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Abstract

This paper develops a method for deriving stated preference (SP) estimates of the average
social cost of carbon (ASCC) for use in evaluation of the benefits and costs of climate
policy. We illustrate the approach with a general population survey in the United States,
combined with a benefits transfer to other countries. We estimate a global ASCC of $39
per tonne. The estimate is sensitive to assumptions about the income elasticity of WTP
and the rate of change in marginal abatement costs. Reasonable scenarios create a range
of estimates between $12-$118 per tonne. We also examine the impact of distributional
weighting based on the elasticity of the marginal utility of income, providing distribution-
ally-weighted estimates of the global ASCC for use in all countries. We argue that a SP
estimate of the ASCC is a useful complement to existing estimates of the marginal social
cost of carbon (SCC) based on different valuation approaches. Our framework also enables
translation of global benefit measures into corresponding WTP amounts, and this provides
a useful benchmark for interpreting other SCC estimates in the literature.

Keywords Stated preferences - Climate change - Valuation - Benefit cost

1 Introduction

Economic analysis of climate policy often requires an estimate of the benefits of avoided
greenhouse gas (GHG) emissions. The social cost of carbon (SCC) is the standard metric for
this purpose. The SCC measures the monetized damages of an additional tonne of carbon
dioxide (CO,) emissions, or the CO, equivalent of another GHG, into the atmosphere. The
avoided damages represent the benefits of emissions reductions, and quantitative estimates
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of the SCC play a critical role in benefit-cost analysis (BCA). Use of the SCC is pervasive
not only within the academic literature (Tol 2023), but also among governments around the
world as an economic justification for climate policy (Aldy et al. 2021; Interagency Work-
ing Group on the Social Cost of Carbon (IWGSCC) 2021; U.S. EPA 2023).

There are two primary methods for estimating the SCC. First is the use of integrated
assessment models (IAMs) that estimate how a marginal change in emissions affects well-
being measured in monetary units. The SCC is the present value of these impacts (Waldhoff
et al. 2014; Nordhaus 2017; Kikstra et al. 2021; Rennert et al. 2022). While IAMs are not
without controversy (Pindyck 2013, 2017a, b; Stock and Metcalf 2017), they are the most
common approach for estimating the SCC (Tol 2023). The second approach is based on
bottom-up, econometric studies that examine how temperature changes affect specific sec-
tors. The results of these studies are sector-specific, partial SCCs, with recent applications
focusing on mortality (Carlton et al. 2022), labor productivity (Rode et al. 2022), agriculture
(Hultgren et al. 2022), and energy (Rode et al. 2021).

This paper advances another approach for estimating the benefits of GHG emissions
reductions: a stated preference (SP) estimate of the average SCC (ASCC). SP methods esti-
mate economic values based on direct survey questions, and the approach is commonly
employed for nonmarket valuation and BCA (Johnston et al. 2017). Our primary aim is to
develop a methodology for estimating the ASCC using survey methods. We also provide
an application with a relatively simple choice experiment. We argue that a SP estimate of
the ASCC can add a useful data point to the growing evidence on the economic benefits of
reducing GHG emissions. Existing methods are highly technical in their use of modeling
and econometric estimates, and they have a wide range of uncertainty. But the ultimate
question is relatively straightforward: how much should society be willing to pay to reduce
emissions? The novel approach of this paper is to show much can be learned if we simply
ask people, employing a standard methodology for nonmarket valuation. Moreover, because
the approach is based directly on public preferences, in contrast to expert analysis, it adds
complementary estimates with the potential to bolster political support for more efficient
climate policy.

There are, however, several challenges for SP estimation and interpretation of an ASCC
in ways comparable to the familiar SCC. One challenge inherent to the SP method is that
survey respondents may over-state their willingness to pay (WTP) due to hypothetical bias.
While good survey design can reduce hypothetical bias (Johnston et al. 2017), all nonmarket
valuation techniques have shortcomings. When compared to IAM estimates, for example,
concerns about hypothetical bias should be traded off against uncertain and less transparent
modeling assumptions. Whether hypothetical bias is ultimately a concern is also likely to
depend on how the estimates compare to those of other approaches, and it turns out that in
our initial application, the SP estimates of the ASCC are lower than the most recent esti-
mates of the SCC.!

A second challenge arises because the SCC is a marginal rather than average measure.
Because a one tonne change in emissions is infinitesimally small on a global scale, it is dif-
ficult to imagine its impacts for purposes of eliciting WTP in a survey question. We there-
fore focus on estimating the average benefit of a non-marginal reduction in emissions. In

' With respect to estimates of the value of a statistical life (VSL), SP estimates are often lower than revealed-
preference estimates based on hedonic wage studies, and both are used as part of a meta-analysis justifying
the official estimate of the VSL for federal regulatory impact analysis (U.S. EPA 2010).
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particular, our application is consistent with the change in emissions necessary to meet the
internationally agreed upon target of limiting global warming to 2°C above pre-industrial
levels. Previous research has advocated use of the ASCC over the marginal SCC because of
comparative transparency, consistent long-term policy guidance, and insensitivity to model-
ing assumptions (Pindyck 2017a, b; 2019). In this setting, the benefit estimates based on the
ASCC are also a lower bound for the benefit estimates based on the SCC assuming marginal
damages are increasing in the level of cumulative emissions.?

A third challenge is due to the fact that reducing GHG emissions provides a global public
good. This means that SP elicitation of the ASCC should reflect the aggregate WTP of the
world population. While conducting a globally representative survey is possible, it is diffi-
cult and costly. As an alternative, we show how analysts can survey one country (or subpop-
ulation) and apply a benefits transfer approach to infer estimates of WTP in other countries
(Rosenberger and Loomis 2002; Czajkowski et al. 2017; Johnston et al. 2021). Our appli-
cation surveys a representative population in the United States to estimate the domestic
ASCC for the United States, and uses an income-based benefits transfer to estimate domes-
tic ASCC:s for all other countries. When combined, we estimate the global ASCC, which is
comparable to the global SCC typically used for official BCAs (Kotchen 2018; Howard and
Schwartz 2019; U.S. EPA 2023).

A fourth challenge is how to accommodate the growing concern about income inequal-
ity when deriving an estimate of the ASCC. While there is no consensus on how (or even
whether) to account for distributional concerns in BCA, studies have begun to do so using
distributional weights when deriving estimates of the SCC (Azar and Sterner 1996; Anthoff
et al. 2009; Adler et al. 2017; Anthoff and Emmerling 2019; Tol 2019). Germany currently
uses a weighted SCC, and the U.S. government recently proposed a particular approach to
distributional weighting of benefits and costs for official regulatory analysis (U.S. OMB
2023). Consistent with these guidelines, we consider a distributionally-weighted analysis
that produces country-specific estimates of the ASCC. We also show how our empirical
results change with different assumptions about the key parameter of the marginal utility
of income.

At a general level, the approach that we develop requires an assumption about a business-
as-usual (BAU) future temperature change along with an alternative at some point in the
future, scientific estimates of the change in emissions needed to accomplish the alternative,
forecasts of future population growth, and SP estimates of WTP from a subpopulation to
achieve the lower temperature target. Then relying on a benefits transfer approach, it is
possible to obtain estimates of the domestic ASCC for all countries and the global ASCC
in aggregate.

