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Executive Summary  
 

This report explains the term “the social costs of greenhouse gases (SC-GHG),” describes how 

the costs are determined, and examines how they are currently being used in Vermont climate 

policy and related activities. The 2021 Vermont Climate Action Plan (CAP) identified SC-GHG 

values to be used in Vermont climate policy, as well as determined that the values should be 

reviewed prior to development of the updated plan due to the Legislature by December 2025. 

Methods used for this report included a literature review of relevant state government reports, 

academic articles, and teaching resources, largely from the Vermont Climate Council, Resources 

for the Future, and the U.S. Environmental Protection Agency. Interviews were conducted with 

state government climate and energy professionals, academic researchers, and environmental 

consultants. This research took place from June to August 2023.  

 

First, this report defines the social costs of greenhouse gases, including how they are estimated, 

key assumptions used to determine such costs, why they are important to estimate, and related 

equity considerations. The report explains how the social costs of greenhouse gases have been 

implemented in Vermont, before discussing updated estimates by Resources for the Future, 

University of California: Berkeley, and the U.S. Environmental Protection Agency, as well as 

implications going forward.  

 

There are three primary takeaways identified by this research:  

 

1. New research and analysis have been completed at the national level by Resources for the 

Future-Berkeley and the EPA since the 2021 CAP was approved by the Vermont Climate 

Council. The value for the social cost of carbon dioxide used during development of the 

Vermont Climate Action Plan (referred to as the “social cost of carbon” in the CAP) was 

$121/metric tonne to describe the impacts of a pulse of emissions in 2020.1  This value 

was based on the best available information at the time. Since then, RFF-Berkeley has 

estimated the social cost of CO2 to be $185/metric tonne, and the EPA has developed an 

estimate of $190/metric tonne.    

2. In the 2021 CAP, the Vermont Climate Council committed to revising the social costs of 

greenhouse gases used during development of the 2021 CAP as new research and 

analysis becomes available. The development phase of the upcoming 2025 Vermont CAP 

could be a key time to do so.  

3. The estimates by RFF-Berkeley and the EPA are likely to underestimate the true social 

costs of greenhouse gases, since their damages modules lack impacts on morbidity, 

biodiversity, and ecosystem services, among others. Researchers continue to update and 

add to the available models. 

 
1 David G. Hill et al. “Social Cost of Carbon and Cost of Carbon Model Review,” 2021. 
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I. What are the Social Costs of Greenhouse Gases?  
 

‘Social costs of greenhouse gases (SC-GHG)’ is a concept that estimates a dollar amount to 

represent the marginal damages brought by an additional unit of greenhouse gas emissions into 

the atmosphere. Because different greenhouse gases exhibit different global damage potentials, 

each gas has its own social cost. The National Academy of Sciences defines the social cost of 

carbon dioxide, the most emitted greenhouse gas, as:  

 

“An estimate, in dollars, of the present discounted value of the future damage caused  

by a metric ton increase in carbon dioxide (CO2) emissions into the atmosphere in  

that year or, equivalently, the benefits of reducing CO2 emissions by the same amount 

 in that year” 2 

 

In other words, what is the cost to society from emitting one metric tonne3 of carbon 

dioxide? Estimating the social cost of carbon dioxide seeks to answer this question.  

 

Similar estimates can be made for other greenhouse gases, such as methane and nitrous oxide, as 

well as less common greenhouse gases such as chlorofluorocarbons (CFCs) and 

hydrofluorocarbons (HFCs). The umbrella term for these estimates is the ‘social costs of 

greenhouse gases’ (SC-GHGs), although the simplified term the ‘social cost of carbon (SCC)’ is 

often used in research and policy work to refer to the same concept. To clarify that this concept 

can be applied to different greenhouse gases, not all of which contain carbon, the term the ‘social 

costs of greenhouse gases’ is used in this report. There are a few key elements to the definition of 

the social costs of greenhouse gases. These concepts will be described in greater detail 

throughout the report, but they can be understood in these quick terms:  

 

● Damages: the impacts of climate change, such as heat-related mortality, agriculture, 

energy expenditures for heating and cooling, and coastal impacts from sea level rise  

● Discounting: a calculation, using a ‘discount rate,’ which accounts for preferences 

between short-term and long-term costs and benefits. The discount rate is especially 

important when assessing the impacts of long-lasting greenhouse gas emissions over long 

periods of time. 

 
2 National Academies of Sciences, Engineering, and Medicine. Valuing Climate Changes, 2017. Note: This is also 

the definition used in the 2021 Vermont CAP.  
3 This report uses the spelling ‘tonne’ to clarify that metric tonnes, rather than imperial tons, are being discussed. 

Though, the National Academies of Sciences, Engineering, and Medicine uses ‘metric ton’ to refer to the same unit.  
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History  

The concept of the social costs of greenhouse gases began with academic research in the 1990s. 

