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Abstract
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and self-report emissions that are otherwise privately observed. Our central result is a
simple formula for the marginal externality damage of emissions—the optimal carbon
tax—that accounts for firms’ incentives to distort reported emissions. The optimal tax
varies markedly across firms as a function of marginal damages, output, and emission
e!ciencies, and exceeds common uniform-tax benchmarks, on average. Quantifying the
model shows large welfare gains from internalizing reporting incentives: the constrained
optimal tax recovers 3/4 of the potential welfare benefits; a uniform tax that does not
internalize reporting incentives, by contrast, recovers almost none of them.
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1 Introduction

A defining challenge of our time is that of climate change. Given the central role that firms’
carbon emissions play in its development, it is important to have a theory of carbon taxation
that is e!ective. There is reason to believe that such a theory needs to be richer than the
benchmark model of Pigouvian taxation. Building on the work of Pigou (1912, 1920), the
dominant model of carbon taxation over the past three decades has been that of a tax on
firms’ unpriced emissions, to ensure that firms internalize the true social cost of their actions
(e.g., Nordhaus, 1977, 2007). This approach has, in turn, led to several real-world carbon tax
proposals (e.g., Economists’ Statement on Carbon Dividends, 2019).1 The practical imple-
mentation of carbon taxation, nevertheless, faces several challenges.

An important obstacle—long recognized by policymakers (e.g., European Commission,
2023a) and practitioners (e.g., ECA, 2015) alike—is that firms’ emissions are based on firm-
specific information and primarily self-reported.2 Combined with the presence of a carbon tax,
this creates an incentive for firms to distort their carbon disclosures, hindering the e!ectiveness
of carbon taxation.3 In part as a consequence of these concerns and several high-profile court
cases that have substantiated their relevance, trust in the e!ectiveness of carbon taxation is low
among the general public (e.g., Dechezleprêtre et al., 2025), preventing its widespread adoption
across countries.4 Our aim with this paper is to fill the gap between the macroeconomic
theory that addresses firms’ climate externality through carbon taxation and its practical
implementation plagued by imperfect knowledge about firms’ emissions.

To do so, we propose a modification of the standard Pigouvian approach that recognizes
the need to incentivize firms’ truthful disclosures. Within the context of a workhorse dynamic
integrated-assessment model, we show that a simple adjustment to a uniform carbon tax op-
timally internalizes firms’ disclosure incentives. Our constrained optimal tax varies markedly
across firms as a function of a firm’s carbon e"ciency, marginal damages, output, and exceeds
common uniform-tax benchmarks on average. Quantifying our tax formula, we find substan-
tial welfare and environmental gains from internalizing reporting incentives. The constrained
optimal tax recovers around 3/4 of the potential social benefits; a uniform tax that does not
internalize reporting incentives, by contrast, recovers only a small fraction.

1See, for example, Stiglitz et al. (2017), Parry et al. (2021), and Shultz and Baker (2017).
2See GHG Protocols (2004), IFRS Foundation (2023), and SEC Carbon Disclosures (2024), among others.
3We discuss firms’ carbon disclosures in the EU, US, and the UK in Section 2 and Appendix D.
4In the US, recent court cases that have documented deliberate failures to report carbon emissions are: (i)

New York State v. Exxon Mobil Corporation (2019-2023); (ii) People v. JBS Food (2024); and (iii) SEC v.
Oatly (2024), among several others. In the EU: (i) NGOs v. TotalEnergies SE (2024); (ii) the UK v. Diago
plc (2022); and (iii) the EC v. Bulgarian third-party GHG verifier (2024), among others. Even observed
non-compliance often does not result in sizable fines (Calel et al., 2025). As acknowledged by policymakers,
due to di!culties verifying carbon disclosures, these presumably represent the tip of the iceberg.
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To motivate our analysis, we provide new evidence on firms’ stated carbon emissions and
the heterogeneity that exists in the e"ciency of firms’ carbon use. Using a comprehensive
dataset on public and private firms’ carbon-equivalent emissions from 150 countries over 15
years—the ICE ESG Company Database—we show that firms’ direct, production-based (scope
1) emissions account for the lion’s share of overall country-level emissions. For the US, the
country for which we have the most comprehensive coverage, we estimate that at least 80%
of national carbon-equivalent emissions arise due to direct, production-based emissions. Ad-
dressing climate change is, to a large extent, a problem of curtailing firms’ direct emissions.5

Crucially, we document substantial heterogeneity in firms’ emission e!ciency, defined as
emissions per unit of output or revenue. Consistent with Shapiro and Walker (2018) and
Capelle et al. (2023), emission e"ciencies are widely dispersed, even after controlling for
country-sector-time fixed e!ects, and the spread is large relative to other familiar sources of
heterogeneity such as TFP. Finally, we exploit a novel feature of the ICE ESG database:
we compare reported emissions for firms whose disclosures are third-party verified (that is,
for which internal calculations are checked by external consultants) with those that are not.
We find that non-verified firms systematically report lower emissions than otherwise similar
verified firms. We interpret this evidence as consistent with policymakers’ concerns that the
substantial heterogeneity in emission intensities leaves scope for optimistic reporting.

Our core contribution is to develop a theory of carbon taxation consistent with firms’
incentives. We consider a workhorse dynamic integrated-assessment model in the spirit of
Golosov et al. (2014) and Barrage and Nordhaus (2024). The distinguishing feature of our
model is that firms are heterogeneous, both in their productivity and their carbon e"ciency.
The latter measures the extent to which a firm’s energy use converts into carbon-equivalent
emissions. Importantly, a firm’s carbon intensity, and hence its emissions, are partially private
information to the firm, unknown to the social planner or other firms in the economy. This
information friction drives a wedge between the social planner’s desired disclosures for a firm
and the firm’s own optimal disclosure. The rest of the model is standard. In the model,
firms produce output using capital, labor, and energy—with energy produced indirectly from
output in a roundabout fashion—and invest in abatement to curb emissions. Emissions impact
economy-wide productivity through a damage function (i.e., an environmental externality),
which firms do not internalize. Within this environment, we derive two main results.

Our first main result shows that the combination of firm-specific information and het-
erogeneity in carbon e"ciency challenges conventional carbon tax proposal. We show that
a standard, homogeneous carbon tax across firms—as implied in our economy by the Pigu-

5The ICE database covers substantially more firms than the more commonly-used S&P TruCost dataset,
which is why our estimates are larger than those reported in e.g., Bolton and Kacperczyk (2023).
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vian optimal tax when the planner that has full information about firms’ carbon intensities—
introduces profit di!erentials between equally productive firms with di!erent carbon intensity.
The tax scheme leads to larger tax bills for firms with higher carbon intensity, and thus larger
emissions. In an economy in which carbon intensities are partially private information, ho-
mogenous carbon taxes are, thus, incentive incompatible; they generate strong incentives for
firms to misreport their emissions. We show that the social cost of neglecting firms’ incentives
can be arbitrarily large, depending on the heterogeneity in carbon intensities.

The second main result builds on this challenge. We derive the optimal carbon tax when
the social planner is constrained to choose allocations that are ex-post incentive-compatible.
We refer to our constrained optimal tax as the Mirrleesian carbon tax. On the one hand, the
planner in our framework desires to curb emissions, to raise economy-wide productivity; on the
other hand, e!orts to reduce emissions also distort input uses, which result in misallocation
that lowers productivity. The optimal carbon tax under full-information optimally balances
this e!ciency-misallocation trade-o" with a constant, homogeneous rate. By contrast, in
the Mirrleesian case, the planner is restricted to choose allocations that are incentive com-
patible. We show that the optimal constrained tax under imperfect information is a simple,
proportional adjustment to a tax on the social cost of carbon (e.g., Golosov et al., 2014). This
Mirrleesian adjustment is a function of a firm’s location in the carbon-intensity distribution.
The Mirrleesian tax is, thus, constant within firms but heterogeneous across firms.

Indeed, a central feature of the Mirrleesian carbon tax is that it declines with a firm’s
carbon intensity. A firm’s incentive to misreport is unidirectional—high-carbon-intensity firms
wish to pretend to be less carbon intensive. Combined with the Mirrleesian tax schedule
resulting in allocations, conditional on productivity, in which all firms pay the same total
carbon tax as a share of revenue, this removes any incentive to misreport. We show that our
constrained optimal tax varies markedly across firms as a function of their carbon intensity,
marginal damages, and output, and also exceeds common uniform benchmarks on average.

We explore the quantitative benefits of Mirrleesian carbon taxation. To do so, we calibrate
the model to the within-sector within-time heterogeneity in emission intesities for the verified
ICE ESG sample. In the absence of information frictions, we estimate the optimal carbon tax
to be around $300 per ton of carbon dioxide equivalent emissions (tCO2e), in line with recent
estimates of the social cost of carbon (e.g., Tol, 2023). The overall tax bill in this case ranges
from almost 0% of revenues for low carbon-intensity firms to almost 7% for high carbon-
intensity firms. By contrast, the Mirrleesian carbon-tax schedule implies substantially higher
marginal rates. The optimal tax is around $1,500/tCO2e for the median carbon-intensity firm,
rising to roughly $4,000/tCO2e for firms 1 standard deviation below the median, and declining
to about $250/tCO2e for firms 1 standard deviation above. There is substantial heterogeneity
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in optimal carbon rates. Despite this heterogeneity, the overall tax bill is the same across
firms with similar productivity and in all cases amounts to less than 1% of revenues.

Crucially, the Mirrleesian tax extracts most of the potential benefits from carbon taxa-
tion. Compared to the first-best full-information tax, the Mirrleesian tax recovers 3/4 of the
potential welfare gains and around 80% of the potential decline in emissions. A tax equal to
its optimal value under full information—around $300/tCO2e—by contrast recovers less than
10% of the social and environmental benefits attainable in the first best. We conclude that
the Mirrleesian tax schedule extracts most of the potential benefits from carbon taxation.

We demonstrate that the cause of this comparative performance is that most of the benefits
from carbon taxation arise due to higher productivity driven by reduced emissions. Changes
in capital and energy use, as well as the misallocation costs of carbon taxation, are in contrast
small. We document through an exact decomposition of firms’ emissions that the Mirrleesian
tax attains a similar decline in overall emissions to that in the first-best, full-information case
whenever the first-best correlation between firms’ energy use and carbon intensity is low—
i.e., whenever productivity (as in our model) is an important determinant of first-best energy
choices. Our quantitative results thus underscore the importance of jointly accounting for
productivity dynamics and carbon-intensity heterogeneity within one unified framework.

We conclude our analysis by showing that the comparative performance of Mirrleesian
taxation extends across a range of robustness exercises and extensions. First, we examine
transition dynamics and allow for a more complex climate specification in which the climate
is approximated by both emissions and temperature, following Miftakhova et al. (2020)—an
approach increasingly used in the natural sciences (e.g., Allen et al., 2009; Matthews et al.,
2009, 2012) and in macroeconomics (e.g., Dietz et al., 2021; Fernández-Villaverde et al., 2024).
Second, we undertake a sensitivity analysis of the parameters that govern the climate block of
the economy, focusing in particular on the abatement-cost elasticity and the climate-damage
elasticity, for both of which there is substantial parameter uncertainty. Third, we introduce
renewable and fossil energy as imperfect substitutes, to account for one important driver of
heterogeneity in carbon intensity. This follows the approach in Hassler et al. (2016), among
others. And, lastly, we vary the accuracy of the planner’s information about firms’ carbon
intensities. Overall, our main message remains robust: under realistic parameterizations,
ignoring incentive-compatibility considerations is consistently socially and environmentally
costly; a Mirrleesian carbon tax that internalizes such considerations, by contrast, in all cases
extract at least 50-60% of the potential benefits of carbon taxation.

Finally, a premise of our analysis is that policymakers often have only crude estimates of
firms’ carbon intensity. Greenstone et al. (2025) document a multi-decade attempt to gain
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more accurate information about firms’ emissions in India and the costs associated with it.6

Recognizing this informational gap and its impact on the e"cacy of carbon taxation, policy-
makers across developed and developing economies have called for a combination of (i) tougher
compliance enforcement (EC; ECA; WB) and (ii) better disclosure standards plus independent
assurance (IFRS; IAASB; UNFCCC)—in e!ect attempting to decrease the information gap
between policymakers and firms.7 However, as also recognized by policymakers, the cost of
doing so is often substantial—both in terms of the added regulatory burden placed on firms,
resources spent on measurement devices, and the time spent allocated to constructing carbon
estimates. In this paper, we instead propose a di!erent approach, one that accepts an infor-
mational gap between policymakers and firms, and instead adjusts the carbon tax schedule to
account for any incentive concerns. Our analysis suggests that information frictions should be
treated as a first-order design concern for carbon taxation, much like uncertainty about social
damages or discounting is being done currently.

Related Literature. In addition to the works cited above, this paper relates to three strands
of research. We review these in order of proximity below.

First, our paper builds on the work that followed Pigou’s seminal contributions to the
optimal taxation of externalities (Pigou, 1912, 1920). The general theory behind Pigou-
vian taxation is extended in Kang (2020) and Pai and Strack (2022). Important applications
to climate change include Weitzman (1974), Nordhaus (1977, 1993), Acemoglu et al. (2012,
2016), Golosov et al. (2014), and Barrage and Nordhaus (2024), among others. We comple-
ment this work by showing that, when emission-intensity types are highly heterogeneous and
partially private information to firms, the standard Pigouvian approach results in incentive-
incompatible allocations with distorted disclosures. The optimal tax formula that we derive
documents how to optimally adjust the standard Pigouvian carbon tax for such concerns.

