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This paper estimates the financial benefits accruing to fossil fuel
producers (i.e., the producer incidence) that arise because of implicit
fossil fuel subsidies in the United States. The analysis takes account
of coal, natural gas, gasoline, and diesel, along with the implicit
subsidies due to externalized environmental damages, public health
effects, and transportation-related costs. The direct benefit to fossil
fuel producers across all four fuels is estimated at $62 billion per year,
a sum calculated due to the higher price that suppliers receive be-
cause of inefficient pricing compared to the counterfactual scenario
where environmental and public health externalities are internalized.
A significant portion of these benefits accrue to relatively few compa-
nies, and specific estimates are provided for companies with the largest
production. The financial benefit because of unpriced costs borne by
society is comparable to 18% of net income from continuing domestic
operations for the median natural gas and oil producer in 2017–2018,
and it exceeds net income for themajority of coal producers. The results
clarify what the domestic fossil fuel industry has at stake financially
when it comes to policies that seek to address climate change, adverse
health effects from local pollution, and inefficient transportation.

energy subsides | externals costs | efficient pricing | distributional
consequences

Fossil fuels underlie much of the world’s economic activity, in
addition to many of the greatest environmental and public

health challenges. The sudden, unexpected, and significant fall in
demand for energy brought about by the novel coronavirus has
spurred policymakers to consider financial assistance to fossil fuel
companies in order to mitigate damage to the industry. This comes
at a time when there otherwise has been growing and more en-
during concerns about fossil fuel subsidies around the world and a
recognition of the benefits and challenges to phasing them out
(1–5). While the prospects and duration of any pandemic-induced
bailouts remain uncertain, debates about fossil fuel subsidies and
subsidy reform will continue—especially in light of their close
connection to climate change, adverse health effects from local
pollution, and transportation-related costs.
This paper’s findings inform debates about fossil fuel subsides

along two dimensions. The first is a quantification of the finan-
cial benefits to fossil fuel producers of implicit subsidies already
in place. Using data for the United States from 2010 to 2018, the
estimates provide insight into the distributional consequences of
implicit fossil fuel subsidies between producers and consumers
during typical economic conditions. The analysis considers coal,
natural gas, gasoline, and diesel, along with the implicit subsidies
for each that arise because of the external costs borne by society
due to environmental damages, public health effects, and traffic-
related conditions.
The producer benefits of interest—i.e., the producer incidence

(PI)—are based on the higher price that suppliers receive because
of inefficient pricing compared to the counterfactual scenario
where environmental and public health externalities are internal-
ized. The direct financial benefit to fossil fuel producers of inef-
ficient pricing across all four fuels is estimated at $62 billion
per year on average, representing 11% of the total annual subsidy
of $568 billion. The total subsidy is equivalent to an average of 3%
of US Gross Domestic Product and equals the estimated value of

the environmental, public health, and transportation-related ex-
ternalities on an annual basis. To be clear, the focus here is not on
direct subsidy payments that reduce the costs of fossil fuels, but
rather on the implicit subsides that arise because of inefficient
pricing that gives rise to social costs (1, 2, 6). While direct subsidy
payments are common in many countries (7–9), they are not in the
United States.
The second set of findings are based on attribution of the subsidy

benefits to specific fossil fuel companies. Because of high concen-
tration in the supply of fossil fuels, the producer benefits accrue to a
relatively small number of coal, gas, and oil companies. Many are
found to benefit by hundreds of millions of dollars per year—with
some exceeding one billion. When compared to a company’s
reported net income from continuing operations, the importance of
these subsidies to company bottom lines becomes clear. The benefit
exceeds net income for more than half of the coal companies over
the most recent 2-y period, and in many cases by a wide margin. For
natural gas and oil producers with the largest US production, the
benefit constitutes a median of 18% of net income from domestic
operations. The world’s largest, foreign oil producers are also found
to benefit by hundreds of millions, or even billions, per year.
This paper also makes two methodological contributions to the

literature on fossil fuel subsidies. First is a generalization and
implementation of the standard International Monetary Fund
(IMF) framework (1, 2, 6, 10) to separately estimate the PI and
consumer incidence (CI). A key feature of existing studies—which
focus on economic efficiency, environmental and health impacts,
and government revenues—is the simplifying assumption of per-
fectly elastic supply (1, 6, 8–10). This implicitly assumes away
fundamental concerns about the extent to which the fossil fuel
industry benefits from subsidies and may therefore seek to prevent
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producers of policies that seek to correct market failures brought
about by climate change, adverse health effects from local pol-
lution, and inefficient transportation. The producer benefits of
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Author contributions: M.J.K. designed research, performed research, analyzed data, and
wrote the paper.

The author declares no competing interest.

This article is a PNAS Direct Submission.

