This approach likely provides higher Social Cost of GHG benefits than an approach using every 
intermediate year of emissions before completion of the project in year 2032. The Social Cost of GHG would be the same after completion of the project 
(2033 and beyond) under either approach.

2  The aggregated emission changes from the Alternative 1.2 are shown in decrease; resulting negative values for the corresponding social cost, which 
represents savings of the anticipated social cost in the future.
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The SC-GHG has not been used extensively in procurement decisions at the federal or state levels, but the metric is ripe 
for such application. As shown by the examples from Washington State and the U.S. Postal Service, the SC-GHG can be 
used in multiple ways to facilitate procurement decisions, including by modeling outcomes of long-term procurement 
plans and by comparing the monetized climate effects of alternative procurement options.

4.2.2. Grants and Capital Spending

As with procurement, states can incorporate the SC-GHG into the criteria they use when awarding discretionary grants 
or using state funds to make capital expenditures. Doing so can help reveal competing proposals’ implications for the 
climate and make those implications comparable to costs and other features. 

The SC-GHG can be useful at multiple decision points in the grants and capital spending process. The examples below 
relate to building energy efficiency measures and approaches taken by federal and state departments of transportation 
in this process. Build energy use and transportation account for 13% and 29% of American greenhouse gas emissions, 
respectively78—transportation alone causing more emissions than any other single sector—and states have many options 
to cut these emissions through the policies they set and the projects they fund. Choosing among, implementing, and 
optimizing these options demands rigorous scrutiny and is compatible with use of the SC-GHG. The following examples 
show how the SC-GHG can be used at the project-level and when applicants bid for projects.

Spending Guidelines: In 2022, Colorado Governor Jared Polis signed an executive order aimed at reducing emissions from 
state operations, including through building energy use.79 The order directs agencies to “[i]dentify and pursue energy 
efficiency improvements for State buildings that are cost effective when comparing the net-present value energy costs 
and the costs of greenhouse gas emissions. . . .”80 The order directs agencies to assess cost-effectiveness using the SC-
GHG (as prescribed by Colorado law).81 

Project Level Evaluation: California’s Department of Transportation (CalDOT) also uses the SC-GHG when making 
decisions about transportation-related capital spending, but examines project-level proposals—interstate highway 
expansions, state highway extensions, and public transit investments—rather than programmatic ones.82 CalDOT 
applies the Working Group’s social cost values at both a 3% discount rate and a 2% rate to reflect the Working Group’s 
conclusion that “future emissions are expected to produce larger incremental damages as physical and economic systems 
become more stressed.”83 

Applicant Evaluation: The U.S. Department of Transportation’s (U.S. DOT) Better Utilizing Investments to Leverage 
Development (BUILD) and Infrastructure for Rebuilding America (INFRA) programs, for instance, direct applicants 
seeking discretionary grants to prepare a cost-benefit analysis that assesses their proposals’ climate impacts.84 Although 
applicants are not required to do so, the agency’s guidance encourages them to use the Working Group’s SC-GHG 
estimates to calculate those impacts.85 

In these examples, cost-benefit analysis (discussed at length in Section 4.1) is embedded within the grantmaking process. 
Some agencies may use different analytical tools to assess the comparative merits of proposals, but the SC-GHG can fit 
into any decisionmaking framework where monetary values are useful or required.
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4.3. Penalties, Royalties, and Resource Compensation

The SC-GHG can be used to specify what level of payments would be required for a particular decision or process 
to reflect—or “internalize”—the climate-related costs (or benefits) of emitting (or avoiding) greenhouse gases. Such 
payments, whether in the form of penalties, royalties, subsidies, or some other form of resource compensation, could 
promote activities or technologies that do less climate damage, and discourage those that do more. Notably, a scheme 
that imposes or provides payments does not need to be designed from scratch to usefully apply the SC-GHG in this way; 
existing programs can incorporate it. Below we describe examples of agencies that apply the SC-GHG when imposing 
administrative penalties, collecting royalties for extracted fossil fuels, and compensating clean energy sources.