There is clear demand for SP estimates of the benefits and costs of changes in GHG
emissions. A recent update to the SCC for U.S. federal regulatory analysis (U.S.EPA 2023)
includes a section on different sources of evidence in support of the estimates, with discus-
sion of limited survey-based approaches. Two of the referenced studies are based on the
WTP of individuals based on vehicle choice experiments (Achtnicht 2012; Hulshof and
Mulder 2020). However, these results are notably distinct from a global SCC, as they quan-
tify an individual’s benefit of reducing one tonne of their own emissions, rather than global

2This follows because, by assumption, abatement (emissions) of the first tonne has a greater benefit (cost)
than that of the n'" tonne. Hence for any non-marginal change in emissions, the average effect will be less
than the marginal effect in any given year and cumulatively over years.
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benefits of avoiding climate change. A number of other studies also use SP methods to esti-
mate WTP per tonne of GHG emission reductions, but these estimates are specifically tied to
particular policy instruments or behaviors (e.g. Brouwer et al. 2008; Solomon and Johnson
2009; Alberini et al. 2018a, b; Abildtrup et al. 2024). Hence they do not aim to estimate a
more general welfare measure of the global benefits or costs for generic policy analysis in
ways comparable to the SCC.

Mostly closely related to our conceptual approach and empirical methods are two sets of
papers. In the first, Pindyck (2017a, b; 2019) conducts a survey to elicit expert opinion on
climate change and its economic impacts, and he uses these results to estimate of the aver-
age SCC as a substitute measure for the marginal SCC. Pindyck’s analysis differs from ours
methodologically because he does not directly elicit WTP, nor does he consider a general
population survey. In a second set of papers, Carlsson et al. (2012, 2021) conduct surveys
in the United States, Sweden, and China to estimate country average WTPs for global emis-
sions reductions. Although the survey questions differ from ours, their approach is similar
for estimation of the domestic ASCC. Our contribution is to focus primarily on estimating a
global ASCC, which is the aggregate of domestic estimates across countries.

Our empirical illustration finds a central estimate of the global ASCC of $39 per tonne,
with a 95-percent confidence interval of $32-$48. The estimate is insensitive to the discount
rate, but it does vary with assumptions about the income elasticity of WTP and the rate of
change in marginal abatement costs. Reasonable parameter scenarios generate a range of
estimates between $12-$118 per tonne.

We also undertake a breakeven analysis, based on our conceptual framework, that maps
any value of the global ASCC into a corresponding U.S. monthly mean WTP. This portion
of our analysis does not rely on our survey-based WTP and is therefore robust to potential
skepticism about the reliability of SP estimates. The value of this analysis is to provide read-
ily interpretable monthly WTP as points of reference to interpret the magnitude of domestic
and global benefits of changes in emissions. We find that, for our central scenario, global
average benefits of $50, $100, $150, and $200 per tonne correspond to U.S. monthly WTP
values of $119, $238, $356, and $475, respectively. One way to view these results, as we
discuss, is as a “reality check” on the estimated global benefits of emissions reductions in
other studies vis-a-vis what may or may not seem like plausible WTP amounts.

The remainder of the paper proceeds as follows. The next section develops the concep-
tual framework for how to aggregate estimates of WTP to achieve a 2°C warming target into
an estimate of the ASCC for use in policy analysis. Section 3 describes our survey methods
and reports basic summary statistics. Section 4 focuses on the analysis of WTP for the U.S.
population. Section 5 includes results on the global ASCC. Section 6 reports the results
of our breakeven analysis. Section 7 examines sensitivity of the results to distributional
weighting based on differences in income across countries. Finally, Sect. 8 concludes with a
brief summary, a comparison of our estimates to others in the literature, and a call for future
research.
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2 Conceptual Framework

We develop a conceptual framework to show how aggregate WTP to achieve a 2°C warm-
ing target in 2100 can be used to estimate the ASCC. To begin, assume for simplicity a
representative individual that will live to the year 2100, with constant real income w and
T years remaining. Assume further that the individual has complete information, and there
is no uncertainty. Although there are many paths of emission reductions to achieve the 2°C
target in 2100, assume initially there is a single path (we will consider multiple paths later).
For t =0,...,T, let m; denote the BAU path of emissions, and m} the path associated
with 2°C.

The object of interest is the economic value the individual places on moving from path
m; to my. To facilitate implementation in a survey setting, we assume the individual’s valu-
ation is expressed as a constant WTP (in real terms) in each year. The individual’s WT'P
will therefore satisfy

> Bl (wme) =Y o (w—WTP,mj) 1)

where v (w,m) is a time-invariant indirect utility function, 5 = 1/ (1 + r) is the discount
factor, and r is the discount rate. It follows that the present value compensating variation
measure is

T

B= > B'WTP. 2

t=0

This represents the present value of a constant stream of income the individual is willing to
give up to avoid the BAU path of emissions in favor of one with a 2°C temperature change
in 2100, while maintaining the same level of utility. Assuming no income effects, B also
represents the cost to the individual of taking no action and experiencing the BAU tempera-
ture change.’

To interpret the benefit (cost) on a per tonne basis, it may be tempting to consider the

T
ratio B/ Y (my — my), but this neglects to take account of two features (Pindyck 2017a,
=0

3 An alternative way to see the same result relies on the expenditure function approach (Freeman et al. 2014).
The present value, compensating variation of moving from the BAU emissions path to the 2°C path can

B=e (m, Z:;O Bt (w, mt)) —e (m/, Z:;O B (w, mt))
= Z;‘;O BIW —e (m;, ijo v (w,mt)) ;

present value expenditure function, and m and m’ denote the corresponding emissions paths over all ¢. The
expression is the difference between the present value of income given the BAU emissions path and the
expenditure needed to maintain the same level of indirect utility given the 2°C emission path. Then, assum-
T
ing the measure of WTP is a constant annuity for 7" years, it will satisfy B = Z BYWTP..
t=0

be written as where e (-) is the
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2019). First is that abatement further into the future is less costly in present value. Second
is that marginal abatement costs can change over time. Capturing both of these effects, we
write the present value of emissions adjusted on a cost basis as

T
C = Z Btat Amy, A3)
t=0

where o = 1/ (1 — z), z is the rate of change in abatement costs, and Am; = m; — mj is
the difference in abatement paths for each year ¢. If abatement costs are declining over time,
then z < 0, and the decline in abatement costs operates like an additional discount factor.
Previous studies (Pindyck 2017a, b; 2019) assume the real cost of abatement is constant
(i.e., z = 0) based on offsetting arguments: costs are likely to decline because of innovation,
yet they are likely to increase because of fewer and fewer low-cost opportunities. With this
assumption, emissions are discounted at the same rate as the individual’s WT P. Here we
allow for the possibility that abatement costs increase or decrease over time and examine the
implications of different assumptions.

The representative individual’s benefit (cost) per tonne is therefore the ratio B/C, which
depends on the WT P, the discount rate, the rate of change in real abatement costs, and the
path of emission reductions. We now turn from a representative individual to aggregating
over populations that provide the basis for both a domestic and global ASCC.