This open access article is distributed under Creative Commons Attribution-NonCommercial-
NoDerivatives License 4.0 (CC BY-NC-ND).
1Email: matthew.kotchen@yale.edu.

This article contains supporting information online at https://www.pnas.org/lookup/suppl/
doi:10.1073/pnas.2011969118/-/DCSupplemental.

Published March 22, 2021.

PNAS 2021 Vol. 118 No. 14 e2011969118 https://doi.org/10.1073/pnas.2011969118 | 1 of 7

SU
ST

A
IN
A
BI
LI
TY

SC
IE
N
CE

D
ow

nl
oa

de
d 

at
 P

al
es

tin
ia

n 
T

er
rit

or
y,

 o
cc

up
ie

d 
on

 D
ec

em
be

r 
30

, 2
02

1 

http://crossmark.crossref.org/dialog/?doi=10.1073/pnas.2011969118&domain=pdf
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:matthew.kotchen@yale.edu
https://www.pnas.org/lookup/suppl/doi:10.1073/pnas.2011969118/-/DCSupplemental
https://www.pnas.org/lookup/suppl/doi:10.1073/pnas.2011969118/-/DCSupplemental
https://doi.org/10.1073/pnas.2011969118
https://doi.org/10.1073/pnas.2011969118


www.manaraa.com

reform. The approach taken here uses empirically based estimates
of supply elasticities to examine distributional implications, with a
focus on PI.
The second methodological contribution is rough estimates of

cost pass-through rates along different stages of fossil fuel supply
chains. The estimated ranges, combined with company-specific
production data, enable a further partition of PI into the bene-
fits accruing to a subset of individual fossil fuel companies. These
estimates shed light on what fossil fuel companies have at stake
with policies that seek to address climate change, protect public
health through the control of local pollution, and promote more
efficient transportation.

Conceptual Framework
Implicit fossil fuel subsidies represent a hybrid of the standard
tax and subsidy scenarios. This follows because externality-based,
fossil fuel subsidies arise because of failure to implement effi-
cient pricing, which confers an implicit subsidy. While different
mechanisms are possible to establish efficient pricing, the most
straightforward to illustrate the key points is Pigouvian taxation.
Consider the market for a particular fossil fuel, characterized by
the supply and demand curves in Fig. 1A. The initial equilibrium
occurs at price p’ and quantity Q’, which is not efficient because
of external costs in the form of environmental damages and

adverse health effects. Assume for simplicity that the marginal
external costs, denoted MEC, are constant. A Pigouvian tax
equals the MEC and places a wedge between the supply and
demand curves. If implemented, the Pigouvian tax would es-
tablish the efficient quantity Qp as the equilibrium and the prices
buyers pay and sellers receive as ppb and pps , respectively.
The implicit fossil fuel subsidy is defined as the sum of all

shaded areas in Fig. 1A; i.e., the rectangle equal to MEC ×Q’.
This is an effective subsidy because it represents real costs borne
by society—through environmental damages and adverse public
health effects or foregone tax revenue—but not reflected in the
market (1, 10). Of central interest here is the way that the total
subsidy differentially benefits consumers and producers (i.e., the
measures of incidence). The CI captures the change in net benefits
to consumers (i.e., consumer surplus) because of the lower price
they pay, and the PI captures the change in net benefits to pro-
ducers (i.e., producer surplus) because of the higher price they
receive. These measures are illustrated in Fig. 1A as the shaded
areas labeled CI and PI, respectively, which do not include the
vertically hashed triangles. The two regions represent the net gain
to consumers and producers of maintaining inefficient pricing.
Previous research nevertheless implicitly assumes the PI is zero,

which follows because of the simplifying assumption of perfectly
elastic supply (1, 2, 6, 8–10). The assumption is reasonably motivated

Fig. 1. The PI and CI of an implicit fossil fuel subsidy. MEC represents the marginal external cost associated with each unit of Q. (A) The presence of no
preexisting tax is assumed. The total implicit subsidy is the area MEC3Q’. The incidence measures capture the gain in producer and consumer surplus from
inefficient pricing, i.e., the respective shaded areas excluding the vertically hashed triangles. (B) A case with a preexisting tax; the net corrective tax is the
difference between the MEC and the preexisting tax.

