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ABSTRACT ARTICLE HISTORY
Scientists have a broad consensus on climate change. Yet, this Received 6 July 2023
consensus has not passed to the public opinion in the United Accepted 25 January 2024
States (US). A significant percentage of the US population does KEYWORDS

not agree that climate change is happening, or that it can cause Climate change; GHG
harm to people. We call this a public climate change agreement emissions; public opinion
gap. In this paper, we estimate the quantitative effect of increasing

public climate change agreement on greenhouse gas (GHG) emis- JEL CLASSIFICATION
sions in the US. We find a significant relationship between higher ~ @50 Q54

public agreement and lower subsequent GHG emissions. Then, we

estimate the welfare impact of closing the public climate change

agreement gap. We find that closing this gap can result in welfare

gains up to $4.75 trillion through the expected decreases in GHG

emissions.

1. Introduction

Scientists have a broad consensus on climate change (Cook et al. 2013). However, public
opinion in the US is far from reaching such a consensus. According to Leiserowitz et al.
(2023), the percentage of Americans who agree that climate change is happening was 72%
in 2021. Further, and perhaps more importantly for policy support, between 40% and
50% of Americans do not think that climate change will harm people in the present or the
near future. This indicates a significant gap in the public agreement on climate change in
the US. In this paper, we aim to answer the following question: what is the quantitative
effect of increasing public climate change agreement (PCCA) in the US on GHG
emissions?

Studies (e.g. Adger 2003; Herrnstadt and Muehlegger 2014) show that PCCA affects
individual and collective behaviour like energy consumption behaviour and voting
behaviour for example. In addition, while households may not have direct control on
firms’ emissions, there are channels through which increased PCCA can lead to lower
emissions by firms. For example, increased PCCA usually puts pressure on policymakers
to impose stricter emissions standards. This, in turn, forces firms to decrease their
emissions. In other words, PCCA plays an important role in shaping the socio-political
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context of climate change policymaking and can result in decreased emissions by chan-
ging both households’” and firms’ behaviour.

The important role of PCCA has motivated a growing body of research to study the
reasons behind the lack of public agreement on climate change in the US. Boykoff and
Boykoft (2007), Sampei and Aoyagi-Usui (2009), Schmidt et al. (2013), Shapiro (2016)
and Briiggemann and Engesser (2017) are examples of such studies. These studies high-
light the roles of special interest groups in promoting climate change scepticism and
denial. However, to the best of our knowledge, existing literature does not quantify the
impact of PCCA on GHG emissions. This paper aims to fill this gap. Quantifying the
effect of increasing PCCA on GHG emissions can further highlight the importance of
public opinion in supporting or deterring policies that tackle climate change. It can also
be used to quantify welfare benefits of increasing PCCA.

Using the two-stage least squares (2SLS) method, we find that increasing PCCA is
significantly related to decreasing subsequent GHG emissions per capita. A percentage
point increase in PCCA is expected to reduce per capita GHG emissions by 24.35% the
following year. This relationship is robust across various specifications. Further, we
quantify the welfare impact of increasing PCCA in the US. We find that increasing
PCCA to 100% (closing the PCCA gap) can lead to welfare gains up to $4.75 trillion.

The rest of the paper is organised as follows: Section 2 discusses the data used in our
study. Section 3 presents the regression model, estimation method and benchmark
results. Section 4 presents robustness checks. Section 5 presents calculation of the welfare
impact. A conclusion is provided in Section 6.

2. Data
2.1. PCCA

As a measure of PCCA in the US, we use the reported responses from the ‘Climate
Change in the American Mind’ surveys (Leiserowitz et al. 2023). These surveys ask
samples of Americans about their agreement or disagreement on climate change. Data
are available since 2008 at the state level and since 2014 at the county level. We use data at
the county level which yields a bigger sample and richer variations.

Survey questions include whether climate change is happening (the ‘happening’
question), whether climate change is expected to harm people in the present or near
future (the ‘timing’ question), and other climate-change-related questions. The most
recent survey that we use is from December 2022 and is a joint effort between the Yale
Program on Climate Change Communication and the George Mason University Center
for Climate Change Communication (Leiserowitz et al. 2023).