Second, our work rests on important insights from the literature on optimal taxation under
private information. The literature on household income taxation in the presence of private in-
formation was pioneered by Mirrlees (1971) and Diamond (1998), among others, and extended
to dynamic contexts in Golosov et al. (2006), Kocherlakota (2010), and Stantcheva (2020).
The literature on the optimal regulation of firms with private information is reviewed in Tirole
(1988) and La!ont (1994), and found a recent dynamic application to firm R&D investments
in Akcigit et al. (2022). Our contribution within this context is to show that utilizing the

6A system referred to as continuous emissions measurement systems (CEMS) can be fitted on every
firm burner. But, as documented by European Commission (2023b) almost all installations instead use a
calculation-based methodology to calculate their emissions. Indeed, only 145 installations (1.7%) in 22 coun-
tries reported using continuous emissions measurement systems (CEMS), nine installations fewer than in 2021.

7These are: the European Commission (EC), the European Court of Auditors (ECA), the World Bank
(WB), the International Financial Reporting Standards (IFRS), the International Auditing and Assurance
Standards Board (IAASB), and the United Nations Framework Convention on Climate Change (UNFCCC).
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insights from this literature can restore the e!ectiveness of the standard Pigouvian approach
to carbon taxation: a simple adjustment—based on firms’ reported carbon intensities, which
under our tax scheme firms report truthfully—recovers most of the benefits of the textbook
Pigouvian approach while ensuring compliance by firms.

Lastly, our work is related to that which followed Allingham and Sandmo (1972) contri-
bution on tax evasion and misreporting incentives. Recent applications to business taxation
include Di Nola et al. (2021), Fernandez-Bastidas (2023), and Bhandari et al. (2024). We con-
tribute to this literature by showing that its insights about the complex interaction between
disclosure incentives and taxation extend to Pigouvian taxes when agent-types are partially
private information. But unlike this work, we do not address this challenge through improve-
ments in auditing technology; instead, we propose a modification of the otherwise standard
Pigouvian approach that recognizes its impact on firms’ disclosure incentives. In this sense,
our approach presents a natural evolution of the Pigouvian approach to carbon taxation—one
that internalizes firms’ carbon disclosure incentives.

2 Motivating Evidence

We present new evidence on firms’ carbon-equivalent emissions. To start, we use micro data
from Intercontinental Exchange’s (ICE’s) ESG company database. The ICE-ESG database
provides the most comprehensive dataset on private and public firms’ emissions, spans the
period 2009-2024 for 46,928 firms across 151 countries, and reports firm-year estimates of
carbon emissions broken into three components: scope 1 (direct emissions from production),
scope 2 (indirect emissions from energy use), and scope 3 (all other indirect emissions).8 We
focus on scope 1 emissions, as these are the model-consistent measure of in-house production
emissions that firms can directly control and avoid double-counting when aggregating. We
validate our results using publicly listed firms’ emissions data from S&P Trucost. Appendix
A.1 provides more information on sample construction and our definition of emissions.

We begin by illustrating the importance of firms’ carbon emissions for overall emissions into
the atmosphere. Figure 1 shows the share of overall emissions composed of carbon emissions
from firms in the ICE-ESG sample. We plot these estimates separately for the US, Europe,
China and the World and measure them in terms of tons of CO2 equivalent emissions.9 Data
on country- and region-wide emissions are taken from the Global Carbon Budget report (2024
estimates). For the US, the country for which ICE has the best coverage, firms’ direct emissions

8When referring to carbon emissions, we, in all cases, mean carbon equivalent emissions. Figure A.2 further
reports the average share of scope 1, 2, and 3 emissions for a firm in the ICE-ESG database.

9For reference, total US, European, and Chinese firms’ ICE emissions comprise around 60% of estimated
World carbon emissions into the atmosphere (see also the Global Carbon Budget, 2024 report).
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Figure 1: Estimated Share of Overall Emissions
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Note: Data from the ICE-ESG sample. The figure shows overall scope 1 firm emissions in 2024 (mea-
sured by tons of CO2 equivalent emissions) divided by overall country/region-wide emissions. Estimates
for country/region-wide emissions are taken from the Global Carbon Budget website (2024 estimates).

comprise more than 80% of overall carbon emissions into the atmosphere.10 For Europe, China
and the World, the ratio is somewhat smaller—between 40-60% of overall emissions—partly
reflecting lower firm coverage by ICE outside the US. We conclude that firms’ direct emissions
comprise the lion’s share of carbon emissions into the atmosphere.11 Addressing climate change
is, to a large extent, a problem of addressing firms’ direct, production-based emissions.

Direct emissions are the by-product of firms’ creation of goods and services for the economy.
The size of overall carbon emissions attributable to firms, visible in Figure 1, thus raises the
question of whether—and to what extent—firms di!er in the e"ciency of their carbon use.
Figure 2 addresses this question by plotting histograms of emission intensities in the ICE-
ESG and TruCost samples. We measure emission intensity at the firm level by tons of CO2

equivalent emissions per million $ of revenue. Panel (a) shows substantial heterogeneity in
emission intensities in the raw data.12 The larger heterogeneity visible in the ICE-ESG sample
reflects in part the presence of non-publicly-listed firms.

Clearly, part of this heterogeneity is due to di!erences in output and the production pro-
10The equivalent share for firms in the TruCost sample is around 25% (Figure A.1 in the Appendix), as this

data set comprises a substantially smaller share of firms.
11This is in line with several technical reports on the topic (e.g., Report, 2017; IPCC, 2022).
12Shapiro and Walker (2018), Lyubich et al. (2018), and Capelle et al. (2023), among others, document

similar heterogeneity using the EPA’s National Emissions Inventory and TruCost, respectively.
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Figure 2: Heterogeneity in Emission Intensities
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Panel (a): Overall Sample Panel (b): Residualized Sample
Note: Data from the ICE-ESG and TruCost samples. The figure shows the histogram of log. (scope 1) emission
intensities. Emission intensities are measured by tons of CO2 equivalent emissions divided by revenue (millions
of $). Panel (a) shows the raw data, while Panel (b) residualizes the data wrt. sector, time and country fixed
e"ects. We use ICE or NAICS-2 sectoral definitions, respectively. We consider only firms with high-quality
reporting and winsorize emission intensities at the top and bottom 1% level (Appendix A.1).

cesses used in di!erent sectors and countries at di!erent point in time. To address this issue,
Panel (b) in Figure 2 residualizes emission intensities for sector, country, and time fixed e!ects.
Although a substantial share of the variation can be attributed to these factors—the stan-
dard deviation of the distribution decreases by 30%—the bulk of the heterogeneity remains.13

Most of the di!erences in the emission intensity by which firms produce their revenue are
attributable to factors associated with a firm within a given sector, country, and time period.
Figure 3 gauges the overall size of this heterogeneity by comparing it to the heterogeneity
that exists in firm-level TFP in the US. All else equal, the figure shows a substantially wider
distribution for emission intensities than TFP: the standard deviation of emission intensities
is almost 3 times larger than that for TFP. Obviously, this comparison is not informative of
the size of the aggregate consequences of this heterogeneity; but what it does highlight is that
there are indeed large-scale di!erences in the emission e"ciencies of firms when compared to
other, standard measures of firm heterogeneity.

We show that large-scale heterogeneity in emission intensity is also present in sectors with
comparatively homogeneous output, further alleviating concerns that output di!erences drive

13Figures A.4 and A.5 document heterogeneity in emission intensities across sectors and countries. Consistent
with earlier work, the most carbon intensive sectors are energy production, agriculture, and resource extraction.
Emerging economies are also, all else equal, more carbon intensive than developed economies.
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Figure 3: Emission Intensities and TFP
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Note: Data from the ICE-ESG and Compustat samples. The figure shows the histogram of log. (scope 1)
emission intensities and log. total factor productivity. The top and bottom 1 percent of (i) emission intensities
(tons of CO2 equivalent emissions divided by revenue in millions of $); and (ii) total factor productivity
estimates have been removed. TFP is estimated as in Ottonello and Winberry (2020). We consider only firms
with high-quality reporting (Appendix A.1). NAICS-2 sectoral definitions are used in the estimation of TFP.

the observed heterogeneity.14 We perform the same analysis for the US energy, airline and
steel industries in Figure A.3 in the Appendix. We measure output by megajoules of energy
produced, thousand round-trip flights flown, and tons of steel produced. All histograms show
substantial variation within sectors, as well as clear di!erences between them.

An important feature of the emissions data used in Figure 1-3, and those available from
other sources, is that they are predominantly self-reported by firms (e.g., ICE, 2024; SEC
Carbon Disclosures, 2024). Consultancies and outside organizations can validate the processes
by which estimates for scope 1 emissions have been attained; but the overall inputs into the
process and the final outcome are, in all cases, up to a firm’s discretion (GHG Protocols,
2004; IFRS Foundation, 2023, SEC Carbon Disclosures, 2024). In this sense, a firm’s overall
emission is, ultimately, private information to the firm. As argued in the introduction, the
private-information nature of the data used to estimate firms’ emissions has raised concerns

14Petersen (2025) finds large heterogeneity in emission intensities within narrowly defined industries in the
German manufacturing sector.
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about misreporting among policymakers and practitioners alike (e.g., ECA, 2015; European
Commission, 2023a). An important corollary of this private-information setting is that, if
firms’ emissions are to be taxed to internalize climate externalities, addressing firms’ incentives
to skew their estimates (so-called “greenwashing”) becomes potentially important. We restrict
Figures 2 and 3 to observations that ICE classifies as “high quality”—that is, third-party-
validated disclosures or records with su"ciently detailed data documentation. In Table A.2 in
the Appendix, we show that this restriction matters: firms without third-party validation tend
to report lower emissions-intensities, all else equal, suggesting some scope for under-reporting.

Finally, a natural question that arises is whether di!erences in emission intensity are
related to other measures of firm-level e"ciency, such as TFP. Capelle et al. (2023) provide
some evidence in this direction. Table A.3 in the Appendix shows that, all else equal, more
productive firms are more carbon e"cient; however, the overall contribution of this relationship
to explaining emission intensities is small (R2

→ 5%). TFP is a poor predictor of emission
intensities. This will be important later for the quantification of our baseline framework.

In summary, the results in this section show that firms’ carbon emissions often account for
the lion’s share of total carbon emissions into the atmosphere and that there is substantial
heterogeneity in the emission intensity of firms, even within narrowly-defined sectors. Moti-
vated by these findings and the self-reported nature of firms’ emissions, in the next section, we
extend a workhorse heterogenous-firm model to allow for heterogeneity in emission intensity
and asymmetric information. We then proceed by quantifying the impact of heterogeneous
emission intensities for the optimal taxation of firms in general equilibrium.

3 Baseline Model Framework

We start by developing our baseline economy with two key features; that firms are heteroge-
neous in their emission intensity and that firms’ emission intensities are firm-specific informa-
tion, in part unknown to the social planner and other firms in the economy.

3.1 Environment

Preferences and Endowments: We consider an infinite-horizon economy with discrete
time. The economy is populated by a representative competitive household with preferences
over consumption streams, described by the utility function:

U =
→∑

t=0
ω

t
· u(Ct), (1)
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where ω ↑ (0, 1) is the discount factor, u(·) is the standard concave period utility function,
and Ct is consumption at time t. The household is endowed with N units of labor, which it
supplies inelastically to the labor market every period, and an initial stock of capital, K0 > 0.
The capital stock accumulates according to the recurssion:

Kt+1 = (1 ↓ εK) · Kt + It, (2)

where εK ↑ (0, 1) is the capital depreciation rate and It is the household’s investment.

Technology, Climate, and Markets: Output is produced by a final-goods sector com-
prised of a continuum of heterogeneous competitive firms, owned by households. Represen-
tative firm (i, j) is characterized by its productivity, ai, and its carbon intensity, zj. Pairs
{ai, zj} ↑ A ↔ Z ↗ R2 are jointly distributed with mass ϑij so that ∑

ij ϑij = 1. Firm (i, j)
produces quantity yijt of output at time t according to the production technology:

yijt = A (Gt) · expai ·F (nijt, kijt, eijt) , (3)

where nijt and kijt are the units of labor and capital employed by the firm, respectively,
eijt is the firm’s energy use, and F (·) is a standard neoclassical production function with
decreasing returns-to-scale. Economy-wide productivity, A(Gt), depends negatively on the
stock of carbon in the atmosphere, Gt, so that AG < 0 and increases in carbon damage the
production-capabilities of the economy. Given an initial concentration of carbon G0 > 0, the
stock of carbon in the atmosphere, in turn, evolves in accordance with:

Gt+1 = (1 ↓ εG) · Gt +
∑

ij

ϑij · gijt, (4)

where gijt are firm (i, j)’s emissions and εG ↑ [0, 1) is the rate of depreciation of carbon in the
atmosphere. Firm (i, j) releases emissions into the atmosphere due to its energy use:

gijt = expzj↑xijt ·eijt, (5)

where xijt is the firm’s investment into abatement of its emissions at cost Q (xijt) with Q
↓
>

0, Q
↓↓

> 0 and Q(0) = 0. Energy is available to firms in infinite supply at price P .15 Firms rent
capital and labor in competitive markets with factor prices given by Rt and Wt, respectively.