Fig. 2. The PI and CI of the subsidy for all fuels. (A) The measures of PI and CI for all four fuels (coal, natural gas, gasoline, and diesel) for the most recent year,
2018. Data for all other years are available in SI Appendix. Each measure is further partitioned into the underlying externalities, which are proportionally the
same between both measures of incidence for each fuel (SI Appendix, Fig. S1). (B) The trend in PI over time for each fuel. While the producer benefits to coal
have decreased 33%, those for all other fuels have increased substantially: 42% for gasoline, 52% for diesel, and 63% for natural gas.
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in previous analyses because of the focus on efficiency rather than
distributional concerns between producers and consumers. The as-
sumption is also reasonable in cases where the focus is on relatively
small countries subject to the global supply of fossil fuels. The as-
sumption does not, however, fully characterize markets in the United
States, especially when it comes to coal and natural gas, which are
less interconnected in a global market compared to oil. While less is
known about supply elasticities compared to those for demand,
existing research does provide a basis for informed assumptions that
push away from the limiting case of perfect elasticity, especially for
the United States.
A final piece of the model to consider is the possibility for

preexisting subsidies or taxes. An explicit, preexisting subsidy
would be a direct government payment to reduce the producer or
consumer costs of fossil fuels, but as mentioned previously, these
are not common in the United States. Instead, implicit market
subsidies do arise because of existing tax preferences for oil and
gas firms, which have been estimated to cost the US government
roughly $4 billion annually in foregone revenue (11). These sub-
sidies are not accounted for in the present analysis because of the
focus on nonmarket implicit subsidies. There are, however, pre-
existing taxes that affect the immediate applicability of Fig. 1A,
and these must be taken into account to get an accurate measure
of the fossil fuel subsidy in each case. Fig. 1B generalizes the
framework to show how existing tax revenue associated with the
initial equilibrium at Q’ is not included in the overall subsidy. In
this case, the implicit subsidy is based on the net corrective tax
(i.e., MEC minus the preexisting tax). The measures of incidence
differ as shown but still represent the difference in the respective
surplus measures.

Overall Producer Incidence
The methodological approach for estimating the incidence of
fossil fuel subsidies requires several steps, all of which are de-
scribed in detail in SI Appendix. First is obtaining price and
quantity data for the different fuels. Second is estimating the MEC
associated with each fuel. Third is obtaining information on pre-
existing taxes in order to calculate the net corrective taxes. Fourth
is an approach for generating counterfactual prices that would
emerge with efficient pricing. Last is obtaining estimates of supply
and demand elasticities.

Total Subsidy. The results indicate a total subsidy across all four
fuels of $592 billion in the most recent year, 2018. This number
represents the external costs borne by society or foregone gov-
ernment revenue from inefficient pricing. Included in the ex-
ternal costs is the value of climate damages reflected in the social
cost of carbon and adverse health effects from local pollution (SI
Appendix, Fig. S1). The external costs for gasoline and diesel also
include the value of congestion-based travel delays and accident

fatalities, along with wear and tear on the roadways from heavy-
duty, diesel fuel vehicles (SI Appendix, Fig. S1).
It is worth noting that the inclusion of transportation costs as

part of the efficient gasoline and diesel taxes is a second-best
policy approach. That is, it would be more efficient to implement
a more direct vehicle miles traveled (VMT) tax. In the absence
of VMT taxes, however, including the external costs of trans-
portation in fuel taxes is reasonable and the standard approach
in the literature as a feasible policy alternative. In the event that
VMT taxes are eventually implemented, the externality associ-
ated with transportation fuels would need adjusting.
In 2018, the majority of the subsidy is for gasoline ($198 bil-

lion), followed by coal ($149 billion), natural gas ($126 billion),
and diesel ($119 billion). The total amount does not vary
much year to year (SI Appendix, Fig. S2), with a range between
$538 and $592 billion and an average of $568 billion per year.
Over the 8-y period, the subsidy for coal has declined 29%, while
the subsidy for natural gas has increased 58%. Those for gasoline
and diesel have increased 17% and 20%, respectively.

Incidence. Fig. 2A shows estimates of the PI and CI for each fuel
in 2018, and data for all years are included in SI Appendix. The
CI far exceeds the PI for all four fuels, reflecting the greater
relative elasticity of supply. Fig. 2A also illustrates the propor-
tional amounts of the incidence attributable to the different
externalities, which are the same across the two measures of
incidence for each fuel (SI Appendix, Fig. S1). Local pollution
constitutes the greatest share for coal, climate change the
greatest for natural gas, and transportation costs the greatest for
gasoline and diesel.
The primary focus here is the PI. Although the magnitudes are

substantially smaller than the CI, the dollar amounts that benefit
a relatively small number of producers are substantial. In 2018,
the PI across all four fuels was $71 billion, with an average of $62
billion per year since 2010. To be clear, this amount represents
the financial benefit to fossil fuel suppliers in the United States
of higher prices they receive because of inefficient policy that
does not take account of external costs. The average amounts for
coal, natural gas, and diesel are between $11 and $13 billion,
with gasoline receiving the highest average of $25 billion. Fig. 2B
shows the trend in PI for each fuel since 2010. While the pro-
ducer benefits to coal have decreased 33%, those for all other
fuels have increased substantially: 42% for gasoline, 52% for
diesel, and 63% for natural gas.