Table 1 shows the percentage of surveyed people answering yes to the ‘happening’ and
‘timing’ questions in different years for the US as a whole. As shown in Table 1,
a significant PCCA gap exists. For example, as of 2021, 41% of surveyed Americans do

Table 1. PCCA in the US.

2016 2021

Climate change is happening 69% 72%
Climate change will harm people 49% 59%
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not agree that climate change will harm people in the present or near future. As
mentioned, the goal of this paper is to quantify the effect of decreasing this gap on
GHG emissions in the US.

2.2. Temperature anomalies

We aim to quantify the effect of exogenous variations in PCCA on GHG emissions. The
intricacy of the underlying mechanisms complicates the estimation. For example, emit-
ting firms may simultaneously lobby policymakers against policies aimed to decrease
GHG emissions and try to promote climate change scepticism through the media. The
result could be higher GHG emissions and lower PCCA. For this reason, our strategy is to
use instrumental variables for PCCA. In particular, we use temperature anomalies.
Temperature anomaly is defined as the difference between the current 12-month average
temperature and the long-term average or expected temperature. Data on temperature
anomalies at the county level in the US are obtained from Climate at a Glance System.

The literature highlights the relationship between temperature anomalies and PCCA.
For example, according to Donner and McDaniels (2013), there is a strong relationship
between previous year’s temperature anomaly and perceiving that climate change is
happening. Similarly, Myers et al. (2013) point out that public perception of temperature
anomalies affects public opinion regarding climate change. Another example is Hamilton
and Stampone (2013) reporting stronger effects of anomalies closer in time. Whitmarsh
(2009) relates this relationship to mixing up the concepts of weather and climate by the
public. In other words, people tend to judge the validity of climate change based on
temperature anomalies. This means that temperature anomalies are correlated with
PCCA.

It is possible that current temperature anomalies affect current GHG emissions.
Consequently, we use lagged temperature anomalies as IVs to identify the impact of
lagged PCCA on current GHG emissions per capita. Using lags helps ensure that changes
in PCCA and the subsequent effect on GHG emissions exclude the potential direct effect
of current temperature anomalies on current GHG emissions.

2.3. GHG emissions

The emissions data used in the study are firm emissions. In particular, the data are on
GHG emissions of firms classified as ‘direct emitters’. Through the Greenhouse Gas
Reporting Program, firms classified as direct emitters must report their GHG emissions
to the US Environmental Protection Agency. The data are available at the county level.
We sum emissions of all direct emitters registered in each county, and then we divide
total emissions by the county’s population size to get GHG emissions per capita for each
county. The measure is in terms of annual metric tons of CO2 equivalent commonly used
in literature.

2.4. Median household income

Of the main factors contributing to GHG emissions are the level of economic activity,
level of education and the types of employment in each county. These factors are reflected
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in the level of income. For this reason, we use the median household income level in each
county as a control variable in our regression models. We obtained data from the US
Census Bureau, Poverty estimates.

3. Regression model and estimation results

We use a panel data sample with 7,132 observations. As of preparing this study, data on
emissions are available until 2021. Data on PCCA at the county level start in 2014.
Therefore, we use data on emissions in 2015, 2017, 2019 and 2021, while we use data on
PCCA in 2014, 2016, 2018 and 2020. Counties with direct emitters included in the sample
are 1,783. Equation (1) presents our regression model:

GHGj; = yPCCA;—1 + BXit + o + Ay + uy (1)

The dependent variable, GHGjy;, is the log of GHG emissions per capita at county i in time
t. PCCAj;—, is the public climate change agreement at county i in the previous period, ¢-1.
As a measure of PCCA, we use the percentage of people who responded yes to the
‘timing’ question. As a robustness check, we repeat the estimation using the percentage of
people who responded yes to the ‘happening’ question. Xj; is the log of the median level of
household income at county i in time t. We also include county fixed effects, a;, and time
fixed effects, A;. Finally, u; is an error term.