In 2008, the concept first entered U.S. federal policy. Participants in the rulemaking efforts for 

emission standards noted that policymakers in the United Kingdom were considering using the 

social costs of greenhouse gases. This led to a lawsuit in which the U.S. Court of Appeals for the 

Ninth Circuit rejected an agency’s rule; the Court noted that, without providing a monetary 

estimate for the benefits of greater fuel efficiency, the National Highway Traffic Safety 

Administration was inaccurately estimating the benefits to be $0.4 

 

When President Obama entered office in 2009, he convened an Interagency Working Group 

(IWG) to develop a social cost of carbon dioxide to be used throughout all federal agencies in 

regulatory impact analysis. The IWG utilized the models available at the time (DICE, FUND, 

and PAGE) to estimate the social cost of carbon dioxide. In a 2016 technical support document, 

the IWG responded to recommendations from the National Academies of Sciences, Engineering, 

and Medicine, as well as added estimates for the social costs of methane and nitrous oxide. The 

National Academies then issued a final report in 2017 with recommendations for methodological 

changes to be used in the IWG’s future updates to the SC-GHG.  

 

In 2017, President Trump’s Executive Order 13783 disbanded the Interagency Working Group 

and established a working federal estimate of the SC-GHG that utilized a high discount rate and 

calculated U.S. damages rather than global damages. Reports from the Government 

Accountability Office and from expert testimony described the Trump administration’s estimates 

as ill-positioned “to ensure agencies’ future regulatory analyses [we]re using the best available 

science”5 and based on “methodological changes that in my judgment cannot be justified by 

science or economics.”6 

 

Shortly after taking office, President Biden reconvened the Interagency Working Group in 2021, 

which opted to use the 2016 IWG estimates, adjusted for inflation, as interim social cost of 

carbon dioxide values. In 2022, a team of researchers from Resources for the Future (RFF) and 

University of California Berkeley published an article in Nature titled “Comprehensive Suggests 

a Higher Social Cost of CO2.” Along a similar timeframe, the EPA began drafting its “Report on 

the Social Costs of Greenhouse gases: Estimates Incorporating Recent Scientific Advances.” The 

EPA’s report is currently in its peer review phase. The remainder of this report focuses on the 

work of the RFF-Berkeley team and the EPA, since their estimates are the most recent and 

comprehensive in the peer-reviewed literature.  

 

 
4 Center for Biological Diversity vs. National Highway Traffic Safety Administration, 2008. 
5 Government Accountability Office. “Social Cost of Carbon: Identifying a Federal Entity to Address the National 

Academies’ Recommendations Could Strengthen Regulatory Analysis,” 2020. 
6 Michael Greenstone. “Statement of Michael Greenstone for U.S. Senate Committee on Budget,” 2023. 
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II. How are the Social Costs of Greenhouse Gases Estimated?  

Marginal Damages Approach 

The social costs of greenhouse gases are typically estimated using Integrated Assessment 

Models, which combine modules to ‘convert’ a metric tonne of a specific greenhouse gas into 

future discounted damages. As of July 2023, the most recently updated Integrated Assessment 

Model is the Resources for the Future-Berkeley Greenhouse Gas Impact Value Estimator 

(GIVE). The GIVE model is comprised of four open-source software modules:  

 

1. Socioeconomic Module: Determines future projections of GDP, population, and 

emissions. 

2. Climate Module: Translates emissions projections into changes in the climate system. 

3. Damages Module: Translates changes in the climate system into economic damages. 

4. Discounting Module: Translates future economic damages into present-day dollars. 

 

Each module was developed independently from one another using the best available scientific 

and economic literature.  

 

Researchers may choose to use GIVE in its entirety, or to use only select modules. Between 

GIVE and the Environmental Protection Agency’s model, three of the four modules are the 

same. However, they differ in their damages module. Resources for the Future and Berkeley 

utilized a sectoral damages approach (described below), while the EPA utilized three different 

models, ran them separately, and then averaged their outcomes to determine their damages 

estimate. The three models that the EPA used in their damages module include:  

 

1. “Subnational-scale, sectoral damage function (based on the Data-driven Spatial Climate 

Impact Model (DSCIM) developed by the Climate Impact Lab (CIL 2022, Carleton et al. 

2022, Rode et al. 2021)), 

2. Country-scale, sectoral damage function (based on the Greenhouse Gas Impact Value 

Estimator (GIVE) model developed under RFF’s Social Cost of Carbon Initiative 

(Rennert et al. 2022b)), and a 

3. Meta-analysis-based damage function (based on Howard and Sterner (2017)).” (EPA 

Supplementary Information).”7 

 

 

 
7 U.S. Environmental Protection Agency, “EPA External Review Draft of Report on the Social Cost of Greenhouse 

Gases: Estimates Incorporating Recent Scientific Advances,” 2022.   
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Marginal Abatement Cost Approach 

The “marginal abatement cost” (MAC) approach is a concept complementary to the social costs 

of greenhouse gases that provides economic analysis to describe the costs of climate change. The 

marginal abatement cost estimates the “cost of abating the last metric ton of carbon dioxide 

needed to meet a particular emissions target at least cost to society.”8 Simply, this value is the 

marginal cost (or savings) of action to mitigate climate change, whereas the social costs of 

greenhouse gases describe the marginal cost of inaction. The MAC approach is also known as 

the target-consistent approach since it begins by identifying a temperature threshold and works 

backwards to determine the cost for greenhouse gas emissions abatement. Vermont uses both a 

MAC approach and a damages approach in the 2021 Climate Action Plan. Vermont, via the 

Climate Council, used the MAC approach to compare the mitigation potentials of various 

measures. Each measure was compared to a value for the social cost of carbon dioxide to 

evaluate cost-effectiveness.9 In terms of estimating the social costs of greenhouse gases, 

Vermont utilized the damages approach by citing Resources for the Future’s estimates for the 

New York State Department of Environmental Conservation. The marginal damages approach 

will be discussed from here on. 

