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Global Pricing of Carbon-Transition Risk

PATRICK BOLTON and MARCIN KACPERCZYK*

ABSTRACT

The energy transition away from fossil fuels exposes companies to carbon-transition
risk. Estimating the market-based premium associated with carbon-transition risk
in a cross section of 14,400 firms in 77 countries, we find higher stock returns associ-
ated with higher levels and growth rates of carbon emissions in all sectors and most
countries. Carbon premia related to emissions growth are greater for firms located
in countries with lower economic development, larger energy sectors, and less inclu-
sive political systems. Premia related to emission levels are higher in countries with
stricter domestic climate policies. The latter have increased with investor awareness
about climate change risk.

PUBLIC OPINION, GOVERNMENTS, BUSINESS LEADERS, and institutional
investors all over the world are awakening to the urgency of combatting cli-
mate change.1 This growing concern about climate change may crystalize into
a faster and perhaps more disorderly transition away from fossil fuels to
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renewable energy. By now, over 100 countries have committed to carbon net
neutrality targets, representing nearly 50% of the world’s gross domestic prod-
uct (GDP). In addition, several multilateral agreements and other commit-
ments to reduce carbon emissions have been reached.2 This, in turn, means
greater carbon-transition risk for companies, especially those that rely more
on fossil fuel production or consumption. From an individual firm’s perspec-
tive, transition risk reflects the uncertain rate of adjustment toward carbon
neutrality. From investors’ perspective, the risk also embodies evolving beliefs
about the transition to cleaner energy. Hence, transition risk is the amalgama-
tion of a wide range of shocks, including changes in climate policy, reputational
impacts, shifts in market preferences and norms, and technological innovation.
In this paper, we take a (forward-looking) global financial market perspective
to evaluate the economic importance investors attach to this transition risk by
looking at stock prices of a large set of global companies with different degrees
of exposure to this risk.

The economics literature on climate change following Nordhaus (1991) has
framed the issue of mitigation of climate change as a public goods problem that
requires a global Pigouvian carbon tax to internalize the externality of carbon
emissions. The tax should be set equal to the social cost of carbon (SCC) to
achieve efficiency, where the SCC is given by the discounted, expected, and
physical harm from a warming climate caused by the accumulation of carbon
particles in the atmosphere. This literature does not address the transition
risk that firms relying on fossil energy face as the economy adjusts to a re-
newable energy base. In contrast, the finance literature on climate change is
more directly concerned with the pricing of climate change risk, in particular,
transition risk. But this literature is still in its infancy, and we currently only
have patchy evidence on the pricing of carbon-transition risk, and especially
on the various sources of this risk. Accordingly, in this study we attempt a
more systematic, a more wide-ranging analysis than has been done to date on
the pricing of transition risk. We explore how corporate carbon emissions to-
gether with country characteristics that reflect the country’s likely progress in
the energy transition affect stock returns of over 14,400 listed companies in 77
countries over a period ranging from 2005 to 2018. This is essentially the uni-
verse of all listed companies globally for which it is possible to obtain carbon
emissions data and represents 80% of the market value of all public firms.

As is well known, cross-country studies are beset by endogeneity and identi-
fication challenges, as country-level variation can be driven by many different
sources. In this study, we can to some extent overcome these challenges by ex-
ploiting rich country-, industry-, and firm-level variation in carbon emissions
and other characteristics to identify the different sources of transition risk
relating to technological shifts, social norms, and energy policies. This gran-
ularity of firm-level observations can be combined with various fixed effects

2 Some of the prominent examples include China’s commitment to carbon net neutrality by
2060, and Japan’s and the United Kingdom’s commitments by 2050. See Bolton and Kacperczyk
(2021b) for more details on net zero commitments.
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to better understand what is driving transition risk. To our knowledge, this
is the first study in economics on transition risk with such a large panel data
structure.

The first contribution of our paper is to shed light on the distribution of cor-
porate carbon emissions across all countries in our sample. In most studies
on global carbon emissions, the unit of analysis is the country and little infor-
mation is provided about the breakdown of emissions across companies within
each country. According to Fortune magazine, in 2017 the 500 largest compa-
nies in the world generated $30 trillion in revenues.3 This represents 37.5%
of world GDP, which was around $80 trillion in 2017 according to the Central
Intelligence Agency’s CIA World Factbook. It is thus natural to view climate
change mitigation not just through the lens of the largest emitting countries,
but also through the lens of the largest emitting companies.

As a second contribution of our paper, we estimate the size of a global carbon-
transition risk premium by relating lagged firm-level emissions to individual
stock returns. Given the lack of concern about climate change until recently,
a plausible null hypothesis is that we should not find higher stock returns
for companies with higher carbon emissions over our sample period, with the
exception perhaps of Europe (and to some extent the United States, Japan, and
a few other OECD countries). A reasonable alternative hypothesis, however, is
that investors do pay attention to climate risk and that a carbon premium is
to be found in the parts of the world responsible for the highest fraction of
carbon emissions, that is, in the largest and most developed economies. It is in
these economies that emission reductions are most urgent and therefore where
transition risk is highest.

A few general striking results emerge from our analysis. The first general
finding is that the carbon premium is positively related to both the level of
emissions and the year-to-year growth in emissions, controlling for character-
istics that predict returns. Given that the carbon transition is in essence tran-
sitory, carbon transition risk a priori ought to be reflected in both the levels
and rates of change in emissions. We also find that the premium is related to
both direct emissions from production (scope 1) and indirect emissions from
firms in the supply chain (scope 2 & scope 3). All the results are statistically
and economically highly significant. As an example, a one-standard-deviation
increase in cross-sectional scope 1 emissions is associated with a 1.1% increase
in annualized stock returns. A comparable result for changes in emissions is
2.2%. In general, the magnitude of the effect is stronger when we account for
underlying differences across industries, which underscores the importance of
industry adjustment in any study of carbon-transition risk. It is also stronger
for indirect scope 3 emissions.

Our findings bring out the fact that a firm’s exposure to carbon-transition
risk is proportional to the level of its emissions. This is a very robust finding,
which goes against the near exclusive focus of attention on emission inten-
sity (the ratio of carbon emissions over sales, assets, or kWh) by practitioners

3 https://fortune.com/global500/2018/.
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and other climate finance studies. There are two reasons why asset managers
have focused on emission intensity. First, from a portfolio diversification per-
spective, the emission intensity measure allows for a portfolio construction ap-
proach that is independent of the size of the portfolio. Second, emission inten-
sity treats firms of different sizes the same way. Firms are evaluated on their
carbon efficiency per unit of sales. By that metric, a large firm can be seen
as more environmentally friendly than a small firm, even though its climate
impact in terms of the size of its carbon emissions is much larger.

To be sure, the Financial Times-Statista ranking of Europe’s Climate Lead-
ers ranks which companies performed best in terms of improving their carbon
intensity. As the 2022 Financial Times article listing the best performers ex-
plains: “The 400 companies listed below are those that achieved the greatest
reduction in their Scope 1 and 2 greenhouse gas (GHG) emissions intensity
over a 5-year period (2015–20) this time.”4 Two problematic examples from
this list (among others) are Fortum, with a reported 29.8% reduction in emis-
sion intensity, but an increase in total emissions of 157.2%; and Axereal, with
a 23.8% reduction in emission intensity, but an increase in total emissions of
236.2%. The list of climate leaders also includes companies with huge GHG
emissions, for example, Engie with 40.9 million tons of CO2e for 2020, or Hol-
cim Group with 117 million tons of CO2e. These examples vividly illustrate the
difficulty with carbon intensity as a measure of carbon-transition risk.

Given the limited and fast disappearing carbon budget (consistent with
maintaining a temperature rise below 1.5° C with 83% probability),5 any im-
provement in carbon efficiency is, of course, desirable. Yet, the overriding objec-
tive for the world is to achieve carbon neutrality and bring net emissions down
to zero. The fact that all net zero pledges are in terms of absolute emission re-
duction targets is telling. What the world needs and aims for is first a reduction
in carbon emission levels, and second only an improvement in carbon efficiency.
It is therefore to be expected that investor exposure to carbon-transition risk
would be proportional to the level of emissions. The size of emissions is also
the core focus of institutional investor initiatives to reduce carbon emissions,
such as Climate Action 100+, which aims “to ensure [that] the world’s largest
corporate GHG emitters take necessary action on climate change.”6

Interestingly, the levels of and growth in emissions affect the carbon pre-
mium independently, which we interpret as reflecting both a long-run and
short-run component in carbon transition. Given that emissions are highly
persistent over time, the level of emissions picks up the long-run exposure
to transition risk, whereas changes reflect a company’s short-run drift away
from (or into) greater future emissions. Changes in emissions could also reflect

4 Neville Hawcock, “Special Report: Europe’s Climate Leaders 2022,” Financial Times, April 8,
2022, https://www.ft.com/climate-leaders-europe-2022.

5 See Intergovernmental Panel on Climate Change (IPCC) “Climate Change 2021, The Physical
Science Basis, Summary for Policy Makers,” https://www.ipcc.ch/report/sixthassessment-report-
working-group-i.

6 See https://www.climateaction100.org/.
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changes in earnings, but we control for this effect by adding the company’s
return on equity and sales growth to our independent variables.

To provide additional robustness to our estimation of the carbon premium,
and to partially address the possibility that stock returns are noisy, we also
relate carbon emissions to firms’ book-to-market ratios. We find that a one-
standard-deviation increase in cross-sectional direct emissions is associated
with 13% higher book-to-market ratios, again controlling for a host of fixed
effects and firm characteristics. These results corroborate our return-based
findings. In particular, the economic magnitude of these findings is within the
range of our return estimates. This adds further evidence against the interpre-
tation that the carbon premium is driven by unexpected return components.

A second general finding is a positive and significant carbon premium in
most areas of the world. It is present in North America, Europe, and Asia, but
with different magnitudes. It is less present in the Southern Hemisphere re-
gion, but this is an economically and socially more diverse group of countries.
Our cross-country results also suggest that financial markets are not fully in-
tegrated globally. A simple categorization of countries based on their level of
economic development does not explain the variation in carbon premium across
countries. However, at a more granular level, we find that the short-term car-
bon premium is generally higher among firms that are headquartered in coun-
tries with more modest economic development. It is higher in countries with
lower GDP per capita, countries whose economic output relies more on the
manufacturing sector, and in countries with less developed healthcare sectors.
Yet, the same characteristics cannot explain the cross-country variation in the
long-term carbon premium. These results stand in contrast to the common
view that carbon transition is exclusively a problem for developed countries.

As a third general contribution of our paper, we study the different sources
of this carbon-transition risk. The main premise of our tests is that in partially
segmented markets, the local country environment can amplify or mitigate the
average premium. Since country-level evidence is possibly subject to omitted
variables bias, we exploit firm-level variation in carbon emissions in conjunc-
tion with a variety of firm-level controls and fixed effects to better identify each
economic channel. Our identification approach is similar to the one effectively
used by Rajan and Zingales (1998) in their study of the link between financial
development and economic growth.

We identify several country-level characteristics that matter significantly.
We group these characteristics into two broad categories, respectively, polit-
ical or social factors, and energy factors. Regarding political factors, we find
that both “voice” and “rule of law” significantly affect the short-run carbon
premium associated with the growth in emissions. More democratic countries
(with stronger rules of law) tend to have lower carbon premia, other things
equal. Further, we find that the long-term carbon premium is larger in coun-
tries with tighter climate policies. This finding suggests that investors per-
ceive climate policies to be permanent and unlikely to be reversed. Notably,
when we separate domestic policies from international agreements, we find
that only the former are economically significant, and the latter have a very
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small effect. This result underscores the importance of political coordination
costs associated with climate policies, a problem that has beset the interna-
tional community in recent years.

When we consider country-level variations in the energy mix, we find that
the carbon premium is lower in countries with a higher share of renewable
energy, and higher in countries with greater dependence on the energy sector.
The energy mix effect is reflected in the short-term premium, which suggests
that any technological shocks are perceived as transitory, or alternatively as
a factor that is hard to estimate in the long run. Interestingly, we find that a
country’s energy consumption is not a significant predictor of the carbon pre-
mium, which underscores the importance of distinguishing between the pro-
duction and consumption sides of energy.

Finally, we also find that in the countries that have been exposed to greater
damages from climate disasters (such as floods, wild fires, and droughts) there
is no significantly different carbon premium. This result suggests that the car-
bon premium does not reflect physical climate risks, nor that physical risk is
positively correlated with transition risk, or that (consistent with the findings
of Hong, Li, and Xu (2019)) transition risk may be more salient to investors in
countries experiencing rising physical risk.

The sociopolitical and energy-related channels mostly reflect the cash flow
effects related to transition risk. Of equal importance may be discount rate
effects that reflect investors’ perceptions about carbon-transition risk. To as-
sess the importance of the latter, we consider natural time period breaks in
our sample period. Given that climate change has become a major issue for
investors only recently, we explore how the carbon premium has changed in
recent years. We compare the estimated premia for the 2 years leading up to
the Paris agreement in 2015 and following the agreement. Several striking re-
sults emerge from this analysis. First, when we pool all countries together, we
find that there was no significant premium right before the Paris agreement,
but a highly significant and large premium after the agreement. This result
is consistent with the view that the Paris agreement has changed investors’
awareness regarding the urgency of climate change. Second, the change in the
carbon premium is mostly related to long-term risks, which, given our previ-
ous results, suggests that the Paris agreement led investors to update their be-
liefs about the long-term impact of climate policy tightness rather than on the
short-term impact of technological shocks or changes in the political environ-
ment. Finally, when we break down the change in the carbon premium around
the Paris agreement by continent, we find that the premium has sharply
risen in Asia, and less so in North America and Europe. In effect, Asia is en-
tirely responsible for the rise in the global carbon premium around the Paris
agreement.

A difficult question to answer is how changes in carbon-transition risk get
impounded into asset prices. From an equilibrium perspective, our results im-
ply the existence of a transition stage during which prices of assets with low
emissions are bid up while prices of assets with high emissions are bid down
in response to changing investor beliefs. The different repricing phases are
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difficult to pin down since individual asset prices may transition at different
times and at different speeds. Still, we provide some evidence that such repric-
ing has indeed taken place. We show that the rise in the use of renewable
technology coincides with the decrease in stock prices of oil majors. Similar
findings can be observed for countries that rely more on natural resources.
These repricing effects are economically large and underscore the importance
of the energy transition to a new equilibrium.

I. Related Literature

We are obviously not the first to undertake a cross-country analysis in sus-
tainable finance. The closest analysis to ours is by Görgen et al. (2021), who
construct a carbon risk factor using stock return differences between a group
of “brown” and “green” firms around the world. Their paper is mostly focused
on the pricing properties of the factor and not on transition risk itself. It does
not relate stock returns to any of the mechanisms that are central to our pa-
per, such as short-term versus long-term risk, or technology, social, and policy
risk. Also related in terms of general subject matter are the studies by Dyck
et al. (2019) and Gibson et al. (2022), both of which explore how environmental,
social, and governance (ESG)-motivated investing varies around the world. No-
tably, neither of these studies addresses the pricing of carbon-transition risk,
which is the focus of our paper.