4.3.1. Penalties

Incorporating climate costs into administrative penalties is appropriate when noncompliance with a particular policy 
or program results in the emissions of a greater volume of greenhouse gases than would otherwise have been released. 
Penalties are assessed against entities that violate regulatory standards in order to deter noncompliance and to repay 
society for the harms imposed. Volkswagen, for instance, famously paid large penalties after being caught in a scheme 
to defeat the mechanism used to assess its diesel passenger vehicles’ compliance with emissions standards.86 Where the 
costs of noncompliance include heightened greenhouse gas emissions, making the SC-GHG part of the formula for 
penalties like those imposed on Volkswagen would be logically consistent with a goal of restitution and offer a ready-
made answer to the difficult question of what such conduct costs society in terms of climate damage.

Many of the federal laws that establish penalties give agencies broad discretion over how much to demand for a violation.87 
For example, in addition to inflation adjustments, the National Highway Traffic Safety Administration (NHTSA) is 
authorized to increase the penalties for automakers that violate the fuel-efficiency standards if doing so “will result in, 
or substantially further, substantial energy conservation for automobiles.”88 This authorization does not appear to bar a 
penalty that incorporates the SC-GHG, which would serve as an approximation of the avoidable climate damage arising 
from noncompliance. 

States could likewise apply the SC-GHG when imposing penalties on violations that have clear and measurable—even 
hard-to-measure—emissions implications. Such an application would be logically consistent for violations by an entity 
in any industry that must comply with air pollution regulations and emits greenhouse gases, like a power plant, or causes 
greenhouse gases to be emitted, such as automobile manufacturers.89 

4.3.2. Royalties

Both state and federal governments charge royalties for resource extraction, but current prices do not represent the 
full costs of extraction.90 Fossil fuel extraction on federal lands currently accounts for an enormous share of domestic 
greenhouse gas emissions.91 However, the federal government does not require producers to internalize the full societal 
cost of greenhouse gas pollution arising from extraction activities or the downstream emissions that ultimately result from 
consumption of what is extracted. This results in an overproduction—from the standpoint of society—of fossil fuels. 
Along with the federal Department of the Interior (Interior), state regulators that set royalty rates for mineral extraction 
can correct this market failure. Imposing an “adder” to royalties based on the SC-GHG would directly internalize the 
climate costs of fossil-fuel extraction onto the producer. This in turn better aligns the incentives of producers with the 
public interest—to avoid damages from climate change—while ensuring that taxpayers receive fairer values for the use 
of public land.92 
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Royalties are typically set at a specific rate. For example, the Mineral Leasing Act of 1920 set the minimum federal 
onshore royalty rate at 12.5% of the value of the resource extracted.93 Recently, BLM used a rate of 18.75%94 following 
a recommendation from Interior.95 Many states have rates that are significantly higher than the rate historically used by 
the federal government: California imposes a minimum royalty of 16.67% and Colorado imposes one of 20%.96 But, 
in general, these minimum rates do not reflect the harms done by combusting fossil fuels and so are set too low. A 
recent study found that including a royalty rate surcharge, or adder, that reflects the SC-GHG could generate billions 
in additional revenue while reducing millions of tons of emissions.97 The study concludes that an additional 36% adder 
would sufficiently capture climate damages, so a more socially optimal royalty rate would be nearly 50%.98 

Interior has broad latitude under federal law to set royalty rates for federal lands.99 This owes in large part to the Mineral 
Leasing Act’s use of the term “fair market value,” which allows Interior to consider a wide array of issues when setting 
royalty rates.100 Interior’s overall mandate and the Mineral Leasing Act’s concern for the environmental impacts of natural 
resource extraction make it reasonable to read “fair market value” as including climate costs.101 

States may have similar leeway in setting royalty rates. Consider the following examples of Colorado, Nevada, and 
New Mexico. Article IX of the Colorado State Constitution authorizes the State Land Board, which sets royalty rates, 
to manage lands in a manner that “preserve[s] long-term benefits and returns to the state,” “maximize[s] options for 
continued stewardship, public use, or future disposition,” and “protect[s] and enhance[s] the beauty, natural values, open 
space, and wildlife habitat.”102 Applying the SC-GHG arguably would allow the Colorado State Land Board to “preserve 
long-term benefits” to the state and “protect . . . natural values” by internalizing climate externalities, which could drive 
down fossil fuel development and concomitant environmental harms.