Assumptions  

Within each of the modules of the marginal damages approach, even the best available scientific 

and economic literature embeds specific assumptions about human behavior, climate dynamics, 

and economic growth based on empirical observations. These assumptions are then used to 

develop a value for the social cost of greenhouse gas emissions. 

 

One key assumption that must be developed is referred to as the “discount rate.” Discount rates 

are used in many economic calculations, not just those related to the social cost of greenhouse 

gas emissions. A discount rate is used to understand the value of future cash flows in terms of 

present value. By definition, a discount rate is a value used to address the differing value of 

money over time. Economists apply discounting not to represent inflation but to represent the 

fact that a dollar in your hand today is not as valuable as a dollar promised to you in 20 years.  

 

The value determined for a discount rate becomes especially relevant when predicting the 

impacts of climate change because greenhouse gases can remain in the atmosphere for thousands 

of years.10  Since carbon dioxide (a major climate pollutant) is known to remain in the 

atmosphere for 300 to 1,000 years,11 it is very important that special consideration be given to 

 
8 Resources for the Future. “Estimating the Value of Carbon,” 2021. 
9  David G. Hill et al. “Marginal Abatement Cost Curves: Examining the Mitigation Potential and Cost per Tonne of 

Emissions Reductions of Measures in the Vermont Pathways Analysis,” 2022. 
10 US EPA. “Overview of Greenhouse Gases,” 2015. 
11Alan Buis. “The Atmosphere,” 2019.  

https://www.zotero.org/google-docs/?GIqheU
https://www.zotero.org/google-docs/?SdLuiE
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how short-term economic costs and benefits of such pollutants affect the economy over both the 

short- and long-term. These costs and benefits will impact the well-being of generations to come. 

Discount rates are estimated by analyzing market interest rates and assessing preferences for 

short-term vs. long-term benefits. Informed by the Vermont Climate Council’s Science and Data 

Subcommittee, the Climate Council recommended that Vermont use a 2% discount rate in social 

cost of greenhouse gas calculations during development of the 2021 Vermont Climate Action 

Plan. They also requested that additional analyses be done using 1% and 3% discount rates to 

determine and illustrate the sensitivity resulting from the use of different discount rates. In 

general, the use of a “high discount rate means that future effects are considered much less 

significant than present effects, whereas a low discount rate means that they are closer to equally 

significant.”12 The selection of which discount rate to use can have significant impacts on the 

results of economic calculations. The following figure illustrates the mean values and 

distributions of the social cost of carbon dioxide using discount rates ranging from 1.5-3.0%, as 

calculated using  the GIVE model.  

 

Figure 1: Distributions of SC-CO2 by Near-term Discount Rate13 

 

 
 

In addition to discount rates, the GIVE model incorporates parameters with specific ranges of 

uncertainty. Each module is underpinned by scientific and economic literature, but the literature 

includes embedded assumptions and degrees of uncertainty. These uncertain parameters are 

present in various components of the model, which are underpinned by scientific and economic 

literature. Sources of uncertainty in the GIVE model’s estimation of SC-CO2 can be found in a 

 
12 Kevin Rennert and Cora Kingdon. “Social Cost of Carbon 101,” 2019. 
13 Rennert et al. “Comprehensive Evidence Implies a Higher Social Cost of CO2,” 2022.  
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supplementary data table in their article in Nature.14 According to RFF-Berkeley, each of their 

modules was developed independently of the others utilizing the best available scientific and 

economic literature. The term ‘best available’ refers to an informed choice that researchers make 

when creating a model. For example, in their damages module, the RFF-Berkeley team chose to 

use a sectoral approach, which adds together separate sectoral damages (health, agriculture, 

energy, and coastal impacts). An alternative, aggregate approach, could utilize aggregate damage 

functions from academic literature, such as William Nordhaus’s DICE damage function, which 

“use[s] a single equation to estimate global climate-induced GDP losses as a function of 

temperature.”15 

 

III. Why are the Social Costs of Greenhouse Gases Important?  
 

Michael Greenstone, the former chief economist in the Obama administration, described the 

social cost of carbon dioxide as: 

 

 “The most important number you’ve never heard of.”16
  

 

Greenstone identified a mismatch; when analyzing regulations, the costs are often described in 

dollars, while the benefits are measured in avoided emissions. From this mismatch was borne the 

idea that the U.S. government should estimate and utilize a uniform social costs of greenhouse 

gases. This reasoning is one component of the SC-GHG: addressing the need for the costs and 

benefits of carbon emissions to be described in the same units. The second unique component of 

cost-benefit analysis in the context of greenhouse gas emissions is the residence time of 

greenhouse gases in the atmosphere, and thus the long-term, intergenerational nature of the 

impacts of greenhouse gases. The social costs of greenhouse gases provide a method of 

quantifying intergenerational costs and benefits over time – for generations and generations. 