15This is equivalent to energy being produced by a competitive sector that produces energy from final goods
at rate P—i.e., a so-called “round-about production function” for energy.
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Information Structure: A central friction in our economy is that a firm’s carbon-intensity
type zj is private information to the firm. When choosing its energy use, a firm of type j

knows zj, and thus the emissions gijt that arise as a result of its energy use; however, this
information is not shared with other firms in the economy or the social planner. Clearly, this
assumption presents a natural limit case of an information friction that exists between firms
and the planner about firms’ carbon emissions, and we later study other cases in which the
planner instead obtains noisy signals of the carbon-intensity type of firms (Section 5.4).

Discussion of the Environment: The above environment includes three features critical to
the carbon taxation of firms. First, our baseline model encodes a direct relationship between
a firm’s carbon emissions, gijt, and its energy use, eijt, which varies between firms, due to
di!erences in their carbon-intensity type zj (Equation 5). As we shall see below, variations
in zj translate in equilibrium one-for-one into variations in the emission e"ciency measure—
emissions per million $ of revenue—shown in Figure 2. Di!erences in carbon-intensity type
can, in turn, arise due to di!erences in the type and blend of the energy used (e.g., di!erent
types of coal versus natural gas or renewables), di!erences in the filtration technology employed
(e.g., the use of filters that limit the scope of nitrous oxide leakage), or even di!erences in
the basic burner design used (e.g., burners that lead to soot formation rather than carbon
emission), among others.16 There are indeed many technological reasons for why a given
quantity of energy use can lead to di!erent carbon-equivalent emissions, and we above capture
such di!erences with a firm’s carbon-intensity type, zj. Through this lens, a firm’s investment
into abatement xijt presents an upgrade of the technology it employs that makes its energy
use less polluting. We extend our framework to explicitly allow for a choice between the
use of renweable energy, which does not emit carbon, and fossil-based energy in Section 5.4.
However, we here want to emphasize that—because our framework allows for di!erences in
carbon intensities and abatement—our framework already largely accounts for such di!erences.

Second, notice that in our baseline model there are two sources of firm-level heterogeneity:
there are firm-level di!erences in carbon intensity zj and firm-level di!erences in productivity
ai. We show that accounting for both types of heterogeneity within one framework is crucial
for the optimal carbon tax on firms. Indeed, the optimal allocation of energy use across firms
depends centrally on the link between firms’ productivity and their carbon intensity.

Finally, our baseline model views the climate as well-approximated by one variable: the
16For evidence that fuel type and blend a"ect emission intensities, see Jaramillo et al. (2007) and Brandt

et al. (2014); that N2O controls in nitric and adipic acid production yield large reductions, see Shimizu et al.

(2000) and Pérez-Ramırez et al. (2003); that particulate filters reduce black carbon, see Zhang et al. (2023);
and that burner design strongly influences soot formation and emissions, see Nemitallah et al. (2019) and Chu
et al. (2023).
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current stock of carbon in the atmosphere, Gt. Following Golosov et al. (2014) and others, we
argue that is a reasonable approximation given available medium-complexity climate models
used in the natural sciences, which imply that the climate is well-described by current carbon
concentration. Section 5.4 analyzes the case in which aggregate productivity, At, instead
depends negatively on the global-mean temperature Tt, which in turn depends in a non-
stationary manner on the stock of carbon in atmosphere, Gt, in addition to its own lagged
value, Tt↑1. This follows the approach taken in Miftakhova et al. (2020), among others, and
creates a lagged e!ect of carbon emissions on productivity. This approach has recently found
some popularity in the natural sciences (e.g., Allen et al., 2009; Matthews et al., 2009, 2012),
as well as in macroeconomics (e.g., Dietz et al., 2021; Fernández-Villaverde et al., 2024). We
stress that our main results below do not hinge on the speed over which economic damages
from climate change unfold. Our assumption that it is only the production-side of the economy
that is a!ected by emissions is made to keep our analysis as comparable as possible to that of
Nordhaus (2007), Golosov et al. (2014), Barrage and Nordhaus (2024), and others.

4 Equilibrium and Planner Allocations

We next turn to the equilibrium and social planner allocations for our economy, the central
di!erences between them being the extent to which firms’ energy uses internalize the emission
externality, A(Gt). We start with the decentralized equilibrium.

4.1 Decentralized Equilibrium

Household Problem: The representative household chooses consumption Ct and capital
Kt+1 to maximize its utility in (1) subject to the per-period budget constraint:

Ct + Kt+1 = Wt · N + (Rt + 1 ↓ εK) · Kt +
∑

ij

ϑij · ϖijt, (6)

where ϖijt denotes the period-t profits of firm (i, j). The household takes the wage, Wt, and
the rental rate of capital, Rt, as given when solving its problem. The solution yields:

u
↓ (Ct) = ω · (Rt+1 + 1 ↓ εK) · u

↓ (Ct+1) . (7)

Firm Problem: The problem of firm (i, j) is similarly standard, as firms in the baseline
equilibrium do not internalize the damages their emissions have on production. Firm (i, j)
chooses labor nijt, capital kijt, energy eijt, and abatement xijt to maximize its profits,

ϖijt = yijt ↓ Wt · nijt ↓ Rt · kijt ↓ P · eijt ↓ Q(xijt), (8)
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subject to the production constraint in (3). The firm thus optimally equates the marginal
revenue product for labor nijt and capital kijt with the real wage, Wt, and the rental rate of
capital, Rt, respectively; the relevant conditions for energy, eijt, and abatement, xijt, are:17

mrpeijt ↘ A(Gt) · expai ·Fe (nijt, kijt, eijt) = P, Q
↓ (xijt) = 0. (10)

Equation (10) presents a main departure point for our analysis: a profit-maximizing firm
(i, j) optimally equates the marginal revenue product of energy, mrpeijt, to its price, P , and
chooses zero abatement, xiijt = 0. We are now ready to define the equilibrium of our economy:

Equilibrium Definition: An competitive equilibrium consists of household allocations
{Ct, Kt+1}

→

t=0, firm allocations {{nijt, kijt, eijt, xijt}i,j}
→

t=0, factor prices {Wt, Rt}
→

t=0, and firm-
led emissions {{gijt}i.j, Gt}

→

t=0 such that:

• Given factor prices, Wt and Rt, the household and firm allocations solve the household
and firm problem, respectively (i.e, Equations 6-10 hold).

• Given allocations, the labor, capital, and goods market clears; i.e., for all t:
∑

ij ϑij · nijt = N , ∑
ij ϑij · kijt = Kt, and:

Ct + Kt+1 = (1 ↓ εK) · Kt +
∑

ij

ϑij · yijt ↓
∑

ij

ϑij · (P · eijt + Q(xijt)) . (11)

• Emissions {gijt} and Gt evolve in accordance with Equations (4) and (5).

The equilibrium features a tight link between a firm’s carbon-intensity type, zj, and the
emission-e"ciency measure, log(gijt/yijt), shown in Figure 2. Indeed, it follows directly from
Equation (10) that in the case in which F (·) admits the Cobb-Douglas form: log(gijt/yijt) =
log(P/ϱ) + zj.18 Variations in zj translate one-for-one into variations in emission intensity,
and are the ultimate source behind this heterogeneity. This tight relationship between zj and
the emission-intensity measure used in the data extends more generally to any neoclassical
production function. We summarize this result and our preceding discussion in Lemma 1:

Lemma 1. In the decentralized equilibrium (de):
17Thus,

mrpnijt ↘ A(Gt) · expai ·Fn (nijt, kijt, eijt) = Wt, mrpkijt ↘ A(Gt) · expai ·Fk (nijt, kijt, eijt) = Rt. (9)

18log
(

gijt

yijt

)
= log

(
P ·

ω log eijt

ω log Fijt

)
+ zj = log

(
P
ε

)
+ zj .
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i. Firm (i, j)’s energy use, e
de
ijt, and abatement, x

de
ijt, satisfy:

mrpe
(
n

de
ijt, k

de
ijt, e

de
ijt

)
= P, Q

↓
(
x

de
ijt

)
= 0. (12)

ii. Variations in carbon intensity, zj, translate into variations in emission e!ciency:

log(gde
ijt/y

de
ijt) = log(P/ϱ) + zj + o(1). (13)

Finally, notice that a key feature of the decentralized equilibrium is that firms do not in-
ternalize the economy-wide damages from carbon emissions, A(Gt), when making their energy
and abatement choices in Equation (12). A firm directly equates its marginal benefit from
energy use, the marginal revenue product of energy, with its marginal private cost, equal to the
market price. This, in turn, follows from the profit function in (8) being independent of emis-
sions and carbon-intensity type, ςϖijt/ςgijt = ςϖijt/ςzj = 0. The decentralized equilibrium,
as such, features a conflict between profit maximization and the overall productivity of the
economy, leading, as we will see next, to a suboptimal allocation of all factors of production.

4.2 The Full-Information Planning Problem

We proceed with the planning problem in which the social planner has full-information about
firms’ carbon-intensity types, {zj}, and thus emissions, {gijt}. Although our ultimate interest
lies with the solution for the planning problem in which firms have private information about
zj, it will be useful to start with the full-information case, as the comparison between the two
cases will allow us to more sharply characterize the costs of information frictions.

The full-information social planner solves the problem:

max
{Ct,Kt+1,{kijt,nijt,eijt,xijt}i,j}→

t=0
U =

→∑

t=0
ω

t
· u (Ct) (14)

subject to Equations (3), (4), (5), ∑
ij ϑij · nijt = N , ∑

ij ϑij · kijt = Kt, Equation (11), as
well as the usual non-negativity constraints. Let !k,t denote the constraint multiplier on the
market-clearing condition for capital at time t. The first-order condition for Kt+1 and Ct then
once more yields the standard consumption Euler equation:

u
↓ (Ct) = ω · (!k,t+1 + 1 ↓ εK) · u

↓ (Ct+1) . (15)

Let !n,t analogously denote the constraint multiplier on the market-clearing condition for labor
at time t. The full-information social planner then further optimally equates the marginal
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revenue product for labor nijt and capital kijt to the multipliers !n,t and !k,t, respectively,
while the relevant conditions for energy, eijt, and abatement, xijt, are:19

mrpeijt = P + !G · expzj↑xijt , Q
↓ (xijt) = !G · expzj↑xijt ·eijt, (17)

where !G,t denotes the constraint multiplier on the law-of-motion for emissions in (4):

!G,t = ↓
A

↓(Gt)
A(Gt)

· Yt + ω ·
u

↓(Ct+1)
u↓(Ct)

· (1 ↓ εG) · !G,t+1, (18)

and Yt ↘
∑

ij ϑij · yij is gross output in the economy.
Equations (15)-(18) characterize the full-information planner allocation and can be directly

compared to Equations (7), (9)-(10), which describe the decentralized equilibrium. The cen-
tral di!erence between the two sets of equations arises because !G,t > 0 in Equation (17).
This term, which captures the relevant notion of the social cost of carbon for our economy,
equals from Equation (18) the present discounted value of marginal externality damages,
↓A

↓(Gt)/A(Gt) · Yt—as in Golosov et al. (2014) and Barrage and Nordhaus (2024).

Definition 1. Let !G,t = ∑
→

h=0 ω
h
·

u↑(Ct+h+1)
u↑(Ct+h) ·(1↓εG)·

(
↓

A↑(Gt+h)
A(Gt+h)

)
·Yt+h > 0 be the social cost

of carbon. Firm (i, j)’s marginal social cost of carbon is φG,ijt ↘ !G · expzj↑xijt > 0,
while its marginal social return on abatement is ”ijt ↘ φG,ijt · eijt > 0.

This social cost of carbon is then multiplied in Equation (17) by expzj↑xijt to create firm
(i, j)’s marginal social cost of carbon, which as a consequence depends on the firm’s carbon-
intensity type, zj, and its abatement, xijt. The left-hand side of Equation (17) shows that the
full-information planner optimally equates firm (i, j)’s marginal revenue product of energy,
mrpeijt, to its overall societal cost, equal to the sum of the market price, P > 0, and its
marginal social cost of carbon, φG,ijt > 0. The decentralized equilibrium, by contrast, equates
the marginal revenue product of energy only to its price (Equation 12). The right-hand side
of Equation (17) then further shows that the full-information planner optimally also equates
the marginal cost of abatement, Q

↓ (xijt) to its marginal social return, ”ijt, which scales with
firm (i, j)’s energy use, eijt, in addition to its marginal social cost of carbon, φG,ijt.