External Validity and Sensitivity. Examination of the implied pass-
through rates provides a source of external validation for the
measures of incidence. The pass-through rate for each fuel is the
share of costs that would be passed through to consumers if cor-
rective taxes were implemented. Referring back to the prices shown

Table 1. Sensitivity analysis on incidence and pass-through rates for 2018, in billions of dollars

Year

Coal Natural gas Gasoline Diesel

CI ($) PI ($) Pass-through CI ($) PI ($) Pass-through CI ($) PI ($) Pass-through CI ($) PI ($) Pass-through

Baseline 27 9 0.86 85 17 0.84 147 29 0.83 90 16 0.85
MEC
50% decrease 21 8 0.78 43 11 0.80 46 11 0.81 31 7 0.83
50% increase 29 9 0.90 121 21 0.86 239 42 0.85 143 22 0.87
Implicit pass-through
High 55 6 0.93 104 7 0.94 174 12 0.94 105 6 0.94
Low 16 13 0.83 63 35 0.65 110 64 0.64 68 35 0.66

Baseline corresponds to the numbers in Fig. 2A. The pass-through rates for each fuel are the ratio ðpp
b � p’

bÞ=ðMEC� tÞ in each case. MEC scenarios are an
overall 50% decrease or increase in the MEC for each fuel in 2018. The implicit pass-through high scenario is based on a simultaneous 50% decrease in the
demand elasticity and 50% increase in the supply elasticity. The implicit pass-through low scenario corresponds to 50% changes in the opposite directions for
both the demand and supply elasticities. All dollar values are reported in 2018 dollars.
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in Fig. 1, the pass-through rate is equal to the ratio
(ppb − p’b)=(MEC − t), where t is the preexisting tax, so the de-
nominator is the net corrective tax. For all four fuels, the implied
pass-through is close to 0.85 in 2018 (see the “Baseline row” in
Table 1), and the estimates vary little from year to year. A growing
number of studies estimate pass-through rates for fossil fuels as a
measure of incidence without needing to make assumptions about
elasticities (12–20). Although none are directly comparable to the
setting under study here, the range of estimates provides useful
points of comparison that reinforce the reasonableness of the
underlying elasticity assumptions (SI Appendix).
As noted above, key parameters for estimating the PI are the

MEC for each fuel, in addition to the demand and supply elas-
ticities. Although based on existing literatures, uncertainties
about the estimates are inherent. Sensitivity analysis helps to
evaluate the ways in which the incidence estimates depend on a
range of alternative assumptions (Table 1).
The first set of results examines the effects of a 50% decrease or

increase in the MEC estimate for each fuel. Because the total
subsidy for each fuel is simply the product of the net corrective tax
and the observed equilibrium quantity, the result is a 50% de-
crease or increase in the total subsidy, respectively. However, the
same proportional adjustments do not map into the CI and PI.
Focusing on changes to the PI, the sensitivity analysis on the
MECs finds the estimate to range between $8 and $9 billion for
coal, between $11 and $21 billion for natural gas, between $11 and
$42 billion for gasoline, and between $7 and $22 billion for diesel.
The second set of results examines the effect of simultaneous

changes to the demand and supply elasticities that push pass-

through rates and therefore estimates of the PI in the same di-
rection. The first case (the high pass-through scenario) is based
on a simultaneous 50% decrease in the demand elasticity and
50% increase in the supply elasticity. These changes increase the
effective pass-through rates for all fuels to between 0.93 and
0.94, thereby lowering the PI. The second case (the low pass-
through scenario) is the reverse, and this substantially reduces
the effective pass-through rates to between 0.64 and 0.66, with
the exception of that for coal at 0.83. The range of results based
on changes in the elasticities encompass those for changes in the
MECs. Estimates of the PI now range between $6 and $13 billion
for coal, between $7 and $35 billion for natural gas, between $12
and $64 billion for gasoline, and between $6 and $35 billion
for diesel.
Despite the wide range of estimates the sensitivity analysis

produces, focusing on only the most conservative scenarios still
provides useful insight. Even the lower-bound estimates imply a
combined benefit to fossil fuel suppliers of $31 billion in 2018
alone. Existing studies that assume perfectly elastic supply ob-
scure this important distributional result.

Company-Specific Benefits
A further question that naturally emerges is how these measures
of PI translate into direct financial benefits for specific fossil fuel
producers. Such calculations depend on two key pieces of in-
formation. First are estimates of how the PI is distributed along
the supply chains of each fuel type. This involves more links for
gasoline and diesel than for coal and natural gas because gaso-
line and diesel are downstream products of oil, whereas coal and

Fig. 3. Estimates of the company-specific benefit of the implicit subsidies to coal in 2018. The 23 companies listed are those that produced the greatest
amounts domestically in 2018 and account for 88% of US production. The numbers are the midpoint estimates of the approach described in SI Appendix. They
are derived using each company’s production as a proportion of total supply and estimates of the pass-through rate within the coal supply chain.
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natural gas are primary energy sources. Second is the production
level of individual fossil fuel companies that comprise the up-
stream supply. Here again the approach differs somewhat for
gasoline and diesel because the upstream supply of oil is inte-
grated in a world market, unlike that for coal and natural gas.
Details on the sources of data and approaches for making these
calculations are described in SI Appendix.