Fossil fuel leasing provisions in Nevada offer similarly broad discretion. The Nevada State Land Office must make leases 
in accordance with the statutory purpose of state lands: their use must be “in the best interest of the residents of this 
State” and give “primary consideration to the principles of multiple use and sustained yield as the status and the resources 
of the lands permit.”103 Because all residents of Nevada will be affected by climate change, it is arguably in their best 
interest to that oil and gas operations in their state properly account for climate damages. 

And in New Mexico, the State Lands Trust Advisory Board, which supports the Commissioner of Public Lands, has a 
duty to “provide a continuity for resource management,” “maximiz[e] the income from the trust assets,” and “protect and 
maintain the assets and resources of the trust.”104 This duty may guide how the Commissioner exercises their discretion 
in setting royalty rates. 

Reflecting climate costs in royalty rates can raise revenue in addition to addressing climate change and the overproduction 
of fossil fuels that contributes to it. States that have royalty rates below the social cost of natural resource extraction should 
consider how incorporating the SC-GHG can better align their oil and gas sector’s operation with their climate goals.

4.3.3. Resource Compensation

Several states also use the SC-GHG to determine at what level a nonpolluting resource such as solar, wind, or nuclear 
should be compensated for the emissions it avoids when it generates electricity. State agencies in Maine, Maryland, and 
Minnesota have all used a form of the SC-GHG in “value of solar” studies that were commissioned to inform how rooftop 
solar owners should be compensated when they generate enough electricity to send some of it to the electric grid.105 And 
in Illinois, New York, and New Jersey, state agencies use forms of the SC-GHG to inform the level of compensation to be 
paid to nuclear generators for “zero emissions credits” or ZECs—a proxy for the clean attribute of generating electricity 
without polluting.106 Notably, the value of solar studies commissioned by state agencies do not themselves determine or 
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effectuate compensation for distributed solar power; they are a policy planning tool. ZECs, by contrast, are purchased 
from nuclear generators for each megawatt hour they supply to the grid. The role of the SC-GHG in each is explained 
below, using examples from Maine and New York.

In 2015, the Maine Public Utilities Commission published the Maine Distributed Solar Valuation Study,107 as directed 
by the state legislature.108 That study included a methodology for determining the value of distributed solar energy 
generation in Maine and estimated the costs and benefits of a kilowatt-hour generated by distributed solar (see Figure 
4-4). The study used a form of the SC-GHG to estimate the benefit of avoiding emissions that would be generated by 
emitting resources in the absence of solar.

Table 4-9. Components of Value of Distributed Solar in Maine ($/kilowatt-hour).109

 

Although the program subsequently adopted by the Maine Public Utility Commission did not incorporate avoided 
greenhouse gas emissions into compensation for distributed solar,110 that program was informed by the value of solar 
study. The study was also influential beyond Maine, bolstering arguments made to utility commissions and legislatures 
not to reduce compensation paid for electricity from rooftop solar installations.111 

New York’s Clean Energy Standard, adopted by the state’s Public Service Commission in 2016 in pursuit of the state’s 
clean energy goals, established a program designed to compensate nuclear electricity generators for the clean attribute of 
the power they supply.112 That program awards Zero Emission Credits (ZECs) to nuclear generators in return for their 
generation of emission-free electricity, and commits to purchasing a ZEC for each megawatt-hour of electricity supplied. 
The value of a ZEC is based in part on the social cost of carbon dioxide.113 New York’s program inspired other similar 
programs in Illinois and New Jersey. 

 

 First Year

    $0.061
Avoided Gen. Capacity Cost
Avoided Energy Cost

      $0.015
Avoided Res. Gen. Capacity Cost        $0.002
Avoided NG Pipeline Cost     
Solar Integration Cost    - $0.002

Transmission
Delivery   Avoided Trans. Capacity Cost    $0.014

Avoided Dist. Capacity Cost     
Voltage Regulation 
Net Social Cost of Carbon        $0.021
Net Social Cost of SO2        $0.051
Net Social Cost of NOx      $0.011
Market Price Response    $0.009
Avoided Fuel Price Uncertainty      $0.000

$0.182
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$0.090
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$0.092
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4.4. SC-GHG in Environmental Impact Review