Using an appropriate discount rate, as discussed above, the social costs of greenhouse gases 

provide a helpful metric that acknowledges the unique longevity of climate change impacts. In 

addition, estimating and articulating the impacts of carbon emissions in a dollar amount provides 

a useful starting point for determining effective carbon prices or taxes in mitigation approaches.17  

 

 

 

 

 
14 Ibid. 
15 Brian Prest et al. “Social Cost of Carbon Explorer,” 2022.  
16 Peter Coy. “‘The Most Important Number You’ve Never Heard Of,’” 2021.  
17 Isabelle Backman. “Professors Explain the Social Cost of Carbon,” 2021. 



 

9 

 

IV. What are the Equity Considerations?  
 

The primary equity concerns about the SC-GHG revolve around the global nature of the 

damages. First, because greenhouse gases affect the entire atmosphere, the largest GHG emitters 

are often not the populations that experience the greatest harm due to climate change. In the 

RFF-Berkeley model, as well as the EPA’s model, there are currently no ‘equity weights’ that 

reflect this dynamic. In the health damages sector (quantifying climate change impacts on 

mortality), an economic concept called the ‘value of a statistical life’ (VSL) is scaled according 

to income to address, in this specific component, the fact that a pure VSL would assign a greater 

dollar value to a wealthy person’s life than a poor person’s life. Pending further technical and 

philosophical discussion, the RFF-Berkeley team is considering including equity weights in their 

modeling in early 2024. Equity weights would differentiate the social costs of greenhouse gases 

by region, based on which regions will experience the damages of climate change. Second, the 

notion of discounting impacts to future generations is a question of intergenerational equity. 

Because these impacts will be borne by human beings who do not yet exist, or who are youth 

that do not often have a vote, some say that using discount rates to prioritize the needs of today’s 

generation over future generations is inequitable. The choice of a discount rate is a question of 

economics and moral philosophy. Conducting analyses with a range of discount rates seeks to 

address this concern.  

 

V. How has the Social Costs of Greenhouse Gases been used in 

Vermont thus far?  
 

2021 Vermont Climate Action Plan  

 

During the 2021 drafting process for the CAP, the Science and Data Sub-committee (SDSC) of 

the Vermont Climate Council engaged consultants from the Cadmus Group and Energy Futures 

Group to review an existing environmental externality model used by the Vermont Public 

Service Department (the Cost of Carbon Reduction Model, or CCR model).18 The SDSC 

oversaw the development of the social costs of greenhouse gases for use in the CAP and 

reviewed relevant assumptions used in the estimates (e.g., the discount rate). The social costs of 

greenhouse gases conversation were incorporated into the Climate Action Plan (CAP) as part of 

a cost-effectiveness criteria. Cost-effectiveness is one of five foundational criteria that informed 

the priorities for reducing GHG emissions established in the CAP. In addition to cost-

effectiveness, the criteria included impact, co-benefits, equity, and technical feasibility. 

According to the CAP, cost-effectiveness “incorporates estimated social and environmental 

‘externalities,’ including health costs and benefits and a Social Cost of Carbon.”19 Informed by 

 
18 David G. Hill et al. “Social Cost of Carbon and Cost of Carbon Model Review,” 2021. 
19 Vermont Climate Council. “Initial Vermont Climate Action Plan,” 2021. 
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reports from Cadmus/EFG, the SDSC recommended, and the Council agreed, that Vermont 

should:  

 

● “Value greenhouse gas emissions costs (and avoided costs) by utilizing a global 

damages-based estimation of the Social Cost of Carbon, based on models developed for 

the New York State Department of Environmental Conservation by Resources for the 

Future.  

●  Recognize that the estimation of the Social Cost of Carbon is highly dependent on the 

discount rate. Based on polling exercise with the Science and Data Sub-Committee and 

discussion with the whole Council, the Council determined it is reasonable to utilize the 

Social Cost of Carbon using a 2% discount rate.  

●  Plan for updates to the Social Cost of Carbon and the discount rate on a regular basis, 

taking into account new research that may be published that impacts the Social Cost of 

Carbon and application of the discount rate.”20 

 

Additionally, the Council recommended that analyses be done with 1% and 3% discount rates to 

illustrate a range of possible economic outcomes. 

 

Implementation of the Social Costs of Greenhouse Gases in Vermont 

 

In Vermont, SC-GHG has been used in various regulatory impact analyses. The following are 

three examples of the concept of SC-GHG being utilized in Vermont rulemaking and regulatory 

proceedings.  

 

Agency of Natural Resources 

 

From June 2022 to December 2022, the Agency of Natural Resources (ANR) amended its low 

emission vehicle (LEV) and zero emission vehicle (ZEV) rules, as is done periodically to 

maintain consistency with California’s vehicle emissions standards.21 The Low Emission Vehicle 

rules establish standards for criteria air pollutants and greenhouse gases for specific vehicle types 

and engines for sale or placed in service in Vermont. The Zero Emission Vehicle rules ultimately 

require auto manufacturers to deliver more electric vehicles to Vermont. 

 

In describing the environmental and economic benefits of this rule, ANR calculated the 2026-

2040 Statewide Estimated Avoided Social Cost of CO2 from Advanced Clean Cars II vehicle 

rules, as well as the 2025-2050 Statewide Estimated Avoided Social Cost of CO2 from Medium- 

and Heavy-duty vehicle rules. The time frames were chosen to reflect the time frame of the rules. 