2.1 The Domestic and Global ASCC

Now assume the individual is from a particular country h, with population Popy; in year
t. Assume further that the individual’s WT'P is the population average for country h, and
therefore denoted WT'P;,. The present value aggregate domestic ASCC for country h is then

B, Y|, B'Pop,WTP,
ASCCy = 7 = ===
tho BtatAmy

4

where the average, within country benefit is scaled by the country population in each year.
The domestic ASCC reflects the aggregate, average benefits (costs) per tonne in country h
from meeting (foregoing) the 2°C target.

To estimate the global ASCC, we need an estimate W' P, for all h countries that can be
scaled up by population estimates Popy,; for all ¢. In effect, the necessary input is equation
(4) for all h countries. The global estimate (assuming no distributional weighting, which we
consider later) is then simply a sum across countries:

ASCCq =) ASCCy,. *)

h
The data and parameters underlying this estimate are country-specific WTPs and population
trends, the discount rate, the rate of change in real abatement costs, and the global path of

emission reductions. The distinction between the domestic and global ASCC parallel that
between the domestic and global SCC. The former is useful for understanding domestic
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benefits and costs, while the latter apply globally and provide the basis for most benefit-cost
analyses (Kotchen 2018; Howard and Schwartz 2019; U.S. EPA 2023).

2.2 A Benefits Transfer Approach

We now describe how to estimate the global ASCC with more limited data. In our empirical
application, data are only available on W' P}, for a single country (i.e., the United States).
We therefore use a benefits transfer approach to estimate W71'P}, in other countries based
on differences in income (Rosenberger and Loomis 2002; Czajkowski et al. 2017; Johnston
et al. 2021).% Let h = k denote the country for which we have an estimate of W1 P;,. An
estimate for other countries can then be obtained according to the following adjustment:

n
WTP, = WTP, x (“”) 7 (6)
W

where 7 is the income elasticity of WTP. Benchmarks for what to use for this parameter
include proportional shifts (i.e., 7 = 1) and related estimates in the literature. We consider
both approaches in our subsequent analysis, using assumptions informed by estimates of the
income elasticity of the value of a statistical life (VSL) and climate-related WTP estimates.

With an estimate of WT' P}, for each country, along with population projections for all
h countries, we follow the preceding steps to arrive at estimates of the ASCCY, for each
country and of the ASCCy; for all countries combined. Later in the paper, we also consider
distributionally weighted estimates of the global ASCC to examine the implications of tak-
ing account of income inequality across countries.

3 Survey Questions and Responses

We collected data through a nationally representative survey of 1,015 U.S. adults over the
age of 18 between January 20 and 26, 2023. The survey was administered online through
the Ipsos KnowledgePanel using the Omnibus Methodology (Ipsos 2023). Our survey ques-
tions were part of a regular survey panel that included questions unrelated to our research.
We report below the verbatim wording of all the questions that we designed and are part of
our research. The exception are those related to sociodemographic variables, which were
collected as part of the recruitment of respondents to the regular survey panel. Our sur-
vey questions are relatively straightforward, and the methodology is simpler than many SP
choice experiments in the literature. Our analysis should therefore be interpreted as illustra-
tive of the conceptual approach, while also providing preliminary results and an invitation
for future research to refine the methods.

Our primary survey question was designed to elicit WTP to reduce global emissions from
a BAU emissions trajectory consistent with the IPCC’s expected 4°C temperature increase
by 2100 to a trajectory with only a 2°C increase (Riahi et al. 2022). The exact text of the
WTP question was the following:

4We consider this relatively simple and transparent approach here. In future work, more complex benefits
transfer approaches could be employed without changes to the overall framework. For example, future work
may incorporate other data such as country-level beliefs about future climate damages.
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Scientists estimate that global warming pollution is on track to increase global aver-
age temperatures 4 degrees Celsius (7.2 degrees Fahrenheit) by the year 2100. Global
warming is already causing higher temperatures, more extreme weather, and rising sea
levels. These changes harm property, agriculture, human health, and national security.

Scientists also advise that limiting global warming to a maximum average tempera-
ture increase of 2 degrees Celsius (3.6 degrees Fahrenheit) is critical to avoid far more
severe impacts. However, staying below 2-degrees warming will require changes to
the economy that lower pollution, and these will increase the cost of goods and ser-
vices that people buy.

If achieving the 2-degree goal were to cost you $ X per month more than you currently
spend, would you be willing to pay this additional amount? Your answer will help

policymakers make important decisions about climate policy.

e Yes, [ would pay $X more per month to meet the 2-degree target.
e No, I would not pay $X more per month and understand that global temperatures may
increase 4 degrees by 2100.

The randomized dollar amounts, indicated with $X, were chosen to be roughly in line with
estimates in the literature of previous WTP studies on related topics (e.g. Carlsson et al.
2012). Seven different levels were chosen and assigned with the probabilities indicated
in parentheses: $6 (.1), $16 (.1), $26 (.2), $45 (.2), $85 (.2), $124 (.1), $165 (.1). Table 1
reports the distribution of yes/no responses for each specified amount.

We note several features of the WTP survey question. First, respondents were informed
that meeting the 2°C target would increase the cost of goods and services that people buy,
as such reminders have been shown to be important in previous contingent valuation studies

Table 1 Summary of responses Specified  Total Yes No Protest Refused
to the WTP question for each amount obs. responses re-
specified dollar amount sponses
$6 101 56 12 26 7
(0.55) (0.12) (0.26) (0.07)
$16 102 39 20 39 4
(0.38) (0.20) (0.38) (0.04)
$26 202 95 47 56 4
0.47) (0.23) (0.28) (0.02)
$45 203 88 62 47 6
(0.43) (0.31) (0.23) (0.03)
$85 204 75 70 49 10
(0.37) (0.34) (0.24) (0.05)
$124 103 30 32 38 3
(0.29) (0.31) (0.37) (0.03)
. $165 100 22 45 30 3
Notes: Numbers in parentheses
indicate the shares of each 0.22) (0.43) (0.30) (0.03)
Total 1015 405 288 285 37

response category in the row
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(Kotchen and Reiling 1994). Second, the valuation question is a dichotomous-choice format,
asking whether respondents would be willing to pay a randomized amount more in addi-
tional expenses per month to meet the 2°C target.’ Third, the policy instrument was inten-
tionally left ambiguous because WTP may depend on specific policy instruments (Kotchen
et al. 2013), and the question aims to elicit WTP for climate mitigation, not a specific policy
instrument used to achieve the mitigation. A potential downside of this ambiguity is that the
question has less consequentiality, as it may be more difficult for respondents to perceive
how an affirmative response will result in real costs (Carson and Groves 2007; Vossler et al.
2012; Johnston et al. 2017). Fourth, in an attempt to address this tradeoff (between general-
ity and consequentiality), we added an element of consequentiality to the question by noting
that responses will help inform policymakers about climate policy. Finally, we acknowledge
the existence of tremendous uncertainty with respect to climate change and its socioeco-
nomic impacts, and the relatively simple survey question does not explicitly address these
issues, relying instead on respondents to make their own assessments.®

We asked a follow-up question to identify potential protest responses. Protest responses
are those for which a “no” response is due to rejection of the survey scenario, rather than
reflecting a respondent’s WTP less than the randomized dollar amount. It is standard prac-
tice to exclude protest responses when deriving population estimates of WTP (Johnston et
al. 2017). The exact text of the follow-up question was the following:

You answered “no” to the previous question about whether you would pay $X per
month to meet the 2-degree target. Which of the following best describes the main
reason for your “no” response? (Select one)

[1] Tt is more than i would pay
[2] Tdo not think global warming is a problem

[3] Ido not believe the science that predicts 4 degrees of warming by 2100
[4] Tdo not think it is possible to keep global warming below 2 degrees

[5] Other reason, please explain:

Our main specification classifies response categories [3] and [4] as protest responses, along
with others from the write-in response category. The protest write-in responses were most
commonly associated with statements about how it should be the responsibility of others
(e.g., corporations) to address climate change or how the proposed scenario is unrealistic.
Importantly, respondents that indicate they do not believe in climate change are coded as
legitimate “no” responses. In total, we identify 285 protest responses: 89 for response [3],
133 for response [4], and the remainder for the write-in responses. Following convention in

5The monthly duration was chosen because of the expectation that respondents think most naturally about
monthly expenses. The question also elicits WTP for individuals rather than households, and this was cho-
sen in part because of data availability for our subsequent benefits transfer based on country-level popula-
tions through time (such data is not available for households). If respondents interpreted the question with a
reference to households, we note that our analysis will produce overestimates of WTP.

® Another implicit assumption in our analysis is that respondents value the emissions reductions because of
the reduction in GHG emissions. While reducing GHG emissions might also be associated with a reduction
in local co-pollutants, our analysis does not account for these potential benefits. Therefore, to the extent
that respondents might have co-pollutants in mind, we would be over-estimating the WTP for a reduction
in GHG emissions.
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the literature, our primary analysis excludes these observations, along with 37 respondents
that refused to answer the WTP question, resulting in 693 observations for the complete
statistical analysis.” Table 1 reports the share of protest responses for each bid amount in
the valuation question. We also consider other ways to define what constitutes a protest
response, discussed in more detail in the next section.

We included an additional question in the survey to ask whether respondents believe
climate change is affecting them personally. The specific survey question was “To what
extent do you think that global warming is already affecting you personally?”” The response
categories were “don’t know,” “not at all,” “only a little,” “a moderate amount,” and “a great
deal.” We convert responses into a binary variable for whether respondents think global
warming is affecting them personally using the latter three categories. Table 2 provides
basic summary statistics for this question, along with those for sociodemographic variables
for respondents, all of which are based on the provided information of participants in the
ongoing Ipsos KnowledgePanel Omnibus survey. These include household income, years of
education, political party affiliation, gender, age, and household size. The Ipsos survey seeks
to be nationally representative, and the provided survey weights, which we use throughout
the analysis, ensure that the full sample is representative of the U.S. population based on
gender, age, race, ethnicity, education, home ownership, household size, and marital status
(Ipsos 2023).8

EENT3

Table 2 Summary statistics of Variable Mean Std. Min  Max
sociodemographic variables Dev.
Experience global warming 072 045 0.00 1.00
(proportion)
Notes: Summary statistics Household income ($1,000s) 95.81 68.16 5.00 250.00
are based on 693 non-protest Education (years) 1420 2.88 0.00 20.00

observations to the WTP

. Democrat (proportion) 038 048 0.00 1.00
question. Means and standard K .
deviations are weighted Republican (proportlt?n) 024 043 0.00 1.00
using population weights. All Independent (proportion) 0.27 044 0.00 1.00
variables are based on standard No party affiliation (proportion) 0.11 031 0.00 1.00
demographics for the Ipsos Female (proportion) 051 050 0.00 1.00
KnowledgePanel, with the Age (years) 4726 1833 18.00 94.00
exception of having experienced o
global warming personally Household size (individuals) 276 1.51  1.00 12.00

"In the next section, we explain how alternative assumptions about protest responses affect the results. We
also note that a meta-analysis of protest responses across contingent valuation studies finds an overall mean
of 18 percent protests responses (Meyerhoff and Liebe 2010). While the percentage is higher here, at 32
percent including the non-responses, this may not be surprising given how climate change is such a broad
concern and often controversial. Nevertheless, the rate here is still well within the range found in other
studies. For example, Meyerhoff and Liebe (2010) find rates higher than 40 percent across many categories
of resources valued and question formats. To explore determinants of the protest responses, we include
the results of logit models in supplementary appendix Table S1. We include a model with all demographic
variables and one with only those in our the WTP models. We find that respondents are less likely to protest
if they believe globally warming is already affecting them, their political party affiliation is Democratic, and
if they are older.

8 While the Ipsos survey seeks to be nationally representative and provides weights to correct for unrepre-
sentativeness based on observables, there is still the possibility for sample selection bias based on those
who participate in the survey or do not respond to the WTP question. Nonresponses to the WTP question
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4 Willingness to Pay

We begin with estimation of logit models to examine variables that affect yes/no responses
to the WTP question. Table 3 reports the results of two models: one with only the speci-
fied dollar amount as an explanatory variable, and one with sociodemographic variables as
well. Because we found no statistically significant effects of age, gender, and household
size, these variables are excluded from the model that includes covariates. The logit results
conform with expectation. Consistent with economic theory, we find that the probability
of a “yes” response is decreasing in the specified dollar amount. The result holds when the
specified amount is the only right-hand side variable and when adding additional covariates.
Based on the average marginal effects, we find that a $10 increase in the specified amount
decreases the probability of a “yes” response by 2 percentage points.

Turning to the other explanatory variables, we find a statistically significant correlation
between respondent’s thinking that global warming is already affecting them and respond-
ing “yes” to the valuation question: these respondents are 28 percentage points more likely
to have responded “yes”. Both household income and education increase the probably of
responding “yes.” Democrats are more likely to respond “yes” compared to independents
and those with no political party affiliation (which together comprise the omitted category),
whereas Republicans are less likely. The latter effect is larger, increasing the probability of
a “no” responses by 15 percentage points.

Based on the logit model with covariates, we estimate mean WTP using the standard
approach that admits the possibility for respondents to have a negative WTP (Hanemann
1984, 1989). The estimate of mean WTP is reported in Fig. 1, on both a monthly and annual

Table 3 Logit models of WTP 1) 2)
responses Specified amount  —0.010%** [-0.0023] —0.013*** [—.0021]
($X) (0.002) (0.002)
1.744***  [0.282]
(0.221)
Household Income 0.005***  [0.008]
(000°s) (0.002)
Education (years) 0.094***  10.016]
(0.038)
D . sockok A
Notes: Models are estimated emocrat ?0528 19 7) [0.097]
using population weights. . ' s
Standard errors are reported Republican ~0.897 [-0.148]
in parentheses, and average (0.240)
marginal effects are reported Constant 0.968*** —1.849%*x
in brackets. All coefficient (0.132) (0.516)
e§tirpates are statistically Observations 693 693
significant at the 99-percent Log Likelihood ~ -481.921 -366.557
level, as indicated by three . .
Akaike Inf. Crit. ~ 967.842 747.113

asterisks

are relatively few (see Table 2), but to the extent that those participating in the Ipsos panel are more or less
concerned about climate change, we will over- or under-estimate mean WTP.