Next to this cross-country literature there is, of course, a growing country-
level climate finance literature, mostly focused on the United States. In an
early theoretical contribution, Heinkel, Kraus, and Zechner (2001) have shown
how divestment from companies with high emissions can give rise to higher
stock returns. An early study by Matsumura, Prakash, and Vera-Munoz (2014)
finds that higher emissions are associated with lower firm values. Similarly,
Chava (2014) finds that firms with higher carbon emissions have a higher cost
of capital. More recently, Ilhan, Sautner, and Vilkov (2021) have found that
carbon emission risk is reflected in out-of-the-money put option prices. Hsu,
Li, and Tsou (2023) derive and test a model showing that highly polluting
firms are more exposed to environmental regulation risk and command higher
average returns. Engle et al. (2020) have constructed an index of climate news
through textual analysis of the Wall Street Journal and other media and show
how a dynamic portfolio strategy can be implemented that hedges risk with
respect to climate change news. Monasterolo and De Angelis (2020) explore
whether investors demand higher risk premia for carbon-intensive assets fol-
lowing the COP21 agreement. Garvey, Iyer, and Nash (2018) study the effect
of changes in direct emissions on stock returns, and Bolton and Kacperczyk
(2021a) find that there is a significantly positive effect of carbon emissions on
U.S. firms’ stock returns for both direct and indirect carbon emissions. Among
all these studies, the last one is most closely related given its focus on carbon
pricing and the use of similar data sources. Nevertheless, that paper is mostly
focused on carbon pricing and the response of portfolio managers to transition
risk. More fundamentally, because it is solely based on U.S. data, that paper is

 15406261, 2023, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jofi.13272 by D

epartm
ent O

f G
eological Sciences, W

iley O
nline L

ibrary on [19/03/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



3684 The Journal of Finance®

silent on the mechanisms driving transition risk, which is the central focus of
this paper.

Other related studies have explored the asset pricing consequences of
greater material risks linked to climate events and global warming. Bansal,
Kiku, and Ochoa (2016) reveal the asset pricing implications of rising tem-
peratures using an equilibrium framework with an endogenous temperature
process embodied in a standard long-run risk model. Hong, Wang, and Yang
(2023) propose an asset pricing model in which natural disaster mitigation
costs are priced in the cross section of firms. Hong, Li, and Xu (2019) find that
the rising drought risk caused by climate change is not efficiently priced by
stock markets.

The remainder of the paper is organized as follows: Section II outlines
the conceptual framework for our empirical tests, Section III describes the
data and provides summary statistics, Section IV discusses the results, and
Section V concludes.

II. Conceptual Framework

We begin by outlining a conceptual framework that could account for the
presence of carbon-transition risk for investors in a global economy on the way
to decarbonization in the next couple of decades. The basic concept of carbon-
transition risk is meant to capture investor uncertainty with respect to all the
changes companies will be faced with along the expected pathway to carbon
net neutrality. The net zero targets that many countries and companies have
embraced are anchored around the current scientific consensus on the need
to eliminate global carbon emissions by 2050 to avoid increases in average
temperatures of more than 1.5 C relative to preindustrial levels that would
pose a threat to human existence.

We illustrate the formal link between global emissions and temperature
changes in Figure 1. This Intergovernmental Panel on Climate Change (IPCC)
graph provides simulations of various scenarios relating the changes in emis-
sions and projected temperature outcomes. As is illustrated, to stay within a
1.5 C limit, global emissions would need to go down to zero by 2050, from the
level of 420 Gt of CO2 as of 2018. Since then, the problem has become even
more dire, as the latest IPCC report warns that additional carbon emissions as
of 2020 should not exceed a cumulative total of 300Gt of CO2. Achieving this
goal involves a complete transition of the corporate sector from brown to green
energy. Such a radical transition will come with new risks, which we define
as carbon-transition risk. Importantly, this risk will materialize irrespective of
the physical damages due to future changes in climate.

This carbon-transition risk should be understood in the context of a non-
stationary climate that is evolving in response to the accumulation of carbon
emissions in the atmosphere. Because the underlying economy and climate
are nonstationary, carbon-transition risk is also a nonstationary risk. Even if
there is no unexpected change in a company’s emissions, the carbon premium
can change with time simply because the underlying economy is nonstationary.
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Figure 1. Global emissions and projected average annual global temperature. (Color
figure can be viewed at wileyonlinelibrary.com)

Also, the marginal effect of emissions is different depending on how close we
are to a potentially cataclysmic tipping point.

The closer we get to exhausting the carbon budget, the worse any marginal
emissions will be. The transition to a net zero economy involves a finite time
frame. Thus, for the same level of emissions, coming closer to the end date
(say, 2050) is going to be riskier for a given company because of the increasing
pressure to eliminate emissions. That is why the premium is likely to be rising
over time even if a company’s level of emissions does not change. Of course, this
does not necessarily mean that the carbon premium will rise steadily over time.
A more plausible scenario could be an abrupt unexpected downward repricing
of brown assets or upward repricing of green assets.

From an asset pricing perspective, we can split carbon-transition risk into
two separate sources: risks tied to cash flows and risks associated with changes
in discount rates. The cash flow channel concerns all the risks related to the
cost of decarbonization, stranded assets, and technological shocks. Further,
these adjustment costs and the speed at which they materialize are affected by
the degree of climate policy tightness, which itself is uncertain. Another am-
plifying effect works through capital expenditures, which are required to refit
the economy for renewable energy use. The rate at which these capital expen-
ditures are made over the next decades is difficult to predict. Even if one can
predict the relative vulnerabilities of certain industries, cash flow outcomes
as well as investors’ beliefs for individual firms are far from certain. Take the
auto industry for example. All car manufacturers are now scrambling to switch
to electric vehicles (EVs). Except for Tesla and new EV entrants, their market
values have taken a beating (another way of saying that there is a carbon
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premium on their stocks). Which of these companies will successfully transi-
tion to 100% EVs is difficult to say.

There are no models for the energy transition that can be readily applied
to capture carbon-transition risk. However, equilibrium models in which tech-
nological risk is priced, as in Kogan and Papanikolaou (2014) and Hsu, Li,
and Tsou (2023), are helpful reference points to guide the analysis of carbon-
transition risk. In addition, the asset pricing model of Hong, Wang, and Yang
(2023), which links natural disaster mitigation costs to asset prices in the
cross section of firms could be applied to determine the impact on firm val-
uation of expected future carbon-transition costs. Other helpful related frame-
works are the equilibrium models with uncertainty about policy changes of
Pastor and Veronesi (2013). The basic prediction from these models is that
risk-averse investors require compensation for holding assets that are exposed
to carbon-transition risk, so that the equilibrium firms with greater exposure
to carbon-transition risk offer higher expected returns. Note that the same pre-
diction would obtain if investors simply developed a distaste for brown compa-
nies. These investors would require compensation for holding their noses, so to
speak, so that brown companies would also offer higher returns even if there
is no divestment in equilibrium.

The carbon premium can also be affected by changes in discount rates and
investor expectations about carbon-transition risk. An important aspect of in-
vestor preferences and expectations is how the prevailing socioeconomic envi-
ronment shapes investors’ attitudes and outlooks toward climate change. In
a society that values protection of the environment and combatting climate
change, one should expect that investors will demand greater premia for hold-
ing assets associated with high carbon emissions. The role of social preferences
works in a way similar to specialized and incomplete information in the equi-
librium models of Merton (1987), Pastor, Stambaugh, and Taylor (2021), or
Pedersen, Fitzgibbons, and Pomorski (2021), which generate higher risk pre-
mia driven by limitations imposed on investors’ effective investment opportu-
nity sets. This discount rate channel is different from the categorical divest-
ment channel, as in the “sin stock” literature (Hong and Kacperczyk (2009)).
The main difference is that it involves an intensive margin adjustment, with
investors demanding higher compensation for holding assets with greater ex-
posure to carbon-transition risk, rather than an extensive margin adjustment
by a fraction of categorical divestors. Of course, both discount rate channel and
divestment channels could be present in practice. Our findings of a significant
carbon premium in all sectors, not just in the coal, oil, and gas sector, sug-
gest that the discount rate channel is an important factor and that carbon risk
premia are not just caused by divestment.

Each of these different channels is a plausible driver of carbon-transition
risk. Determining their relative importance is largely an empirical question.
Also, determining the size of the premium associated with carbon-transition
risk is an empirical matter. Our empirical analysis aims to provide a quanti-
tative assessment of each channel. Following Bolton and Kacperczyk (2021a),
we use firm-level carbon emissions as proxies for the relative exposure of a
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Figure 2. Decarbonization pathways conditional on period-specific emissions. (Color
figure can be viewed at wileyonlinelibrary.com)

company to carbon-transition risk. We distinguish between the level of emis-
sions, which indicates the firm’s distance from a net zero emission target (a
measure of long-term risk), and the growth rate of emissions, which indicates
the rate at which a company is decarbonizing (a measure of short-term risk).
Firms that keep increasing their emissions may be seen as riskier due to their
growing future decarbonization challenge. In this respect, carbon emissions
are a state variable that investors care about, and increasingly so, just as in-
vestors care about vulnerabilities such as supply bottlenecks and commodity
price changes. In our empirical tests, we use the cross-sectional variation in
both measures to characterize differences in corporate exposures to carbon-
transition risk. Interestingly, we find that long-term and short-term carbon-
transition risk are not highly correlated at the firm level.

Carbon emissions are plausibly a time-dependent state variable. The same
level of emissions in year t does not reflect the same conditions as in year t−1
or year t+1. The reason is that any year that passes brings a firm closer to the
net zero target deadline. If the level of emissions in year t remains the same as
in year t−1, this means that the firm faces a steeper decarbonization challenge
in year t than it did in year t−1, as Figure 2 below illustrates. Therefore, in-
vestors’ perceptions of carbon transition risk evolve as they update their infor-
mation about a firm’s year-to-year decarbonization progress. The most recent
carbon emissions data reflect investors’ best assessment of the decarboniza-
tion effort their firm faces going forward. Given that the underlying context
evolves over time, this means that the information contained in the emissions
of year t−1 is superseded by those of year t as they are gradually revealed. We
illustrate this logic in Figure 2 below.

The figure displays the level of emissions E in years t−1 and t. The level
of emissions sets the pathway to net zero by year T. When investors observe
the new level of emissions for year t, the information contained in the pre-
vious year’s emissions Et−1 is obsolete because it no longer informs investors
about the transition risk reflected in the new pathway starting in year t. This
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observation suggests that the news effect of the emissions in any given year
should dissipate over time, as investors gradually learn about the likely new
yearly emission numbers. Therefore, any carbon premium we may identify is
likely to be linked to a transitory firm-level state variable. This firm-level state
variable can be transitory even if yearly emissions are highly persistent. As the
figure shows, the level Et is almost the same as the level Et−1, yet the pathway
gets steeper as time passes. What investors care about is the transition risk
embedded in the pathway to net zero going forward; the slope of this pathway
changes even if the level of emissions remains unchanged. The level of emis-
sions, of course, can itself change, but, as we show, this change is quite volatile
and hard to predict. As a result, there is a lot of news content in the latest
emission numbers.

The strength of our empirical analysis is its global reach. Given that firms in
different countries may face different carbon transition paths, it is natural to
explore whether such variation in geographic location matters for asset prices.
From the perspective of investors pricing transition risk, what matters is the
ability to share risk with other investors as well as across different assets. Un-
der the hypothesis of fully integrated markets and a global representative in-
vestor, one should expect the pricing of transition risk not to vary much across
different locations. On the other hand, under (partially) segmented markets,
one would expect to see clear differences in pricing across different locations.
This heterogeneity could result from different policy regimes, different techno-
logical progress, or different perceptions of the threat of climate change. Thus,
our empirical tests should shed useful light on the degree of market integration
in pricing carbon risk.

In the rest of the paper, we build on the broad notions above and test them
empirically using a large cross section of publicly listed firms from around the
world.

III. Data and Sample

Our primary database matches two data sets: Trucost, which provides an-
nual information on firm-level carbon and other GHG emissions, and FactSet,
which assembles data on stock returns and corporate balance sheets. We per-
formed the matching using ISIN as a main identifier. In some instances, in
which the ISIN was not available to create a perfect match, we relied on match-
ing based on company names.7 Finally, when there were multiple subsidiaries
of a given company, we used the primary location as a matching entity. The ul-
timate matching produced 14,468 unique companies out of 16,222 companies
available in Trucost. They represent 77 countries. Among the companies we
were not able to match, more than twothirds are not listed, and the remaining
ones are small and are not available through Factset. The top three countries
in terms of missing data are China, Japan, and the United States. Our sample

7 After standardizing the company names in FactSet and Trucost, we choose companies whose
names have a similarity score of one, based on the standardized company names.
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covers more than 98% of publicly listed companies (in terms of their market
capitalization) for which we have emissions data, representing 80% to 85% of
the market value of all publicly listed firms available in Factset. Since Trucost
sample firms fairly uniformly across different industries, our sample ought
to cover as a first approximation the value-weighted emissions of the Factset
universe. We augment these data with country-level variables from the World
Bank, Germanwatch (the provider of the global climate policy index and the
climate risk index [CRI]), Morgan Stanley (for the MSCI world index data),
and IBES (for analyst earnings growth forecasts).

A. Data on Corporate Carbon Emissions

The Trucost EDX firm-level carbon emissions database follows the Green-
house Gas Protocol that sets the standards for measuring corporate emis-
sions.8 The Greenhouse Gas Protocol distinguishes between three different
sources of emissions: Scope 1 emissions, which cover direct emissions over 1
year from establishments that are owned or controlled by the company; these
include all emissions from fossil fuel used in production. Scope 2 emissions
come from the generation of purchased heat, steam, and electricity consumed
by the company. Scope 3 emissions are caused by the operations and prod-
ucts of the company but occur from sources not owned or controlled by the
company; these include emissions from the production of purchased materials,
product use, waste disposal, and outsourced activities. The Greenhouse Gas
Protocol provides detailed guidance on how to identify a company’s most im-
portant sources of scope 3 emissions and how to calculate them. For purchased
goods and services, this basically involves measuring inputs, or “activity data,”
and applying emission factors to these purchased inputs that convert activity
data into emissions data. Trucost upstream scope 3 data are constructed using
an input-output model that provides the fraction of expenditures from one sec-
tor across all other sectors of the economy. This model is extended to include
sector-level emission factors, so that an upstream scope 3 emission estimate
can be determined from each firm’s expenditures across all sectors from which
it obtains its inputs.9

The Trucost database reports all three scopes of carbon emissions in units
of tons of CO2 emitted in a year. We first provide basic summary statistics on
carbon emissions across our 77 countries aggregated up from the firm-level
emissions reported by Trucost. Table I reports the country-level distribution of
firms in our sample and various measures of emissions broken down into scope
1, scope 2, and scope 3. We consider the average total yearly emissions in tons
of CO2 equivalent per firm in each country (S1TOT, S2TOT, and S3TOT), the
(winsorized at 2.5%) yearly percentage rate of change in emissions (S1CHG,

8 See https://ghgprotocol.org.
9 Downstream scope 3 emissions, caused by the use of sold products, can also be estimated and

are increasingly reported by companies. Trucost has only recently started assembling these data;
given its much shorter time span, we did not include these data in our study.
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S2CHG, and S3CHG), and the total yearly emissions by country (TOTS1,
TOTS2, and TOTS3).