A wide range of actions, authorizations, and programs undertaken by government agencies trigger an obligation to 
conduct an environmental impact review. The SC-GHG can help agencies easily compare environmental benefits (and 
costs) of different proposed projects or programs in the environmental impact review process. Indeed, federal agencies 
have already used the SC-GHG to disclose the climate impacts of a variety of actions in the context of environmental 
review,114 always noting that such data is provided for informational purposes only. State agencies have generally not 
done so, even when their environmental reviews have tallied the volume of greenhouse gas emissions attributable to a 
project. Minnesota, for instance, is currently conducting a pilot program to explore full incorporation of climate change 
considerations into environmental review under the Minnesota Environmental Policy Act, but even that pilot program 
does not involve monetizing estimated emissions arising from proposed projects.115 States may benefit from examining 
how some federal agencies have incorporated SC-GHG into their NEPA analyses, in order to determine whether it may 
be a useful metric for them as well.

As an illustrative example, consider the environmental review of a proposed quarterly lease sale by the Bureau of Land 
Management (BLM).116 That proposed sale covered resources located on federal lands in Wyoming. The tables below 
estimate the greenhouse gas emissions impacts of the sale.117 The upper table is for the proposed action and the lower 
table is for an alternative proposal. Each table shows the social cost of emissions from the construction and operation 
of extraction facilities, as well as the social cost of the estimated end-use (downstream) emissions. The downstream 
emissions are calculated assuming all recoverable oil or gas is extracted and ultimately combusted. As shown in the figure 
below, BLM uses the full range of SC-GHG estimates in these tables, including the 95th percentile of the 3% discount 
rate value to capture high-impact, low-probability outcomes.

4-10. BLM Estimates of Emissions Impacts of Procurement Alternatives 2 and 3118

Alternative 2 (Proposed Action) SC-GHGs Associated with Future Potential Development

Social Cost of GHG (2020$)
Average Value, 

5% discount rate
Average Value, 

3% discount rate
Average Value, 

2.5% discount rate
95th Percentile Value, 

3% discount rate
Development and 

Operations $ 206,134,000 $ 751,671,000 $ 1,124,671,000 $ 2,203,904,000

End-Use $ 632,572,000 $ 2,457,965,000 $ 3,744,259,000 $ 7,450,189,000
Total $ 838,706,000 $ 3,209,636,000 $ 4,868,930,000 $ 9,654,093,000

Alternative	3	(Modified	Proposed	Action)	SC-GHGs	Associated	with	Future	Potential	Development

Social Cost of GHG (2020$)
Average Value, 

5% discount rate
Average Value, 

3% discount rate
Average Value, 

2.5% discount rate
95th Percentile Value, 

3% discount rate

Development and 
Operations $ 87,890,000 $ 320,493,000 $ 479,530,000 $ 939,687,000

End-Use $ 269,712,000 $1,048,012,000 $ 1,596,453,000 $ 3,176,564,000
Total $ 357,602,000 $ 1,368,505,000 $ 2,075,983,000 $ 4,116,251,000
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Although this analysis did not determine whether BLM would move forward with the lease sales, its inclusion complied 
with NEPA’s “hard look” requirement and demonstrated to the public the high cost imposed by resource extraction in 
this instance. Although this sort of use of the SC-GHG for NEPA compliance is still rare, a growing body of federal case 
law suggests that federal agencies should do so, as the SC-GHG values provide the best method for agencies to assess the 
climate change impacts of federal land-use actions.119 

State regulators sometimes participate in NEPA reviews led by federal agencies and many states have “mini-NEPA” laws 
that impose similar environmental review requirements.120 For example, the Massachusetts Environmental Policy Act 
requires state agencies to “determine the impact on the natural environment of all works, projects or activities” and use 
“all practicable means and measures to minimize damage to the environment.”121 Since 2013, the act’s implementing 
regulations have expressly required agencies conducting an environmental impact review to consider “the reasonably 
foreseeable impacts of a project, including its additional [greenhouse gas] emissions, and effects, such as predicted sea 
level rise.”122 This makes it reasonable and, arguably, obligatory for Massachusetts agencies conducting an environmental 
impact review to incorporate the SC-GHG into their analyses. States may be able—or even obligated—to apply the SC-
GHG to environmental impact reviews as a way to assess environmental effects of proposed actions that will increase or 
reduce greenhouse gas emissions.
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4. Applications of the SC-GHG                                                                       Endnotes  
    

1 The SC-GHG can inform the price level of a tax on green-
house gas emissions. We do not discuss that application 
here, as this document focuses on the work of government 
agencies rather than legislatures.