 
20 Vermont Climate Council. “Initial Vermont Climate Action Plan,” 2021. Acronyms written out for clarity.  
21 Vermont Agency of Natural Resources, Department of Environmental Conservation. “Recently Adopted and 

Proposed Regulations,” 2023. 
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Both analyses were conducted with 1%, 2%, and 3% discount rates, with 2% selected as the 

preferred discount rate in accordance with the 2021 Climate Action Plan and the Avoided Energy 

Supply Components in New England (AESC) study by Synapse Energy Economics. 22 

 

Public Service Department  

 

At the Public Service Department, the social cost of carbon dioxide was utilized in a proceeding 

regulating Vermont Gas System’s (VGS) purchase of renewable natural gas contracts at the 

Seneca Meadows Landfill in Waterloo, New York. To assess the cost-effectiveness of the 

proposed contract, the Department considered the price of the contract relative to the benefits of 

the contract, including the value of the estimated emissions reductions relative to fossil gas. 

Relevant files, including the testimony can be found on ePUC under proceeding 22-2230-PET.23 

The Department also referenced the 2021 New England Avoided Energy Supply Cost study 

(AESC) produced by Synapse Energy Economics24 to describe their approach to using the social 

cost of greenhouse gases in regulatory proceedings.  

 

Efficiency Vermont  

 

Efficiency Vermont uses the social costs of greenhouse gases as part of its societal cost-

effectiveness testing, which guides the portfolio of efficiency measures they support as an 

Energy Efficiency Utility. When evaluating cost-effectiveness, Efficiency Vermont includes 

various groupings of benefits:  

 

1. Energy savings – such as electric (kWh, kW) and thermal (MMBtu) savings  

2. Greenhouse gas avoided externality costs 

3. Non-energy benefits (such as comfort, improved health, and resiliency benefits) 

 

The social costs of greenhouse gases are incorporated in the societal cost-effectiveness test’s 

greenhouse gas avoided externality costs. The SC-GHG ($/CO2e) is combined with electric (or 

fuel) greenhouse gas emissions rates to assign $/kWh (or $/MMBtu) avoided externality cost. In 

societal cost-effectiveness screening, efficiency measures then receive a benefit of $/kWh (or 

$/MMBtu) greenhouse gas avoided externality cost based on the energy savings profile of a 

measure.  

 

 

 
22 Synapse Energy Economics et al. “Avoided Energy Supply Components in New England: 2021 Report,” 2021.  
23 Vermont Public Utility Commission, “Search by Case Number.” 
24 Synapse Energy Economics et al. “Avoided Energy Supply Components in New England: 2021 Report,” 2021. 
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VI. What has the Most Recent and Credible Research Found to be 

the Value of the Social Costs of Greenhouse Gases?  
 

Estimates of the social costs of greenhouse gases are different from year to year because of 

discounting and the fact that specific climate impacts of greenhouse gases in the atmosphere vary 

from year to year. When a single value is stated as “the social cost of CO2”, it can refer to the 

initial value (the cost of a pulse of emissions in the starting year), or it can refer to a levelized 

cost over a series of years. Rather than produce a single value, Integrated Assessment Models 

produce a stream of values, which exhibit a general trend that the social cost of carbon dioxide 

increases by approximately 2% each year.25 This increase is a result of interactions within the 

model, rather than any normative assumptions. For this report, the initial values of the social cost 

of carbon dioxide are used, which describes the social cost from a pulse of emissions in 2020. 

This is the initial year that RFF-Berkeley and EPA use in their most recent reporting. The EPA’s 

estimates by year for carbon dioxide, methane, and nitrous oxide can be found in Appendix A. 

RFF-Berkeley’s estimates by decade can be found in Appendix B. 

 
Table 1: Social Cost of CO2 for a Pulse of Emissions in 2020, by Damage Function 

 

Damage Function 

Near-term Discount Rate 

1.5% 2% 2.5% 3% 

DSCIM, Howard 

& Sterner, and 

GIVE; Outcomes 

averaged, 

unrounded. (EPA) 

*Under peer 

review. 

$337 $193* 

 

 

  

$117 Not available 

GIVE sectoral 

(RFF-Berkeley) 

$308 $185 $118 $80 

 

VII. How Other States use the Social Costs of Greenhouse Gases  
 

The U.S. Climate Alliance is a bipartisan coalition of governors advancing state-led climate 

action. In their social costs of greenhouse gases guide, the Alliance provides guidance for state 

 
25 Lisa Rennels (University of California: Berkeley) in discussion with the author, July 2023. 
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officials on the implementation of the social costs of greenhouse gases.26 The guide and an 

associated table (below) were published on August 29, 2022, shortly before the September 1, 

2022 publication of RFF-Berkeley’s “Comprehensive evidence implies a higher social cost of 

CO2” report.27 This table provides a snapshot of states’ uses of the SC-GHG, and further research 

could update the table as new uses are implemented in the United States. The guide by the U.S. 

Climate Alliance could be useful in Vermont for identifying  future applications of the social 

costs of greenhouse gases. The discussion of states’ uses of the social costs of greenhouse gases 

begins on Page 57 of the Guide.  

 

Table 2: States’ Uses of the SC-GHG as of August 202228      

 

 

VIII. What are the Implications for Vermont Moving Forward, 

Given Recent National Research? 
 