The largest country by number of observations is obviously the United
States, but remarkably it only represents around 19.8% of total observations,
with Japan a close second with 14% of observations, and China as third with
around 8.2% of observations. Importantly for our analysis, Table I highlights
that the majority of the listed firms in our sample is not concentrated in these
three large economies. In aggregate, the entire population of countries in our
sample produces a staggering 11.81 billion tons of scope 1, 1.62 billion tons of
scope 2, and 7.99 billion tons of scope 3 emissions per year. The three biggest
contributors in terms of total carbon emissions produced are China producing
2.91 billion tons of scope 1 emissions per year, followed by the United States
with 2.33 billion, and Japan contributing 980 million. The same three countries
also dominate scope 2 and scope 3 emissions, except that the ranking changes,
with the United States producing 2.1 billion of scope 3 emissions, followed by
Japan with 1.25 billion, and China with 841 million tons of CO2.

The global production of emissions does not necessarily reflect the contribu-
tion of each firm to the total, as the relative sizes of countries vary. In fact,
the top three countries in terms of scope 1 emissions per firm are Russia, the
Netherlands, and Greece, with their respective emission levels of 10.1 million,
5.6 million, and 4.2 million tons of CO2 per year. An average Russian firm also
leads the rankings in terms of scope 3 emissions with 6.1 million tons of CO2,
followed by Germany and France, with respective numbers of 3.4 and 2.9 mil-
lion tons of CO2. A slightly different picture can be painted when we compare
firm-level emission intensities. The most intense countries in terms of scope
1 emissions include Estonia, Morocco, and Peru. Among the largest countries,
Russia, India, and China score relatively high, while France, Japan, and the
United Kingdom score relatively low.

Another striking observation is that carbon emissions are growing in most
countries throughout our sample period. The country with the highest growth
rate in scope 1 emissions is Mauritius, with an average yearly growth rate of
45%. The second largest is Bulgaria, with a 35% growth rate, and the third,
fourth, and fifth largest are, respectively, Iceland, Kenya, and Lithuania. All
these five countries have witnessed rapid GDP growth over our sample pe-
riod. Among the largest economies, the ones with the highest growth rate in
emissions are China with nearly 18%, the Russian Federation with 16%, the
United States with 7.9%, and Germany with 7.1% growth rates. Among the
countries with the lowest growth rates in scope 1 emissions are, remarkably,
Saudi Arabia with a negative 10.5% growth rate (this may reflect the fact that
a lot of companies have gone public over our sample period, lowering the aver-
age per-company scope 1 emissions), Luxembourg with a negative 33% growth
rate, and Jordan with a minus 7.5% growth rate. When it comes to the growth
rate in scope 3 emissions, some of these rankings are reversed, reflecting the
fact that some countries increasingly rely on imports whose production gen-
erates high emissions. Thus, Saudi Arabia has a 4.3% growth rate in scope 3
emissions.
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Figure 3. Total annual carbon emissions by country. (Color figure can be viewed at wiley-
onlinelibrary.com)

Figure 4. Average annual total carbon emissions per firm. (Color figure can be viewed at
wileyonlinelibrary.com)

In Figures 3 and 4, we further represent the detailed cross-country vari-
ation in total emissions over two equal-length time periods, which classify
countries into four categories by their performance in these metrics. The
left panel of each figure represents scope 1 emissions, the middle panel
scope 2 emissions, and the right panel scope 3 emissions. As can be seen in
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Figure 3, the countries with the highest total average yearly emissions are
first, the countries with the highest GDP, second the countries with the largest
populations, and third the largest commodity exporting countries. Important
exceptions are Sweden, which has the lowest emissions among developed coun-
tries, Iceland, and the Czech Republic. Importantly for our analysis, there is
considerable cross-country variation in total emissions. To the extent that the
carbon premium reflects concerns about the level of emissions, we expect to see
considerable variation in the premium across countries.

We further show how the performance of countries has changed from the
first half period of our sample from 2005 to 2011, to the second half period
from 2012 to 2018. The most noteworthy changes are the deterioration in total
emission performance of Latin America, the Russian Federation, Turkey, and
Australia.

Interestingly, however, there is little correlation between a country’s levels
of total emissions and average per-firm emissions, as can be seen in Figure 4,
which represents the cross-country variation in average per-firm emissions.
Among the worst performers in the world in per-firm emissions are the United
States, Saudi Arabia, Argentina, Colombia, China, the Russian Federation,
India, Japan, and the European Union (excluding the United Kingdom).

In Table II, Panel A, we report summary statistics on per-firm carbon emis-
sions in units of tons of CO2 emitted in a year, normalized using the natural
log scale. Thus, the log of total scope 1 emissions of the average firm in our
sample (LOGS1TOT) is 10.32, with a standard deviation of 2.95. Note that
the median number is the largest for scope 3 emissions (LOGS3TOT), indicat-
ing that most companies in our sample are significantly exposed to indirect
emissions. To mitigate the impact of outliers, we have winsorized all growth
measures at the 2.5% level. In Panel B, we report the correlations between
the total emissions variable and the emission percentage change variable for
the three different categories of emissions. Interestingly, the correlation coef-
ficients are quite low, indicating that the emission change variable reflects a
different type of variation in the data.

In Panel C, we study the autocorrelation patterns of both levels and rates
of change of emissions. Formally, we estimate the regression model of annual
emissions measures with their respective 1-year lags only (in columns (1) to
(3)), and year-month- and firm-fixed effects (in columns (4) to (6)). We double
the cluster standard errors by firm and year. The results indicate a signifi-
cant persistence of emission levels, even after controlling for fixed effects, and
almost no persistence in the rates of change measure. These results provide
additional empirical support for emission levels as a metric of long-term tran-
sition risk and emission changes as a metric of short-term transition risk.

Finally, Panel D provides summary statistics on stock returns and several
control variables we use in our subsequent tests. The dependent variable,
RETi, t, in our cross-sectional return regressions is the monthly return of an
individual stock i in month t. We use the following control variables in our
cross-sectional regressions: LOGSIZEi,t, which is given by the natural loga-
rithm of firm i’s market capitalization (price times shares outstanding) at the
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end of year t; B/Mi,t, which is firm i’s book value divided by its market cap
at the end of year t; LEVERAGEi,t, which is the ratio of debt to book value of
assets; momentum, MOMi,t, which is given by the average of the most recent 12
months’ returns on stock i, leading up to and including month t−1; capital ex-
penditures INVEST/Ai,t, which we measure as the firm’s capital expenditures
divided by the book value of its assets; a measure of the firm’s specialization,
HHIi,t, which is the Herfindahl concentration index of the firm with respect to
its different business segments, based on each segment’s revenues; the firm’s
stock of physical capital, LOGPPEi,t, which is given by the natural logarithm,
of the firm’s property, plant, and equipment; the firm’s earnings performance
ROEi,t, which is given by the ratio of firm i’s net yearly income divided by the
value of its equity; the firm’s idiosyncratic risk, VOLATi,t, which is the stan-
dard deviation of returns based on the past 12 month’s returns; and, MSCIi,t,
which is an indicator variable equal to 1 if a stock i is part of the MSCI World
index in year t, and 0 otherwise. SALESGRi,t is the annual growth rate in firm
sales, LTGi,t is the analyst forecasts of the long-term earnings growth for firm
i at time t, averaged across all analysts. To mitigate the impact of outliers, we
have winsorized B/M, LEVERAGE, INVEST/A, ROE, MOM, and VOLAT at
the 2.5% level, and LTG at the 1% level.

In Panel D, we also summarize all the relevant variables that we use in
our cross-sectional analysis. These include measures related to technologi-
cal progress, energy intensity, socioeconomic development, policy environment,
and physical risk. We define each one explicitly in their respective tests in Sec-
tion V. The average firm’s monthly stock return equals 1.08%, with a standard
deviation of 10.23%. The average firm has a market capitalization of $66 bil-
lion, significantly larger than the size of the median firm in our sample, which
is $15 billion. The average book-to-market ratio is 0.57, and average book lever-
age is 23%. The average return on equity equals 11.1%, slightly more than the
median of 10.87%.

Table III provides summary statistics by year for the total number of firms in
our sample in any given year, and the level and percentage change in emissions
for all three scope categories. Note the large increase in coverage after 2015,
when the number of firms jumps from 5,427 in 2015 to 11,961 in 2016. This
is because Trucost has been able to substantially expand the set of firms for
which it collects data on carbon emissions from 2016 onward. For most of our
empirical tests, we rely on cross-sectional variation in the data, so that we are
less exposed to a possible structural break in the data in 2016. Moreover, many
of our results hold when we restrict our sample to legacy firms, that is, those
present in the sample prior to 2016.

We also report the distribution of firms by industry in Table IA.I, using the
six-digit Global Industry Classification (GIC6). Our global database should re-
flect a greater proportion of firms in manufacturing and agriculture than is
the case in developed economies. This is indeed what is reflected in Table IV,
with 580 companies in the machinery industry; 530 in the chemicals industry;
520 in the electronic equipment, instruments, and components industry; 506
in metals and mining; and 440 food products companies. In the services sector,

 15406261, 2023, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jofi.13272 by D

epartm
ent O

f G
eological Sciences, W

iley O
nline L

ibrary on [19/03/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



Global Pricing of Carbon 3701

T
ab

le
II

I
C

ar
b

on
E

m
is

si
on

s
b

y
Y

ea
r

T
h

e
ta

bl
e

re
po

rt
s

th
e

an
n

u
al

av
er

ag
es

ac
ro

ss
al

lc
ou

n
tr

ie
s

of
al

le
m

is
si

on
va

ri
ab

le
s

ov
er

th
e

pe
ri

od
20

05
ti

ll
20

18
.

Ye
ar

N
u

m
be

r
of

F
ir

m
s

S
1T

O
T

S
2T

O
T

S
3T

O
T

S
1C

H
G

S
2C

H
G

S
3C

H
G

T
O

T
S

1
T

O
T

S
2

T
O

T
S

3

20
05

3,
23

2
2,

39
1,

41
7

24
6,

61
2

1,
82

2,
09

3
–

–
–

91
70

00
00

0
10

60
00

00
0

82
80

00
00

0
20

06
3,

53
2

2,
36

7,
78

7
26

4,
06

4
1,

70
5,

18
7

16
.1

8%
18

.5
9%

9.
83

%
89

40
00

00
0

11
50

00
00

0
74

90
00

00
0

20
07

3,
68

9
2,

48
8,

88
9

29
0,

50
0

1,
80

0,
56

3
18

.8
9%

22
.9

4%
15

.9
4%

93
40

00
00

0
12

50
00

00
0

76
60

00
00

0
20

08
3,

73
6

2,
54

1,
97

1
33

0,
70

5
1,

67
9,

14
8

9.
34

%
18

.1
3%

−0
.1

6%
95

50
00

00
0

14
60

00
00

0
72

80
00

00
0

20
09

3,
94

9
2,

28
5,

28
1

31
1,

70
0

1,
64

3,
48

9
3.

24
%

8.
47

%
10

.0
2%

87
00

00
00

0
13

60
00

00
0

72
00

00
00

0
20

10
4,

09
8

2,
40

7,
16

6
30

8,
07

0
1,

63
3,

41
4

14
.2

6%
18

.1
4%

8.
34

%
90

40
00

00
0

13
00

00
00

0
68

90
00

00
0

20
11

4,
22

1
2,

56
3,

38
0

32
2,

51
8

1,
82

5,
35

3
9.

51
%

15
.7

3%
14

.5
1%

93
70

00
00

0
13

60
00

00
0

76
10

00
00

0
20

12
4,

25
3

2,
40

2,
49

3
31

7,
77

9
1,

79
1,

76
9

8.
71

%
10

.6
0%

3.
31

%
86

80
00

00
0

13
30

00
00

0
74

80
00

00
0

20
13

4,
91

2
2,

21
1,

60
3

29
7,

79
3

1,
61

9,
45

0
7.

06
%

8.
43

%
4.

06
%

87
80

00
00

0
13

50
00

00
0

74
30

00
00

0
20

14
5,

32
3

2,
11

8,
66

6
29

2,
46

0
1,

43
2,

88
1

6.
88

%
20

.4
6%

4.
90

%
89

50
00

00
0

14
20

00
00

0
69

40
00

00
0

20
15

5,
42

7
2,

00
9,

87
6

27
6,

45
3

1,
22

8,
49

7
3.

87
%

2.
48

%
−1

.7
6%

86
00

00
00

0
13

70
00

00
0

60
40

00
00

0
20

16
11

,9
61

1,
03

8,
16

1
14

3,
42

5
69

3,
12

7
5.

95
%

11
.1

3%
10

.8
1%

11
30

00
00

00
18

30
00

00
0

90
20

00
00

0
20

17
12

,8
17

1,
04

6,
85

3
16

7,
40

7
75

9,
07

6
13

.6
0%

26
.0

3%
19

.0
3%

12
30

00
00

00
22

10
00

00
0

10
50

00
00

00
20

18
8,

78
1

1,
13

6,
39

6
14

8,
74

5
72

9,
19

9
10

.5
3%

12
.2

4%
6.

21
%

10
50

00
00

00
14

20
00

00
0

66
30

00
00

0

 15406261, 2023, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jofi.13272 by D

epartm
ent O

f G
eological Sciences, W

iley O
nline L

ibrary on [19/03/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



3702 The Journal of Finance®

T
ab

le
IV

P
re

d
ic

to
rs

of
C

ar
b

on
E

m
is

si
on

s
T

h
e

sa
m

pl
e

pe
ri

od
is

fr
om

20
05

to
20

18
.

T
h

e
de

pe
n

de
n

t
va

ri
ab

le
s

ar
e

ca
rb

on
em

is
si

on
le

ve
ls

(P
an

el
A

)
an

d
th

e
gr

ow
th

in
em

is
si

on
s

(P
an

el
B

).
A

ll
va

ri
ab

le
s

ar
e

de
fi

n
ed

in
T

ab
le

s
I

an
d

II
.W

e
re

po
rt

th
e

re
su

lt
s

of
th

e
po

ol
ed

re
gr

es
si

on
w

it
h

st
an

da
rd

er
ro

rs
(i

n
pa

re
n

th
es

es
)

do
u

bl
e

cl
u

st
er

ed
at

th
e

fi
rm

an
d

ye
ar

le
ve

ls
.A

ll
re

gr
es

si
on

s
in

cl
u

de
ye

ar
-m

on
th

-fi
xe

d
ef

fe
ct

s
an

d
co

u
n

tr
y-

fi
xe

d
ef

fe
ct

s.
In

co
lu

m
n

s
(4

)
to

(6
),

w
e

ad
di

ti
on

al
ly

in
cl

u
de

T
ru

co
st

in
du

st
ry

-fi
xe

d
ef

fe
ct

s.
**

*1
%

si
gn

ifi
ca

n
ce

;*
*5

%
si

gn
ifi

ca
n

ce
;*

10
%

si
gn

ifi
ca

n
ce

.