2 Under Executive Order 12,866, rules considered to be 
“significant” must include a regulatory impact analysis that 
includes a cost-benefit analysis. Exec. Order 12,866 § 6(a)
(3)(B), 58 Fed. Reg. 51735, 51740 (Sept. 30, 1993). The so-
cial cost of greenhouse gases protocol was designed for use 
in the cost-benefit analysis of any rules that had greenhouse 
gas effects. As the Working Group explains, the social cost 
metric “allow[s] agencies to understand the social benefits of 
reducing [greenhouse gas] emissions . . . , or the social cost 
of increasing such emissions, in the policy making process.” 
Interagency Working Group on the Social Cost of Green-
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Appendix

SC-GHG Estimates (Annual, Unrounded)
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The Interagency Working Group adopted social cost estimates for carbon dioxide, methane, and nitrous oxide in February 
2021 that are identical to those adopted in 2016, adjusted for inflation from 2007 dollars to 2020 dollars. The tables on 
the pages below show the Working Group’s unrounded estimates for each of those greenhouse gases.1 

New York Department of Environmental Conservation (DEC) also published its own set of social cost values for use by 
New York State agencies, which include social cost estimates for carbon dioxide, methane, and nitrous oxide at 1% and 
2% discount rates.2 

In 2021, EPA released social cost of hydrofluorocarbons (HFCs) estimates in connection with its rule regulating this 
potent class of greenhouse gases. EPA derived these estimates using the Working Group’s social cost methodology. 
These can be found beginning on page 111 of EPA’s Regulatory Impact Analysis for Phasing Down Production and 
Consumption of Hydrofluorocarbons (HFCs).3 

1 Office of Mgmt. & Budget, Regulatory Matters, Social Cost of Greenhouse Gases (last visited Mar. 22, 2022), https://www.whitehouse.
gov/omb/information-regulatory-affairs/regulatory-matters/#scghgs. This webpage also includes data files from the Working Group (So-
cial Cost of Greenhouse Gases Complete Data Runs), which contains the simulated frequency distributions of the social cost for each.

2 See N.Y.S. Dept. of Env’t Conservation., Establishing a Value of Carbon: Guidelines for Use by State Agencies at 34-37 
(rev. May 2022), https://www.dec.ny.gov/docs/administration_pdf/vocguid22.pdf.

3 U.S. EPA, Regulatory Impact Analysis for Phasing Down Production and Consumption of Hydrofluorocarbons (HFCs) at 111–13 (Sept. 
2021), https://www.epa.gov/system/files/documents/2021-09/ria-w-works-cited-for-docket.pdf.

https://www.whitehouse.gov/omb/information-regulatory-affairs/regulatory-matters/#scghgs
https://www.whitehouse.gov/omb/information-regulatory-affairs/regulatory-matters/#scghgs
https://www.dec.ny.gov/docs/administration_pdf/vocguid22.pdf
https://www.epa.gov/system/files/documents/2021-09/ria-w-works-cited-for-docket.pdf
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Social Cost of Carbon
Climate Damages per Ton of Carbon Dioxide in 2020 USD