The Largest Producers. The specific companies considered here
are a subset of those that comprise the supply for US con-
sumption. This means that estimates of the company-specific
benefits that follow are only a fraction of the total PI discussed
above. Companies of central interest initially are those with the
greatest domestic production of coal or domestic reserves for
natural gas and oil. Also considered are company-specific ben-
efits to the 10 largest producers of oil world-wide, as a shift to
more efficient pricing for gasoline and diesel in the United States
would affect oil producers outside the United States because of
changes in the world price of oil. The overall aim is to provide
estimates of how much selected companies have at stake when it

comes to the possibility for policies that impose efficient pricing
on fuels in the United States.
Fig. 3 illustrates the midpoint estimates of the financial benefit

in 2018 for each of the 23 largest coal companies operating do-
mestically that year, which combined produced 88% of all do-
mestic production. Seven of them received estimated benefits well
above $300 million for the year. Indeed, the two largest, Peabody
Energy and Arch Coal, received annual benefits of $1.56 and $1.01
billion, respectively. Even the lowest estimate among companies
indicates benefits in excess of $52 million. These magnitudes il-
lustrate how large financial benefits accrue to a small number of
companies because the majority of coal produced in the United
States is concentrated among relatively few producers. In partic-
ular, the subsidy benefits reported in Fig. 3 account for 77% of the
coal PI in 2018, with the remaining unaccounted for benefits going
to smaller producing companies and the downstream rail trans-
portation of coal to electric power plants.
Fig. 4 illustrates the results for natural gas, gasoline, and diesel

combined for each of the 50 companies with the largest US pro-
duction of natural gas and oil in 2018, and it includes benefits based
on domestic production only. As described in SI Appendix, the
subsidy benefits stemming from gasoline and diesel are followed
upstream to oil producers, who in all cases produce natural gas as
well. Twelve companies have benefits greater than $300 million, and
the largest is EQT Corporation, with an annual benefit of $696
million, followed closely by ExxonMobil at $688 million. The lowest
estimate is $18 million for the year.
The majority of benefits accounted for in Fig. 4 are for natural

gas rather than gasoline and diesel. The reason is that the 50
producers supplied 44% of domestic natural gas production, which
is used entirely to meet domestic consumption. With gasoline and
diesel, however, the upstream oil is supplied in a world market, and
the 50 producers only account for 7% of global production in 2018.
Quantifying the benefits to these companies is compelling because
it shows how efficient pricing of gasoline and diesel would affect
the returns to US oil production.
Also of interest is how the same change in US policy would

affect returns to the world’s largest oil producers because of the
consequent reduction in the world price of oil. These results are
shown in Fig. 5 for the world’s 10 largest oil producers in 2018.
All companies have benefits above $500 million for the year. The
largest by a wide margin is Saudi Aramco, the world’s largest
producer, at $3.09 billion. The magnitudes in Fig. 5 for

Fig. 4. Estimates of the company-specific benefits of the implicit subsidies
to natural gas, gasoline, and diesel based on US production in 2018. The 50
companies listed are those with the largest US reserves in 2018. Based only on
their US production, they account for 44% of the domestic natural gas supply
and 7% of the global oil supply. The numbers are the midpoint estimates of
the approach described in SI Appendix. They are derived using each company’s
production as a proportion of total supply and estimates of the pass-through
rate within the supply chain for each fuel. Companies with an asterisk are
those that are vertically integrated on the supply chain for gasoline and diesel
and are therefore assumed to capture a greater share of the benefits.

Fig. 5. Estimates of the benefits to the world’s largest oil producers due to
implicit subsidies for gasoline and diesel in United States in 2018. The 10
companies listed are those with the greater production in 2018, and com-
bined they account for 34% of the global supply. The numbers are the
midpoint estimates of the approach described in SI Appendix. They are de-
rived using each company’s production as a proportion of total supply and
estimates of the pass-through rate within the supply chain for each fuel.
Companies with an asterisk are those that are vertically integrated on the US
supply chain for gasoline and diesel and are therefore assumed to capture a
greater share of the benefits.
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ExxonMobil and Chevron include the gasoline and diesel esti-
mates already reported in Fig. 4. The full subsidy benefit for
these two companies in 2018 is the sum of those for natural gas
in Fig. 4 and those for gasoline and diesel in Fig. 5, totaling $1.4
billion for ExxonMobil and $908 million for Chevron.
Not included as part of the gasoline and diesel estimates in Figs.