As mentioned, we use lags of temperature anomalies to instrument for PCCA in order
to alleviate the potential endogeneity. We use the two-stage least square (2SLS) method.
Equation (2) presents the first stage, where the endogenous variable, lagged PCCA, is
projected on lagged temperature anomalies (Temp;_;, Temp;;_,, Temp;;_3) and other
exogenous variables. The ‘1’ subscript is to denote the first stage. Equation (3) is

the second stage. At this stage, we use projected PCCA, PCCA, from the first stage.
The 2’ subscript is to denote the second stage.

PCCAji—1 =y, Tempjs_1 + 61 Tempiy_, + 01 Tempiy_3 + B, Xyt + i + Aie + e~ (2)

GHGy = p,PCCA;1 + B, Xiu + a2i + Aoy + 12 (3)

Table 2 presents the results. The first-stage relationship between temperature anomalies
and PCCA is statistically significant. Furthermore, lagged PCCA is significantly related to

Table 2. Benchmark estimation results.

Stage 1

% Temp. Anomaly 1 0.133***
% Temp. Anomaly 2 —0.085%**
% Temp. Anomaly 3 0.156***
Stage 2

PCCA —0.279%*
Log (Median Income) 1.351%*
County Fixed Effects Yes
Time Fixed Effects Yes

*Significant at 90%, **Significant at 95%, ***Significant at 99% confidence level.
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Table 3. Results using ‘happening’ as a PCCA measure.

Stage 1

% Temp. Anomaly 1 0.168***
% Temp. Anomaly 2 0.044**
% Temp. Anomaly 3 0.046*
Stage 2

PCCA -0.118*
Log (Median Income) 0.521
County Fixed Effects Yes
Time Fixed Effects Yes

Note: *Significant at 90%, **Significant at 95%, ***Significant at 99% confidence level.

GHG emissions. A percentage point increase in PCCA is expected to cause a 24.35%
decrease in GHG emissions per capita next year. This is our main result.

4. Robustness
4.1. ‘Timing’ vs. "Happening’

As a robustness check, we repeat the estimation using the percentage of people who
responded yes to the ‘happening’ question to measure PCCA. As shown in Table 3,
PCCA remains significantly related to GHG emissions per capita. Using this measure,
a percentage point increase in PCCA is expected to cause an 11.13% decrease in GHG
emissions per capita next year. This is not surprising, since simply believing that climate
change is happening does not provide the same motivation to act as believing that climate
change can cause harm now or in the near future.

4.2. Current temperature anomalies

As an additional robustness check, we add current temperature anomalies as an
additional explanatory variable to the model. This is to capture the potential direct
effect of temperature anomalies on GHG emissions. Also, it controls for potential
effect of lagged anomalies on current anomalies (auto-correlation). Table 4 shows that

Table 4. Estimation results with current temperature anomaly.

Stage 1

% Temp. Anomaly 1 0.198***
% Temp. Anomaly 2 —0.135%**
% Temp. Anomaly 3 0.179***
Stage 2

PCCA —0.245%*
Log (Median Income) 1.234%*
Current Temp. Anomaly —-0.016
County Fixed Effects Yes
Time Fixed Effects Yes

*Significant at 90%, **Significant at 95%, ***Significant at 99% confidence level.
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the main conclusion holds. PCCA is significantly related to emissions. A percentage
point increase in PCCA is expected to cause a 21.73% decrease in GHG emissions per
capita next year. In this estimation, we use the ‘timing’ question as a measure for
PCCA.

5. Welfare impact

In this section, we quantify the economic significance of the existing PCCA gap.
Different studies provide estimates to monetise the consequences of climate change by
estimating the ‘social cost of carbon’ (SCC), since CO2 is the main GHG emission.
Nordhaus (2017) estimates SCC for the US to be 4.78$/t CO2. Pindyck (2019)
estimates an average SCC of 200$/t CO2. We use these estimates as lower and
upper bounds in the below estimation.