Because of the internalization of the emission exeternality in Equation (17)—i.e., the posi-
tive social cost of carbon (!G,t > 0)—the full-information planner allocation di!ers from that
of the decentralized equilibrium. Indeed, it follows from Equations (15)-(18) that:

Lemma 2. In the full-information planner (first-best, fb) allocation:
19Thus,

mrpnijt = !n, mrpkijt = !k. (16)
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i. Firm (i, j)’s energy use, e
fb
ijt, and abatement, x

fb
ijt, satisfy:

mrpe(nfb
ijt, k

fb
ijt, e

fb
ijt) = P + φG,ijt, Q

↓
(
x

fb
ijt

)
= ”G,ijt. (19)

ii. The planner depresses energy and increases abatement heterogeneously across firms. In
particular, for any i, and any j

↓
, j with zj↑ > zj: e

fb
ij↑t < e

fb
ijt < e

de
ijt and x

fb
ij↑t > x

fb
ijt > x

de
ijt.

Since the marginal social cost of carbon is positive for all firms, φG,ijt > 0, the full-
information planner depresses all firm’s energy uses relative to what firms would choose to
maximize their profits, e

fb
ijt < e

de
ijt (Equation 12 and 19).20 The social planner internalizes the

emission externality and optimally drives down firms’ energy use, and thus overall emissions
to increase productivity in the economy. The social planner likewise also commands firms
to, in part, abate their emissions, x

fb
ijt > x

de
ijt = 0. A larger carbon-intensity type, zj, or a

larger externality damage, A
↓(Gt)/A(Gt) · Yt, all else equal, causes a firm to exhibit a larger

marginal social cost of carbon, which in turn drives a larger wedge between the full-information
allocation and that featured in the decentralized equilibrium. Figure 4 shows graphically how
the allocation of energy and abatement are modified by the full-information planner.

Crucially, notice that the marginal social cost of carbon in Equation (19) is type-specific:
each firm (i, j) features its own marginal social cost of carbon. Because the planner optimally
equates each firm’s marginal revenue product of energy to the sum of the market price of energy
and the firm-specific marginal social cost of carbon, it follows that the planner introduces factor
misallocation across firms, to optimally account for the emission externality. This feature of
the full-information planner allocation will be important for later.

Finally, because firms’ marginal revenue products and the marginal cost of abatement are
equated to type-specific objects, it follows that the planner also creates profit di"erentials,
even among equally productive firms. That is, take two firms, one of type (i, j) and one of
type (i, j

↓), where j
↓

≃= j. Then, it follows from (15)-(19) that the implied profits under the
planner allocation will generically di!er between the two firms, ϖ

fb
ij ≃= ϖ

fb
ij↑ , due to di!erences in

their marginal social cost of carbon. In particular, the full-information planner allocates more
energy to less carbon-intensive firms, pushing their allocation closer to that of the decentralized
equilibrium and thus allowing them to attain higher profits. Indeed, it follows that:

Corollary 1 (Incentive-incompatibility). In the full-information planner allocation the
implied profits of firm (i, j) are larger than those of firm (i, j

↓), ϖ
fb
ijt > ϖ

fb
ij↑t, when zj < zj↑.

As we will see, it is straightforward to implement the full-information planner allocation
with a linear carbon tax that is identical across firms. For now, however, notice that the exis-

20This further follows from the assumption of a neoclassical production technology F (·).
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Figure 4: The Full-Information Social Planner Allocation
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Note: The figure shows the determination of the equilibrium (in black) and full-information optimal (in blue)
use of energy (Panel a) and abatement (Panel b). Equations (12) and (19) determine the optimal use of energy,
eij , and abatement, xij , in the two cases. Panel (a) and (b) further considers the case in which a firms has a
high (low) marginal social cost of capital, ω

h
G > ω

l
G, and hence a high (low) marginal benefit of abatement.

tence of any profit di!erential among equally productive firms under such a tax translates into
a direct incentive for high carbon-intensive firms—those with a large value of zj—to misreport
their carbon intensities. Doing so would cause them to attain higher profits. Misreporting
would, as such, be part of firms’ profit-maximizing strategy and undo the benefits of taxation.

A Naive Planner: Lastly, suppose a naive planner (nv) was to act as the full-information
planner presented above but without having information on firms’ carbon intensities, {zj}. In
such an economy, all firms would find it optimal to report having the lowest carbon intensity,
i.e., z ↘ minz↔Z zj = arg max ϖijt. A firm would always have a dominant reporting strategy
given by reporting to be of type (i, j), where j is the index of z. The first-order conditions for
energy eijt and abatement xijt in such an economy would equal:

mrpe(nnv
ijt, k

nv
ijt, e

nv
ijt) = P + φG,ijt, Q

↓(xnv
ijt) = ”G,ijt, (20)

where φG,ijt = !G · expz↑xijt is the misreported marginal social cost of carbon and ”G,ijt =
φG,ijt · eijt is the misreported marginal return of abatement. Clearly, both conditions imply
that all firms would use more energy and do less abatement than in the full-information
case, e

nv
ijt > e

fb
ijt and x

nv
ijt < x

fb
ijt, implying a smaller internalization of the emission externality.

Depending on the dispersion of emission intensities, ignoring misreporting incentives could,
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as a result, substantially hinder the benefits of carbon taxation. By contrast, a planner who
accounts for incentives cold restore the above Pigouvian logic and further welfare.

4.3 The Mirrleesian Planning Problem

We turn to our main problem of interest: the problem faced by a social planner that is
uncertain about a firm’s carbon-intensity type, zj. This Mirrleesian planner faces the same
problem as the full-information planner, but in addition faces two constraints: an incentive-
compatibility constraint and an individual-rationality constraint. Since a firm of type (i, j)
can pretend to be of type (i, j

↓), where j ≃= j
↓ , in the planner’s allocation, each firm-type’s

profits must exceed those from a di!erent emission-intensity type (incentive compatibility):21

ϖ(nijt, kijt, eijt, xijt | ai, zj) ⇐ ϖ(nij↑t, kij↑t, eij↑t, xij↑t | ai, zj) ⇒j
↓
≃= j, (21)

where the right-hand side of (21) is the profit of firm (i, j) when it receives the allocation
intended for firm (i, j

↓). Moreover, to be willing to participate in the mechanism, a firm of
type (i, j) must obtain non-negative profits from it (individual rationality):

ϖ(nijt, kijt, eijt, xijt | ai, zj) ⇐ 0. (22)

The problem faced by this planner resembles the classical problem faced by all Mirrleesian
planners in the household taxation literature (e.g., Mirrlees, 1976). The central di!erence
being that a firm’s unobserved type is not directly payo!-relevant. Recall that, conditional
on inputs and abatement, a firm’s profits in (8) do not depend on the carbon-intensity type,
ςϖijt/ςzj = 0.22 This contrasts with the household case in which the household’s unobserved
type (i.e., the e!ort-type) matters for the household’s payo! through its income.

A consequence of this feature—and the monotone ranking of firm profits in carbon-intensity
types zj in the full-information allocation (Corollary 1)—is that each firm has a dominant
strategy: to misreport its carbon-intensity type to the planner and claim to be of type z ↘

minz↔Z zj, as is the case under the naive planner. It follows that a firm’s profits in the
Mirrleesian case have to be independent of the carbon-intensity type, ϖijt = ϖit for all j. We
show in Appendix ?? that such profit equailization—the fact that the incentive-compatibility
constraint binds for all j—in turn implies that the Mirrleesian planner optimally bunches
allocations across carbon-intensity types within productivity type i (Lemma A.X). The planner

21Because we are assuming that productivity ai is known, or alternatively that all inputs are known and
thus productivity can be recovered from the production function accordingly, no firm of type (i, j) can pretend
to be of type (i→

, j) and thus no incentive compatibility constraints are needed on this dimension.
22Thus, the single-crossing condition—often used as a su!cient condition for the existence of a truth-telling

mechanism, because it allows one to focus on local (nearest) deviations—is not satisfied in our setting.
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chooses an allocation such that {kijt, nijt, eijt, xijt} = {kij↑t, nij↑t, eij↑t, xij↑t} for all j
↓
≃= j .23

A simple example can help with the intuition behind this result. Suppose energy is the only
input into production and that there is no abatement. Suppose further that for a firm of type
i, there are two energy allocations, e1,it and e2,it, which satisfy the incentive-compatibility
constraint, ϖ(e1,it|ai, zj) = ϖ(e2,it|ai, zj), with e1,it < e2,it. With energy as the sole input,
consumption equals value-added in the economy, which in turn equals total profits. Thus, any
allocation that uses only e1,it and e2,it is incentive compatible and delivers the same welfare.
Yet, because emissions enter through Equation (3), and thus create a negative externality,
A(Gt), the Mirrleesian planner prefers the lower energy level, e1,it, for all type-i firms.

Using this symmetry of the allocation, it is straightforward to derive the solution to the
Mirrleesian problem. To characterize its solution, it will, however, be useful to first define:

Definition 2. Let φG,it ↘ E[φG,ijt | ai] > 0 be type i’s average social cost of carbon and
”G,it ↘ φG,it · eit > 0 be type i’s average social return on abatement.

Let !k,t and !n,t once more denote the constraint multipliers on the market-clearing con-
dition for capital and labor. The Mirrleesian planner, as the full-information planner, equates
the marginal revenue product for capital kijt and labor nijt to the multipliers !k,t and !n,t,
respectively.24 The planner’s conditions for Kt+1 and Ct also again yield the standard Euler
equation for consumption in (15), while the social cost of carbon !G equals that in (18). The
di!erence between the full-information and the Mirrleesian allocation only manifests itself in
the firm-specific conditions for energy and abatement:

Lemma 3. In the Mirrleesian planner (mr) allocation:

i. Firm (i, j)’s energy use, e
mr
ijt , and abatement, x

mr
ijt , satisfy:

mrpe(nmr
it , k

mr
it , e

mr
it ) = P + φG,it, Q

↓ (xmr
it ) = ”G,it, ⇒j. (24)

ii. The Mirrleesian planner depresses energy and increases abatement, while bunching firms
across carbon intensities. In particular, for any i, j: e

mr
it < e

de
ijt, and x

mr
it > x

de
ijt.

As the full-information planner, the Mirrleesian planner depresses energy uses for all firms
relative to the decentralized equilibrium and abates emissions. However, because the Mir-
rleesian planner does not know a firm’s carbon-intensity type zj, she cannot equate firm

23The Inada condition on the production technology, F (·), ensures that the individual-rationality constraint
in Equation (22) never binds.

24Thus,
mrpnijt = !n, mrpkijt = !k. (23)
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Figure 5: The Mirrleesian Social Planner Allocation
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Note: The figure shows the determination of the equilibrium (in black), full-information optimal (in blue), and
Mirrleesian optimal (in orange) use of energy (Panel a) and abatement (Panel b). Equations (10), (17), and
(24) determine the optimal use of energy, eij , and abatement, xij , in the three cases, respectively. Panel (a)
and (b) further considers the case in which a firms has a high (low) marginal social cost of capital, ω

h
G > ω

l
G,

and hence a high (low) marginal benefit of abatement. The average value is denoted by ωG.

(i, j)’s marginal revenue product of energy to its marginal social cost of carbon, φG,ijt. In-
stead, the Mirrleesian planner optimally averages and equates a firm (i, j)’s marginal revenue
product of energy to group-i’s average marginal social cost of carbon. A similar averaging
occurs for abatement. In this sense, the di!erences between the type-specific marginal costs
and returns, φG,ijt and ”G,ijt, and their average values, φG,it and ”G,it, capture the bite that
the information friction has on the economy. Figure 5 illustrates this point graphically

Finally, notice that because of the bunching of allocations within productivity types, the
Mirrleesian allocation features, all else equal, less factor misallocation than the full-information
case. This is although the Mirrleesian planner clearly cannot be as e!ective as the full-
information planner in addressing the economic damages from climate change.

4.4 Implementation and Carbon Taxation

The Mirrleesian allocation, as well as its full-information counterpart, can straightforwardly
be implemented by a simple, linear carbon tax in the decentralized equilibrium, combined
with appropriate lump-sum rebates. To see this, let ↼ijt (g) denote the carbon-tax payments
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made by firm (i, j) when its emissions equal g. Firm (i, j)’s post-tax profits become:

ϖijt = yijt ↓ Wt · nijt ↓ Rt · kijt ↓ P · eijt ↓ Q(xijt) ↓ ↼ijt (gijt) , (25)

The maximization of firm (i, j)’s profits subject to the production feasibility constraint (3)
now results in the following tax-adjusted conditions for energy eijt and abatement xijt:

mrpeijt = P + ↼
↓

ijt (gijt) · expzj↑xijt , Q
↓ (xijt) = ↼

↓

ijt (gijt) · expzj↑xijt ·eijt; (26)

while the conditions for labor nijt and capital kijt, and the Euler equation for consumption
Ct, are identical to those in Section 4.1. Comparing Equation (26) with Equations (17) and
(24), respectively, which form the basis for Lemma 2 and 3, immediately shows that:

Proposition 1. Let the carbon tax schedule for firm (i, j), ↼ijt (g), equal:

↼ijt(g) = !G,t · g ↘ ↼
fb
t (g) or ↼ijt(g) = !G,t ·

E[expzj |ai]
expzj

· g ↘ ↼
mr
ijt (g), (27)

and let tax proceeds be rebated lump-sum to the representative consumer. Then, the decen-
tralized equilibrium allocation coincides with: (i) the full-information social planner allocation
when ↼ijt = ↼

fb
ijt; and (ii) the Mirrleesian social planner allocation when ↼ijt = ↼

mr
ijt .