Year 5.0% 3.0% 2.5% 3% 95th Pct.
2020 14.476 51.082 76.421 151.608

2021 14.964 52.15 77.727 155.119

2022 15.453 53.219 79.033 158.629

2023 15.942 54.287 80.339 162.139

2024 16.431 55.355 81.645 165.65

2025 16.919 56.423 82.951 169.16

2026 17.408 57.491 84.257 172.67

2027 17.897 58.56 85.563 176.181

2028 18.386 59.628 86.869 179.691

2029 18.874 60.696 88.175 183.201

2030 19.363 61.764 89.481 186.712

2031 19.947 62.908 90.844 190.535

2032 20.53 64.052 92.207 194.359

2033 21.114 65.196 93.57 198.183

2034 21.697 66.34 94.934 202.006

2035 22.281 67.484 96.297 205.83

2036 22.864 68.628 97.66 209.654

2037 23.448 69.772 99.023 213.477

2038 24.031 70.916 100.387 217.301

2039 24.615 72.06 101.75 221.124

2040 25.199 73.204 103.113 224.948

2041 25.845 74.35 104.449 228.448

2042 26.491 75.496 105.785 231.947

2043 27.137 76.642 107.12 235.447

2044 27.783 77.788 108.456 238.947

2045 28.429 78.933 109.792 242.447

2046 29.076 80.079 111.128 245.946

2047 29.722 81.225 112.464 249.446

2048 30.368 82.371 113.799 252.946

2049 31.014 83.516 115.135 256.445

2050 31.66 84.662 116.471 259.945



A-3

Social Cost of Methane
Climate Damages per Ton of Methane in 2020 USD

Year 5.0% 3.0% 2.5% 3% 95th Pct.
2020 665.688 1485.078 1953.209 3906.371

2021 692.917 1532.015 2008.649 4034.779

2022 720.147 1578.952 2064.09 4163.187

2023 747.376 1625.89 2119.53 4291.595

2024 774.605 1672.827 2174.97 4420.003

2025 801.834 1719.764 2230.41 4548.41

2026 829.063 1766.701 2285.851 4676.818

2027 856.292 1813.639 2341.291 4805.226

2028 883.521 1860.576 2396.731 4933.634

2029 910.75 1907.513 2452.171 5062.042

2030 937.979 1954.45 2507.612 5190.45

2031 972.355 2009.824 2571.507 5344.225

2032 1006.731 2065.198 2635.403 5498.001

2033 1041.107 2120.572 2699.299 5651.776

2034 1075.483 2175.946 2763.195 5805.552

2035 1109.859 2231.32 2827.091 5959.327

2036 1144.235 2286.694 2890.986 6113.103

2037 1178.611 2342.068 2954.882 6266.878

2038 1212.987 2397.441 3018.778 6420.653

2039 1247.363 2452.815 3082.674 6574.429

2040 1281.739 2508.189 3146.569 6728.204

2041 1319.241 2564.102 3209.556 6872.909

2042 1356.743 2620.014 3272.542 7017.614

2043 1394.244 2675.927 3335.528 7162.319

2044 1431.746 2731.839 3398.515 7307.023

2045 1469.247 2787.751 3461.501 7451.728

2046 1506.749 2843.664 3524.487 7596.433

2047 1544.25 2899.576 3587.474 7741.138

2048 1581.752 2955.489 3650.46 7885.842

2049 1619.253 3011.401 3713.446 8030.547

2050 1656.755 3067.314 3776.432 8175.252
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Social Cost of Nitrous Oxide
Climate Damages per Ton of Nitrous Oxide in 2020 USD

Year 5.0% 3.0% 2.5% 3% 95th Pct.
2020 5779.426 18405.298 27130.806 48255.974

2021 5981.4 18842.379 27687.532 49463.691

2022 6183.373 19279.46 28244.259 50671.409

2023 6385.347 19716.542 28800.985 51879.127

2024 6587.321 20153.623 29357.712 53086.844

2025 6789.294 20590.704 29914.439 54294.562

2026 6991.268 21027.785 30471.165 55502.279

2027 7193.242 21464.867 31027.892 56709.997

2028 7395.215 21901.948 31584.618 57917.715

2029 7597.189 22339.029 32141.345 59125.432

2030 7799.163 22776.11 32698.071 60333.15

2031 8046.879 23268.02 33309.463 61692.265

2032 8294.595 23759.929 33920.854 63051.381

2033 8542.311 24251.838 34532.245 64410.496

2034 8790.027 24743.748 35143.636 65769.611

2035 9037.743 25235.657 35755.028 67128.727

2036 9285.459 25727.567 36366.419 68487.842

2037 9533.175 26219.476 36977.81 69846.958

2038 9780.891 26711.385 37589.202 71206.073

2039 10028.607 27203.295 38200.593 72565.188

2040 10276.323 27695.204 38811.984 73924.304

2041 10566.545 28224.594 39456.17 75348.507

2042 10856.768 28753.983 40100.356 76772.71

2043 11146.991 29283.373 40744.542 78196.914

2044 11437.213 29812.763 41388.727 79621.117

2045 11727.436 30342.152 42032.913 81045.32

2046 12017.659 30871.542 42677.099 82469.524

2047 12307.881 31400.932 43321.285 83893.727

2048 12598.104 31930.321 43965.471 85317.93

2049 12888.327 32459.711 44609.656 86742.134

2050 13178.549 32989.101 45253.842 88166.337
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