P
an

el
A

:L
ev

el
s

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

V
ar

ia
bl

es
L

O
G

S
1T

O
T

L
O

G
S

2T
O

T
L

O
G

S
3T

O
T

L
O

G
S

1T
O

T
L

O
G

S
2T

O
T

L
O

G
S

3T
O

T

L
O

G
S

IZ
E

−0
.0

85
**

0.
26

5*
**

0.
21

0*
**

0.
32

9*
**

0.
47

2*
**

0.
45

3*
**

(0
.0

39
)

(0
.0

23
)

(0
.0

16
)

(0
.0

20
)

(0
.0

27
)

(0
.0

23
)

B
/

M
−0

.0
93

0.
10

8*
*

−0
.0

07
0.

37
1*

**
0.

45
1*

**
0.

38
1*

**
(0

.0
61

)
(0

.0
40

)
(0

.0
37

)
(0

.0
44

)
(0

.0
51

)
(0

.0
47

)
R

O
E

0.
01

0*
**

0.
01

1*
**

0.
01

4*
**

0.
00

8*
**

0.
00

8*
**

0.
00

9*
**

(0
.0

02
)

(0
.0

01
)

(0
.0

01
)

(0
.0

01
)

(0
.0

01
)

(0
.0

01
)

L
E

V
E

R
A

G
E

0.
53

3*
*

0.
32

6
−0

.3
63

*
0.

66
9*

**
0.

67
1*

**
0.

37
0*

**
(0

.2
21

)
(0

.2
26

)
(0

.1
70

)
(0

.0
99

)
(0

.1
27

)
(0

.0
97

)
IN

V
E

S
T

/
A

5.
02

1*
**

1.
07

9*
*

−1
.8

82
**

*
−1

.1
36

**
*

−1
.9

28
**

*
−3

.0
89

**
*

(0
.6

98
)

(0
.3

96
)

(0
.3

00
)

(0
.3

71
)

(0
.3

22
)

(0
.2

87
)

H
H

I
−2

.0
38

**
*

−0
.7

63
**

*
−1

.2
32

**
*

−1
.2

16
**

*
−0

.6
60

**
*

−0
.7

22
**

*
(0

.1
45

)
(0

.0
87

)
(0

.1
18

)
(0

.0
74

)
(0

.0
59

)
(0

.0
62

)
L

O
G

P
P

E
0.

78
2*

**
0.

46
9*

**
0.

53
4*

**
0.

42
8*

**
0.

33
6*

**
0.

34
6*

**
(0

.0
26

)
(0

.0
14

)
(0

.0
14

)
(0

.0
15

)
(0

.0
16

)
(0

.0
16

)
M

S
C

I
0.

11
9*

0.
22

6*
**

0.
20

3*
**

0.
17

6*
**

0.
25

6*
**

0.
21

8*
**

(0
.0

59
)

(0
.0

45
)

(0
.0

41
)

(0
.0

40
)

(0
.0

49
)

(0
.0

42
)

C
on

st
an

t
6.

35
9*

**
3.

85
0*

**
6.

45
6*

**
3.

90
2*

**
2.

41
5*

**
4.

55
5*

**
(0

.3
83

)
(0

.2
63

)
(0

.2
40

)
(0

.2
15

)
(0

.2
60

)
(0

.2
12

)
Ye

ar
/m

on
th

-fi
xe

d
ef

fe
ct

s
Ye

s
Ye

s
Ye

s
Ye

s
Ye

s
Ye

s
C

ou
n

tr
y-

fi
xe

d
ef

fe
ct

s
Ye

s
Ye

s
Ye

s
Ye

s
Ye

s
Ye

s
In

du
st

ry
-fi

xe
d

ef
fe

ct
s

N
o

N
o

N
o

Ye
s

Ye
s

Ye
s

O
bs

er
va

ti
on

s
88

6,
75

1
88

6,
89

5
88

7,
42

9
87

4,
59

2
87

4,
73

6
87

5,
27

0
R

-s
qu

ar
ed

0.
54

4
0.

53
1

0.
62

1
0.

77
9

0.
71

5
0.

79
3

(C
on

ti
n

u
ed

)

 15406261, 2023, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jofi.13272 by D

epartm
ent O

f G
eological Sciences, W

iley O
nline L

ibrary on [19/03/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



Global Pricing of Carbon 3703

T
ab

le
IV

—
C

on
ti

n
u

ed

P
an

el
B

:G
ro

w
th

in
E

m
is

si
on

s

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

V
ar

ia
bl

es
S

1C
H

G
S

2C
H

G
S

3C
H

G
S

1C
H

G
S

2C
H

G
S

3C
H

G

L
O

G
S

IZ
E

0.
02

5*
**

0.
02

9*
**

0.
02

5*
**

0.
02

5*
**

0.
02

7*
**

0.
02

5*
**

(0
.0

02
)

(0
.0

05
)

(0
.0

02
)

(0
.0

02
)

(0
.0

05
)

(0
.0

03
)

B
/

M
−0

.0
60

**
*

−0
.0

61
**

*
−0

.0
66

**
*

−0
.0

67
**

*
−0

.0
69

**
*

−0
.0

70
**

*
(0

.0
09

)
(0

.0
09

)
(0

.0
06

)
(0

.0
09

)
(0

.0
09

)
(0

.0
07

)
R

O
E

−0
.0

02
**

*
−0

.0
02

**
*

−0
.0

01
**

*
−0

.0
01

**
*

−0
.0

02
**

*
−0

.0
01

**
*

(0
.0

00
)

(0
.0

00
)

(0
.0

00
)

(0
.0

00
)

(0
.0

00
)

(0
.0

00
)

L
E

V
E

R
A

G
E

0.
06

0*
**

0.
06

4*
**

0.
04

9*
**

0.
06

0*
**

0.
06

3*
**

0.
04

3*
**

(0
.0

15
)

(0
.0

12
)

(0
.0

11
)

(0
.0

12
)

(0
.0

12
)

(0
.0

08
)

IN
V

E
S

T
/

A
0.

59
4*

**
0.

58
9*

**
0.

37
2*

**
0.

45
1*

**
0.

52
5*

**
0.

31
7*

**
(0

.0
73

)
(0

.0
98

)
(0

.0
69

)
(0

.0
85

)
(0

.0
63

)
(0

.0
52

)
H

H
I

0.
00

7
−0

.0
22

0.
01

9*
**

0.
01

1*
−0

.0
17

0.
02

0*
**

(0
.0

08
)

(0
.0

12
)

(0
.0

05
)

(0
.0

05
)

(0
.0

14
)

(0
.0

04
)

L
O

G
P

P
E

−0
.0

21
**

*
−0

.0
21

**
*

−0
.0

20
**

*
−0

.0
23

**
*

−0
.0

22
**

*
−0

.0
21

**
*

(0
.0

03
)

(0
.0

02
)

(0
.0

02
)

(0
.0

03
)

(0
.0

02
)

(0
.0

02
)

M
S

C
I

−0
.0

33
**

*
−0

.0
41

**
*

−0
.0

30
**

*
−0

.0
33

**
*

−0
.0

40
**

*
−0

.0
29

**
*

(0
.0

05
)

(0
.0

05
)

(0
.0

05
)

(0
.0

05
)

(0
.0

05
)

(0
.0

04
)

C
on

st
an

t
0.

00
4

0.
03

7
−0

.0
25

0.
02

0
0.

07
1

−0
.0

15
(0

.0
24

)
(0

.0
59

)
(0

.0
26

)
(0

.0
24

)
(0

.0
62

)
(0

.0
31

)
Ye

ar
/m

on
th

-fi
xe

d
ef

fe
ct

s
Ye

s
Ye

s
Ye

s
Ye

s
Ye

s
Ye

s
C

ou
n

tr
y-

fi
xe

d
ef

fe
ct

s
Ye

s
Ye

s
Ye

s
Ye

s
Ye

s
Ye

s
In

du
st

ry
-fi

xe
d

ef
fe

ct
s

N
o

N
o

N
o

Ye
s

Ye
s

Ye
s

O
bs

er
va

ti
on

s
76

5,
38

7
76

5,
39

7
76

5,
94

9
75

5,
25

7
75

5,
26

7
75

5,
81

9
R

-s
qu

ar
ed

0.
03

6
0.

04
4

0.
11

9
0.

04
7

0.
05

5
0.

13
1

 15406261, 2023, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jofi.13272 by D

epartm
ent O

f G
eological Sciences, W

iley O
nline L

ibrary on [19/03/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



3704 The Journal of Finance®

the largest represented industries are banking, with 679 banks and real es-
tate, with 619 companies (some of which are also engaged in construction and
development).

Finally, we report summary statistics on the main determinants of carbon
emissions in Table IV. We regress in turn the log of total firm-level emissions
and the percentage change in total emissions on the following firm-level char-
acteristics: LOGSIZE, B/M, ROE, LEVERAGE, INVEST/A, HHI, LOGPPE,
and MSCI. To allow for systematic differences in correlations across countries
and over time, we include year-month-fixed effects and country-fixed effects,
so that our identification comes from within-country variation across firms.
In columns (4) to (6), we further include industry-fixed effects (following the
classification of Trucost10) to account for possible differences across industries.
The results are also robust to using GIC6 codes, though these are less desirable
because they may capture companies with different emission profiles.

In Panel A, we show considerable variation across industries in the effect of
these variables on emissions (e.g., the R-square increases from 0.696 to 0.779
when we add industry-fixed effects to the regression for LOGS1TOT). Accord-
ingly, we focus on the regressions with industry-fixed effects and note that
total emissions significantly increase with the size of the firm (in particular,
if it is a constituent of the MSCI world index), its book-to-market ratio, its
leverage, and its tangible capital stock (PPE). This is altogether not surpris-
ing to the extent that emissions are generated by economic activity, which is
proportional to the size of the firm. Somewhat surprising is the strong effect
of leverage. One possible explanation is that firms with higher emissions may
anticipate a future drop in profitability due to transition risk and, as a result,
take more leverage. Interestingly, investment has a strong negative effect on
emissions, suggesting that new capital vintages are more carbon efficient. In-
dustry specialization (a high Herfindahl index [HHI]) also has a negative effect
on emissions, perhaps because nonspecialized conglomerates tend to be larger.
Alternatively, conglomeration can reflect a firm’s response to potential costs of
high emissions in a particular sector.

IV. Results

We organize our discussion into three subsections. The first subsection re-
ports results on the pricing of carbon-transition risk throughout the world, the
second reports results related to specific drivers of carbon-transition risk, and
the third subsection briefly discusses how carbon-transition risk may be grad-
ually priced in as the underlying economy is transitioning away from fossil
fuels.

10 These roughly correspond to a three-digit SIC classification.
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A. Pricing Carbon-Transition Risk throughout the World

In this section, we present our main findings on the pricing of carbon-
transition risk. We begin by reporting findings for the full sample of firms. We
then proceed to show how the carbon premium is distributed across geographic
locations.

A.1. Empirical Specification

Our analysis of carbon-transition risk centers on two different cross-
sectional regression models relating individual companies’ stock returns
to carbon emissions. Rather than a factor-based model, we take a firm
characteristic–based approach along the lines of Daniel and Titman (1997).
This approach is particularly well suited given the rich cross-sectional varia-
tion in firm characteristics in our sample.11 As shown in Bolton and Kacper-
czyk (2021a), the following characteristics are particularly relevant when us-
ing carbon emissions as the main sorting variable: firm size, book-to-market,
leverage, capital expenditures over assets, property plant and equipment, re-
turn on equity, sales growth, sectoral diversification, and a measure of stock
price momentum and volatility. This characteristic–based approach also al-
lows us to take full advantage of fixed effects along time, country, and indus-
try dimensions. Further, we can better account for potential dependence of
residuals by using a clustering methodology. Finally, the advantage of taking
a characteristic-based approach is that we do not need to take a stance on the
underlying asset pricing model. One basic conceptual difficulty with the choice
of asset pricing model in the context of a complex pricing problem such as cli-
mate change risk, is that such a model has not yet been formulated. However,
since we do not take a risk-factor approach, we cannot explore the presence of a
“carbon alpha” or of any mispricing of carbon-transition risk. Our aim is more
limited: to provide a comprehensive picture of the cross-sectional variation in
stock-level returns throughout the world. Stated differently, our approach is to
identify a company’s “carbon beta.”

We begin by linking companies’ monthly stock returns to their correspond-
ing total emissions and other characteristics, all lagged by 1 month. This re-
gression model reflects the long-run, structural, firm-level impact of emissions
on stock returns. Taking absolute carbon neutrality as a benchmark, one can
think of this measure as a rough proxy for the quantity of risk a firm is exposed
to at a given point in time. Specifically, we estimate the following model:

RETi,t = a0 + a1
(
TOT Emissions

)
i,t−1 + a2Controlsi,t−1 + μt + εi,t, (1)

where RETi,t measures the stock return of company i in month t and
TOT Emissions is a generic term standing for LOGS1TOT, LOGS2TOT,

11 The risk factor-based approach has been a popular method for measuring risk premia in a
single country, but in a fully global study such as this one, this approach is problematic because
of the difficulties in specifying appropriate factor-mimicking portfolios for a large number of coun-
tries with limited data, and because of cross-country comparability issues.
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and LOGS3TOT. The vector of firm-level controls includes the firm-specific
variables LOGSIZE, B/M, LEVERAGE, MOM, INVEST/ASSETS, HHI,
LOGPPE, ROE, and VOLAT.

Second, we relate companies’ growth in annual total emissions to their
monthly stock returns by estimating the following cross-sectional regression
model:

RETi,t = a0 + a1
(
Total Emissions

)
i,t−1 + a2Controlsi,t−1+μt+εi,t . (2)

The percentage change in total emissions (S1CHG, S2CHG, and S3CHG)
captures the short-run impact of emissions on stock returns. In particular,
changes in total emissions reflect the extent to which companies load up on,
or decrease, their material risk with respect to carbon emissions. From a tran-
sition perspective, this measure captures the position of a firm on a long-term
path toward carbon neutrality. In this respect, it is complementary to the long-
term objective captured by the level of emissions.

We estimate these two cross-sectional regressions using pooled OLS. In both
models, we also include country-fixed effects, as well as year-month-fixed ef-
fects. Hence, our identification is cross-sectional in nature. In some tests, we
also include the same set of industry-fixed effects as in Table IV to capture
within-industry variation across firms. In all the model specifications, we dou-
ble cluster standard errors at the firm and year levels, which allows us to ac-
count for any cross-firm correlation in the residuals as well as capture the fact
that some control variables, including emissions, are measured at an annual
frequency. Our coefficient of interest is a1.