9We caution against interpreting this correlation as a causal relationship, as there is potential endogeneity
based on omitted variable bias. We include the variable because the correlation helps build confidence in
the way that respondents answer the valuation question, but, notably, including or excluding the variable in
the model has no meaningful effect on the estimates of WTP.
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Fig. 1 Mean WTP and 95-percent 1 1400
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basis.!” Also reported in Fig. 1 are bias-corrected and accelerated (BCa) bootstrapped confi-
dence intervals. We find a mean WTP of $93 per month, with a 95-percent confidence inter-
val of $75-$115. This translates to an annual WTP of $1,116, with a 95-percent confidence
interval of $900-$1,382.

We also calculate mean WTP using the spike model (Kristrom 1997), which requires
identifying a subset of respondents who are not in the market, meaning they are indifferent,
with zero WTP. For this purpose, we use respondents answering “no” to the WTP question
and “T do not think global warming is a problem” in the follow-up question, i.e., response
category [2]. As with the logit model, we estimate the spike model using population weights
and confidence intervals using the BCa bootstrap method. Although not reported, the spike
model generates coefficient estimates similar to those for the logit model. The spike model
estimate of mean WTP is $86 and $1,038 on a monthly and annual basis, respectively, which
is just below that for the logit model. In what follows, we proceed with the analysis using
results of the logit model, as these are the most standard and familiar in the literature.!!

The survey question intentionally did not specify an end date on the monthly WTP. The
reason is to obtain an estimate of the annual mean WTP that can be applied to the population
every year until 2100.'% Then, for a given discount rate, we can derive a mean estimate of

1%1n a supplementary online appendix, we report tables that include the complete set of data underlying all
figures reported in the main text. These tables include point estimates and confidence intervals.

"' Supplementary online appendix Table S3 includes results of the sensitivity analysis for different assump-
tions about the protest responses. We consider three different scenarios. First, we consider the effect of mak-
ing the extreme assumption that all of our designated protest responses are in fact “no” responses to the WTP
question. Not surprisingly this substantially reduces the estimated mean WTP, lowering it to $8 and $57 per
month for the logit and spike models, respectively. The effect is larger for the logit estimates because the
assumed distribution admits the possibility for negative WTP. Second, we narrow the set to include as “no”
only responses selecting answer [3] to the follow-up question: “I do not believe the science that predicts 4
degrees of warming by 2100.” Although respondents may believe the science is an over- or under-estimate, it
is possible that they just do not believe climate change is a problem, meaning that one might interpret these
responses as legitimate “no” responses. In this case, the estimates of mean WTP are $64 and $72. Finally, we
continue to treat respondents who answer [3] the same way, but now include the other protest responses not as
“no,” but as if they responded “yes” to a question that asked whether they would be willing to pay an amount
greater than zero. The rationale is that these respondents indicate concern about climate change, while also
indicting they responded “no” for reasons related to the valuation question.

12The survey question implicitly assumes that respondents take into account expectations of future income
and WTP growth. Nonetheless, in the next section we consider how modeling future WTP growth via income
growth affects estimates of the ASCC.
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By, in equation (4), which is a key input for estimating both the domestic and global ASCC.
In particular, the estimate can then be scaled by population forecasts out to the year 2100.
In what follows, we use the estimate of $1,116 per year (95-percent confidence interval of
$900-$1,382), although alternative estimates can be readily substituted into the same frame-
work if preferred, including those from the spike model or with alternative assumptions
about the protest responses.

5 Average Social Costs of Carbon

Additional sources of data are necessary to obtain estimates of the ASCC. First is the annual
change in emissions from a BAU 4°C path to a 2°C path by 2100. We obtain data on the nec-
essary change in annual emissions from the wide range of emissions and warming scenarios
in the IPCC Scenarios Database (IPCC 2022). The IPCC projects warming in 2100 for 1,202
emissions scenarios. Among these, we identify BAU 4° pathways as all those associated
with a predicted temperature increase between 3.8° and 4.2° in 2100, and 2° pathways as
all those with predicted temperature increases between 1.8° and 2.2°. We then take pairwise
differences between the resulting 33 scenarios for 4°C and 236 scenarios for 2°C. This pro-
cedure yields 33 x 236=7,788 emission reduction pathways, and Fig. 2a illustrates Am; in
each year for all pathways out to 2100.

The second source of additional data is population projections for each country. These
we obtain from the Shared Socioeconomic Pathways (SSP) corresponding with the differ-
ent emissions scenarios (SSP Database 2023). The country-level population projections are
reported in five-year age bins that we use to 2100. We linearly interpolate the projections to
obtain annual projections for each of the five corresponding SSP families associated with
the emissions scenarios included in either the 4°C or 2°C cases.!® We then link each of our
7,788 emission reduction pathways to these population projections by taking the average

o
o

120000 9000

8000

7000

Global population age 18+ (millions)

6000

Annual emissions change (Mt CO2-eq)

2040 2060 2080 2100 2040 2060 2080 2100

Fig. 2 Pathways for the change in emissions and global population for BAU 4°C to 2°C degrees by 2100.
Panel a shows the annual reduction in emissions for 7,788 scenarios based on the difference between
IPCC pathways with temperature changes 3.8-4.2° and 1.8-2.2° by 2100. Panel b shows all global popu-
lation trajectories corresponding with the emission reduction scenarios. Each is the average of two SSP
population trajectories corresponding to the pairwise combination of emissions trajectories. The trajec-
tory in bold (SSP 2) accounts for 88 percent of the scenario combinations

13To match our survey population, we count only individuals over 18 years old. To obtain 18- and 19-year-old
population estimates, we use two-fifths of the bin reported in the range of 15- to 19-year-olds.
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of the SSP population projections for the two trajectories differenced in each scenario.'*

Fig. 2b illustrates the different global population scenarios across pairings. It turns out that
88 percent of the averaged population pathways are simply the SSP2 scenario because it is
the projection used most frequently for both the BAU and 2°C emissions trajectories. Note
that, although Fig. 2b illustrates global population projections, we use country-specific esti-
mates in our analysis.">

We focus first on estimates of the U.S. domestic ASCC. Recall from equation (4) that
further assumptions are necessary about the discount rate and the rate of change in marginal
abatement costs. Figure 3 illustrates the results across a range of standard discount rates
(1.5, 2, and 3 percent) and annual changes in marginal abatement costs from+2 percent.
The bars reported in the figure reflect the domestic ASCC corresponding with the mean
emission reduction pathway and mean WTP estimate. We characterize uncertainty in three
different ways. The first (shown on the right side of each bar in the figure) is based on only
uncertainty in the estimate of mean WTP, that is, using the 95-percent confidence interval
of the WTP estimate and the mean emission pathway. The others (shown on the left side
of each bar in the figure) account for the range of different emissions pathways. The inner
hash marks reflect the estimates using the extreme emissions pathways and mean WTP. The

Values of z
1 B oo
-0.01

0

0.01

B o

w
o

N
o

+ + f

WTP 95% Cl at mean

+i + emissions change scenario

US Domestic ASCC (USS$)
o

Minimum and maximum
emissions change scenario

+i* +i+

0.015 0.02 0.03
Discount Rate r

Fig. 3 Estimates of the U.S. domestic ASCC. The U.S. domestic ASCC is the estimated benefit (cost)
per tonne to U.S. residents of moving from a BAU 4°C temperature increase by 2100 to a 2°C increase.
Values of z are different assumptions about the rate of change in marginal abatement costs. For each bar,
the right-side confidence intervals reflect uncertainty in the estimate of mean WTP. The left side reflects
the range of estimates across the emissions reduction scenarios, where the inner hash marks are evalu-
ated at the mean WTP, and the outer extremes are bounds reflecting both emissions and WTP uncertainty

4 When shifting from a 4°C or 2°C temperature increase, it is not clear which future population to assume,
and we take the average to split the difference. We try different assumptions, and they have a trivial effect on
the results, less than two cents on our estimate of the ASCC.