Proposition 1 shows that a simple, linear carbon tax, equal to the social cost of carbon
!G,t, implements the full-information planner allocation. The proposition, as a result, recov-
ers the main insight of Golosov et al. (2014), but extends it to the case with heterogeneity
in productivity and carbon intensity. The result arises because the marginal damage to the
production-side of the economy from any additional unit of carbon is identical across firms: to-
tal factor productivity, A(Gt), is a function of aggregate emissions Gt alone; firm-level emission
are perfect substitutes. This, in turn, implies that the planner optimally sets a homogeneous
tax across firms, equal to the social cost of carbon !G,t, to adjust for the externality.

When heterogeneity is coupled with an information friction, however, the optimal carbon
tax changes. Surprisingly, Proposition 1 shows that the Mirrleesian planner’s allocation can
still be implemented by a linear carbon tax; but crucially one that is heterogeneous across
firms: the optimal marginal tax, !G,t ·

(
E[expzj |ai]

expzj

)
, is constant within a firm but depends on

the carbon-intensity type of the firm, zj, and, through the conditional expectation term, may
also vary with the productivity type, ai. This dependence arises because of the incentive-
compatibility constraint in (21). In order to equalize profits within productivity groups—and
thus prevent misreporting—the social planner must set a higher marginal tax for less carbon-
intensive firms. This, at first glance, counterintuitive results arises because more carbon-
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intensive firms have a stronger incentive to misreport their carbon intensity. The misreporting
incentive is one-sided: firms always prefer to report a lower zj.

Figure 6 illustrates the two log-linear marginal tax rates as a function of carbon-intensity
types, zj. It follows directly from Proposition 1 that the Mirrleesian rate exceeds the full-
information rate for firms whose carbon intensity is below their group average, and falls
below it for firms whose carbon intensity is above the group average. Importantly, the two
taxes are conceptually similar: the Mirrleesian schedule merely proportionally adjusts the full-
information tax by E[expzj |ai]

expzj to ensure incentive compatibility. This adjustment determines
the distinctive shape shown in Figure 6. In this sense, the Mirrleesian tax is not substantially
harder to implement than its full-information counterpart. Given a firm’s carbon-intensity
type—which firms have no incentive to misreport under the tax scheme—the tax is still linear
and a simple modification of the uniform Pigouvian tax. However, as we will see in the next
section, this simple adjustment goes a long way to recover the potential benefits of carbon
taxation in environments in which firms can misreport their emissions.

Finally, Figure 6 presents the evolution of the tax rate that would prevail with the naive
planner, who acts as the full-information planner but without having information on carbon-
intensity types, encountered earlier. It follows directly from comparing Equation (20) with
Equation (26) that the tax that implements the naive allocation is also linear within firms:

↼
nv
jt ↘ !G,t · expz↑zj ·gt. (28)

The naive tax rate declines in firms’ carbon-intensity types, as the benefits of misreporting,
which are reflected in the e!ective tax, are increasing in zj, and is always lower than the
marginal rates charged by the full-information and the Mirrleesian planner.

Before proceeding with the potential benefits of a Mirrleesian approach to taxation and
the quantification of our framework, we should mention that other, more elaborate policies
exist that implement the planner’s allocation. A tax on energy combined with a subsidy on
abatement can, for example, also attain this aim. Appendix D studies this case in detail. 25

4.5 A Welfare Decomposition

The above implementation of the planner allocations is informative about the extent to which
firms’ misreporting incentives alter the optimal carbon tax on firms. Building on our analysis
of the decentralized equilibrium and social planner allocations, in this subsection, we turn to

25In particular, we focus on carbon taxes for two reasons: (i) it is a single instrument, whereas the alternative
requires coordinating two or more instruments; and (ii) a carbon tax is robust to the exact functional form of
the emissions function, whereas the energy tax-abatement subsidy combination works only under the (common
but restrictive) assumption that emissions depend solely on energy, rather than on capital or other inputs.

23



Figure 6: Optimal Marginal Tax Rates
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Note: The figure shows the marginal tax rates that implement the full-information social planner allocation
(in blue), the Mirrleesian planner allocation (in red), and the naive tax schedule (in orange). The first two are
taken from Proposition 1, while the latter equals: (ε →

t)naive
↘ !G,t · expz↑zj ≃= (ε →

t)fb.

studying the trade-o! inherent to the planner allocations, resulting in the above tax sched-
ules. To do so, we will make use of the following decomposition of consumption, which helps
showcase the bite firms’ misreporting incentives have on the economy:

Proposition 2. Let F (n, k, e) = n
ω

·k
ε
·e

ϑ with ↽, ⇀, ϱ > 0 and ⇁ ↘ 1↓↽↓⇀ ↓ν ↑ (0, 1), and
let Q(x) = (1 + θ)↑1

· x
1+ϖ with θ > 0. Then, in both the decentralized equilibrium (de), the

full-information (mp), the Mirrleesian planner (mp), and the naive planner (nv) allocations:

Ct = #t · $t · (A(Gt) · expa
·K

ω
t · N

ε
· E

ϑ
t ) , (29)

where:

• a is the firm-level productivity average, a ↘ log
(∑

ij ϑij · exp
ai
ω

)ϱ
;

• #t ↑ (0, 1] is a measure of factor misallocation:

#t ↘




∑

ij

▷
!
ij ·

(

1 +
↼

↓

ijt · expzj↑xijt

P

)↑
ε
ω




1↑ω↑ε 


∑

ij

▷
!
ij ·

(

1 +
↼

↓

ijt · expzj↑xijt

P

)↑
1↓ϑ↓ϖ

ω




↑ς

,

with ▷
!
ij ↘ ϑij · exp

ai
ω ·

(∑
ij ϑij exp

ai
ω

)↑1
and ↼

↓

ijt ↑

{
0,

dφfb
t

dg ,
dφnv

jt

dg ,
dφmr

ijt

dg

}
;
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• $t ↘

(
P · Et + ∑

ij ϑij · Q(xijt)
)

· Y
↑1
t > 0 is the intermediate input share.

Proposition 2 uses the results from Proposition 1 to characterize consumption, the deter-
minant of household welfare, as the outcomes of the decentralized economy with carbon taxes.
The original decentralized equilibrium without carbon taxation corresponds to the case in
which ↼

↓

ijt = 0, while the allocations of the full-information planner, the Mirrleesian planner,
and the naive planner correspond to ↼

↓

ijt = d↼
↼
t /dg, ◁ ↑ {fb, nv, mr}, respectively.

The proposition shows that since carbon taxes are zero in the original decentralized equi-
librium, #de

t = 1: there is no factor misallocation in the original decentralized equilibrium;
however, because emissions are universally higher in this case, G

de
t > G

nv
t > G

mr
t > G

fb
t , ag-

gregate productivity is also depressed, A
de
t < A

nv
t < A

mr
t < A

fb
t . The naive planner delivers an

outcome close to that of the decentralized equilibrium. By imposing only minimal distortions,
it avoids further misallocation, but at the cost of only modest emissions reductions and thus
limited productivity gains. In contrast, the full-information planner optimally balances the
e!ciency-misallocation trade-o". By setting ↼

↓

ijt = d↼
fb
t /dg, the planner optimally internalizes

the emission externality, and thus attains the highest level of productivity and consumption;
yet the planner does so at the cost of creating the most misallocation, #fb

t < #nv
t < 1.

Compared to the full-information planner, the Mirrleesian planner, in addition, faces the
incentive-compatibility constraint in (21). This constraint, in turn, worsens the possible trade-
o! between e"ciency and misallocation. Consequently, the social planner optimally lessens
the misallocation that occurs relative to that under full-information, but at the cost of larger
emissions and thus lower productivity. In e!ect, the four allocations considered—the de-
centralized equilibrium, the full-information planner, the naive planner, and the Mirrleesian
planner—can be seen as tracing out di!erent points on an e!ciency-misallocation curve, one
that naturally adjusts for the intermediate and accumulated input use. We will later return
to the decomposition in Proposition 2 when evaluating the benefits from Mirrleesian taxation.

5 Quantification and Extensions

We have demonstrated that firms’ reporting incentives change the optimal carbon-tax schedule
on firms. Our results show that accounting for firms’ misreporting incentives, all else equal,
leads to higher marginal taxes on lower carbon intensity firms. In this section, we use our
analysis to shed light on the quantitative implications of our results for the optimal carbon
taxes on US firms. Does accounting for firms’ reporting incentives quantitatively alter the
environmental and welfare benefits of carbon taxation? And if so, to what extent and through
which channels? To answer these questions, we proceed to parametrize and quantify our
baseline economy using our data and empirical findings from Section 2.
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5.1 Functional Forms and Parametrization

The aim of our functional-form assumptions and parameterizations is to ensure that our model
quantitatively replicates key features of the US macroeconomy and firm-level outcomes, and
captures the rich heterogeneity in emission e"ciencies documented in the data.

Functional Forms: To this end, we retain the specifications of the production technology
and the abatement cost curve used in Section 4.5: we let F (n, k, e) = n

ω
· k

ε
· e

ϑ, where
↽, ⇀, ϱ > 0 and ↽ + ⇀ + ν < 1, and set Q(x) = (1 + θ)↑1

· x
1+ϖ with θ > 0. The per-period

utility function is of the logarithmic form, u(Ct) = log(Ct). Similar to Golosov et al. (2014), we
assume the aggregate damage function for emissions is A(G) = exp↑↽·G, where 0 governs the
semi-elasticity of the damage function, central to our analysis,and thus the implied aggregate
productivity losses from carbon emissions. Finally, we assume that firm productivities and
carbon intensities are drawn from normal distributions, ai ⇑ N (µa, 1

2
a) and zj ⇑ N (µz, 1

2
z),

and allow for a nonzero correlation 2az between the two types. We will later truncate these
distributions, as well as study changes in the variances of the distributions (12

a and 1
2
z), to

analyze how changes in the extent of firm-level heterogeneity a!ect our main results.

Parametrization: We assume that a model period corresponds to one year. We choose
standard parameters for the discount factor (ω = 0.96) and the energy share (ϱ = 0.08). The
latter being, for example, consistent with the data reported by the U.S. Energy Information
Administration (2024). Assuming decreasing returns to scale of ↽ + ⇀ + ν = 0.8—well within
the range use in the literature e.g., Basu and Kimball (1997)—and a standard split of GDP
between capital (0.4) and labor (0.6), we obtain a production elasticity for capital of ↽ = 0.29
and for labor of ⇀ = 0.43 .26 We assume a 10% depreciation rate for capital (εK = 0.10)
and normalize average productivity e

µa to 1 (i.e., µa = 0). We set the standard deviation of
productivity, 1a to 0.6, consistent with Compustat and Bloom et al. (2018), among others.

The remaining parameters describe the climate portion of the economy. The semi-elasticity
of the damage function, 0, and the mean carbon e"ciency, µz, both a!ect the overall cost
of climate change, as they govern how one unit of energy translates into productivity losses.
Consequently, we normalize the average carbon intensity e

µz to 1 (i.e., set µz = 0) and calibrate
0 = 3.5 · 10↑4 to yield a 2% long-run aggregate productivity loss; the latter being consistent
with the standard IAM practice (e.g., Nordhaus and Mo!at, 2017) and substantially more
conservative than recent estimates (Bilal and Känzig, 2024; Caggese et al., 2025). Section 5.4
studies how our results depend on this calibration choice. We set the standard deviation of

26These numbers convert GDP shares to gross-output shares and account for decreasing returns to scale:
ϑ = 0.4 · 0.8 · (1 ↓ ϖ) and ϱ = 0.6 · 0.8 · (1 ↓ ϖ), with ϖ = 0.08.
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Table I: Quantitative E!ects of Carbon Taxation

Y C G E X K

Naive planner +0.09 +0.09 ↓2.96 +0.09 +0.05 +0.09
Mirrleesian planner +1.47 +1.78 ↓59.74 ↓2.01 +4.63 +1.47
Full-informed planner +2.00 +2.20 ↓72.22 ↓0.41 +3.22 +2.00

Note. All numbers are reported in %-deviation from the decentralized equilibrium and refer to steady-state
comparisons. The decentralized levels are: Y = 4.00, C = 2.87, G = 57.65, E = 0.32, X = 0, and K = 8.15.

carbon e"ciencies, 1z, to 1.6, consistent with the ICE estimates in Panel (b) in Figure 2,27 and
set the carbon depreciation rate, εG, to 0.02; the latter being close to common IPCC (2021)
estimates. Section 5.4 shows that using more conservative values does not a!ect our results.
Finally, we set the inverse elasticity of abatement to carbon prices, θ, to 2, in line with the
estimates in Känzig (2023) on the e!ects of carbon tax shocks on green technologies. We also
assume that firm-level productivity and carbon intensity are uncorrelated (2az = 0), based on
the evidence discussed in Section 2 showing that productivity has little predictive power for
emission intensity. Table B.1 in Appendix B summarizes the parameters.