A.2. Evidence from the United States and China

We begin our analysis by comparing the results for our regression models in
the two economies with the largest emissions, China and the United States.
We report the results in Table V. These two economies differ in fundamental
ways, and one would expect the carbon premium to reflect basic differences in
the level of economic and financial development and in the legal and political
regimes. Yet, we find that the results for scope 1 emissions are surprisingly
similar, which suggests that firm-level variation in emissions may be more rel-
evant for transition risk than are the differences between the two countries.
Specifically, once one controls for industry and time as well as a battery of firm
characteristics, firm-level differences in LOGS1TOT generate a highly signifi-
cant carbon premium of similar size both in China (.069) and in the United
States (.071), or equivalently an annualized value of 1.18% and 0.95% per
one-standard-deviation change in total emission levels in each country, respec-
tively.12 Using a slightly shorter period (from 2005 to 2017), Bolton and Kacper-
czyk (2021a) find that the premium for U.S. companies is slightly lower. Here

12 Throughout the paper, whenever we refer to a one-standard-deviation movement, we calcu-
late standard deviations of a given variable, taking into account the impact of all other controls in
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we find a higher premium estimated over the time interval between 2005 and
2018. This higher premium is in line with the findings of Bolton and Kacper-
czyk (2021a) that the carbon premium is rising over time, especially after the
Paris agreement of 2015.

The finding of a firm-level carbon premium for listed Chinese companies is
novel and surprising. Although China in many ways has been a pioneer in the
promotion of renewable energy, it does not stand out for its ESG institutional
investor constituency, nor for its institutional investors’ focus on carbon emis-
sions. Yet, financial markets in China do price in a carbon premium at the firm
level, both when it comes to direct emissions as well as indirect emissions.
The magnitude of the premium is slightly lower relative to that in the United
States. The quantitative similarities in the results across the two economies
are slightly weaker for the carbon premium associated with the growth in
emissions, as can be seen in Panel B. Still, for both countries, the premium
is highly statistically significant, though the magnitudes of the premium for
China are 10% to 20% higher. The latter finding could be due to the fact that
a smaller fraction of companies in China disclose their emissions and to the
generally higher growth rate in emissions of Chinese companies.

A.3. Unconditional Results

We next turn to the estimation of the model for the full sample of 77 coun-
tries. Relative to our previous specification, we also include country-fixed ef-
fects to account for country-specific variation in the data. We report the results
in Table VI. In columns (1) to (3), the estimates are for regressions without
industry adjustment; in columns (4) to (6), we include industry-fixed effects.
In Panel A, we report the results for the level of carbon emissions. Through-
out all specifications, we find a positive and mostly statistically significant
effect of total emissions on individual stock returns, consistent with the hy-
pothesis that higher-emission firms are riskier. Interestingly, when we do not
control for industry, the economic significance of the carbon premium at the
firm level for total scope 1 emissions is much smaller. One possibility is that
some firms (or industries) with high emissions have experienced unexpectedly
low returns. One example could be the recent devaluation of the energy sector
following the decline in commodity prices. For that reason, it seems natural
to focus on within-industry variations in carbon emissions. Indeed, when we
add an industry-fixed effect, the premium is large and highly significant. A
one-standard-deviation increase in LOGS1TOT across firms, equal to 1.4, is
associated with a return premium of 1.06% per year. These results indicate
that variations in stock returns across industries swamp variations in firm-
level emissions within a given industry. In our untabulated results, we have
also included country-fixed effects interacted with year-month-fixed effects,
and industry-fixed effects interacted with year-month-fixed effects, to account

the model, including fixed effects. This is equivalent to calculating the standard deviation of the
residual from the predictive model of each emission measure in the model.
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for any demand-side shocks affecting different countries and industries. The
estimated risk premia from these models are only slightly smaller than those
reported here, which suggests that our results are not affected by transitory,
business-cycle shocks but are more reflective of permanent shocks, such as
transition risk.

Note that the coefficient of LOGS3TOT is highly significant in the regres-
sions without and with industry-fixed effects. It is also economically signifi-
cant, as a one-standard-deviation increase in LOGS3TOT is associated with a
return premium of 1.81% for the specification without industry-fixed effects,
and 1.97% with the fixed effects.

The results with respect to the growth in carbon emissions are all highly
significant and are not affected at all by the inclusion of industry fixed effects,
as can be seen in Panel B. In the model with industry fixed effects, per one-
standard-deviation change in scope 1 and scope 3, the corresponding return
premia amount to 2.17% and 3.38% per year, slightly smaller in magnitude
than the effects we observed for the levels of emissions. Of course, statistically
speaking, taking differences in emissions is close to including firm-fixed effects
in the model with levels of emissions.13

Our conceptual framework posits that the two different emission measures
proxy for two types of transition risk: a short-term and a long-term risk com-
ponent. A natural question is to what extent these two measures capture in-
dependent variation in stock returns. Evidence in Table II shows that they are
largely independent of each other given the relatively small correlations. We
test this relative independence using a return regression model that jointly in-
cludes both measures. We report the results in Panel C. In columns (1) to (3),
we present the results with country- and time-fixed effects and in columns (4)
to (6) we add industry-fixed effects. We find that in the joint model both mea-
sures of emissions retain their positive coefficients and economic significance,
which further confirms our starting premise that they capture economically
different sources of risk.

In another test, we assess the predictions of our model with respect to car-
bon intensity, a measure of firms’ total emissions scaled by their revenues. This
measure has been the focus of other research on investment strategies based
on discriminating between green and brown firms, and on asset managers’ ex-
clusionary screening policies (e.g., Garvey, Iyer, and Nash (2018), and Cheema-
Fox et al. (2021)), but when it comes to carbon-transition risk, carbon inten-
sity does not directly capture the transition effort of a firm to attain net zero.
As we have pointed out in the introduction, a reduction in emission intensity
does not necessarily correspond to a reduction in total emissions. The level of

13 We have also explored the robustness of our results to different cut-offs for our measure of
emission changes. Specifically, we have considered measures that are winsorized at the 1% level.
The results, reported in Table IA.II of the Internet Appendix, are broadly consistent with those we
obtain in the baseline specification. (The Internet Appendix is available in the online version of
the article on The Journal of Finance website). We note that the results for unwinsorized metrics,
even though statistically significant, would be less desired because of significant outliers in the
right tail of the empirical distribution.
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emissions is a more direct proxy for carbon-transition risk exposure than emis-
sion intensity. Dividing by sales revenue introduces noise: when emission in-
tensity changes it could be because of a change in sales revenue or because of
a change in the level of emissions. One potential concern with linking emis-
sion levels to stock returns could be that, if variations in emissions are driven
entirely by variations in the firm’s operating activities, emission levels could
be a proxy for sales revenues, so that the effect of emissions on stock returns
could simply reflect the effect of sales revenue on stock returns. Note, however,
that we do control for firm size so that the effect of size on emission levels
is accounted for. With a noisier proxy for carbon-transition risk exposure, one
should expect a less significant result. When we link carbon intensity to stock
returns, we indeed find no statistically significant relation. These results are
presented in Table IA.III of the Internet Appendix.

As an additional robustness check, we also associate carbon emissions with
annual returns. The results are reported in Table IA.IV and corroborate our
main findings relating carbon emissions to monthly returns.

The overarching conclusion from this part of our analysis is that firm-
level global stock returns reflect firm-level variation in both total emissions
and growth in total emissions, which indicates that investors price carbon-
transition risk both from a short-term and long-term perspective.

A.4. Book-to-Market Ratios

It is well known that stock returns are noisy proxies for expected returns. It
is sometimes possible to get more precise measures of expected returns based
on analyst forecasts. However, a major challenge with this approach is that
(i) analyst forecasts are only available for a relatively small subset of global
stocks, (ii) analyst forecasts may be biased because of industry incentive struc-
tures, and (iii) the metric of implied cost of equity critically depends on the
postulated valuation model.

As an alternative, we look at the pricing of carbon emissions from a differ-
ent perspective and relate our firm-level carbon emission measures to book-to-
market ratios, which tend to be more stable over time and are available for a
large set of firms. Looking at book-to-market ratios helps us to better distin-
guish the explanation of our results as one based on required expected returns
as opposed to one due to luck. Accordingly, we estimate the following regression
model:

LNBMi,t = a0 + a1
(
TOT Emissions

)
i,t + a2Controlsi,t−1+μt+εi,t . (3)

Our dependent variable is the natural logarithm of the firm book-to-
market ratio, LNBM. Our control variables include MSCI, MOM, VOLAT, and
SALESGR. In addition, we use 1- and 2-year-ahead measures of SALESGR
to proxy for future cash flow growth and LTG to proxy for long-term earn-
ings growth forecasts. Finally, in all specifications, we include country- and
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year-month-fixed effects. Some variants of our tests also include industry-fixed
effects. As before, we double cluster standard errors at the firm and year level.
We present the results in Table VII.

In Panel A, the main independent variables of interest are LOGS1TOT,
LOGS2TOT, and LOGS3TOT. Consistent with our hypothesis of the presence
of carbon-transition risk, we find that companies with high emissions have
higher book-to-market ratios. The effects are statistically significant in the
model that does not account for industry-fixed effects, in columns (1) to (3).
As before, the magnitudes become even stronger when we add industry-fixed
effect. In terms of economic significance, a one-standard-deviation increase in
cross-sectional scope 1 emissions is associated with a 13.2% increase in book-
to-market ratios. The results for scope 2 and scope 3 emissions are comparable
in magnitude.

A natural question is whether these magnitudes are comparable to those ob-
tained from the return regressions. To answer this question, we take a simple
Gordon growth model with an expected growth rate of 4% and expected return
of 12% (these numbers roughly correspond to an average stock) and ask how
much of an increase in expected returns is required to get a 13% lower valua-
tion for high carbon emission stocks. For these parameters, this would imply a
number that is slightly less than a 1.4% excess return. This value is slightly
higher in magnitude than that estimated using our return regressions, but
in general it falls within a one-standard-error bound of the return coefficient.
Hence, statistically speaking, the two numbers are not very different from each
other.

In Panel B, we consider the specification with the growth in emissions as the
main independent variable. We estimate the same empirical model as before
and find a strong positive effect of changes in emissions on the log-book-to-
market variable. The effect is statistically and economically highly significant
both in the model without and with industry-fixed effects.

We note that in the above tests our sample size is naturally restricted due
to data limitations imposed by the computation of LTG. To ensure that our
results are not spuriously driven by the smaller sample, we repeat our analysis
using the model without LTG, but with a sample size that is comparable to
that used in our return models. We report the results in Table IA.V of the
Internet Appendix. In these large data, we find the effects that are statistically
more significant but broadly consistent in terms of their magnitudes with our
baseline results.

Overall, we conclude that our baseline results on stock returns are unlikely
to be explained by unexpected returns (or noise therein). They are more con-
sistent with a systematic repricing of assets with different levels of emissions
and changes thereof. Hence, in the remaining parts of the paper we continue
with the specifications with stock returns as a main dependent variable.
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A.5. Information Observability and Carbon Premium

An important aspect of any risk premium analysis concerns the measurabil-
ity of information on which investors condition their investment choices. While
some elements of our analysis are typical of any standard approach in the lit-
erature, others are unique in the context of carbon-transition risk. As we have
noted, progress in the transition is reflected in the rate of change in emissions,
which is why we should expect a priori transition risk to be tied to both the
level and rate of change in emissions. Such horizon effects should be present
even over shorter time spans. Hence, one should not expect the risk premium
to be independent of when we observe emissions relative to stock prices. This
is an important difference with respect to classical asset pricing, which essen-
tially presumes a stationary world and stochastic general equilibrium.

To ensure that all the conditioning information is in investors’ information
sets at the time of the realization of returns, we have performed several robust-
ness checks with different lags of emission information, since investors’ infor-
mation sets are not perfectly observable. We have considered lags of 3 months,
6 months, and 12 months between the end of the year for which emissions are
reported and the month when returns are realized. Using the different lags, we
estimate the models in equations (1) and (2). We report the results in Panels
D and E of Table VI for the levels and changes of emissions. In most specifica-
tions, the premium for the level of emissions remains large and significant for
the different lags. In turn, the premium based on emission changes is positive
and significant for up to 6 months but becomes insignificant after 12 months.

These results raise two questions. First, why does the premium persist for
such a long period? And second, why does it disappear after 12 months? Our
answer to the first question is that investors have limited attention and do
not immediately absorb all the new information about carbon emissions at the
firm level (Kacperczyk, van Nieuwerburgh, and Veldkamp (2016)). The infor-
mation about carbon emissions for year t is gradually reflected in returns over
the year. A related way to micro-found the friction would be with a model of
slow-moving capital (Duffie (2010)). Our answer to the second question is that
carbon emission numbers become stale after a while, and after a year the in-
formation in these numbers is subsumed in the new numbers. Interestingly,
when we compare the effect of lagging emissions on returns for respectively
levels and changes, we find that the former retains information longer than
the latter. The rate of change in emissions is naturally less persistent and
conveys more transitory information. In other words, the news component is
larger for the rate of change in emissions numbers than for the emission levels
numbers.

In our benchmark specification, we measure carbon emissions 1 month be-
fore the returns are realized. The reason for this choice is largely dictated by
the horizon effects and information staleness discussed above. We also note
that investors can obtain more accurate forecasts of future cash flow risk re-
lated to carbon emissions from industry and firm characteristics. The more up
to date their information about firm characteristics is, the more accurate are
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their forecasts of emissions and returns, which is why basing returns predic-
tions on too long lags for the firm characteristics would underestimate the true
return premium. As an example, if we lag emissions by 12 months, that would
be saying that investors do not condition their forecasts on any updates in firm
characteristics for an entire year. This does not seem plausible. Therefore, we
believe that shorter lags, of 1 or 3 months, are more natural than a 12-month
lag.

We have also explored the extent to which emissions are a persistent charac-
teristic. We ask how different is the effect of emissions on stock returns when
we abstract from any news effect contained in the latest emission numbers?
To do this, we replace the actual emission numbers in years τ < t = 2018
in our sample with emission estimates based on a backward imputation of
the emissions in year 2018, the last year of the sample. We can then deter-
mine how different the carbon premium is when we relate it to emissions that
are imputed back in time versus the actual year-by-year emission numbers. If
the premia are similar, this would suggest that emissions in year t are a good
statistic for emissions in years t−τ for all τ < t in our sample. This is indeed
what we find and report in Table IA.VI, which suggests that carbon-transition
risk, as proxied by the level of emissions, is a persistent characteristic when
you take out any news effects.