4 and 5 are $33 billion of benefits (73% of the gasoline and diesel
PI) to other oil producers and downstream suppliers of trans-
portation fuels in US retail markets. It is also the case that the oil-
based estimates are due only to consumption of gasoline and
diesel and therefore do not reflect additional subsidies associated
with other petroleum products such as heating oil and jet fuel. The
producer-specific benefits, therefore, should be interpreted as an
underestimate.

Relation to Net Income. How do the implicit subsidy benefits com-
pare to company bottom lines? The final set of results compare the
magnitude of the subsidy benefit for each company to the com-
pany’s net income based on continuing operations in the United
States. Net income is the standard measure of a company’s bottom
line, measuring total revenue from production minus all costs, in-
cluding administrative and operating expenses, depreciation, in-
terest, taxes, and other expenses. A useful way to express these
results is the ratio of a company’s subsidy benefit to its net income.
Given annual fluctuations in net income, one should not con-

clude that a ratio greater than one means that implementing ef-
ficient pricing would cause the company to go out of business, as
levels of production would shift, costs would change, and many
companies have additional operations outside the United States.
Rather, the comparisons are useful to indicate whether the subsidy
benefits are of a substantial magnitude compared to regular
operations.
Fig. 6 reports the average ratios for 2017–2018, including all

companies listed in Figs. 3 and 4 with a complete set of data (SI
Appendix). The magnitudes illustrate the importance of the im-
plicit subsidies. The median ratio among natural gas and oil pro-
ducers is 0.18 (Fig. 6A). This means that the median implicit
subsidy benefit to producers over the 2-y period was equal to 18%
of reported net income based on domestic operations.
The picture that emerges for coal companies is more stark, al-

though data on net income are available for fewer companies. The
subsidy benefit exceeds net income for 6 out of the 9 companies
reporting positive income. The median ratio is 1.2 for all 11
companies for which data are available. This means that the sub-
sidy benefit is roughly equal to (though just over) net income for
2017–2018 for the median coal producer. Prior research finds that
the environmental and health damages from coal-fired electricity
generation exceed the sector’s value added by a factor of 0.8–5.6
(21). The results here have a considerably narrower scope, focusing
on a comparison of only the private benefits of the implicit subsidy

to net income of individual companies. Given recent trends of
declining demand for coal and the surge in bankruptcies among
coal producers, these results at the very least raise questions about
whether financial viability would continue for coal producers in the
United States under efficient pricing.

Conclusion
Along with greater recognition of explicit and implicit fossil fuel
subsidies has come growing concern about their distributional
consequences. Who benefits? Who bears the costs? And how
might a better understanding of the distributional impacts affect
the political economy and feasibility of proposed reforms? While
existing studies have focused on distributional impacts of efficient
pricing among households (22–27), questions about how distri-
butional burdens are split between producers and consumers have
gone unstudied. Indeed, as discussed previously, the existing lit-
erature on fossil fuel subsidies, which focuses primarily on envi-
ronmental consequences and efficiency implications, sidesteps the
issue completely by assuming perfectly elastic supply and therefore
zero PI.
Estimates of the PI are nevertheless critical for understanding

what the fossil fuel industry has at stake when it comes to the
potential for subsidy reform. There are real and substantial fi-
nancial implications to fossil fuel producers of policies that seek
to correct market failures brought about by climate change, ad-
verse health effects from local pollution, and inefficient trans-
portation. The producer benefits of the existing policy regime in
the United States are estimated at $62 billion annually during
normal economic conditions. This translates into large amounts
for individual companies due to the relatively small number of
fossil fuel producers and high pass-through rates within fuel
supply chains. These numbers clarify why many in the fossil fuel
industry oppose more efficient regulatory reform; they may also
shape the way policymakers view the prospects for additional
subsidies going forward.

Methods
The approach for estimating the PI of implicit fossil fuel subsidies is based on
the conceptual framework in Fig. 1. Implementation proceeds in five steps: 1)
price and quantity data for each of the four fuels, which were obtained from
the Energy Information Administration; 2) MEC estimates for each fuel
based on the IMF’s methodology, with minor exceptions to update estimates
for each year; 3) information on preexisting taxes in order to estimate the
net corrective taxes; 4) a model based on constant elasticities of supply and
demand for generating counterfactual prices that would emerge with effi-
cient pricing; and 5) estimates of supply and demand elasticities based on a
review of the literature.