The total GHG emission reported by direct emitters in the sample is 2.38 billion
units of metric tons of CO2 equivalent in 2021. The US population size in 2021 is
around 332 million. This means that GHG emissions per capita is approximately 7.16
in 2021. Using the estimated coefficient from Table 2, a percentage point increase in
PCCA is expected to decrease subsequent GHG emissions per capita by 24.35%. This
means a decrease from 7.16 to 5.42, which decreases total GHG emissions by about
578 million units. Using estimates of SCC, the estimated welfare benefits of increasing
PCCA by one percentage point are therefore between $2.76 billion and
$115.74 billion.

Further, increasing the percentage of people who answer yes to the ‘timing’ question to
100% (closing the PCCA gap) requires a 41-percentage point increase. This means that
closing the PCCA gap in the US can result in welfare benefits between $113.42 billion and
$4.75 trillion. Using the ‘happening’ question to measure PCCA yields lower estimates of
the welfare gains. In addition, such increases in PCCA are not marginal increases, so
these welfare gain estimates are to be taken with caution.

6. Conclusion

While there is a broad consensus among scientists about climate change, there is
a lack of such consensus among the US public opinion. This may be contributing to
deterring the efforts to reduce GHG emissions in the US. In this paper, we estimate
the effect of increasing the public climate change agreement on GHG emissions per
capita in the US.

We instrument for lagged PCCA using lagged temperature anomalies. Lagged anoma-
lies are correlated to PCCA and have no direct effect on current GHG emissions. We find
that a percentage point increase in PCCA is expected to lower subsequent GHG emis-
sions per capita by 24.35%.

Through the expected reductions in GHG emissions, higher PCCA can lead to welfare
gains. Using our results and estimates for the ‘social cost of carbon’, we find that
increasing PCCA by a percentage point can result in up to $115.74 billion welfare
gains. Closing the PCCA gap can result in up to $4.75 trillion welfare gains.



504 J. EL ARMALI AND M. RAHIMIAN

Disclosure statement

No potential conflict of interest was reported by the author(s).

References

Adger, W Neil. 2003. “Social Capital, Collective Action, and Adaptation to Climate Change.”
Economic Geography 79 (4): 387-404. https://doi.org/10.1111/j.1944-8287.2003.tb00220.x.

Boykoft, Maxwell T., and Jules M. Boykoft. 2007. “Climate Change and Journalistic Norms: A
Case-Study of US Mass-Media Coverage.” Geoforums; Journal of Physical, Human, and Regional
Geosciences 38 (6): 1190-1204. https://doi.org/10.1016/j.geoforum.2007.01.008.

Briiggemann, Michael, and Sven Engesser. 2017. “Beyond False Balance: How Interpretive
Journalism Shapes Media Coverage of Climate Change.” Global Environmental Change
42 (January): 58-67. https://doi.org/10.1016/j.gloenvcha.2016.11.004.

Cook, John, Dana Nuccitelli, Sarah A. Green, Mark Richardson, Barbel Winkler, Rob Painting,
Robert Way, Peter Jacobs, and Andrew Skuce. 2 2013. “Quantifying the Consensus on
Anthropogenic Global Warming in the Scientific Literature.” Environmental Research Letters
8 (2): 024024. https://doi.org/10.1088/1748-9326/8/2/024024

Donner, Simon D., and Jeremy McDaniels. 2013. “The Influence of National Temperature
Fluctuations on Opinions About Climate Change in the U.S. Since 1990.” Climatic Change
118 (3-4): 537-550. https://doi.org/10.1007/s10584-012-0690-3.

Hamilton, Lawrence C., and Mary D. Stampone. 2013. “Blowin’ in the Wind: Short-Term Weather
and Belief in Anthropogenic Climate Change.” Weather, Climate, and Society 5 (2): 112-119.
https://doi.org/10.1175/WCAS-D-12-00048.1.