Another important issue is with respect to the delayed availability of emis-
sions numbers from Trucost. First, the fact that our analysis is based on data
from Trucost does not mean that Trucost is the only source of information on
carbon emissions for investors. Investors can acquire information about corpo-
rate carbon emissions from other sources. Indeed, large asset managers like
BlackRock or Amundi rely on multiple data sources for carbon emissions that
are not all available at the same time. For example, a lot of firms disclose their
emissions first to the Carbon Disclosure Project organization, data that then
are merged into and combined with other sources by Trucost. Different infor-
mation that is likely to be highly correlated with Trucost information (given
that all providers use the same data collection protocols) becomes available
at different times. Furthermore, investors are likely to be heterogeneous with
respect to access to information about carbon emissions. Therefore, the infor-
mation set of investors is likely to be updated earlier than the information
set of the econometrician. In fact, in an additional (untabulated) test, we ex-
plore whether there are announcement returns around the date when Trucost
enters the data on emissions into its database and we find no effect. Stated
differently, our analysis is not meant to identify a trading strategy based on
Trucost data; we use these data only as a proxy for carbon-transition risk.

A related concern is about how Trucost gathers and aggregates the data on
corporate carbon emissions: Could the methodology that Trucost uses directly
affect the size of the carbon premium? Trucost reports two types of data, one
that is directly taken from corporate reports and another that is estimated
using its own prediction model. Could it be that the estimated emission num-
bers are noisy or biased because of the methodology used by Trucost? We find
the possibility of a systematic bias that is correlated with future stock returns
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unlikely, given the weak evidence of autocorrelation in stock returns typically
found in empirical studies. To evaluate the differences in carbon-transition
risk, as they relate to whether the carbon emissions are based on corporate
disclosures or are estimated, we take advantage of information provided by
Trucost on how particular emissions data have been sourced. We define an
indicator variable Disclosure if emissions for firm i at time t are based on di-
rectly disclosed information, and zero if they come from an estimate based on
a model-based approach. We amend our return regression by adding this vari-
able and its interactions with our measures of carbon emissions. We report the
results in Table IA.VII. The results show two effects. First, the level of the
carbon premium is lower for emissions based on directly disclosed data, a find-
ing that is inconsistent with the uncertainty reduction hypothesis. Second, the
premium remains positive and significant for both types of data, especially in
the model with industry-fixed effects. Hence, we conclude that the source of
emission data does not alter the qualitative aspects of our results.14

While our analysis considers different information sets based on monthly
frequency, it is important to note that corporate emissions data from Trucost
are provided at an annual frequency. However, the annual measurement of
corporate emissions should not imply that our empirical tests should be cast
at an annual frequency for stock returns. Even if data for corporate carbon
emissions are released at an annual frequency, investors’ information sets get
updated at a greater than annual frequency. It is more plausible that investors’
learning process is continuous, and that more information gets processed over
time. This process can further rationalize the fact that the impact of emissions
gets progressively smaller with an increasing lag between when emissions are
available and when returns are measured.

Finally, a common concern could be that emissions and stock returns are en-
dogenously related through the company’s production channel. For example,
better business opportunities could be associated with higher sales and could
generate both higher emissions and higher realized returns. We note that this
prediction is not borne out in our data. Market value does not increase with
higher emissions (consistent with business opportunities getting better). We
find the exact opposite result, that the book-to-market ratio is positively re-
lated to carbon emissions. Stock prices are lower rather than higher for firms

14 In a related paper, Aswani, Raghunandan, and Rajgopal (2023) find that the carbon premium
associated with the level of emissions goes to zero for companies that directly disclose their emis-
sions and suggest that investors may not be pricing carbon risk at all. Our results differ in that
we find a positive premium for both types of emission sources in a sample that includes roughly
five times more firms than in their sample. More importantly, we note that the smaller magni-
tude of the carbon premium for directly disclosed emissions is consistent with a model in which
firms endogenously decide whether to disclose their emissions. In this model, a benefit for the firm
of disclosing emissions is a lower risk premium achieved by lowering the perceived uncertainty
investors face with respect to carbon-transition risk. Hence, our evidence is fully consistent with
the hypothesis that investors do price carbon-transition risk, but differently for different levels
of perceived uncertainty. We provide an extensive analysis of this economic mechanism in Bolton
and Kacperczyk (2021c).
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with higher levels and higher growth in emissions. Thus, to the extent that pro-
duction endogeneity is a concern, the estimates we provide constitute a lower
bound on the true effect of carbon emissions on the risk premium.

A.6. Geographic Distribution

By looking at the geographic distribution of the carbon premium, we can
assess how our unconditional results are driven by a particular region. The
economics literature on climate change has emphasized the importance of the
spatial distribution of climate policies (Nordhaus and Yang (1996)) and phys-
ical impacts (Cruz and Rossi-Hansberg (2023)). Different regions have differ-
ent exposures to climate change as well as different capacities to adapt. With
respect to transition risk, one might expect that a country’s economic develop-
ment, social norms, or headline risk may be equally important. At the same
time, financial market integration may erase some of the country-level hetero-
geneity.

We evaluate the geographic distribution of carbon-transition risk pricing by
comparing four different regions: North America, Europe, Asia, and Southern
Hemisphere countries (defined as “Others”). We define the respective indicator
variables: (i) Namerica for firms that are located in North America, (ii) Europe
for firms located in Europe, and (iii) Asia for firms located in Asia. The omitted
category is firms located in the Southern Hemisphere. We test two hypotheses
simultaneously: whether risk premia are positive and statistically significant,
and whether they differ from each other.

We report the results in Table VIII, Panel A, for the level of emissions, and
in Panel B for the growth in emissions. For brevity, we focus on scope 1 and
scope 3 emissions. We find that the carbon premium is generally larger in
North America, Europe, and Asia than in the residual Southern Hemisphere
group of countries. However, the only statistically significant result, at the 10%
level, is for firms located in North America. Importantly, all premia, especially
those that absorb industry-fixed effects, are positive and statistically signifi-
cant. When it comes to the growth in emissions, the magnitudes of the effects
for Europe are visibly smaller than those in North America and Asia. Still, they
are all positive and statistically significant. The regions of the world that stand
out are Africa, Australia, and South America, where the coefficient of S1CHG
is borderline significant in the baseline model and insignificant when we add
industry-fixed effects. This result is quite interesting, as these countries are
least aligned with the principle of carbon neutrality.

An important robustness question is what matters more? Where the com-
pany is headquartered (which is the determinant of classification in our data),
or where emissions are generated? This distinction may be particularly rel-
evant for firms with global operations, which are subject to different social
pressures, policies, or headline risk. While the granularity of our data does not
allow us to attribute total firm emissions to individual plants, we can evalu-
ate whether the impact of firm emissions differs in a sample of multinational
companies versus those operated in a single country. Empirically, we define an
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indicator variable, FORDUM, equal to 1 for firms that have at least some sales
generated abroad and 0 for firms whose sales are entirely from a single coun-
try. Next, we estimate the models in equations (1) and (2) with an additional
interaction term between measures of emissions and FORDUM.

We present the results in Table IA.VIII. Across all empirical specifications,
we find only weak evidence that firms with multinational operations exhibit
different sensitivities of their stock returns with respect to total firm emissions.
For the specifications with the level of emissions, the interaction terms are
small and statistically insignificant and for the specifications with the growth
in emissions, the interaction term is significant at the 10% level for scope 3
emissions. Overall, it does not seem that the geographic source of firm-level
emissions is a primary driver of the carbon premium in our data.

In sum, our continent-level results reveal that carbon-transition risk is eco-
nomically relevant in most geographic regions and that there is some geo-
graphic variation in the carbon premium throughout the world, even though it
is mostly related to short-term measures of carbon-transition risk. In the final
part of this section, we turn to an investigation of whether carbon-transition
risk is tied to a country’s economic development, one of the main issues that
frames discussions of international climate mitigation agreements.

A.7. Economic Development

The level of a country’s economic development is an important consideration
when it comes to climate policy. Typically, richer countries are expected to, and
have for the most part, made stronger commitments to combat climate change.
Rich countries have a greater responsibility to combat climate change as they
are the source of the largest cumulative emissions over the past two centuries
by far. Another reason to expect a lower carbon premium in developing coun-
tries is simply that currently these countries have low levels of emissions. In
addition, these countries’ economies are not as deeply founded on fossil fuel
energy consumption and may therefore be able to transition more easily to
a renewable energy development path. On the other hand, if these countries
depend a lot on fossil fuels, they may be less willing to adjust in the short-run.

In this section, we explore the empirical relevance of these arguments. A
remarkable general finding, as we show in Table IA.IX, is that the carbon pre-
mium does not seem to be related to countries’ overall level of development. We
first broadly categorize developed countries as the G20 countries and the re-
maining group of countries as developing countries.15 When we add industry-
fixed effects, we observe from Table IA.IX (Panel A) that the G20 group of
countries have highly significant carbon premia related to the level of emis-
sions for all three scope categories. But this is also the case for the most part
for the group of developing countries (scope 2 emissions are only significant at
the 10% level for this group). Moreover, the size of the coefficients is similar. As

15 The results are qualitatively very similar, reported in Panel B, if we define developed coun-
tries based on the Organisation for Economic Co-operation and Development (OECD) membership.
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for the short-run effects of carbon emissions on stock returns, we observe that
they are again highly significant for both the G20 countries (controlling for in-
dustry) and the group of developing countries. Also, the size of the coefficients
is again broadly similar.

Admittedly, the above classification of countries into two groups, develop-
ing and developed, is rather coarse, and there is substantial heterogeneity in
country characteristics within each group. Accordingly, we also investigate the
effect of interacting GDP per capita, and other development variables such
as the share of the manufacturing sector in GDP and health expenditure per
capita, with the level and changes in emissions. As we show in Panel A of
Table IX, the interaction of per capita GDP and the level of emissions is in-
significant. The same is true for the interaction of the share of manufacturing
and the level of emissions, and for the interaction of per capita health expendi-
tures and the level of emissions. Overall, these results indicate that differences
in development do not appear to explain much of the variation in long-run car-
bon premia across countries. On the other hand, when we interact the same
variables with the percentage change in emission, as a measure of short-term
risk, a slightly different picture emerges. Now, firms located in countries with
higher GDP per capita and a more developed health system have statistically
smaller stock returns. Further, firms located in countries with a higher depen-
dence on the manufacturing sector in their output creation have higher stock
returns. These results are consistent with the view that firms in developed
countries face lower challenges in conforming to their country’s carbon neutral-
ity objective. The growth in the emissions variable tells us the sustainability
of a country’s development path. If, for example, the growth in emissions in a
developing country is large because of high reliance on coal, then, in effect, the
companies in that developing country are exposed to greater future transition
risk when pressure grows to phase out coal.

Altogether, both regional and economic variation in carbon-transition risk
likely nest several specific factors that contribute to the observed results. In-
vestigating the origins of these factors is the subject of our next section.

B. Carbon-Transition Risk Drivers

Even though the notion of carbon-transition risk has been commonly re-
ferred to in policy discussions, surprisingly little is known about the different
sources of this risk. Part of the reason is that most of the studies on carbon-
transition risk are either highly aggregated or focus on a single country or
industry (e.g., Bolton and Kacperczyk (2021a), Hsu, Li, and Tsou (2023)). Also,
many commentators often reduce carbon-transition risk purely to policy un-
certainty, whereas other dimensions (for example, technological innovation or
the prevailing belief system) are clearly relevant.

We explore several channels through which carbon-transition risk could
manifest itself: technological, socioeconomic, regulatory policy, and reputation
risk, all of which affect future cash flows and changing investor attention to cli-
mate change as a source of variation for the discount-rate channel. The main
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challenge in identifying each of the channels empirically is that to a large ex-
tent we can only measure transition risk drivers at the country level. As is well
known, regression specifications that relate stock returns to country-level char-
acteristics, could yield biased estimates due to omitted country-level variables.
To mitigate this concern, we rely on firm-level variation in carbon emissions
and estimate the role of the different mechanisms by interacting the country
variables with firm-level emissions. This approach follows closely the identifi-
cation strategy of Rajan and Zignales (1998), which also interacts country-level
financial development variables with industry-level financial constraints. In
our tests, we are also able to sharpen our empirical identification by absorbing
additional firm-level, industry-level, and country-level variation through a mix
of observable characteristics and fixed effects.

B.1. Technological Mix

An important source of carbon-transition risk is technological change in en-
ergy production and carbon capture. As they transition to carbon neutrality,
firms may find themselves at different points in their energy mix, carbon in-
tensity, and outside demand for energy. The more distant the firms are from
their target technology profile in a new green equilibrium, the more they are
exposed to potential aggregate technology shocks. The resulting risk may come
from unexpectedly high costs of green energy production as well as uncertainty
about such costs.16

In this section, we explore the importance of these factors for the pricing
of carbon-transition risk. We classify technology factors into three categories;
the first two relate to the production side of carbon emissions and the third
relates to the consumption side. First, we investigate whether firms located in
countries with a higher share of renewable energy have lower carbon premia.
Second, we explore whether the size of the fossil fuel production sector affects
the carbon premium. We hypothesize that firms located in countries in which
the share of the energy sector is large would have a larger carbon premium.
Third, consumption of energy per capita may indicate how far the transition
to a low-emission economy has progressed. It may also indicate the expected
demand for fossil fuel energy going forward. We expect that firms in countries
with high energy consumption are exposed to higher transition risk.

The results of this analysis are reported in Table X. We uncover a few inter-
esting patterns. First, we find that green and brown energy variables do not
matter much for how stock returns react to emission levels. Across all spec-
ifications, the coefficients of the interaction terms are small and statistically
insignificant. The exception is the interaction term between scope 3 emissions
and the reliance on renewable energy. This effect, however, is only marginally
significant. Second, the hypothesis that a more renewable energy–based

16 A separate issue that we do not explore formally in the paper is the uncertainty about the
depreciation of any stranded assets and their impact on firm value. Atanasova and Schwartz (2020)
analyze the empirical importance of this issue in the oil and gas industry.
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economy is associated with lower carbon premia is broadly borne out in the
data when it comes to firm-level growth in emissions. Firms located in coun-
tries with a larger fraction of renewable energy production have lower carbon
premia with respect to their year-to-year emissions growth, as indicated by
the negative highly significant coefficients for the interaction terms. Similarly,
we find that the coefficients of the interaction terms between the share of the
energy sector and the growth in emissions are highly significant and positive,
indicating that investors perceive the risk with respect to carbon emissions to
be greater in countries with large fossil fuel energy sectors. Interestingly, the
countries with higher reliance on renewables and lower reliance on fossil fu-
els are typically developed countries, which could partly explain why we found
that short-term transition risk is priced more for developing countries. At the
same time, we find that energy use is not significantly related to stock returns
irrespective of the risk measure on which we focus. One reason could be that
the energy source being consumed may be green. Also, the place of consumed
energy need not be the same as the country in which it is sourced. In sum, the
distinction between short-term and long-term reactions to technological mix
suggests that this variable is transitory in nature, at least when assessed from
the capital markets perspective. The energy mix cannot inform the long-term
costs of the transition, as any potential product or process innovation in this
market is likely to modify future expectations.