Details on each of these steps are included in SI Appendix, along with a
brief literature review on related pass-through estimates. Also included in SI
Appendix are details on the methods employed for attributing portions of
the estimated PI to the large domestic fossil fuel producers, along with the

Fig. 6. Distribution of the ratio of company-specific benefits to net income, 2017–2018. (A) The ratio of the subsidy benefit to net income from domestic
continuing operations for the natural gas and oil producers. The benefits are those reported in Fig. 4, and net income comes from company annual reports.
The graph is censored such that four companies report negative net income, and three companies have ratios greater than one. (B) The same ratios for the 11
publicly traded coal companies for which data are available. Two companies report negative net income, and two companies have ratios that far exceed 4 (at
6 and 10.6). See SI Appendix for more details.
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large global producers of oil listed in Fig. 5. It begins with a conceptual
framework and empirical evidence in support of assumptions about supply
chain pass-through rates, followed by company-specific data collection and
benefit estimates in proportion to production.

Data Availability. All study data are included in the article and/or supporting
information.

ACKNOWLEDGMENTS. Without implicating others for any errors or omis-
sions, I am grateful to several individuals for helpful feedback while working
on various aspects of this project, including Severin Borenstein, Lucas Davis,
Simon Dietz, Todd Gerarden, Ken Gillingham, Gilbert Metcalf, Michael
Moore, Erich Muehlegger, Ian Parry, Louis Preonas, Joe Shapiro, Jim Stock,
Katherine Wagner, two anonymous reviewers, and colleagues at the London
School of Economics while on sabbatical.

1. I. Parry, D. Heine, E. Lis, S. Li, Getting Energy Prices Right: From Principle to Practice
(International Monetary Fund, Washington, DC, 2014).

2. D. Coady, I. Parry, L. Nghia-Piotr, B. Shang, “Global fossil fuel subsidies remain large:
An update based on country-level estimates” (International Monetary Fund Working
Paper WP/19/89, 2019). https://www.imf.org/en/Publications/WP/Issues/2019/05/02/Global-
Fossil-Fuel-Subsidies-Remain-Large-An-Update-Based-on-Country-Level-Estimates-46509.
Accessed 8 March 2021.

3. IPCC, “Global warming of 1.5° C. An IPCC special report on the impacts of global
warming of 1.5° C above pre-industrial levels and related global greenhouse gas
emission pathways" (Intergovernmental Panel on Climate Change, 2019). https://
www.ipcc.ch/sr15/. Accessed 8 March 2021.

4. OECD/IEA, “Update on recent progress in reform of inefficient fossil-fuel subsidies
that encourage wasteful consumption” (2nd Energy Transitions Working Group
Meeting, Toyama, Japan 2019). https://oecd.org/fossil-fuels/publication/OECD-IEA-
G20-Fossil-Fuel-Subsidies-Reform-Update-2019.pdf. Accessed 8 March 2021.

5. UNEP, OECD and ISSD, “Measuring fossil fuel subsidies in the context of the sus-
tainable development goals” (UN Environment, Nairobi, Kenya, 2019). https://wedocs.
unep.org/bitstream/handle/20.500.11822/28111/FossilFuel.pdf. Accessed 8 March
2021.

6. D. Coady, I. Parry, L. Sears, B. Shang, How large are global fossil fuel subsidies? World
Dev. 91, 11–27 (2017).

7. OECD/IEA, “Fossil Fuel Support and Other Analyses” (2020). https://www.oecd.org/
fossil-fuels/. Accessed 8 March 2021.

8. L. Davis, The economic cost of global fuel subsidies. Am. Econ. Rev. 104, 581–585 (2014).
9. L. Davis, The environmental cost of global fuel subsidies. Energy J. 38, 7–27 (2017).
10. B. Clements et al., Energy Subsidy Reform: Lessons and Implications (International

Monetary Fund, Washington, DC, 2013).
11. G. Metcalf, The impact of removing tax preferences for US oil and natural gas pro-

duction: Measuring tax subsidies by an equivalent price impact approach. J. Assoc.
Environ. Resour. Econ. 5, 1–37 (2018).

12. J. Marion, E. Muehlegger, Fuel tax incidence and supply conditions. J. Public Econ. 95,
1202–1212 (2001).

13. Y. Chu, J. Holladay, J. LaRiviere, Pass-through from fossil fuel market prices to pro-
curement costs of the U.S. power producers. J. Ind. Econ. 65, 842–871 (2017).

14. C. Knittle, B. Meiselman, J. Stock, The pass-through of RIN prices to wholesale and
retail fuels under the renewable fuel standard. J. Assoc. Environ. Resour. Econ. 4,
1081–1119 (2017).