Based on updated national research by RFF-Berkeley and the EPA as well as the Vermont 

Climate Council’s commitment to periodically update the social costs of greenhouse gases, the 

implications of this research focus on the upcoming 2025 revisions of Vermont’s Climate Action 

Plan. The dollar amount identified during research for this report suggests the social cost of 

carbon dioxide used in future Vermont regulatory impact analysis should likely be increased 

from its current $121/metric tonne of carbon dioxide to $185-190/metric tonne of carbon 

dioxide. 

 

 
26 Justin Gundlach and Iliana Paul. “The Social Cost of Greenhouse Gases: A Guide for State Officials,” 2022.  
27 Rennert et al. “Comprehensive Evidence Implies a Higher Social Cost of CO2,” 2022.  
28 Justin Gundlach and Iliana Paul. “The Social Cost of Greenhouse Gases: A Guide for State Officials,” 2022.  
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Additional research and analysis (beyond the scope of this report) could develop updated year-

by-year estimates that include additional damages and identify additional applications for the 

social costs of greenhouse gases in climate-related policy. However, research conducted for this 

report confirms there is updated, credible, publicly available research that suggests the value 

currently being used in Vermont is no longer up to date.  

 

In addition, it is important to note that it is possible (and likely) that even the most recent 

national estimates  underestimate the true social cost of greenhouse gas emissions, since there 

are projected damages not yet included in the GIVE model used to develop the  values. 

Furthermore, it is reasonable to expect that the upcoming final publication and public release of 

the EPA’s most recent work and anticipated model revisions from RFF-Berkeley will result in 

changes to the updated estimates. Such future additional updates may continue to inform similar 

updates in Vermont moving forward. These conclusions are summarized as follows:  

 

1. New research and analysis have been completed at the national level by Resources for the 

Future-Berkeley and the EPA since the 2021 CAP was approved by the Vermont Climate 

Council. The value for the social cost of carbon dioxide used during development of the 

Vermont Climate Action Plan (referred to as the “social cost of carbon” in the CAP) was 

a mean value of $121/metric tonne, and the value refers to the impacts of a pulse of 

emissions in 2020. This value was based on the best available information at that 

time. Since then, RFF-Berkeley has estimated the comparable social cost of carbon 

dioxide estimate to be $185/metric tonne, and the EPA has developed an estimate of 

$190/metric tonne.   

 

2. In the 2021 Vermont CAP, the Vermont Climate Council committed to revising the social 

costs of greenhouse gases as new research and analysis become available. The 

development phase of the upcoming 2025 Vermont CAP will be a key time to do so.  

 

3. The estimates by RFF-Berkeley and the EPA are likely to underestimate the true social 

costs of greenhouse gases, since their damages modules lack impacts on morbidity, 

biodiversity, and ecosystem services, among others. Researchers continue to update and 

add to the available models, as work continues on this important topic.  
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Appendix A: EPA External Review Draft Social Costs of Carbon 

Dioxide, Methane, and Nitrous Oxide29 

 

 
29 U.S. Environmental Protection Agency. “EPA External Review Draft of Report on the Social Cost of Greenhouse 

Gases: Estimates Incorporating Recent Scientific Advances,” 2022. 
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Appendix B: Resources for the Future – U.C. Berkeley Social Costs 

of Carbon Dioxide, Methane, and Nitrous Oxide30 
 

 Social Cost of Carbon 

Dioxide (2020 $/metric 

tonne) 

Social Cost of Methane 

(2020 $/metric tonne) 

Social Cost of Nitrous 

Oxide (2020 $/metric 

tonne) 

2020 $185 $1,939 $54,820 

2030 $226 $2,916 $68,853 

2040 $263 $4,067 $82,072 

2050 $329 $5,447 $99,665 

2060 $368 $7,079 $120,205 

2070 $423 $8,743 $140,887 

2080 $482 $10,519 $162,437 

2090 $566 $13,136 $190,611 

2100 $663 $15,872 $225,540 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
30 Brian Prest et al. “Social Cost of Carbon Explorer,” 2022.  



 

17 

 

Bibliography 
 

Adam Jacobs (Vermont Public Service Department), in conversation with the author on Zoom, July 6, 

2023.  

Alan Buis. “The Atmosphere: Getting a Handle on Carbon Dioxide.” Climate Change: Vital Signs of 

the Planet, October 9, 2019. https://climate.nasa.gov/news/2915/the-atmosphere-getting-a-handle-on-

carbon-dioxide. 

Brian Prest (Resources for the Future), in conversation with the author on Zoom, June 30, 2023.  

Brian Prest, Kevin Rennert, Richard Newell, and Jordan Wingenroth. “Social Cost of Carbon 

Explorer.” Resources for the Future, September 1, 2022. https://www.rff.org/publications/data-

tools/scc-explorer/. 

Brookings Institution. “Social Cost of Carbon: What It Is, Why It Matters, and Why the Biden 

Administration Seeks to Raise It.” YouTube. Accessed June 26, 2023. 

https://www.youtube.com/watch?v=imqgUJGHDbM. 

Center for Biological Diversity vs. National Highway Traffic Safety Administration (United States 

Court of Appeals, Ninth Circuit August 18, 2008). 

Daniel Raimi. “A New Social Cost of Carbon, with Brian C. Prest and Kevin Rennert.” Resources 

Radio. Accessed June 26, 2023. https://www.resources.org/resources-radio/a-new-social-cost-of-

carbon-with-brian-c-prest-and-kevin-rennert/. 