5.2 Quantification and Decomposition

We quantify the economy-wide consequences of firms’ reporting incentive. To do so, we com-
pare results based on the Mirrleesian optimal tax schedule with those from the naive tax
schedule, which does not internalize firms’ reporting incentives (Proposition 1 and Figure
7). We also here compare estimates to those from the full-information case, in which the
planner has full-information about firms’ carbon intensities. The latter, namely, provides a
quantification of the first-best benefits from carbon taxation. To start with, we focus on
steady-state comparisons. Section 5.4 shows that our results carry over when accounting for
the full transition dynamics of the model. In order to compute estimates under the naive tax
schedule, we need to take a stance on the maximum dispersion in carbon intensities, as this
controls the scope of misreporting. We truncate the distribution of emission intensities at the
5 standard-deviation level. This balances the desire to approximate the distribution well with
the need to ensure that min zj is well defined. Section 5.4 shows that our results extend to
other assumptions about the extent of misreporting. Table I presents the main results.

27In practice, we truncate the normal distributions of carbon intensities (and productivities) at five standard
deviations. This balances the desire to approximate the normal distribution well with the need to ensure that
min zj is well defined and finite, and lies well within the emission intensities reported by the firms as shown
in Figure 2.
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Several points are worth highlighting. First, consistent with our theoretical results, the full-
information planner delivers the highest welfare benefit, measured by consumption increases,
and the largest emission reduction (+2.20% and -72.22%, respectively). This is followed by
the Mirrleesian planner (+1.78% and -59.74%), with the naive planner substantially further
behind (+0.09% and -2.96%). Overall, the potential benefits from either Mirrleesian or full-
information taxation are large—close to 2% of steady-state consumption and around a 2/3
decline in emissions. The consumption benefits are close to size of the overall decline in produc-
tivity due to climate change. Second, while the Mirrleesian planner captures the lion’s share
of the potential, first-best welfare and environmental gains (around 80% of them), the naive
planner captures virtually none of them (around 3-4%). Combined, our quantitative results
thus suggest that Mirrleesian taxation can close-to replicate the benefits of first-best carbon
taxation. Accounting for firms’ reporting incentives does not substantially constrain the po-
tential welfare and environmental benefits of carbon taxation. By contrast, however, ignoring
firms’ reporting incentives does render the standard Pigouvian approach largely ine!ective at
reducing emissions, with substantial consumption losses as a result.

In the next two subsections, we unpack these findings: we first analyze the sources of
welfare benefits from carbon taxation in Table I, and then examine the drivers of di!erences
in emission reductions. Our aim is to both discern what causes the above benefits of carbon
taxation—abatement or the reallocation of energy—as well as to analyze the circumstances
that drive Mirrleesian taxation to substantially outperform the naive case.

Welfare Decomposition: We start by breaking down the causes of the large di!erences
in welfare, measured by consumption increases, in Table I. To do so, we exploit the following
decomposition of consumption, building on our result in Proposition 2:

Ct

Cde
t

= #t ·



 $t

1 ↓ ν ↓
ω·It

Rt·Kt





︸  
↗Ot

·



 A(Gt)
A(Gde

t )





︸  
↗At

·


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Kde
t




ω
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t

·


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Ede
t




ς

︸  
↗Eε

t

. (30)

Equation (30) shows that consumption di!erences between any of the planner’s allocation and
the decentralized equilibrium can be decomposed into five components: (i) factor misalloca-
tion, #; (ii) di!erences in the intermediate input share, Ot, (iii) di!erences in productivity
damages, At; (iv) di!erences in capital use, Kt; and lastly (v) di!erences in aggregate energy
use, Et. Table II presents the decomposition, focusing on the steady state of the economy.

First, notice that the bulk of the consumption increase achievable by the Mirrleesian and
full-information planner are driven by productivity increases, which in turn are caused by
declines in aggregate emissions. The use of additional capital, as it becomes more produc-
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Table II: Welfare Decomposition of Consumption Changes

# O A K
ω

E
ς

C

Naive planner +0.00 +0.00 +0.06 +0.03 +0.00 +0.09
Mirrleesian planner ↓0.00 +0.30 +1.21 +0.42 ↓0.16 +1.78
Full-informed planner ↓0.01 +0.20 +1.47 +0.57 ↓0.03 +2.20

Note. All numbers are reported in percent deviation from the decentralized equilibrium steady state. The
decentralized equilibrium levels are: ” = 1, # = 0.71, K = 8.15, E = 0.32, C = 2.87.

tive, contributes some to the consumption increase, yet much less than increase productivity.
Indeed, productivity increases drive close to 2/3-3/4 of the overall consumption response. Sec-
ond, despite the increase in productivity and the accompanying decline in emissions, energy use
declines by less than 1/4 of a percent. The Mirrleesian and full-information allocations com-
bine large declines in emissions with small declines in energy use, which is why these allocations
can create large consumption increases. The next subsection investigates the sources behind
the large reduction in emissions. Finally, recall that the Mirrleesian and full-information plan-
ners introduce misallocation into the economy. The marginal revenue products of energy is
not equated to its private cost. Table II, however, shows that the quantitative costs of this
misallocation are small—less than 1bp. The benefits of productivity increases are large and
the costs of misallocation small. Table II further shows that the planner allocations also tend
to make the economy more intermediate-input intensive: the small suppression of energy use
is counteracted by the higher expenditure on abatement.

In sum, the results in Table II demonstrate that the main quantitative driver behind the
documented consumption increases are the large declines in emissions that we saw in Table I.
These, in turn, drive sizable increases in productivity and, to some extent, are amplified by
the increased use of capital. The misallocation introduced by the planners’ interventions is,
by contrast, quantitatively small, and so too is the decline in overall energy use. That said,
Table II also raises the question of how the full-information and Mirrleesian planners combine
a large decrease in emissions with a small decline in energy. The combination is here the
catalyst behind the benefits from climate taxation. It is to this question that we turn to next.

Emission Decomposition: Conceptually, emissions can decline for three reasons: because
of declines in overall energy use, because of increased overall abatement, or because of a
better allocation of energy and abatement to high emission firms. Using the law-of-motion for
emissions in (4), the following equation breaks-down changes in aggregate emissions relative
to the decentralized equilibrium into these three components (Appendix D):
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Table III: Decomposition of Changes in Aggregate Emissions

Zx Ze X E G

Naive planner ↓3.00 +0.00 ↓0.05 +0.09 ↓2.96
Mirrleesian planner ↓53.59 +0.00 ↓4.25 ↓1.89 ↓59.74
Full-informed planner ↓58.66 ↓11.98 ↓3.16 ↓0.42 ↓72.22

Note. All numbers are reported in percent deviation form the decentralized equilibrium steady state. The
decentralized equilibrium levels are:

∑
ij ς

de
ijt · expzj = 3.60, X = 0, and E = 0.32.
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where ▷ijt ↘ ϑij ·
eijt

Et
. Equation (31) shows that emission di!erences between any of the

planner’s allocations and the decentralized equilibrium can be decomposed into: (i) changes
in an allocative term, Z; (ii) changes in an aggregate abatement term, X ; and (iii) changes
in aggregate energy use, E . We have already seen that the third term is not the reason
behind decline in emissions. The allocative term Z can then be further decomposed into two
di!erent components: Zx and Ze, where Ze captures the role of energy reallocation to low-z
firms, while Zx captures the e!ect of allocating a higher level of abatement—relative to the
aggregate level—to high-energy and/or high-z firms. Table III presents the results.

The table shows that the abatement component, which captures the allocation of abate-
ment across firms, is by far the dominant force behind the estimated emissions reductions. In
the full-information and Mirrleesian cases, it contributes 82-90% of the overall emission de-
crease. The energy-reallocation component, by contrast, is 0 both in the Mirrleesian and naive
cases, as these allocations are bunched across carbon-intensity types, like in the decentralized
equilibrium. As a result, there is no between-firm energy reallocation e!ect. Conversely, in
the full-information case, the social planner does reallocate energy toward low-z firms. Table
III shows that this e!ect is quantitatively meaningful, although not nearly the size of the
abatement component, and accounts for most of the di!erence between the Mirrleesian and
the full-information cases. Finally, we note that the rise in aggregate abatement is meaningful,
albeit not a driving quantitative force in the decline in emissions.

We conclude that, in both the Mirrleesian and the full-information (first-best) case, most
of the welfare and environmental benefits from carbon taxation derive from Zx— that is, from
the planner incentivizing abatement by high-energy and/or high-carbon-intensity firms. By
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contrast, most of the di!erences in welfare and environmental outcomes between the Mir-
rleesian and the full-information cases stem from Ze –that is, from the additional ability of
the full-information taxes to reallocate energy to low-carbon-intensity firms.

To understand what drives the overall size of the abatement component, Zx, we exploit the
following characterization (Appendix D):

log Zx → ↓Cov

(
gijt

Gt
,
expxijt

expXt

)

< 0. (32)

This result shows that the abatement component is large when relative emissions, gijt/Gt, co-
move strongly with relative abatement e!orts across firms, expxijt / expXt , which is indeed the
case under both the full-information and the Mirrleesian allocation. The first-order conditions
for abatement (Equations 19 and 24) directly show that:

(
x

fb
ijt

)ϖ
= !G,t · g

fb
ijt and

(
x

mr
ijt

)ϖ
= !G,t · g

mr
ijt ·

E[expzj ]
expzj

. (33)

Thus, abatement is a direct function of emissions in both planner allocations. Combined with
the fact that E[expzj ]/ expzj is, on average, small for our calibrated distribution of zj—the
implied Jensen inequality term is small—this explains the high correlation between relative
emissions and relative abatement in the two cases, and hence the large contribution of the
abatement component to the overall reduction in emissions that we find. Both the full-
information planner and its Mirrleesian counterpart enforce a strong correlation at the firm
level between emissions and abatement. AppendixD documents the allocation of emissions
and abatement e!orts across productivities and carbon intensity-types.

Although our findings clarify the forces behind the reduction in aggregate emissions, it
does not explain why the Mirrleesian planner—despite the incentive-compatibility constraint—
performs nearly as well as the full-information planner. As explained above, the di!erence be-
tween her and the full-information planner is entirely accounted for by the energy-reallocation
component, Ze. To address this issue, we examine what determines the strength of the energy-
reallocation e!ect. A few simple derivations show that:

Z
fb
e ↓ Z

mr
e = Cov



 e
fb
ijt

E
fb
t

,
expzj

E [expzj ]



 < 0. (34)

This equation decomposes di!erences in Ze between the two planner allocations into the
covariance between firm-level energy shares, e

fb
ijt/E

fb
t , in the full-information allocation and

the relative carbon-e"ciency type of the firm, expzj /E⇀ [expzj ]. Notice that this covariance is
always negative, as firm-level energy shares comove negatively with relative carbon intensities
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(Lemma 2). As a result, the gap between Z
fb
e and Z

mr
e is, all else equal, larger when hetero-

geneity in energy use under the full-information allocation is mainly driven by carbon intensity
di!erences rather than productivity di!erences. By contrast, when variation in energy shares
is mainly due to productivity di!erences, the covariance in Equation (34) is close to zero. The
Mirrleesian planner, in this case, performs nearly as well as the full-information planner.

Based on this decomposition, we conclude that the reason the Mirrleesian planner is able
to reap most of the benefits from carbon taxation is that—in the first-best allocation—the
productivity level of a firm is quantitatively an important driver of its energy use. Although
carbon intensities clearly matter, under our baseline calibration, productivities are also a
quantitatively important determinant of firms’ optimal energy use, highlighting the importance
of considering both sources of heterogeneity in the analysis. Appendix D shows graphically
the similarities in energy use in the Mirrleesian and full-information cases.

In summary, in this section, we have demonstrated that disregarding firms’ reporting in-
centives renders the standard Pigouvian approach to carbon taxation largely ine!ective in
reducing emissions—with substantial consumption losses as a result. By contrast, accounting
for firms’ reporting incentives does not substantially constrain the potential welfare and en-
vironmental benefits of carbon taxation. The Mirrleesian optimal tax attains approximately
80% of the potential benefits. The root cause behind the comparative performance of the
Mirrleesian approach is that the first-best carbon tax attains its welfare improvement largely
by reallocating abatement e!orts—a task the Mirrleesian approach does almost equally well
when productivity optimally determines a large fraction of the variation in energy uses.

5.3 Carbon Taxes in Practice

We next turn to the implied carbon taxes in the three cases—the first-best, full-information
case, the Mirrleesian case, and the naive case—that underlie these results. Common esti-
mates of the Piguvian tax on carbon—equivalent to that which implements the first-best,
full-information allocation—is around $280 per ton of CO2 equivalent emissions (tCO2e).28

Figure 7 shows that our baseline calibration produces average estimates that are close to this
value. The left-hand side panel depicts the marginal tax rate by carbon-intensity type implied
by Proposition 1, while the right-hand side panel shows the marginal tax rate over observable
emission intensities (Section 2). The marginal tax that implements the full-information allo-
cation is, in both cases, around $300 per tCO2e and constant across the intensity measures,
corroborating the soundness of our baseline calibration strategy.