13 This applies for estimates of the domestic ASCC for each country and for the aggregated global ASCC.
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range outside the hash marks reflects the extreme emissions pathways and the upper and
lower bounds of the 95-percent confidence internal of the mean WTP.!¢

Consider, for example, the central scenario of 7 = .02 and z = 0. The estimate is $8, with
a 95-percent confidence interval of $6-$10, reflecting only uncertainty in the mean WTP.
This estimate represents the benefit per tonne to present and future U.S. residents over the
age of 18 assuming the average WTP remains constant to 2100 and population changes
according to projections. If we also account for uncertainty in the emission reduction sce-
narios (which do not have probability weights), we find a range of $6-$12 assuming the
mean WTP, and $5-$14 accounting for both scenario and WTP uncertainty.

The estimates in Fig. 3 are insensitive to the discount rate, which is a result noted pre-
viously by Pindyck (2017a, b, 2019) as a feature of considering the average rather than
marginal SCC. The results vary substantially, however, with different assumptions about the
annual rate of change in marginal abatement costs. With marginal abatement costs decreas-
ing or increasing 2 percent per year, the central estimate of $8 per tonne increases to $17
or decreases to $3, respectively. From equation (4), decreasing marginal abatement costs,
for example, decreases the present value of cost-adjusted, future tonnes. This has the conse-
quence of increasing the present value of the average benefit (or cost) per tonne. As shown
in the figure, the confidence intervals also widen in cases with higher estimates.

Next, to arrive at an estimate of the global ASCC, which is our primary focus, we need
to carry out a benefits transfer to estimate average WTP for countries other than the United
States. The key source of data is differences in income across countries, and this we measure
using 2022 gross domestic product (GDP) per capita from the International Monetary Fund’s
World Economic Outlook Database (IMF 2023). Then according to Eq. (6), we assume an
income elasticity of WTP. We consider a range of values (n = .5,.75, 1), informed by the
literature on the income elasticity of the VSL (Viscusi and Aldy 2003; Viscusi and Master-
man 2017; Masterman and Viscusi 2018) and limited evidence across countries on WTP
to avoid climate change (Carlsson et al. 2012, 2021).!7 With respect the Carlssson et al.
studies, we include a summary table in the online appendix comparing estimates of WTP
between the United States and China to infer an implied income elasticity, and the results
provide support the range of values that we assume in the main part of our analysis.'®

16 Specifically, the lowest (highest) estimate of the range corresponds with the highest (Iowest) reduction in
emissions and the lower (higher) bound of the WTP estimate.

17We also estimate an income elasticity of WTP based on our survey sample and the estimated logit model.
This produces and estimate 0.4. The estimate is limited for purposes of the benefits transfer because it is
based on the relatively high income of the U.S. population, rather than reflecting the range of incomes across
countries. Empirical evidence underscores that within-country estimates of income elasticity of WTP do not
reflect cross-country income elasticity of WTP, and assuming a reasonable income elasticity of WTP is a
preferred approach (Czajkowski et al. 2017).

18 Carlsson et al. (2012, 2021) estimate WTP in 2009 and 2019, respectively, to reduce emissions consistent
with emissions targets with temperature changes of 4, 3, and 2 degrees Celsius in 2100. They provide esti-
mates for the United States, China, and Sweden. We drop Sweden from our comparison because the results
are less stable there, and it is a relatively small country that might have preferences that are less generalizable.
With the United States and China, we have 12 WTP estimates for each country (one for each temperature
target and year). We use the WTP estimates and the corresponding levels of income to calculate a between-
country elasticity. These can then be compared to our assumed range of income elasticities. Supplementary
online appendix Table S5 summarizes the results, using income based on GDP per capita and the survey-
based income. The overall mean income elasticity across scenarios is 0.53, and when using only the more
detailed survey-based income, the estimates tend to fall right in the middle of the range that we consider.
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Fig.4 Estimates of the global ASCC with different discount rates and WTP elasticities. The estimates are
relatively insensitive to the discount rate, », but they vary with different assumptions about the elastic-
ity of WTP, 1. All estimates assume a zero rate of change in the marginal abatement costs, i.e., z=0. For
each bar, the right side confidence intervals reflect uncertainty in the estimate of mean WTP. The left
side reflects the range of estimates across the emissions reduction scenarios, where the inner hash marks
are evaluated at the mean WTP and the outer extremes are bounds reflecting both emissions and WTP
uncertainty

The global ASCC, based on Eq. (5), generalizes the estimate to represent the benefits
(or costs) to residents of all countries. Figure 4 illustrates the results assuming initially no
change in marginal abatement costs (i.e., z = 0). We again report uncertainty ranges of
the estimates corresponding with the same three approaches described for Fig. 3. For the
central case of r = .02 and ) = .75, the estimate of the global ASCC is $39 per tonne, with
a WTP 95-percent confidence interval of $32-48, and a wider range from $23-$65 reflect-
ing uncertainty over both emissions scenarios and WTP. This reflects the estimated global
benefit (cost) per tonne of moving from a 4°C to a 2°C temperature increase by 2100. For
these global estimates, we find that a higher discount rate increases the estimate, though the
effect is not large. The increase follows because, for some countries, discounting reduces the
numerator in equation (4) by more than the denominator. More substantial differences arise
with alternative assumptions about the income elasticity of WTP. Assuming an income elas-
ticity of.5 increases the estimate of the global ASCC to $57, whereas assuming an income
elasticity of one (i.e., WTP proportional to income) decreases the global ASCC to $29 per
tonne. '’

Alternative assumptions about the rate of change in marginal abatement costs substan-
tially affect the global ASCC. These results are shown in Fig. 5. Continuing with the cen-
tral case (r = .02 and n = .75), the estimate of the global ASCC increases to $81 with
an annual 2-percent decline in abatement costs. Reflecting uncertainty, the range of this
estimate is from $66-$100 for uncertainty in mean WTP and $45-$165 for uncertainty in
both mean WTP and the emissions scenario. If abatement costs are increasing at 2 percent,
the central estimate falls to $16 per tonne. These results highlight how the rate of change in
marginal abatement costs matters far more than the discount rate. While debate about the
most appropriate discount rate is ongoing, often drawing on philosophical concerns about
intergenerational ethics (Nordhaus 2007; Stern 2007), assumptions about the rate of change

19We also considered even higher income elasticities of WTP to examine sensitivity of the results. Assuming
an elasticity of 1.25 decreases the ASCC to $24 per tonne, and an elasticity of 1.5 yields an estimate of $20.
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Fig. 5 Estimates of the global ASCC with different WTP elasticities and assumptions about the rate of
change in marginal abatement costs. The figure reports results for different assumptions about the WTP
elasticity, 1, and the rate of change in marginal abatement costs, z. All estimates are based on the central
discount rate of #=.02. For each bar, the right side confidence intervals reflect uncertainty in the estimate
of mean WTP. The left side reflects the range of estimates across the emissions reduction scenarios, where
the inner hash marks are evaluated at the mean WTP and the outer extremes are bounds reflecting both
emissions and WTP uncertainty

in marginal abatement costs seem potentially less contentious, in part because there is a
clear empirical basis.?