David Hill (Energy Futures Group), in conversation with the author on Zoom, June 28, 2023.  

David G. Hill, Elizabeth Bourguet, Chris Neme, and Gabrielle Stebbins. “Social Cost of Carbon and 

Cost of Carbon Model Review.” Energy Futures Group, August 18, 2021. 

https://aoa.vermont.gov/sites/aoa/files/Boards/VCC/SCC%20and%20Cost%20of%20Carbon%208-

17-21.pdf. 

David G. Hill, Elizabeth Bourguet, Taylor Binnington, and Shreekar Pradhan. “Marginal Abatement 

Cost Curves: Examining the Mitigation Potential and Cost per Tonne of Emissions Reductsions of 

Measures in the Vermont Pathways Analysis.” Energy Futures Group, September 2022. 

https://outside.vermont.gov/agency/anr/climatecouncil/Shared%20Documents/MAC%20Curve%20D

eliverable%20Memo%20Clean%20Version.pdf. 

Fitterman, Su T. “The Social Cost of Greenhouse Gases (Carbon Dioxide, Methane, Nitrous Oxide) - 

Environmental & Energy Law Program.” Harvard Law School, September 28, 2017. 

https://eelp.law.harvard.edu/2017/09/the-social-cost-of-carbon/. 

Government Accountability Office. “Social Cost of Carbon: Identifying a Federal Entity to Address 

the National Academies’ Recommendations Could Strengthen Regulatory Analysis,” June 2020. 

https://www.gao.gov/assets/gao-20-254.pdf. 

https://climate.nasa.gov/news/2915/the-atmosphere-getting-a-handle-on-carbon-dioxide
https://climate.nasa.gov/news/2915/the-atmosphere-getting-a-handle-on-carbon-dioxide
https://www.rff.org/publications/data-tools/scc-explorer/
https://www.rff.org/publications/data-tools/scc-explorer/
https://www.youtube.com/watch?v=imqgUJGHDbM
https://www.resources.org/resources-radio/a-new-social-cost-of-carbon-with-brian-c-prest-and-kevin-rennert/
https://www.resources.org/resources-radio/a-new-social-cost-of-carbon-with-brian-c-prest-and-kevin-rennert/
https://aoa.vermont.gov/sites/aoa/files/Boards/VCC/SCC%20and%20Cost%20of%20Carbon%208-17-21.pdf
https://aoa.vermont.gov/sites/aoa/files/Boards/VCC/SCC%20and%20Cost%20of%20Carbon%208-17-21.pdf
https://outside.vermont.gov/agency/anr/climatecouncil/Shared%20Documents/MAC%20Curve%20Deliverable%20Memo%20Clean%20Version.pdf
https://outside.vermont.gov/agency/anr/climatecouncil/Shared%20Documents/MAC%20Curve%20Deliverable%20Memo%20Clean%20Version.pdf
https://eelp.law.harvard.edu/2017/09/the-social-cost-of-carbon/
https://www.gao.gov/assets/gao-20-254.pdf


 

18 

 

Haley Roe (Efficiency Vermont), in conversation with the author on Zoom, July 5, 2023. 

Isabelle Backman. “Professors Explain the Social Cost of Carbon,” June 7, 2021. 

https://news.stanford.edu/2021/06/07/professors-explain-social-cost-carbon/. 

Justin Gundlach and Iliana Paul. “The Social Cost of Greenhouse Gases: A Guide for State Officials.” 

U.S. Climate Alliance, July 2022. https://usclimatealliance.org/guide/sc-ghg-state-guide-aug-2022/. 

Kevin Rennert and Cora Kingdon. “Social Cost of Carbon 101.” Resources for the Future, August 1, 

2019. https://www.rff.org/publications/explainers/social-cost-carbon-101/. 

Lisa Rennels (University of California: Berkeley), in conversation with the author on Zoom, July 24, 

2023.  

Megan O’Toole and Brian Woods (Vermont Agency of Natural Resources), in conversation with the 

author on Zoom, July 5, 2023.  

Peter Coy. “‘The Most Important Number You’ve Never Heard Of.’” Energy Policy Institute at the 

University of Chicago (blog), September 17, 2021. https://epic.uchicago.edu/news/the-most-

important-number-youve-never-heard-of-2/. 

Rennert, Kevin, Frank Errickson, Brian C. Prest, Lisa Rennels, Richard G. Newell, William Pizer, 

Cora Kingdon, et al. “Comprehensive Evidence Implies a Higher Social Cost of CO2.” Nature 610, 

no. 7933 (September 2022): 687–92. https://doi.org/10.1038/s41586-022-05224-9. 

Resources for the Future. “Estimating the Value of Carbon: Two Approaches,” June 23, 2021. 

https://www.rff.org/publications/reports/estimating-the-value-of-carbon-two-approaches/. 

“Statement of Michael Greenstone,” April 26, 2023. 

https://www.budget.senate.gov/imo/media/doc/Dr.%20Michael%20Greenstone%20-

%20Testimony%20-%20Senate%20Budget%20Committee1.pdf. 

“States Using the SCC.” Accessed June 26, 2023. https://costofcarbon.org/states. 

