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The transition from high- to low-carbon production systems increasingly creates regulatory and market risks for high-emitting
firms. We analyze to what extent financial investors demand a premium to compensate for such risks and thus might raise firms’
cost of equity capital. We find that there is a distinct and robust positive impact of carbon intensity (carbon emissions per unit
of output) on this cost of equity capital. This suggests carbon emissions demand a significant risk premium indeed. The effect
results from systematic risk factors: high-emitting assets are significantly more sensitive to economy-wide fluctuations than
low-emitting ones. The impact of carbon intensity on the cost of equity capital is more pronounced in high-emitting sectors, EU
countries, and firms subject to carbon pricing regulation. These results suggest that carbon emission reduction is a valuable risk
mitigation strategy as it reduces the costs of equity.

The transition from high- to lower-carbon production systems creates substantial uncertainties in firms’
regulatory and business environments. The extent to which carbon regulation and market developments
make carbon-intensive production more costly is a significant risk to future cash flows. In financial
markets, this “carbon risk” is a growing concern (Kriiger et al., 2020). Investors increasingly show interest
in reducing exposure to high-emitting firms through divestment, carbon-tilting strategies, or investment
in green funds. Banks develop policies to reduce the financing of high-emitting businesses. Credit rating
agencies incorporate climate-related risks in their assessment. Financial market regulators explore how
excessive capital allocation to high-carbon assets might threaten financial stability.

Our study shows that financial market investors demand a modest premium for holding assets of high-
emitting firms. Specifically, firms’ cost of equity capital is impacted by carbon intensity (carbon emissions
per unit of output), a well-established measure of firm-level use of and reliance on carbon sources, and
hence a first proxy for carbon risk (Hoffmann and Busch, 2008). While we establish a robust positive and
significant impact of carbon intensity, the modest effect size suggests that stimulating investments into
low-carbon activities would require additional regulations. The study combines portfolio-level analyses
and panel econometric techniques and uses two international panel datasets covering nearly 2,000 firms
over the years 2008-2016.

This digest article was jointly written by the authors of the comprehensive article.
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Carbon Emissions Demand a Risk Premium

Relevance of the Research Question

This research makes three contributions. Firstly, it adds to understanding how financial markets account
for firms’ carbon emissions. Financial market investments are crucial to facilitate and stimulate a transition
towards low-carbon activities. However, much is unknown about the extent to which financial markets
may perform this role through commanding risk premia for high-emitting assets. From the perspective of
the firm, it is thus unclear whether carbon risk is penalized by financial markets in the form a higher cost
of equity capital (Albuquerque et al., 2019). We examine the extent to which firms’ cost of capital is
affected by their carbon intensity. Given its usefulness to industry practitioners and other areas of
academic research, the measure is a clear contribution to the literature.

Secondly, this paper adds to what we know about the direct risk and return effects of corporate
sustainability, and environmental performance more specifically (Chava, 2014; Ng and Rezaee, 2015). To
date, no consensus exists about the value relevance of firms’ environmental performance. Itis particularly
unclear which kinds of such performance are relevant financially and why (Albuquerque et al., 2019). To
a large extent, this is due to the almost exclusive focus on aggregated ratings of environmental
performance in the finance profession, both practical and academic (cf. Liang and Renneboog, 2017).
Environmental performance ratings are also not verified, validated, or replicable with publicly available
information. As a result, robust evidence on effect drivers is lacking, and the aggregation bias poses a
serious concern. This perpetuates the ambiguity and lack of consensus about the value relevance of firms’
environmental performance. Our analysis addresses this issue by focusing on carbon intensity as a single,
coherent measure of environmental impact.

Thirdly, we combine portfolio-level analyses with robust panel econometric techniques to disentangle the
pricing implications of carbon intensity. Building on the finance literature on sustainability, we argue that
firms that emit less carbon could benefit from lower cost of equity capital through reduced regulatory and
market risks (Grey, 2018) and a larger investor base (Heinkel et al., 2001). Our analysis contributes to this
literature by examining both of these mechanisms.

Hypothesis Formation and Implications

There is a hot debate as to whether capital markets privately reward firms’ sustainability. Mainstream
finance theory holds that all activities not targeted at creating value for shareholders ultimately destroy
firm value (Jensen and Meckling, 1976). But recent literature suggests that firms’ sustainability is positively
related to their financial health (Ferrell et al., 2016; Lins et al., 2017). The key mechanism is that firms’
sustainability has a cash flow-preserving or insurance-like effect. Specifically, by taking actions that
address concerns of a broader set of stakeholders, firms reduce the exposure to and impact of regulations,
reputational damages, and litigation events. As a result, sustainability may be rewarded in capital markets
through a lower discount rate that investors apply to firms’ cash flows, i.e. through a reduction of the cost
of capital. We investigate this risk mitigation hypothesis for firm-level carbon emissions. Adopting an
investor perspective, we test whether high-carbon assets are being penalized in capital markets through
higher required rates of return to compensate for their associated risk profiles. Finance theory identifies
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two mechanisms through which carbon intensity might affect cost of equity capital: these are screening
activity and systematic risk.

Screening: Investors may not only maximize utility over means and variances of returns, but also over
non-financial issues such as firms’ contribution to climate change. That is, investors concerned about
climate change would require lower (higher) risk-adjusted returns if such returns are earned on less
(more) environmentally harmful production activities. If high-carbon assets are screened out by a
sufficiently large share of the market, this will lead investors in them to require additional returns for the
increased risk they bear due to impaired diversification. In order to assess whether a screening effect is
present during our sample period, we test if high-carbon stocks earn a return premium unexplained by
common risk factors. If such a premium is observed, this will create room for a potential influence of non-
financial preferences on stock returns; if it is not, this justifies a focus on systematic risk as per the standard
asset pricing framework. We therefore hypothesize (H1) Carbon intensity is associated with positive risk-
adjusted returns.