15. J. Burkhardt, “Incomplete regulation in an imperfectly competitive market: The impact of

the renewable fuel standard on U.S. oil refineries” (Working Paper, Colorado State Uni-

versity, 2018). https://drive.google.com/file/d/1h3g294GOwWA8yPFYBchAHo4s0hnMEUN7/

view. Accessed 8 March 2021.
16. J. Hughes, I. Lange, "Who (else) benefits from electricity deregulation? Coal prices,

natural gas, and price discrimination" (Economic Inquiry, Western Economic Associ-

ation International, 2020), vol. 58, pp. 1053–1075.
17. G. Heal, W. Schlenker, “Coase, Hotelling, and Pigou: The incidence of a carbon tax on

CO2 emissions” (CEEP Working Paper #6, Columbia University, 2019). https://ceep.

columbia.edu/sites/default/files/content/papers/n6.pdf. Accessed 8 March 2021.
18. E. Muehlegger, R. Sweeny, “Pass-through of own and rival cost shocks: Evidence from

the U.S. Fracking boom” (NBER Working Paper 24025, 2019). https://www.nber.org/

papers/w24025. Accessed 8 March 2021.
19. L. Preonas, “Market power in coal shipping and implications for U.S. climate policy”

(Working Paper, University of Maryland, 2019). https://www.louispreonas.com/s/

preonas_jmp.pdf. Accessed 8 March 2021.
20. S. Ganapati, J. Shapiro, R. Walker, Energy cost pass-through in US manufacturing:

Estimates and implications for carbon taxes. Am. Econ. J. Appl. Econ. 12, 303–342

(2020).
21. N. Muller, R. Mendelsohn, W. Nordhaus, Environmental accounting for pollution in

the United States economy. Am. Econ. Rev. 101, 1649–1675 (2011).
22. F. Arze del Granado, D. Coady, R. Gillingham, The unequal benefits of fuel subsidies:

A review of the evidence in developing countries. World Dev. 40, 2234–2248 (2012).
23. D. Coady, V. Flamini, L. Sears, “The unequal benefits of fuel subsidies revisited: Evi-

dence for developing countries” (IMF Working Paper WP/15/250, 2015). https://www.

imf.org/external/pubs/ft/wp/2015/wp15250.pdf. Accessed 8 March 2021.
24. C. Grainger, C. Kolstad, Who pays a price on carbon? Environ. Resour. Econ. 46,

359–376 (2010).
25. A. Mather, A. Morris, Distributional effects of a carbon tax in broader U.S. fiscal re-

form. Energy Policy 66, 326–334 (2014).
26. A. Bento, L. Goulder, M. Jacobsen, R. von Hafen, Distributional and efficiency impacts

of increased U.S. gasoline taxes. Am. Econ. Rev. 99, 667–699 (2009).
27. L. Goulder, M. Hafstead, G. Kim, X. Long, Impacts of carbon taxes across U.S.

Household income groups: What are the equity-efficiency tradeoffs? J. Public Econ.

175, 44–64 (2019).

Kotchen PNAS | 7 of 7
The producer benefits of implicit fossil fuel subsidies in the United States https://doi.org/10.1073/pnas.2011969118

SU
ST

A
IN
A
BI
LI
TY

SC
IE
N
CE

D
ow

nl
oa

de
d 

at
 P

al
es

tin
ia

n 
T

er
rit

or
y,

 o
cc

up
ie

d 
on

 D
ec

em
be

r 
30

, 2
02

1 

https://www.imf.org/en/Publications/WP/Issues/2019/05/02/Global-Fossil-Fuel-Subsidies-Remain-Large-An-Update-Based-on-Country-Level-Estimates-46509
https://www.imf.org/en/Publications/WP/Issues/2019/05/02/Global-Fossil-Fuel-Subsidies-Remain-Large-An-Update-Based-on-Country-Level-Estimates-46509
https://www.ipcc.ch/sr15/
https://www.ipcc.ch/sr15/
https://oecd.org/fossil-fuels/publication/OECD-IEA-G20-Fossil-Fuel-Subsidies-Reform-Update-2019.pdf
https://oecd.org/fossil-fuels/publication/OECD-IEA-G20-Fossil-Fuel-Subsidies-Reform-Update-2019.pdf
https://wedocs.unep.org/bitstream/handle/20.500.11822/28111/FossilFuel.pdf
https://wedocs.unep.org/bitstream/handle/20.500.11822/28111/FossilFuel.pdf
https://www.oecd.org/fossil-fuels/
https://www.oecd.org/fossil-fuels/
https://drive.google.com/file/d/1h3g294GOwWA8yPFYBchAHo4s0hnMEUN7/view
https://drive.google.com/file/d/1h3g294GOwWA8yPFYBchAHo4s0hnMEUN7/view
https://ceep.columbia.edu/sites/default/files/content/papers/n6.pdf
https://ceep.columbia.edu/sites/default/files/content/papers/n6.pdf
https://www.nber.org/papers/w24025
https://www.nber.org/papers/w24025
https://www.louispreonas.com/s/preonas_jmp.pdf
https://www.louispreonas.com/s/preonas_jmp.pdf
https://www.imf.org/external/pubs/ft/wp/2015/wp15250.pdf
https://www.imf.org/external/pubs/ft/wp/2015/wp15250.pdf
https://doi.org/10.1073/pnas.2011969118