In line with Proposition 1, the optimal Mirrleesian tax is log-linear in carbon-intensity
28See, for example, Ricke et al. (2018), Pindyck (2019), and Tol (2023), among others.
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Figure 7: Marginal Carbon Tax Rate
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Note: This figure shows the marginal tax rates as a function of carbon (left-hand side) and emission intensities
(right-hand side). The right-hand side panel further depicts the distribution of firm emission intensities in the
decentralized equilibrium. We use 2024 US GDP numbers to convert model estimates into USD ($) values.

type, z, and monotonically declining. The left-hand side panel shows that for a firm that is
2 standard deviations below the mean carbon-intensity type, its value is around $40,000 per
tCO2e; for a firm that is 2 standard deviations above, it is only $65 per tCO2e. At the ±1
standard deviation level, the range is between $7,000-300 per tCO2e. There is substantial
heterogeneity in the Mirrleesian optimal marginal tax. This heterogeneity carries over to
the case in which we consider the Mirrleesian tax as a function of emission intensities. The
full-information marginal tax is, by contrast, constant across the two panels.

A fear one might have is that by enacting high marginal tax rates on carbon-e"cient firms—
such as those illustrated in Figure 7—one may heavily penalize the profits of carbon-e"cient
firms, potentially to the detriment of their future innovations. Figure 8 reports the overall
tax bill spent on carbon taxes as a share of a firm’s revenue across firms with di!erent carbon
intensities (left-hand panel) and productivities (right-hand panel). Although the marginal
carbon tax can be high for an individual firm, the overall tax bill in the Mirrleesian case stays
well below 1% of revenue. The marginal taxes can be high, but the average value paid is low.
Clearly, changes to the incentive structure of firms are the driver of our main results.

The left-hand side panel of Figure 7 further shows a fundamental di!erence between the
full-information planner and the Mirrleesian planner. The full information planner, uncon-
strained by incentive-compatibility considerations, sets carbon taxes so that the tax bill as a
share of revenue rises steeply with a firm’s carbon intensity. This highlights two features: (i)
the planner penalizes heavily more carbon-intensive firms, as this is the most cost-e!ective way
to reduce emissions; and (ii) this, in turn, creates a strong incentive for carbon-intensive firms
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Figure 8: Tax Bill Share of Revenues
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Note: The figure shows the overall carbon tax bill paid in the di"erent allocations compared to firm revenue.

to misreport their carbon-intensity type. By contrast, the Mirrleesian planner internalizes this
incentive and, to eliminate it, charges all firms the same tax-bill share of revenue.

Finally, the right-hand side panel of Figure 7 depicts the di!erence between the full-
information tax bill and the Mirrleesian tax bill along the productivity dimension. Although
the marginal carbon tax is independent of productivity, the tax bill’s share of revenue declines
with productivity. In the presence of carbon taxes, more productive firms emit less per unit of
revenue, as they have the strongest incentives to abate. As commented on earlier, the marginal
benefit from abatement scales with firm size (i.e., productivity). Consequently, both planners
find it most cost-e!ective to shift the burden from high- to low-productivity firms. This is, in
part, related to our discussion in the previous section on the reason behind the comparative
performance of the Mirrleesian planner.

We conclude that the Mirrleesian tax schedule amends the full-information tax schedule
by making the marginal carbon tax decline strongly in a firm’s carbon-intensity type. The
marginal tax for most firms declines from around $40,000 to $ 65 per tCO2e, and is on average
above standard estimates of the optimal carbon tax (approx. $1, 500 per tCO2e). The average
tax paid by firms is, however, small, less than 0.75 % of revenue, on average. The Mirrleesian,
thus, combines strong incentives with a low average cost to firms.

5.4 Quantitative Refinements

Transition Dynamics: A potential concern with the above findings is that they present
the truly long-run benefits of climate taxation. We have thus far detailed results by comparing
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the steady states of the di!erent planner allocations with the steady state of the decentralized
equilibrium. To explore the benefits of carbon taxation along the transition—where by transi-
tion we mean over the period from the carbon tax implementation until the economy reaches
its new steady state—we extend our baseline economy to allow for a richer description of the
dynamic evolution of the climate and consider the full transition path of the economy.

We follow Miftakhova et al. (2020) and consider an alternative climate block that has
become increasingly popular in both the natural sciences (e.g., Allen et al., 2009; Matthews
et al., 2009, 2012) and in macroeconomics (e.g., Dietz et al., 2021; Fernández-Villaverde et al.,
2024). We assume that economy-wide productivity depends on temperature, A = exp↑↽·T ,
rather than directly on emissions, and that temperature, T , evolves dynamically with the
stock of accumulated emissions in the atmosphere in accordance with:

Tt+1 = (1 ↓ 3T ) · Tt + 3T · (T + %G · Gt), (35)

where 1 ↓ 3T is the persistence in global temperatures, T is its historical mean, and %G is the
conversion factor mapping emissions into temperature. Consistent with the historical global
average temperature, we set T = 14↘C, and set %G = 7.34 · 10↑3 to generate a 2↘C increase in
temperature in the decentralized equilibrium within the first 100 years. The latter is in line
with standard “business-as-usual” scenarios. We then recalibrate 0 = 1.3 ·10↑3 to match a 2%
aggregate productivity loss from a 2↘C increase in temperature relative to the historical mean,
consistent with our baseline calibration. We calibrate temperature persistence 1 ↓ 3 = 0.98,
in line with the estimates in Bruns et al. (2020). Finally, we set εG = 1 · 10↑3 to approximate
a (near) unit-root emissions process, as is often assumed in the natural sciences.

Figure 9 shows the dynamics of consumption and climate along the transition. We detail
these for both our baseline economy (Panel a) and for the economy with the extended climate
block (Panel b). In our baseline economy, as in the steady-state analysis, the Mirrleesian
planner allocations follow closely the full-information outcomes.29 Relative to the decentralized
equilibrium, the full-information planner achieves a net-present value consumption-equivalent
welfare gain of 0.59% and a 51.18% reduction in the net-present value of emissions.30 The
Mirrleesian planner, by contrast, delivers a 0.47% net-present value welfare gain and a 41.88%
reduction in the net-present value of emissions. Thus, the Mirrleesian planner once more
captures the lion’s share of the full-information gains (around 80%). In contrast, the naive

29For this experiment we need to set discipline on two additional objects necessary to perform this exercise:
the starting stock of capital and emissions {K0, G0}. To this end, we calibrate K0 as representing the steady
state level of capital for an economy with a stock of emission G0, and we set G0 such that most of the e"ects
of climate change unfold within the next 100 years, as in most common scenarios. However, we find that the
initial point does not fundamentally drive our results.

30We here use the household discount factor, φ, to discount consumption and emission flows.
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Figure 9: Transition Dynamics of Consumption and Emissions
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Panel (a.1): Consumption Panel (a.2): Emissions

Panel (b): Alternative Climate Model
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Note.The figure shows the transition dynamics for our baseline model (Panel a) and the extended climate
model (Panel b). Appendix D describes the solution for the transition path of the extended model.

planner yields only a small welfare gain and a 1.93% reduction in emissions. Overall, our
results along the transition—although with net-present value level e!ects for each planner
somewhat muted by the cumulative nature of climate change—are consistent with the main
insights from our steady-state analysis of the baseline model.

Panel (b) shows that these insights also carry over to the version with the extended climate
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block.31 The Mirrleesian planner once more captures the bulk of the possible full-information
benefits from climate taxation (around 65% in net-present value terms), while naive taxation
results in negligible welfare and environmental benefits. The striking di!erence between the
two climate models, however, manifests in the horizon over which the e!ects take place. In the
baseline model, most of the steady-state e!ects materialize within 100 years. By contrast, the
e!ects are both smaller (even in the long-run) and take substantially longer to materialize in
the extended model. As such, in the extended model the net-present value benefits of climate
taxes are much smaller. Relative to the decentralized equilibrium, the full-information planner
achieves a net-present value welfare gain of 3 · 10↑3% and a ↓0.13% reduction in net-present
value of temperature; in the long run, it achieves a 0.52% welfare increase and a ↓11.66%
temperature reduction. The Mirrleesian planner instead achieves a net-present value welfare
gain of 2 · 10↑3% and a ↓0.08% reduction in temperature. In the long run it achieves a 0.34%
consumption increase and a ↓7.62% temperature reduction.

On balance, our results thus confirm the comparative insights from the baseline model:
the Mirrleesian planner recovers most of the benefits from climate taxation. The absolute
magnitudes of those benefits yet rest crucially on the exact characterization of the climate
process used—of which there is substantial debate in the natural sciences—and the horizon
that one whishes to study: dynamics and the considerations of short- versus long-run matters.
Our conclusions are, in this sense, in line with the findings of much of the literature that
studies the macroeconomic consequences of climate change (e.g., Nordhaus, 2019).

Climate Parameter Uncertainty: Our baseline model assesses the consequences of Mir-
rleesian climate taxation using estimates of the environmental damages to production, 0, and
the inverse elasticity of abatement, θ. As with the processes linking temperature and emis-
sions, both parameters are, however, subject to considerable parameter uncertainty. Figure
10 explores the robustness of our results to variations in these parameters.

Our baseline calibration conservatively sets 0 to deliver a 2% long-run productivity loss in
the decentralized equilibrium. Although this value is consistent with traditional estimates of
the cost of climate change (e.g., Nordhaus, 2007), some modern estimates, however, project
substantially larger losses (e.g, Bilal and Känzig, 2024, Caggese et al., 2025). Panel (a) in in
Figure 10 shows that—although the benefits of both full-information and Mirrleesian taxation
increase substantially as we push 0 closer to the higher losses estimated in recent approaches—
the overall take-away remains: Mirrleesian taxation recovers a large share of the potential

31As we show in Appendix ?? in this model we need to set only two initial conditions, i.e., {K0, T0}, as the
temperature emission system cha be reduced to a single AR(2) temperature process. We set K0 as representing
the steady state level of capital for an economy with temperature T0 and set T0 = 15↓C, which approximates
presents days where temperature has already increased by approximately 1↓C above historical mean.
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Figure 10: Robustness to Environmental Damages and Abatement
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Panel (b): Abatement Elasticity θ
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Note: This figure shows the steady-state consequences of climate change for consumption and emissions for
di"erent parameter configurations for ↼ and ↽. We consider +/↓ 100% variations in either parameter.

welfare benefits, while naive taxation does not. Crucially, the comparative performance of
Mirrleesian taxation does not rest on the assumed cost of climate change.

Our conclusions likewise do not hinge on the assumed value for θ. Our baseline calibration
of the inverse tax elasticity of abatement is informed by Känzig (2023) estimate of the response
of green technologies to carbon tax shocks. While not an ideal measure of abatement behavior,
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it provides a useful benchmark given the scarcity of precise estimates. Panel (b) of Figure 10
shows that our results are relatively insensitive to the choice of θ. Two o!setting forces drive
this result. On one hand, a larger θ reduces the abatement response to carbon taxes; but, on
the other hand, it also lowers the overall cost of abatement, Q(x) = 1

1+ϖ · x
1+ϖ. These e!ects

largely cancel each other in equilibrium by moving in opposite directions, so that the ultimate
benefits of climate taxation do not depend much on the exact value of θ. We view this fact
as a strength of our framework, especially given the limited evidence on θ in the literature.

Renewable versus Fossil Energy: One reason for why firms, even within narrowly-defined
sectors, may exhibit di!erences in emission intensities is the availability of renewable versus
fossil energy. Other technological di!erences—such as di!erences in filters used and burner
designs, mentioned in Section 3—lead to di!erences in emission intensities, in addition to
which arises from di!erences in the use of di!erent fossil fuels. But, clearly, one reason behind
the di!erences in emission intensities documented in Section 2 is the firm-level availability of
renewable versus fossil energy. To explore the implications of the introduction of reneweable
energy sector into our model, we extend our baseline framework by assuming that energy, eijt,
is comprised of renewable, egreen,ijt, and fossil energy, ebrown,ijt in accordance with:

eijt =


e

ϱ↓1
ϱ

green,ijt + e

ϱ↓1
ϱ

brown,ijt

 ϱ
ϱ↓1

, (36)

where both fossil and reneweable energy are produced as in the baseline model, with P being
the price of fossil energy and (1 + ↼green) · P the price of renewable energy with ↼green > 0.
We assume that only the use of fossil energy creates emissions in Equation (5). Although
conceptually potentially problematic, the CES structure in (36) has proven to be a popular
and tractable means to model firms’ choice of renewable and fossil energy (e.g, Hassler et al.,
2016). We calibrate the elasticity of substitution, 4, to 4, within but close to the top of common
empirical estimates (e.g., Papageorgiou et al., 2017; Jo, 2025; Petersen, 2025), to account for
the steady-state nature of our analysis. We also set the rewnweable price wedge, ↼green, such
that 1-in-4 energy $ is spent in the decentralized steady state on renewable energy, consistent
with the EIA’s 2024 estimate for the US.32 Table IV shows the steady-state results.

The results in Table IV, on balance, show that the insights from the baseline model extend
to the case with a renewable sector. The Mirrleesian tax once more recovers around 2/3 of
the possible decline in emissions—and although it captures somewhat less of the potential
rise in consumption and welfare than before (slightly more than 1/2), the Mirrlesian tax
still drastically outperforms the naive benchmark. Compared to the full-information, first-

32See: www.reuters.com/business/energy/us-power-use-reach-record-highs-2025-2026-eia-says-2025-05-06/.
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Table IV: Extension with Renweables and Fossil Fuels

Y C G A K X

Naive planner +0.00 +0.01 ↓0.04 +0.02 +0.02 +0.01
Mirrleesian planner +1.44 +1.39 -47.17 +1.00 +1.45 +1.38
Full-information planner +2.35 +2.40 -77.08 +1.64 +2.35 +1.98

Note: All numbers are reported in %-deviation from the decentralized equilibrium and refer to steady-state
comparisons. The decentralized levels are: Y = 4.06, C = 2.91, G = 57.65, E = 0.32, X = 0, and K = 8.15.

best allocation, the Mirrlesian tax does not create as forceful as switch from fossil energy to
renewable energy, as should be expected given its limitations. But, because the reallocation of
abatement e!orts is still potent force under the Mirrleesian tax, the Mirrleesian planner still
manages to recover most of the environmental and welfare benefits from carbon taxation. We
conclude that our results do not hinge on the absence of renewable sector.