Systematic risk: If no evidence is found in support of H1, we test for the impact of carbon intensity on
systematic risk. Theoretically, firms’ sustainability may reduce systematic risk through a lower incidence
and intensity of sustainability-related shocks. Good environmental performance has been found to reduce
systematic risk and cost of equity capital (Albuquerque et al., 2019) and corporate bond spreads (Chava,
2014). The potential effects on systematic risk are particularly apparent for firms’ climate-related
performance. Consequently, we test whether carbon intensity increases the cost of equity capital: (H2)
Carbon intensity positively impacts the cost of equity capital.

Data and Empirical Results

We use yearly data on Scopes 1, 2, and 3 carbon emissions for all reporting firms from the two main data
sources: Thomson Reuters’ Refinitiv ESG (formerly known as Asset4) and Bloomberg ESG data. These data
cover the most important greenhouse gases, represented in metric tons of CO2-equivalents (CO2e). Figure
1 on the next page shows the number of firms per year that report on each of the Scopes.
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Figure 1
Number of Non-Financial Firms Reporting CO, Emission Data
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Sources: Thomson Reuters and own calculations.

Our main measure of carbon intensity is defined as the sum of Scopes 1 and 2 emissions divided by net
sales. Reporting on Scope 3 emissions is currently poor and not yet widespread, and, perhaps more
importantly, are largely outside the direct control of the firm. The quality and reliability of firm-level
emission data might be limited due to the lack of reporting standards or regulations, which makes this
type of information qualitatively different from the financial information (Brander et al., 2018). Still,
carbon emissions data are used by many institutional investors (Krtiger et al., 2020) and seem to be highly
consistent across data providers (Busch et al., 2020) and with verified emissions data from mandatory
reporting schemes like the EU ETS (Dechezleprétre et al., 2022). We further apply various data checks and
robustness analyses. We additionally ensure that both Scopes are reported, so that the total of Scopes 1
and 2 emissions are comparable across firms.

To test if carbon intensity commands a return premium due to screening (H1), we apply a standard long-
short portfolio approach. That is, we examine whether a significant return differential exists between high-
and low-carbon stock portfolios, which is left unexplained by common risk factors. We find no significant
return premium that common risk factors cannot explain (alpha). Instead, portfolios of high-carbon stocks
even earn slightly lower risk-adjusted returns than low-carbon stocks. This result is observed for both
absolute and sector-relative carbon intensity. We thus find no evidence for a return premium induced by
a potential large-scale screening of high-carbon assets. This validates the conceptual arguments that can
be made against such a screening effect for carbon intensity. Therefore, it is appropriate to evaluate the
impact of carbon intensity on the cost of equity capital using conventional asset pricing models that focus
on systematic risk.
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We test if carbon intensity impacts the cost of equity capital through the channel of systematic risk (H2)
by estimating the effect of carbon intensity on the CAPM-based cost of equity. We find that for each
standard deviation (1.05) higher carbon intensity, ceteris paribus, the cost of equity capital increases by 6
basis points and the market beta increases by 0.01, which is a 1.7% increase relative to the average cost
of equity capital and market beta. Regarding sector-relative carbon intensity, we find that firms with a
carbon intensity of one standard deviation above the sector average have a 9 basis points higher cost of
equity capital or 0.02 higher market beta, corresponding to a 2.6% increase.

This effect of carbon intensity seems modest, considering the substantial operational changes required
for reducing emissions by the amounts just discussed. Hence, although investors penalize high-emitting
firms by demanding higher returns, this cost of equity capital penalty on its own provides a relatively weak
market incentive for emission reductions.

In all, our findings lend support to the risk mitigation hypothesis, which holds that improvements in
environmental performance can be valuable as it reduces stakeholder risks. Specifically, by focusing on
the carbon intensity, we find that low-emitting production tends to be rewarded in capital markets in the
form of a (slightly) lower cost of equity capital. Our two-stage analysis further shows that the relationship
is driven by differences in systematic risk among high- and low-carbon assets rather than by investors’
non-financial preferences for low-carbon assets.

Conclusions

This paper investigates to what extent equity market investors demand a premium to compensate for
risks related to high carbon intensity and thus might raise firms’ cost of equity capital. We find that firms’
carbon intensity (carbon emissions per unit of output) has a distinct and robust impact on this cost: On
average, a standard deviation higher (sector-adjusted) carbon intensity is associated with a premium of 6
(9) basis points or 1.7% (2.6%) increase. These results are based on a combination of portfolio-level
analyses and panel regression techniques, using two comprehensive international panel data sources over
the years 2008-2016. The cost of equity capital premium is primarily explained by systematic risk factors:
high-emitting assets are significantly more sensitive to economy-wide fluctuations than low-emitting
ones. Carbon intensity has a stronger impact in contexts in which carbon risk poses a more salient issue,
such as in high-emitting sectors, EU countries, and firms subject to carbon pricing regulation.

Our findings have several implications for policymakers and practitioners. Firstly, financial market
investments are considered crucial to facilitate and stimulate low-carbon activity. We establish that the
risk mitigation effect provides an important, but relatively weak, market mechanism that will stimulate
investment in low-carbon activities. Policymakers are informed, however, that additional regulations will
be needed to foster low-carbon investment. Policies also are needed to improve disclosure and validation
of firms’ climate-related impacts and strategies, as the risk mitigation effect largely hinges on reliable data.
Secondly, our analysis could guide investors’ security selection, sector allocation, and portfolio
decarbonization strategies. Finally, firm managers are informed about the relevance of low-carbon
production for the cost of equity capital, which is a key driver of business and project decisions.
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