Overall, we find strong evidence that a country’s energy production mix is
an important predictor of how investors price risk with respect to short-term
changes in emissions, but not with respect to the level of emissions. The gist of
these results is broadly consistent with our hypothesis that uncertainty about
technological change increases transition risk. Our decomposition further re-
veals that production side factors are more relevant for investors than energy
consumption factors.

B.2. Sociopolitical Environment

Uncertainty about future carbon emission policies depends on the insti-
tutional and sociopolitical environment that shapes government action. We
should expect lower policy uncertainty in politically stable and socially har-
monious societies, and in countries with more democratic institutions that
tend to reduce the risk of arbitrary policy swings. In contrast, less equal so-
cieties are more likely to waver in their policy commitments and make less
predictable progress toward carbon neutrality. This greater climate policy un-
certainty, in turn, is likely to be reflected in a higher carbon premium. We
explore this channel by looking at whether a country’s “rule of law” and “voice”
affects the carbon premium of its companies. The rule of law captures percep-
tions of the extent to which agents have confidence in and abide by the rules of
society, and in particular the quality of contract enforcement, property rights,
the police, and the courts, as well as the likelihood of crime and violence. The
measure RULELAW, is standardized between −2.5 and 2.5. Voice reflects per-
ceptions of the extent to which a country’s citizens are able to participate in

 15406261, 2023, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jofi.13272 by D

epartm
ent O

f G
eological Sciences, W

iley O
nline L

ibrary on [19/03/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



3734 The Journal of Finance®

selecting their government, as well as freedom of expression, freedom of as-
sociation, and a free media. The standardized value, defined as VOICE, lies
between 2.5 and −2.5. The 2.5 indicates the situation in which there is no ob-
stacle to expressing voice and −2.5 number reflects situations in which people
have no way of expressing their voices. Another indirect measure of social and
political stability we look at is the country’s income inequality, as measured
by the Gini coefficient. All three country measures are obtained at an annual
frequency from the World Bank. As before, we interact each of these variables
with the level and growth of emissions to distinguish between long-term and
short-term effects. We report the results in Table XI.

We do not find a significant effect of any of these variables on the premium
associated with the level of emissions and conclude from these results that
social factors do not appear to affect the long-run risk associated with car-
bon emissions. All coefficients of the interaction terms in Panel A are small
and statistically insignificant. In contrast, we find that sociopolitical factors
do matter for investors’ carbon-transition risk perceptions in the short-run. As
reported in Panel B, the coefficients of the interaction terms between “rule of
law” and changes in emissions, and between “voice” and changes in emissions,
are both highly significant and negative, indicating that the carbon premium
is lower in countries with better rule of law and more democratic political in-
stitutions. Similarly, the coefficient of the interaction term between the Gini
coefficient and changes in emissions is significant and positive, meaning that
in countries with higher inequality, the carbon premium is likely to be larger.
Overall, these results on the effect of sociopolitical factors are consistent with
the view that greater social harmony produces less climate policy uncertainty.
But these effects manifest themselves in the short-run, presumably because
the socioeconomic environment can evolve, so that current conditions are seen
as having a transitory impact on policy uncertainty by investors. For exam-
ple, the political environment and social norms can change in the medium-
and long-term; hence, any constraints imposed in the short-run may no longer
bind in the long-run. From a different angle, one can link our prior findings on
the heterogeneity in short-term risk premia between developed and developing
countries to the different states of socioeconomic capital across countries.

B.3. Climate Policy Tightness

Transition risk is often associated with expected regulatory changes dictat-
ing the adjustment to a green economy. Investor expectations of future climate-
related policies can be an important risk component. Firms located in countries
in which the government has made the most ambitious pledges to reduce car-
bon emissions may therefore be associated with a higher carbon premium. This
is particularly true when local regulations are reinforced by pan-governmental
policy actions, such as the United Nations-led COP initiative.

Climate change mitigation policies may originate from two sources: domes-
tic regulators or international pan-governmental agreements. In this section,
we evaluate the importance of each of the channels separately using unique
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data on country-specific regulatory tightness. Our policy data come from Ger-
manwatch. To our knowledge, ours is the first large-sample study that eval-
uates the direct importance of both types of policies for global stock returns.
Each year, Germanwatch collects information on all climate-related policies
and converts this information into a numerical score, where a higher number
means a stricter regulatory regime. We define two variables that we interact
with firm-level carbon emissions. INTPOLICY is a normalized measure of in-
ternational policy tightness; DOMPOLICY is a normalized measure of domes-
tic policy tightness.17 We interact each of the two variables with the level and
growth in firm emissions.

We report the results in Table XII. Two interesting findings emerge. First,
in Panel A, we show that the effects of climate policy operate on the carbon
premium associated with carbon emission levels. The effect is positive and eco-
nomically significant for both scope 1 and scope 3 emissions, and statistically
significant for scope 3 emissions. On the other hand, neither type of climate
policy tightness affects the carbon premium associated with the year-by-year
growth in emissions, as shown in Panel B. These results support the view that
carbon policies are seen by investors as permanent shocks to carbon-transition
risk. That is, investors’ perspective appears to be that climate policies that
are already in place are largely irreversible. Second, and perhaps more un-
expectedly, we find that between the two types of climate policies, domestic
ones have a bigger effect on the carbon premium. This result sheds light on
many analysts’ concerns that the commitments made by countries in Paris or
Glasgow could be empty promises, that is, that commitments made through
international agreements lack credibility unless they are translated into do-
mestic policy. It is only when these commitments are followed up by domestic
policy implementation that investors start paying attention.

B.4. Brown Reputation Risk

An important component of transition risk is reputation risk. A few fos-
sil fuel-intensive industries that we define as “salient” are known to attract
negative media coverage, which could further amplify transition risk. Hence,
the question of whether the carbon premium is mostly concentrated in the oil
and gas, utilities, and motor sectors that are the focus of much negative press.
Could it be that the reason behind much cross-sector variation in the carbon
premium lies in the negative reputation earned by brown sectors? Given that
the media focus is largely on the salient brown industries, one would expect
that the investors in companies in these sectors price-in an additional risk
compensation for their exposure to the negative stigma of holding these stocks.

To explore this hypothesis, we estimate a modified regression specification
from that in Table VI, conditional on whether a company belongs to one of the
salient industries mentioned above, or not. We define an indicator variable,

17 Further details on the methodology behind the policy measures can be obtained from the
Germanwatch website, at https://www.germanwatch.org/en/21110.

 15406261, 2023, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jofi.13272 by D

epartm
ent O

f G
eological Sciences, W

iley O
nline L

ibrary on [19/03/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://www.germanwatch.org/en/21110


Global Pricing of Carbon 3739
T

ab
le

X
II

C
ar

b
on

E
m

is
si

on
s

an
d

S
to

ck
R

et
u

rn
s:

C
li

m
at

e
P

ol
ic

y
T

ig
h

tn
es

s
T

h
e

sa
m

pl
e

pe
ri

od
is

fr
om

20
05

to
20

18
.T

h
e

de
pe

n
de

n
t

va
ri

ab
le

is
R

E
T

.T
h

e
m

ai
n

in
de

pe
n

de
n

t
va

ri
ab

le
s

ar
e

ca
rb

on
em

is
si

on
le

ve
ls

(P
an

el
A

)
an

d
th

e
gr

ow
th

in
em

is
si

on
s

(P
an

el
B

).
IN

T
P

O
L

IC
Y

m
ea

su
re

s
th

e
st

ri
ct

n
es

s
of

a
co

u
n

tr
y’

s
in

te
rn

at
io

n
al

cl
im

at
e

po
li

cy
in

a
gi

ve
n

ye
ar

.
D

O
M

P
O

L
IC

Y
m

ea
su

re
s

th
e

st
ri

ct
n

es
s

of
a

co
u

n
tr

y’
s

do
m

es
ti

c
cl

im
at

e
po

li
cy

in
a

gi
ve

n
ye

ar
.

A
ll

ot
h

er
va

ri
ab

le
s

ar
e

de
fi

n
ed

in
T

ab
le

s
I

an
d

II
.

W
e

re
po

rt
th

e
re

su
lt

s
of

th
e

po
ol

ed
re

gr
es

si
on

w
it

h
st

an
da

rd
er

ro
rs

(i
n

pa
re

n
th

es
es

)
do

u
bl

e
cl

u
st

er
ed

at
th

e
fi

rm
an

d
ye

ar
le

ve
l.

A
ll

re
gr

es
si

on
m

od
el

s
in

cl
u

de
th

e
co

n
tr

ol
s

of
T

ab
le

V
I

(u
n

re
po

rt
ed

fo
r

br
ev

it
y)

,y
ea

r-
m

on
th

-fi
xe

d
ef

fe
ct

s,
an

d
co

u
n

tr
y-

fi
xe

d
ef

fe
ct

s.
In

se
le

ct
ed

co
lu

m
n

s,
w

e
ad

di
ti

on
al

ly
in

cl
u

de
T

ru
co

st
in

du
st

ry
-fi

xe
d

ef
fe

ct
s.

**
*1

%
si

gn
ifi

ca
n

ce
;*

*5
%

si
gn

ifi
ca

n
ce

;*
10

%
si

gn
ifi

ca
n

ce
.

P
an

el
A

:L
ev

el
s

D
ep

en
de

n
t

V
ar

ia
bl

e:
R

E
T

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

(7
)

(8
)

IN
T

P
O

L
IC

Y
−0

.6
84

−1
.1

71
−0

.6
24

−1
.2

72
(0

.3
87

)
(1

.0
09

)
(0

.3
84

)
(0

.9
83

)
D

O
M

P
O

L
IC

Y
−1

.0
87

*
−2

.6
34

**
−1

.0
94

*
−2

.7
23

**
(0

.5
66

)
(1

.0
14

)
(0

.5
35

)
(0

.9
71

)
L

O
G

S
1T

O
T

0.
04

4*
0.

08
3*

**
0.

00
1

0.
03

7
(0

.0
23

)
(0

.0
22

)
(0

.0
24

)
(0

.0
27

)
L

O
G

S
3T

O
T

0.
12

3*
**

0.
17

1*
**

0.
04

1
0.

08
8*

*
(0

.0
38

)
(0

.0
40

)
(0

.0
27

)
(0

.0
30

)
IN

T
P

O
L

IC
Y

*L
O

G
S

1T
O

T
−0

.0
15

−0
.0

20
(0

.0
40

)
(0

.0
41

)
IN

T
P

O
L

IC
Y

*L
O

G
S

3T
O

T
0.

02
7

0.
03

5
(0

.0
86

)
(0

.0
84

)
D

O
M

P
O

L
IC

Y
*L

O
G

S
1T

O
T

0.
06

4
0.

06
5

(0
.0

50
)

(0
.0

48
)

D
O

M
P

O
L

IC
Y

*L
O

G
S

3T
O

T
0.

18
1*

*
0.

18
8*

*
(0

.0
76

)
(0

.0
72

)
C

on
tr

ol
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
ar

/m
on

th
-fi

xe
d

ef
fe

ct
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

C
ou

n
tr

y-
fi

xe
d

ef
fe

ct
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

In
du

st
ry

-fi
xe

d
ef

fe
ct

s
N

o
N

o
Ye

s
Ye

s
N

o
N

o
Ye

s
Ye

s
O

bs
er

va
ti

on
s

55
1,

07
5

55
1,

64
2

54
4,

12
7

54
4,

69
4

55
1,

07
5

55
1,

64
2

54
4,

12
7

54
4,

69
4

R
-s

qu
ar

ed
0.

15
3

0.
15

3
0.

15
5

0.
15

5
0.

15
3

0.
15

3
0.

15
4

0.
15

5

(C
on

ti
n

u
ed

)

 15406261, 2023, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jofi.13272 by D

epartm
ent O

f G
eological Sciences, W

iley O
nline L

ibrary on [19/03/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



3740 The Journal of Finance®

T
ab

le
X

II
—

C
on

ti
n

u
ed

P
an

el
B

:G
ro

w
th

in
E

m
is

si
on

s

D
ep

en
de

n
t

V
ar

ia
bl

e:
R

E
T

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

(7
)

(8
)

IN
T

P
O

L
IC

Y
−0

.8
52

**
−0

.8
92

**
−0

.8
42

**
−0

.8
91

**
(0

.3
14

)
(0

.3
02

)
(0

.3
16

)
(0

.3
06

)
D

O
M

P
O

L
IC

Y
−0

.3
86

−0
.4

30
−0

.3
83

−0
.4

30
(0

.2
72

)
(0

.2
80

)
(0

.2
80

)
(0

.2
89

)
S

1C
H

G
0.

57
0*

**
0.

59
3*

**
0.

47
5*

**
0.

49
2*

**
(0

.1
25

)
(0

.1
09

)
(0

.1
21

)
(0

.1
05

)
S

3C
H

G
1.

26
4*

*
1.

25
2*

*
0.

98
4

0.
99

8*
(0

.5
34

)
(0

.5
13

)
(0

.5
73

)
(0

.5
42

)
IN

T
P

O
L

IC
Y

*S
1C

H
G

−0
.1

75
−0

.1
76

(0
.1

86
)

(0
.1

70
)

IN
T

P
O

L
IC

Y
*S

3C
H

G
−0

.1
19

−0
.0

38
(0

.5
74

)
(0

.5
55

)
D

O
M

P
O

L
IC

Y
*S

1C
H

G
−0

.0
01

0.
01

1
(0

.2
01

)
(0

.1
94

)
D

O
M

P
O

L
IC

Y
*S

3C
H

G
0.

36
4

0.
39

5
(0

.7
11

)
(0

.6
79

)
C

on
tr

ol
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
ar

/m
on

th
-fi

xe
d

ef
fe

ct
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

C
ou

n
tr

y-
fi

xe
d

ef
fe

ct
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

In
du

st
ry

-fi
xe

d
ef

fe
ct

s
N

o
N

o
Ye

s
Ye

s
N

o
N

o
Ye

s
Ye

s
O

bs
er

va
ti

on
s

54
4,

61
0

54
5,

07
3

53
7,

76
6

53
8,

22
9

54
4,

61
0

54
5,

07
3

53
7,

76
6

53
8,

22
9

R
-s

qu
ar

ed
0.

15
5

0.
15

5
0.

15
6

0.
15

7
0.

15
4

0.
15

5
0.

15
6

0.
15

7

 15406261, 2023, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jofi.13272 by D

epartm
ent O

f G
eological Sciences, W

iley O
nline L

ibrary on [19/03/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



Global Pricing of Carbon 3741

SALIENT, equal to 1 if the company belongs to one of the salient industries,
and 0 otherwise. Our coefficients of interest are those of the interaction effect
between SALIENT and respective emission measures. If these salient brown
industries are indeed more stigmatized, one would expect the carbon premium
to be smaller in the other sectors. In terms of our conditional regression speci-
fication, this would mean that the coefficient of the interaction term is positive
and statistically significant.