Figure 11: Tax Bill Share of Revenues by Carbon Intensity and Productivity
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6 Final Remarks

Addressing the economic damages from climate change is, to a first-order approximation, a
problem of curtailing firms’ direct carbon emissions (Section 2). In response to this challenge,
considerable e!orts have recently gone into the design and implementation of (Pigouvian)
carbon taxes that correct firms’ climate externality. As acknowledged by practitioners and
policymakers alike, a central challenge with carbon taxation is, however, the largely self-
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reported nature of emissions disclosures. Carbon disclosures are in most cases based on firm-
level information that is di"cult or costly to verify for policymakers. Combined with a sizable
carbon tax, this creates a strong incentive for firms to misreport their carbon disclosures—
consistent with recent legal evidence.

In this paper, we formulate a neoclassical general-equilibrium model in which firms’ fossil-
energy use generates climate damages to production. The model crucially incorporates sub-
stantial cross-firm heterogeneity in carbon e"ciency that we documented using a novel firm-
level dataset spanning 150 countries. Firms choose energy and other inputs and self-report
emissions that are otherwise privately observed. Our main result is a simple formula for the
optimal carbon tax that accounts for firms’ incentives to distort their carbon disclosures. The
optimal Mirrleesian tax varies markedly across firms as a function of a firm’s carbon intensity
(based on its carbon disclosure), marginal climate damages, and output.

We evaluate this formula quantitatively, using the US distribution of carbon intensities,
and find that optimal carbon taxes vary substantially across firms. The information friction
related to firms’ emissions makes firm-level taxes optimally heterogeneous across firms but
constant within a firm. We find that the optimal carbon tax for a firm that is 1 standard
deviation below the mean carbon-intensity level is around $5,000-7,000 per tCO2e; a firm that
is 1 standard deviation above the mean carbon-intensity level, by contrast, faces an optimal tax
slightly less than $300 per tCO2e. The median carbon tax paid is $1,500 per tCO2e. Despite
this heterogeneity, the overall Mirrleesian tax bill faced by firms in equilibrium never exceeds
1% of firm revenue. Instead, we show that it is changes in firm-level disclosure incentives that
drive the bulk of the benefits of carbon taxation that we document.

Our tax contrasts with other carbon-tax estimates that do not internalize firms’ reporting
incentives. Our model—presuming full-information about firms’ carbon emissions—provides
an optimal carbon tax, equal to the social cost of carbon, that is homogenous across firms
and close to $300 per tCO2e. Although there are substantial uncertainties about the true
social cost of carbon, this estimate is close to the median estimate used in the literature. Our
results, thus, do not rest on the presumption of a large social cost of carbon; accounting for
firms’ reporting incentives increases most carbon taxes paid by firms and by itself leads to
substantial heterogeneity in optimal carbon tax rates.33

Crucially, we document that the optimal Mirrleesian tax recovers most of the potential ben-
efits from full-information carbon taxation. In our baseline calibration, accounting for firms’
reporting incentives allows us to recover over 80% of the possible welfare and environmental
benefits from carbon taxation. A naive approach—which implements the full-information tax

33We may also relate our estimates to the price of emission rights in the European Union Emission Trading
System, covering large CO2 emitters in the EU. The price is currently around $100 per tC02 and equal across
all of firms, and thus well-below our estimate for the optimal carbon tax rates paid by most firms.
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without accounting for firms’ reporting incentives—in contrast recovers less than 10%. We
show that this comparative performance of the optimal Mirrleesian tax rests on the ability of
a well-constructed tax to incentive abatement e!orts by carbon-intensive firms. As a result,
we document that the comparative performance of the optimal Mirrleesian tax extends to
several variations of our model framework. In all cases, the optimal Mirrleesian tax recovers
more than 2/3 of the potential welfare and environmental benefits from carbon taxation; the
naive approach by contrast recovers substantially less—and some times close to zero.

An important feature of our proposed tax formula is its simplicity. The optimal carbon
tax paid by a firm corresponds to a simple, proportional adjustment of the standard social
cost of carbon estimate, based on a firm’s location in the carbon-intensity distribution. Given
our formula, a firm has no incentive to misreport its location in the distribution. As such, our
proposed carbon tax retains many of the advantages in terms of simplicity and implementation
of standard carbon-tax proposals. Although it should be clear from our discussions throughout
the text that several extensions of the present setting are desirable, one advantage of the
tractability of our framework is that such extensions should come at a low cost.

Finally, beyond the analysis in this paper, our approach suggests that accounting for firms’
reporting incentives can meaningfully alter the optimal Pigouvian taxation of firms. We see
important scope for extending these ideas to other circumstances in which firms’ actions have
externalities on the broader economy and their e!orts are hard to monitor—such as is the
case with, for example, industrial policy. Overall, we view the research in this paper as a
useful step towards a unified framework for the Mirrleesian taxation of firms, and the current
model framework as a useful basis for extensions that incorporate dynamic investments in
abatement, cross-jurisdictional leakage, and other reporting and verification environments.
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A Motivating Evidence

A.1 Data Construction

ICE-ESG Database: Our main analysis uses data from the ICE’s ESG company database.
The total data set covers the period 2009-2024 for 402,956 firm-years spanning 46,928 firms
across 151 countries. To construct the sample that we use in Figures 2 and 3 and Appendix
A, we discard ICE-model-generated emission estimates (derived from company data) and fo-
cus only on firms’ self-reported emissions. We also discard observations that are not marked
by ICE as having “high-quality reporting data” behind them (i.e, observations for which the
ICE’s disclosure-quality category is above 3). Figure 1 uses the full sample of observations.
Direct emission intensities are measured by reported scope 1 emissions (tons of CO2 equiva-
lent emissions) per million $ of revenue (code: Reported Emissions Intensity Scope 1

(tCO2e/$m Revenue)). Firms’ direct emissions are measured by the numerator in this expres-
sion (code: Reported Emissions Scope 1 (tCO2e)). We remove all observations that are
related to the top and bottom 1% of the emission intensity distribution.

S&P TruCost Database: We supplement the data from ICE with S&P’s TruCost Database
on publicly-listed firms emissions. The overall sample covers the period 2009-2019 for 50,013
firm-years spanning 9,227 firms across 39 di!erent countries. Emission intensities are again
measured by self-reported scope 1 emissions (tons of CO2 equivalent emissions) per million
$ of revenue (code: di319407). Overall emissions are measured by the numerator of this
expression (code: di319413). We once more remove all observations that are related to the
top and bottom 1% of the emission intensity distribution.

Compustat Database: Finally, we use the following variables from Compustat Funda-
mentals Annual: revenue (code: sale), capital (code: ppent, ppegt), investment (code:

capx), employment (code: emp), and industry classification (code: naics and sic). We
deflate nominal variables where appropriate with US CPI (code: CPIAUCLS from FRED)
and compute (revenue-based) total factor productivity as in Ottonello and Winberry (2020).

Descriptive Statistics: Table A.1 reports descriptive statistics for the various data sets.
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Table A.1: Descriptive statistics: ICE-TruCost-Compustat

Variable Name Obs. Mean Std. Median
Scope 1 emission (ICE) 32,599 1,461,794 5,139,210 29,200
Scope 1 emission (TruCost) 49,011 541,617 2,042,981 26,061
Scope 1 emission intensity (ICE) 32,599 181.31 568.25 8.13
Scope 1 emission intensity (TruCost) 49,012 131.05 357.26 21.64
Revenue (Compustat) xx,xxx xx,xxx xx,xxx xx,xxx
Capital (Compustat) xx,xxx xx,xxx xx,xxx xx,xxx
Investment (Compustat) xx,xxx xx,xxx xx,xxx xx,xxx
Assets (Compustat) xx,xxx xx,xxx xx,xxx xx,xxx
Employment (Compustat) xx,xxx xx,xxx xx,xxx xx,xxx
Tfp (Compustat) xx,xxx xx,xxx xx,xxx xx,xxx

Notes: The table reports descriptive statistics for the sample of firms in the ICE, TruCost, or Compustat
database. The units of the first two rows are tons of CO2 equivalent emissions (tCO2e). The two subsequent
rows are tCO2e per million $ in revenue. For all rows, observations have been removed that are in top and
bottom 1 percent of the variable’s distribution.

A.2 Additional Evidence

Figure A.1: Estimated Shares of Overall Emissions—TruCost
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Note: Data from the TruCost sample. The figure shows overall scope 1 emissions in 2019 (measured by tons
of CO2 equivalent emissions) divided by overall country/region-wide emissions. Estimates for country/region-
wide emissions are taken from the Global Carbon Budget website (20219 estimates).

2



Figure A.2: Breakdown of ICE Emissions
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Note: Data from the ICE-ESG sample. The figure shows the breakdown of the average firm’s emissions into
scope 1, 2 and 3 emissions. We consider only firms with validated or high-quality reporting (Appendix A.1).

Figure A.3: Heterogeneity in Emission Intensities—Output Measures
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Note: Data from the ICE-ESG sample. The figure shows the distribution of log. emission intensities within
the US energy, airlines and steel sectors. Emission intensities are measured by tons of CO2 equivalent emissions
(tCO2e) divided by output. We measure output by: mega jules of energy produced (mj), thousands of return
flights flown (trf) and tons of steel produced (tsteel), respectively. We consider only firms with validated or
high-quality reporting (Appendix A.1). We winsorize emission intensities at the top/bottom 1% level.
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Figure A.4: Sectoral Heterogeneity in Emission Intensities
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Note: Data from the ICE-ESG and TruCost samples. The figure shows the avr. log (scope 1) emission intensity
within ICE and TruCost sectors (NAICS level 2). Emission intensities are measured by tons of CO2 equivalent
emissions (tCO2e) divided by revenue (millions of $). We consider only firms with validated or high-quality
reporting (Appendix A.1) and winsorize all emission intensities at the top/bottom 1% level.

Figure A.5: Country Heterogeneity in Emission Intensities
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Note: Data from the ICE-ESG and TruCost samples. The figure shows the avr. log (scope 1) emission intensity
within countries. Emission intensities are measured by tons of CO2 equivalent emissions (tCO2e) divided by
revenue (millions of $). We consider only firms with validated or high-quality reporting (Appendix A.1) and
winsorize all emission intensities at the top/bottom 1% level.
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Table A.2: Emission Disclosures and Emission Intensity

Log. emission intensity
(1) (2)

No third-party validation ↓0.193≃≃≃
↓0.214≃≃≃

(0.031) (0.023)
Time fixed e!ects ↔

Sector fixed e!ects ↔

Country fixed e!ects ↔

Observations 32,268 32,268

Notes: Panel least-squares estimates from the ICE-ESG sample. The top and bottom 1 percent of emission
intensities (tons of scope 1 CO2 equivalent emissions, tCO2e, divided by revenue in millions of $) are removed.
ICE sectoral definitions and verification status are used. We consider only firms with high-quality reporting
(Appendix A.1). Robust clustered (sectors) standard errors in parentheses. Sample: 2010–2024.

Table A.3: Carbon Intensity and Productivity

Log. emission intensity
(1) (2)

Log. tfp -0.556*** -0.567***
(0.150) (0.153)

Time fixed e!ects ↔

Sector fixed e!ects ↔

Country fixed e!ects ↔

Observations 12,508 12,508

R-squared 0.047 0.058

Notes: Panel least-squares estimates from the merged ICE-ESG-Compustat sample. The top and bottom
1 percent of emission intensities (tons of scope 1 CO2 equivalent emissions, tCO2e, divided by revenue in
millions of $) and total factor productivity are removed. Tfp is estimated as in Ottonello and Winberry
(2020). We consider only firms with high-quality reporting (Appendix A.1). NAICS-4 sectoral definitions are
used throughout. Robust clustered (sectors) standard errors in parentheses. Sample: 2010–2024.
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Table B.1: Parameters and Targets

Description Parameter Value Target

Economic block

Discount rate ω 0.96

Standard
Capital elasticity ↽ 0.29
Labor elasticity ⇀ 0.43
Energy elasticity ν 0.08
Capital depreciation rate εK 0.10
Mean productivity µa 0 Normalization
Std productivity 1a 0.6 Compustat data estimates
Climate block

Carbon depreciation rate εG 0.02 Golosov et al. (2014)
Abatement cost inverse elasticity θ 2 Känzig (2023)
Damage semi-elasticity 0 3.5·10↑4 Social cost of carbon estimates
Corr between a and z distributions 2az 0 ICE ESG data estimates
Mean carbon intensity µz 0 Normalization
Std carbon intensity 1z 1.6 ICE ESG data estimates

B Quantitative Results
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