Finally, we note that our approach accounts for differences in income across countries
through the benefits transfer approach. But we do not consider changes in income over
time, other than the way that survey respondents might account for potential income growth
in the future when answering the WTP survey question. Our approach can nevertheless
account for changes in income over time using the same benefits transfer to future years as
it does in the cross-section among countries. Additional data is required on forecasted future
income in each country or income growth rates. To illustrate this possibility, we consider
how results for the central case differ with assumed annual income growth rates of 0.5 and
1 percent per year in all countries. With these assumptions, we find that the global ASCC
increases from $39 to $44 and $50, respectively. The effects of income growth are some-
what attenuated because of discounting and the assumed income elasticity of WTP of.75 in
the central case.?!

20See Pindyck (2017a, b; 2019) for further discussion about relative insensitivity to the discount rate as a
potential advantage of using the average SCC compared to the marginal SCC.

2'While recognizing the potential role of changes in income over time, we do not consider these scenarios
with all the different parameter assumptions. This is because we ask survey respondents a constant WTP over
time, which should account for future income and WTP growth, and to avoid a proliferation of scenarios. As
described, however, the framework can readily accommodate changes in income over time.
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6 Breakeven Willingness to Pay

Our empirical analysis thus far has been structured around translating SP estimates of mean
WTP in the United States for limiting global warming into estimates of the global ASCC.
However, the conceptual framework we develop enables reversing the direction of analysis
to begin with a global ASCC and asking what mean WTP is consistent with that value.

Framing the analysis this way helps to address potential skepticism about the validity of
SP techniques for estimating WTP. SP estimates generate controversy in the literature, and
one might expect concerns to be especially present when it comes to valuing the benefits of
avoiding climate change, and problem over a long period of time and global in scope. Addi-
tionally, as with any SP survey, some readers are likely to take issue with some aspect of the
specific WTP question. A breakeven analysis addresses these concerns by not leaning on the
results of our particular survey, but rather focusing on how a seemingly plausible range of
WTP estimates map into the global ASCC.

Another advantage of a breakeven analysis is that focal points have emerged in the lit-
erature about the benefits (costs) per tonne of changes in GHG emissions. Most common
are estimates of the SCC at values of $50 per tonne and more recent estimates of $185 and
$190 (Rennert et al. 2022; U.S. EPA 2023). To be clear, the SCC (a marginal measure) dif-
fers from the ASCC (an average measure), but the potential applications for policy analysis
are similar. Pindyck (2017a, b2019) makes this case, and his expert elicitation produces
preferred estimates of the ASCC that range between $80 and $200 per tonne.

The breakeven analysis that follows provides a framework for mapping views about
the global benefits into a U.S. mean monthly WTP, so researchers and the public can have
a familiar reference point to evaluate the potential plausibility of any given estimate of
the global benefits. Substituting (6) into (5), we can solve for the relationship between the
global ASCC and U.S. mean WTP:

T t w n
—o B Poppe (-
ASCCGZ Zthfﬂﬁ phf(wk) XWTPk (7)

ZtT:o BtatAmy

where k denotes the United States. The relationship is linear, and we can see how it depends
on each of the parameters and underlying data on GDP per capita, the change in emissions,
and country-specific population projections.

Figure 6 illustrates the results, where the different panels show sensitivity to the change
in emissions scenario, the income elasticity of WTP 7, and the rate of change in marginal
abatement costs z. We omit results based on different discount rates because we have already
shown relative insensitivity to this parameter. Also shown in the figure are reference points
corresponding to our estimates of the U.S. mean WTP and the 95-percent confidence inter-
vals (see logit results in Fig. 1). Each panel illustrates results for a U.S. average monthly
WTP up to $200. For example, the lower line in the top panel shows that a monthly WTP of
$200 corresponds with a global ASCC of approximately $60 assuming our central estimates
of the parameters and the highest present value emission reduction scenario.

We also report in the supplementary online appendix Table S8 the estimated magnitude
of the slope coefficients underlying all of the lines illustrated in Fig. 6. This way readers
can calculate any mapping between a global ASCC and mean WTP in the United States for
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Fig. 6 Relationship between the global ASCC and U.S. monthly WTP with different assumptions about
the emissions scenario and parameter values. The top panel shows sensitivity to the emissions scenario,
the middle panel to the income elasticity of WTP 1, and the bottom to the rate of change in marginal
abatement costs z. The vertical lines correspond with our SP estimate of mean WTP and the 95-percent
confidence interval. All scenarios assume the central discount rate of 7=.02

a preferred scenario. For example, we find for our central scenario (i.e., the middle line in
all three panels of Fig. 6) that the values of the global ASCC of $50, $100, $150, and $200
correspond with U.S. monthly WTP values of $119, $238, $356, and $475, respectively.
We believe these points of reference, based on readily interpretable monthly WTP, pro-
vide a novel way to interpret the magnitude of the global benefits of changes in emissions.
The framework can also readily accommodate alternative assumptions, and importantly,
it applies regardless of whether one is skeptical or not about the validity of specific SP
estimates.

7 Distributionally-Weighted Estimates

There is growing interest in the use of distributionally weighted estimates of benefits and
costs for BCA in general (U.S. OMB 2023; Acland and Greenberg 2023a, b) and for esti-
mates of the SCC in particular (Azar and Sterner 1996; Anthoff et al. 2009; Adler et al.
2017; Anthoff and Emmerling 2019; Tol 2019). The intention is to take account of diminish-
ing marginal utility of income when aggregating benefits or costs among groups. The stan-
dard approach is to apply weights based on the assumption of isoelastic utility, in which case
the marginal utility of income is equal to w ™%, where £ > 0 is the elasticity of the marginal
utility of income.?

Indeed, the U.S. Office of Budget and Management (U.S. OMB 2023) recommends this
approach in recent revisions to Circular No. A-4, which provides official guidance to federal
agencies about how to carryout regulatory impact analyses. There are, however, open ques-
tions about how the U.S. government proposes to treat equity weighting with international

2The isoelastic utility function takes the form U (w) = (wl_s - 1) /(1—e¢) if e#1, and
U (w) =In(w)ife =1.
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impacts, and the U.S. EPA (2023) estimates of the revised SCC are not equity weighted.?®
What follows should therefore be interpreted as one potential approach to addressing distri-
butional concerns, while acknowledging that how best to accomplish this objective remains
subject to debate in the academic literature and for official policy analysis. Nevertheless,
the approach we employ is standard and currently in use for both BCA and estimates of the
SCC.

The distributionally weighted estimate of the global ASCC requires normalizing the esti-
mate to a particular level of income. Accordingly, an important feature to keep in mind is
that the approach implies a different estimate of the global ASCC for use in each country,
depending on the country’s level of income. Assuming normalization to the income level of
country k, the weight for aggregating estimates of other countries h can be written as

—€&

k Wh,

()"
Note that the weight is unity for country h = k( and any other countries that have the same
level of income), and greater (less) than unity to the extent that wy, < (>)wy. In effect, lower
income countries are up-weighted while higher income countries are down-weighed. And
greater values of €, which reflect greater diminishing marginal utility of income, increase
the effect of weighting.