We report the results in Table XIII. By and large, we find that the premium
associated with the level of emissions is not statistically different for salient
and nonsalient industries, and, if anything, the direction of the effect goes
against the hypotheses of a premium being present mostly in salient indus-
tries. The results are slightly different for the premium associated with the
growth in emissions. Here, we find a slightly stronger effect for changes in
scope 3 emissions on returns for companies that operate in salient industries.

This finding could also mean that a stigma has mostly already been “baked
in” in these brown sectors but is yet to materialize in the other sectors that
have faced less analyst scrutiny. These findings are also consistent with the
results in Table VI that variations in stock returns associated with carbon
emissions across industries swamp within-industry variations. Another possi-
bility is that the stigma could extend to an entire country when the country is
disproportionately dependent on brown sectors, as is the case for many coun-
tries in the “Others” category. By this interpretation, the weaker results we
found for this category could be due to this baked-in stigma associated with
an overdependence on brown sectors. Note, however, that our regressions in-
clude country-fixed effects, which to some extent absorb any such country-level
effects.

B.5. Physical Risk

Much of the economics literature on climate risk has sought to estimate the
expected physical damages due to climate change. A natural hypothesis is that
transition risk is positively correlated with physical risk. As countries are ex-
posed to more severe weather events caused by climate change, one would ex-
pect that there will be greater support for policies combatting climate change
in these countries. In other words, the extent to which a country has been ex-
posed to climate disasters may shape investors’ beliefs about the cost of long-
term damage due to climate change. To test this hypothesis, we use a country-
level, year-by-year index measuring physical risk (CRI) from Germanwatch.
This index is based on the frequency of climate-related damages. Countries
with higher values of the CRI index are considered to have higher physical
risk. We estimate the coefficients of the interaction terms between CRI and
firm-level emission measures, both their levels and growth rates. The results
are reported in Table IA.X. Columns (1) to (4) show the results based on total
emissions, and columns (5) to (8) show the results based on growth rates. Con-
sistent with the hypothesis that physical risk amplifies the carbon premium
associated with transition risk, we find that positive values for the interaction
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terms with emission changes. However, all these coefficients are statistically
insignificant. Also, contrary to our prediction, the coefficients of the interaction
terms with emission levels are negative (again, however, these coefficients are
statistically and economically small). Hence, greater physical risk exposure for
a country because of climate change, and greater incidence of physical climate
shocks, does not result in greater carbon transition risk.

Overall, we conclude that transition risk does not appear to be significantly
linked to different exposures to physical risk, perhaps because physical risk is
a localized risk, and is unlikely to affect all regions with the same intensity,
whereas the carbon transition is a global issue, which is largely independent
of whether physical risks materialize in a specific country or not. It is simply
a reflection of the shift away from fossil fuels. Indeed, countries like Australia,
Brazil, and Russia, or U.S. states like Texas, Florida, or West Virginia, that
have experienced massive climate disasters, have not seen a political move-
ment emerge to shut down coal mines and other fossil fuel-dependent economic
activity. Somehow the political process in these countries (and U.S. states) does
not seem to commingle physical and transition risk.

B.6. Changes in Investor Awareness

Our analysis so far has explored the carbon premium through the cash flow
uncertainty channel. Another force that could affect the carbon premium is the
discount rate channel related to changing investor perceptions about climate
change and carbon-transition risk. Bolton and Kacperczyk (2021a) find evi-
dence of a discount rate channel, with investor perceptions of carbon-transition
risk changing over time, but their evidence is based purely on U.S. companies,
which naturally raises the question of external validity. More importantly, this
evidence has little to say about what aspects of transition risk are altered by
the changed beliefs. Although our analysis here includes 77 countries, we can-
not clearly isolate the effects of this channel given that we are pooling all ob-
servations from 2005 to 2018 together. However, we can explore how the car-
bon premium reacts to salient events that could reshape public perceptions of
climate change. One such defining event is the landmark Paris climate agree-
ment at the COP21 in December 2015. This event has enhanced the salience
of the climate debate worldwide and raised the importance of possible transi-
tion risk going forward. It is therefore to be expected that the event has likely
changed investors’ perception of risk along multiple dimensions, including fu-
ture energy costs, social preferences, or policy changes. Our empirical analysis
around this event captures the aggregate effect, encompassing all the above
possibilities, of investors’ responses to this event.

Specifically, we define an indicator variable Paris that is equal to 0 for the
2 years (from 2014 to 2015) preceding the Paris agreement and equal to 1 for
the 2 years (from 2016 to 2017) following the agreement. Next, we regress
stock returns on carbon emissions interacted with Paris. We report the results
in Table XIV, which provides the estimates for the differences in levels and
changes in emissions for our aggregate sample of 77 countries. Notably, there
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is no significant premium associated with the level of scope 1 emissions right
before Paris (even with industry-fixed effects), whereas there is a significantly
larger positive premium after Paris. We also find a significant increase in the
premium for the level of scope 3 emissions. In turn, the results for changes
in emissions are significant in the pre-Paris period and show no significant
difference with the post-Paris period. One way to interpret these contrasting
results is that, because of COP21, investors significantly updated their be-
liefs about long-term transition risk. Consistent with our previous findings,
these results also suggest that the Paris agreement has been particularly im-
portant in reshaping investor beliefs about forthcoming climate-related poli-
cies. Indeed, this has been a popular narrative among practitioners and policy
makers.

In which parts of the world did the Paris agreement have the biggest effect?
To explore this question, we estimate the same model as in Table XIV for each
continent. We report the results for the level of carbon emissions in Table XV.
Remarkably, there is no apparent change for North America. Both before and
after the Paris agreement, there is no significant carbon premium associated
with the level of emissions. In Europe, both before and after Paris, there is a
significant carbon premium (except that the premium for scope 1 emissions
becomes insignificant after Paris). As a result, there is no significant change
in the value of the premium around the Paris event for Europe. The biggest
and most statistically significant change is in Asia, where the carbon premium
was insignificant before Paris, but became highly significant after Paris. This is
true whether we exclude China or not. Finally, in the other continents (Africa,
Australia, and South America) there is also a significant positive change before
and after Paris, even though this change is based on a smaller sample size.

Another relevant breakdown is between the group of G20 countries and the
group of other countries. The results are reported in Table IA.XI. Again, the dif-
ference in the carbon premium before and after Paris is dramatic for the group
of G20 countries. Before the agreement there was no significant carbon pre-
mium, but after the agreement there is a highly significant positive premium,
whether we include industry-fixed effects or not. In contrast, the changes in
the other group of countries are much smaller. While there is a shift toward a
significant premium, it is mostly for scope 3 emissions.

We also undertake this analysis after excluding the salient industries asso-
ciated with fossil fuels. Recall that our cross-sectional analysis when we pool
all years together established that the carbon premium is present even beyond
these industries. The results reported in Table IA.XII reveal similar robustness
in the carbon premium around the Paris shock. Indeed, there is a highly sig-
nificant and positive premium associated with the level of emissions in other
industries as well after Paris.18

18 We have also tested whether the changing awareness results are driven by the sample of
new companies that Trucost has added to its database. The results, in Table IA.XIII, show similar
effects for the “legacy sample,” so it is unlikely that the addition of the new companies is driving
the results.
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All in all, these results paint a rather striking picture of the pricing of tran-
sition risk across countries. The expectation of a significant long-term change
in the carbon premium seems to be reflected in salient events, such as the
Paris agreement. The striking and surprising finding here is that awareness
about carbon risk, as reflected in the carbon premium, has changed the most
in Asia, where investor awareness has jumped after the Paris agreements,
whereas it has remained basically unchanged in Europe and North America,
either because these regions already had greater awareness of climate change
(Europe), or because they had less awareness and did not revise their beliefs
(North America). To further explore this conjecture, we look at the predictabil-
ity of national reforms (measured by DOMPOLICY) from the previous year’s
international policy framework (measured by INTPOLICY), before and after
Paris, for the three different regions, Asia, Europe, and North America. In the
regression model, we also include country-fixed effects. Consistent with our
narrative, we find that there is predictive power of national policies in past
international commitments following the Paris agreement. It is the highest for
Asia, much lower for Europe, and the opposite for North America, the last re-
sult being consistent with the fact that the U.S. administration around Paris
has mostly moved in the opposite direction from the international framework.
We report these results in Table IA.XIV.

One potential concern with the risk premium interpretation is that we have
measured changes in the risk premium over relatively short periods, even if a
period of a decade and a half is not that short. Could it be that our findings are
just a random draw? Although it is not possible to test this luck hypothesis,
one should bear in mind that the Paris agreement is a particularly salient
event and its important consequences have been established in other contexts.
Also, the last decade has witnessed a significant increase in climate-related
events, and a sharp increase in media coverage of these events, so that our
interpretation based on changing risk (perceptions) has a solid grounding in
these trends.19

C. Transitioning to a Green Equilibrium

Our results are broadly consistent with the existence of a return premium
compensating investors for the carbon-transition risk they face. But at what
point did investors begin to demand compensation for this risk? Basic logic sug-
gests that the period in which carbon-transition risk is compensated should be
preceded by a period during which assets are repriced to reflect the new risk.
This repricing can in principle be a protracted process that parallels the eco-
nomic shift from a brown to a green equilibrium. Moreover, the repricing is
driven by changes in investor awareness about climate change risk. During
this transition phase, one would expect to see increased demand (and there-

19 In untabulated tests, we have also tested the change in the risk premium by using the long
period from 2005 to 2015 as the pre-period. The results for the interactions terms are qualitatively
similar.
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fore higher prices) for assets with low levels of emissions, and decreased de-
mand (and lower prices) for assets with high levels of emissions. Although this
adjustment mechanism is straightforward, testing for such asset price adjust-
ments is challenging, especially in the context of heterogenous global financial
markets, in which individual assets may transition at different times and at
different speeds.

In the absence of a clear large-scale empirical setting, we fall back on sug-
gestive evidence from one individual sector, the tobacco industry, in which such
a repricing process accompanied the rebranding of tobacco companies as “sin
stocks.” As Hong and Kacperczyk (2009) show, the reclassification of the to-
bacco industry as a sin asset class meant that tobacco companies were added
to the divestment lists of many investors. This divestment movement resulted
in higher expected returns (Merton (1987)). Prior to the 1950s, the negative
health effects of tobacco consumption were not known; in fact, many consid-
ered tobacco a cure. This perception changed following the reports of the U.S.
Surgeon General, which resulted in a massive change in beliefs about the in-
dustry. Consequently, the 1950–1970 period saw a massive revaluation of the
industry, with tobacco companies being valued at much lower multiples. Fol-
lowing this repricing, however, tobacco companies over the subsequent four
decades delivered very large returns.

We believe that a similar process is underway in the energy industry, with
green energy companies being valued at much higher multiples and some
brown companies already being valued at lower multiples. We can infer some
of these repricing effects from some of our tests. As highlighted in Table XIII,
when we exclude salient industries from our sample the effect of scope 1 emis-
sion levels on stock returns increases relative to the unconditional value in
Table VI, which means that the salient industries, on an average, underper-
formed other sectors (with lower emissions) over our sample period. Interest-
ingly, however, this difference only appears in regressions without industry-
fixed effects, which suggests that the repricing has been a broad categorical
repricing of the whole industry rather than individual firms in these indus-
tries. Of course, this repricing need not be a once-and-for-all revaluation as it
appears to have been for the tobacco industry. In fact, it seems to us that in-
vestors’ attitudes toward carbon emissions are much more dynamic, and thus
it is quite possible that one could witness multiple waves of repricing followed
by periods with high returns. This is in fact what we think our data capture.
Because the carbon transition process is ongoing, this can only be a speculative
inference, which we expect future out-of-sample tests of the carbon transition
will confirm.

V. Conclusion

If global warming is to be checked, the global economy will have to wean
itself off fossil fuels and reduce carbon emissions to zero by 2050 or 2060 at the
latest. This translates into a year-to-year rate in emissions reductions equal
to the drop we have witnessed in 2020 as a result of the COVID-19 pandemic.
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Whether the global economy will be able to stick to such a rate of reduction
in the use of fossil fuels, whether the reduction in emissions will be smooth
or highly nonlinear and abrupt, is impossible to say. But what is certain is
that in the coming years and decades investors will be exposed to substantial
transition risk. Given that stock markets are fundamentally forward looking,
it is natural to ask whether and to what extent this transition risk is reflected
in stock returns.

We have taken the broadest possible look at this question by analyzing the
pricing of carbon-transition risk at the firm level in a cross section of over
14,400 listed companies in 77 countries. To date, very little is known about
how carbon emissions affect stock returns around the world. Our wide-ranging
exploratory study provides a first glimpse into this question. We have found ev-
idence of a widespread, significant, and rising carbon premium—higher stock
returns for companies with higher carbon emissions. This premium is not just
present in a few countries (the United States and the European Union) or in
a few sectors tied to fossil fuels. It is ubiquitous, affecting firms in all sectors
over three continents: Asia, Europe, and North America. Moreover, stock re-
turns are related not just to firms’ direct emissions but also to their indirect
emissions through the supply chain and the carbon premium is associated both
with the year-to-year growth in emissions (a short-run carbon-transition risk
exposure) and the level of emissions (a long-run exposure).

Finally, we find that carbon-transition risk is not just a reflection of climate
policy uncertainty but is also tied to uncertainty with respect to technological
progress in renewable energy and the sociopolitical environment that could
support or undermine climate policies. In turn, time-series patterns point to a
time-varying carbon premium, with the premium rising significantly following
the COP21 meeting.

At a broad level, our study is relevant for the discussions centered on car-
bon taxation as a means to achieve reductions in emissions. While the idea of
a carbon tax is appealing based on economic first principles, it clearly faces
practical obstacles. A major impediment to the introduction of a global carbon
tax is coordination among political parties with diverse interests and financial
capacities. Our study suggests that financial markets could play an important
amplifying role. The increasing cost of equity for companies with higher emis-
sions can be seen as a form of taxation through capital markets.

Our study is obviously not free of empirical challenges. One particular con-
cern is that the shifting beliefs about climate change during our sample pe-
riod are unusual and unlikely to be representative of the climate shocks that
will unfold in the foreseeable future. It could be that investors have overre-
acted to the Paris agreement and all the attention devoted to climate change
issues over our sample period. If that were the case, we would not really be
picking up a persistent expected return difference. Rather, we would be find-
ing return premia driven by nonpersistent shocks to investor beliefs. This is a
possibility that we cannot rule out. But, given the climate science, this seems
highly unlikely. If anything, evidence of an overheating planet is building day
by day and alarm about climate change is rising. Given that carbon emissions
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continue to rise, the net zero commitments will be harder to achieve, which
means that carbon-transition risk is rising. It is therefore far more likely that
investor concerns about carbon-transition risk will grow. This, of course, means
that we are potentially underestimating the size of the carbon premium.

Initial submission: July 19, 2021; Accepted: July 7, 2022
Editors: Stefan Nagel, Philip Bond, Amit Seru, and Wei Xiong
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