Herrnstadt, E., and Erich Muehlegger. 2014. “Weather, Salience of Climate Change and
Congressional Voting.” Journal of Environmental Economics & Management 68 (3): 435-448.
https://doi.org/10.1016/j.jeem.2014.08.002.

Leiserowitz, A., E. Maibach, S. Rosenthal, J. Kotcher, J. Carman, M. Verner, S. Lee, et al. 2023.
Climate Change in the American Mind: Beliefs & Attitudes, December 2022. New Haven, CT:
Yale University and George Mason University, Yale Program on Climate Change
Communication.

Myers, Teresa A., Edward W. Maibach, Connie Roser-Renouf, Karen Akerlof, and Anthony
A. Leiserowitz. 2013. “The Relationship Between Personal Experience and Belief in the Reality
of Global Warming.” Nature Climate Change 3 (4): 343-347. https://doi.org/10.1038/ncli
matel754.

Nordhaus, William D. 2017. “Revisiting the Social Cost of Carbon.” Proceedings of the National
Academy of Sciences 114 (7): 1518-1523. https://doi.org/10.1073/pnas.1609244114.

Pindyck, Robert S. 2019. “The Social Cost of Carbon Revisited.” Journal of Environmental
Economics & Management 94 (March): 140-160. https://doi.org/10.1016/j.jeem.2019.02.003.
Sampei, Yuki, and Midori Aoyagi-Usui. 2009. “Mass-Media Coverage, Its Influence on Public
Awareness of Climate-Change Issues, and Implications for Japan’s National Campaign to
Reduce Greenhouse Gas Emissions.” Global Environmental Change 19 (2): 203-212. https://

doi.org/10.1016/j.gloenvcha.2008.10.005.

Schmidt, Andreas, Ana Ivanova, and Mike S. Schifer. 2013. “Media Attention for Climate Change
Around the World: A Comparative Analysis of Newspaper Coverage in 27 Countries.” Global
Environmental Change 23 (5): 1233-1248. https://doi.org/10.1016/j.gloenvcha.2013.07.020.

Shapiro, Jesse M. 2016. “Special Interests and the Media: Theory and an Application to Climate
Change.” Journal of Public Economics 144 (December): 91-108. https://doi.org/10.1016/j.jpu
beco.2016.10.004.

Whitmarsh, Lorraine. 2009. “What’s in a Name? Commonalities and Differences in Public
Understanding of ‘Climate change’ and ‘Global warming’.” Public Understanding of Science
18 (4): 401-420. https://doi.org/10.1177/0963662506073088.


https://doi.org/10.1111/j.1944-8287.2003.tb00220.x
https://doi.org/10.1016/j.geoforum.2007.01.008
https://doi.org/10.1016/j.gloenvcha.2016.11.004
https://doi.org/10.1088/1748-9326/8/2/024024
https://doi.org/10.1007/s10584-012-0690-3
https://doi.org/10.1175/WCAS-D-12-00048.1
https://doi.org/10.1175/WCAS-D-12-00048.1
https://doi.org/10.1016/j.jeem.2014.08.002
https://doi.org/10.1016/j.jeem.2014.08.002
https://doi.org/10.1038/nclimate1754
https://doi.org/10.1038/nclimate1754
https://doi.org/10.1073/pnas.1609244114
https://doi.org/10.1016/j.jeem.2019.02.003
https://doi.org/10.1016/j.gloenvcha.2008.10.005
https://doi.org/10.1016/j.gloenvcha.2008.10.005
https://doi.org/10.1016/j.gloenvcha.2013.07.020
https://doi.org/10.1016/j.jpubeco.2016.10.004
https://doi.org/10.1016/j.jpubeco.2016.10.004
https://doi.org/10.1177/0963662506073088

	Abstract
	1. Introduction
	2. Data
	2.1. PCCA
	2.2. Temperature anomalies
	2.3. GHG emissions
	2.4. Median household income

	3. Regression model and estimation results
	4. Robustness
	4.1. ‘Timing’ vs. ‘Happening’
	4.2. Current temperature anomalies

	5. Welfare impact
	6. Conclusion
	Disclosure statement
	References