The Distributionally Weighted, Global ASCC for Use in Country £ is then

k __ k
ASCCE = zh: PEASCC,. ®)

This differs from Eq. (5) not only because of the weights, but also because the global esti-
mate now depends on the reference country. Intuitively, the estimate is country-specific
because the units are consumption-equivalent dollars for the average individual in the refer-
ence country. The country-specific distributionally weighted ASCC is then a measure of the
per tonne costs (benefits) of changes in emissions in the reference country that can be used
for BCAs. It is nevertheless important to keep in mind that the estimates represent the global
benefits (or costs) for the reference country even though the estimate is country-specific.
Figure 7 illustrates the results for all countries over a range of values for € that are esti-
mated and employed in the literature (Gandelman and Hernandez-Murillo 2015; Havranek
et al. 2015; Drupp et al. 2018; Groom and Maddison 2019; Rennert et al. 2022; OMB 2023;
Acland and Greenberg 2023a, b). Assuming our central case (r = .02, n = .75, and z = 0),
and the central estimate of ¢ = 1.4, the U.S. estimate of the distributionally-weighted, global

23When discussing distributional weighting, the U.S. OMB (U.S. Office of Management and Budget (OMB)
2023) guidance focuses on domestic benefits and costs, and there is relatively little mention of international
impacts. The guidance states that altering the approach “may be appropriate when analyzing regulations
with international scope” (p. 67, footnote 126), but it does not discuss options for what alternations might be
appropriate other than referencing an earlier section of the report on the Scope of Analysis. In that section, the
OMB is clear about incorporating international climate damages, but it is silent on distributional weighting.
Hence, at present, the OMB is clear about accounting for international impacts, yet whether distributional
weighting should occur and how remains unclear, and as noted the EPA did not employ equity weights for
it estimates of the SCC. The EPA (2023) does, however, discuss the issue and notes that it “will continue to
assess the broader literature on BCA, social welfare, and equity as it seeks to apply the best available science
in its analyses” (p. 167).
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Fig. 7 Estimates of the distributionally-weighted global ASCC for each country. The country-specific,
distributionally-weighted, global ASCC is the benefit (cost) per tonne to consider when the change in
emissions has costs (benefits) accruing to the specific country based on its level of income per capita.
Panel a shows results with the elasticity of the marginal utility of income ¢=1.2. Panel b shows results for
&=1.4, and Panel c for e=1.6

ASCC is $1,191 per tonne.?* This is a substantial increase from the comparable unweighted
estimate of $39, and this echoes the results of previous studies that find estimates highly
sensitive to the parameterized marginal utility of income. The implication, in this case, is
that when taking distributional weighting into account internationally, $1,191 is the benefit
(cost) per tonne to consider (rather than $39) for potential use in BCAs within the United
States.?

The U.S. estimate changes to $613 and $2,414 for elasticity estimates of 1.2 and 1.6,
respectively. These results are also shown in Fig. 7, along with results for other countries
and different parameter values. While the same pattern applies to all high-income coun-
tries, distributional weighting causes a decrease in the estimate for relatively low-income
countries, and it makes less of a difference for those that are middle-income. At ¢ = 1.4, for
example, the estimate is $10 for India, $60 for Brazil, and $102 for China. As the elasticity
converges to zero, the estimate for all countries converges back to the unweighted, global
ASCC of $39 per tonne.

24Based on a literature review, € = 1.4 is the U.S. OMB’s (2023) recommended value for the income elastic-
ity of marginal utility.

2We report the distributionally weighted ASCCs for all countries in Table S9 of the supplementary online
appendix.
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8 Discussion and Conclusion

This paper develops a method for deriving SP estimates of the ASCC based on a general
public survey. We illustrate the approach with a U.S.-based survey designed to elicit WTP
to reduce emissions in order to meet the internationally agreed upon target of 2°C of warm-
ing by 2100. We interpret the WTP measures on a per tonne basis using a range of IPCC
estimates of the emission reductions necessary to achieve the 2°C target, and this provides
an estimate of the domestic ASCC. Then, a benefits transfer enables deriving estimates of
the domestic ASCC across all countries, and the global ASCC in aggregate. We also conduct
a breakeven analysis and show the impact of distributional weighting on the global ASCC
estimates.

We hope this paper spurs future research that refines our conceptual method and survey
implementation. We highlight three areas where future work would be helpful. First, our
WTP question elicits a hypothetical payment that stays constant over time and carries over
to future generations through the end of the century. These conditions were implicit in our
survey question. Future research could systematically assess how providing more explicit
information on the duration of payments might affect the results and explore different ways
to model the WTP of future generations. Second, future research could explore ways to
improve the consequentiality of the survey question. In general, consequentiality of a WTP
question should strive for realistic implications for policy. But the aim of producing a stated-
preference estimate of the ASCC that is not anchored in a particular policy or mechanism is
therefore somewhat at odds with consequentiality. Future attempts to bridge this gap might
therefore improve upon our survey design. Finally, our benefits transfer exercise enables a
first effort to scale up to a global ASCC, when the original survey data is from the United
States only. Future studies could improve upon this with broader coverage to more coun-
tries, more empirical evidence on the elasticity of WTP, or both.

One reason researchers may have stayed away from survey-based, nonmarket valuation
is concern about hypothetical bias. However, we find results substantially lower than most
SCC estimates in the literature. A recent meta-analysis (Tol 2023) finds that studies con-
ducted within the last decade produce estimates that range between $40 and $525 per tonne
for high and low discount rate scenarios. A similar range of estimates is found in the detailed
analysis included in the U.S. EPA (2023) revisions to the SCC. By way of comparison, our
central estimate here is $39, but we show the effect of alternative assumptions about the
income elasticity of WTP and the rate of change in marginal abatement costs. Reasonable
scenarios create a range of estimates between $12-$118 per tonne. When making compari-
sons to the SCC, however, it is worth emphasizing that we focus on the average SCC, and
this estimate should be lower than the marginal SCC when the marginal costs of climate
damages are increasing in the cumulative level of emissions.

The conceptual framework that we develop here should also be of interest even to those
skeptical of SP techniques for estimating WTP. We show how the model enables a transpar-
ent mapping between any estimate of the average benefits per tonne and the correspond-
ing mean WTP among U.S. residents. We believe that the translation of global average
benefits into a familiar WTP estimate can provide something akin to a “reality check” on
estimated global benefits of emissions reductions and observed carbon prices in policy vis-
a-vis whether they reflect plausible WTP amounts.
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Finally, we argue that no single estimate of climate damages should emerge at the expense
of others. The scale and complexity of the problem, along with the uncertainty and need for
assumptions, is simply too great. It is the expanding body of evidence that has value in doc-
umenting the real and substantial economic damages of climate change—and therefore the
benefits of mitigation. Accordingly, the methodology and preliminary estimates provided
here will contribute because, alongside the existing literature, they add a new approach for
measuring the economic value of changes in emissions based directly on public preferences.
We hope the framework developed here spurs additional research that can build a body of
evidence on SP approaches to valuing changes in GHG emissions.
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