Synapse Energy Economics, Resource Insight, Les Deman Consulting, North Side Energy, and 

Sustainable Energy Advantage. “Avoided Energy Supply Components in New England: 2021 

Report,” May 14, 2021. https://www.synapse-energy.com/sites/default/files/AESC%202021_20-

068.pdf. 

“The Social Cost of Carbon – Going Nowhere But Up - Center for Climate and Energy Solutions.” 

Accessed June 26, 2023. https://www.c2es.org/2021/03/the-social-cost-of-carbon-going-nowhere-but-

up/. 

TJ Poor (Vermont Public Service Department), in conversation with the author on Zoom, June 28, 

2023.  

https://news.stanford.edu/2021/06/07/professors-explain-social-cost-carbon/
https://usclimatealliance.org/guide/sc-ghg-state-guide-aug-2022/
https://www.rff.org/publications/explainers/social-cost-carbon-101/
https://epic.uchicago.edu/news/the-most-important-number-youve-never-heard-of-2/
https://epic.uchicago.edu/news/the-most-important-number-youve-never-heard-of-2/
https://doi.org/10.1038/s41586-022-05224-9
https://www.rff.org/publications/reports/estimating-the-value-of-carbon-two-approaches/
https://www.budget.senate.gov/imo/media/doc/Dr.%20Michael%20Greenstone%20-%20Testimony%20-%20Senate%20Budget%20Committee1.pdf
https://www.budget.senate.gov/imo/media/doc/Dr.%20Michael%20Greenstone%20-%20Testimony%20-%20Senate%20Budget%20Committee1.pdf
https://costofcarbon.org/states
https://www.synapse-energy.com/sites/default/files/AESC%202021_20-068.pdf
https://www.synapse-energy.com/sites/default/files/AESC%202021_20-068.pdf
https://www.c2es.org/2021/03/the-social-cost-of-carbon-going-nowhere-but-up/
https://www.c2es.org/2021/03/the-social-cost-of-carbon-going-nowhere-but-up/


 

19 

 

U.S. Environmental Protection Agency. “EPA External Review Draft of Report on the Social Cost of 

Greenhouse Gases: Estimates Incorporating Recent Scientific Advances,” September 2022. 

https://www.epa.gov/system/files/documents/2022-11/epa_scghg_report_draft_0.pdf. 

US EPA, OAR. “Overview of Greenhouse Gases.” Overviews and Factsheets, December 23, 2015. 

https://www.epa.gov/ghgemissions/overview-greenhouse-gases. 

Valuing Climate Changes: Updating Estimation of the Social Cost of Carbon Dioxide. Washington, 

D.C.: National Academies Press, 2017. https://doi.org/10.17226/24651. 

Vermont Agency of Natural Resources, Department of Environmental Conservation. “Recently 

Adopted and Proposed Regulations.” Accessed August 8, 2023. https://dec.vermont.gov/air-

quality/laws/recent-regs. 

Vermont Climate Council. “Initial Vermont Climate Action Plan,” December 2021. 

https://climatechange.vermont.gov/sites/climatecouncilsandbox/files/2021-

12/Initial%20Climate%20Action%20Plan%20-%20Final%20-%2012-1-21.pdf. 

Vermont Public Utility Commission. “Search by Case Number.” Accessed August 8, 2023. 

https://epuc.vermont.gov/?q=node/89. 

“What Is the Social Cost of Carbon?” Accessed June 26, 2023. 

https://www.brookings.edu/2023/03/14/what-is-the-social-cost-of-carbon/. 

https://www.epa.gov/system/files/documents/2022-11/epa_scghg_report_draft_0.pdf
https://www.epa.gov/ghgemissions/overview-greenhouse-gases
https://doi.org/10.17226/24651
https://dec.vermont.gov/air-quality/laws/recent-regs
https://dec.vermont.gov/air-quality/laws/recent-regs
https://climatechange.vermont.gov/sites/climatecouncilsandbox/files/2021-12/Initial%20Climate%20Action%20Plan%20-%20Final%20-%2012-1-21.pdf
https://climatechange.vermont.gov/sites/climatecouncilsandbox/files/2021-12/Initial%20Climate%20Action%20Plan%20-%20Final%20-%2012-1-21.pdf
https://epuc.vermont.gov/?q=node/89
https://www.brookings.edu/2023/03/14/what-is-the-social-cost-of-carbon/

	Executive Summary
	I. What are the Social Costs of Greenhouse Gases?
	History

	II. How are the Social Costs of Greenhouse Gases Estimated?
	Marginal Damages Approach
	Marginal Abatement Cost Approach
	Assumptions

	III. Why are the Social Costs of Greenhouse Gases Important?
	IV. What are the Equity Considerations?
	V. How has the Social Costs of Greenhouse Gases been used in Vermont thus far?
	VI. What has the Most Recent and Credible Research Found to be the Value of the Social Costs of Greenhouse Gases?
	VII. How Other States use the Social Costs of Greenhouse Gases
	VIII. What are the Implications for Vermont Moving Forward, Given Recent National Research?
	Appendix A: EPA External Review Draft Social Costs of Carbon Dioxide, Methane, and Nitrous Oxide
	Appendix B: Resources for the Future – U.C. Berkeley Social Costs of Carbon Dioxide, Methane, and Nitrous Oxide
	Bibliography

