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Climate Change and Asset Prices:
Are Corporate Carbon Disclosure and Performance Priced Appropriately?

Abstract:
This paper empirically assesses the value relevance of information on corporate climate
change disclosure and performance to asset prices, and discusses whether this information is
priced appropriately. Findings indicate that corporate disclosures of quantitative GHG
emissions and, to a lesser extent, carbon performance are value relevant. We use handcollected information on quantitative greenhouse gas (GHG) emissions for 433 European
companies and build portfolios based on GHG disclosure and performance. We regress
portfolios on Carhart (1997) four factor models extended for industry effects over the years
2005 to 2009. Results show that investors achieved abnormal risk-adjusted returns of up to
13.05% annually by exploiting inefficiently priced positive effects of (complete) GHG
emissions disclosure and good corporate climate change performance in terms of GHG
efficiency. Results imply that, firstly, information costs involved in carbon disclosure and
management do not present a burden on corporate financial resources. Secondly, investors
should not neglect carbon disclosure and performance when making investment decisions.
Thirdly, during the period analysed financial markets were inefficient in pricing publicly
available information on carbon disclosure and performance. Mandatory and standardised
information on carbon performance would consequently not only increase market efficiency
but result in better allocation of capital within the real economy.

Keywords: carbon disclosure, climate change, value relevance, disclosure quality, GHG
emissions, market efficiency, stock performance
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Climate Change and Asset Prices:
Are Carbon Disclosure and Emission Performance Priced Appropriately?

1. Introduction
Climate change has developed into a widely accepted threat to our planet that requires urgent
regulatory responses (Stern 2006; IPCC 2007). Within the European Union (EU), the
European Union Emissions Trading Scheme (EU ETS), the EU policy guiding principles to
make polluters pay (European Council 2006) and national taxes on energy use and carbon
dioxide are just a few examples of political initiatives aiming to reduce climate change. At the
same time, market initiatives such as the Carbon Disclosure Project (CDP) (Carbon
Disclosure Project 2008) and the Climate Principles (The Climate Group 2012) have been
established to motivate reductions in corporate GHG emissions, turn “climate change into a
business risk” (Pattberg 2012, p. 619), or to allow investors to better grasp the financial risk
stemming from climate change.
Among companies, the concern that climate change impacts or potentially impacts
financial performance appears to be widely recognised: Out of the 358 FT500 companies that
responded to the CDP during the earlier years covered in this study, 87% reported that climate
change constitutes a commercial risk and/or challenge to their business (Carbon Disclosure
Project 2006). On financial markets, as a consequence of these risks and the imminent
challenge to transform to a low carbon economy, a significant re-distribution of shareholder
wealth is expected to take place (Carbon Trust 2006). Nevertheless, and despite the growth of
the socially responsible investment (SRI) industry in recent decades, market participants only
slowly adjust their investment behaviour to incorporate the financial risks resulting from
political and market initiatives for the mitigation of climate change. For example, it was
estimated that during one of the years investigated in this study less than 0.1% of the over $40
2

trillion in assets of the investors that are signatories to the CDP were “invested in any
investment strategy which explicitly and systematically takes climate risk into account”
(Innovest 2007, p. 3).
Investment practitioners generally expect that financial markets are “only beginning to
recognise the magnitude of impact the transition to a low carbon global economy will have on
companies’ competitive positions and long-term valuations” (The Goldman Sachs Group
2009, p. 2), and as a result the financial risk represented by political and market initiatives for
the shift towards a low-carbon economy “may not yet be fully reflected in share prices”
(FTSE Group 2012, p. 4).1 These statements from the investment practitioner community
suggest a potential inefficiency of the market to appropriately price information on the
financial risk stemming from climate change. According to the efficient markets hypothesis
(EMH), efficient financial markets price available information (Fama 1970). Moderate
proponents of EMH argue that markets in practice are fairly - but not always - efficient
(Worthington et al. 2004; Renshaw 1984). When markets are inefficient, market participants
can use value relevant information, i.e. information that is relevant to the future earnings
potential of a stock, to achieve abnormal risk-adjusted returns. Once identified, market
participants will erase these abnormal risk-adjusted returns by trading on the underlying
information and, as a result, turn financial markets efficient (Lee 2001). Stock markets are
thus made efficient by market participants believing they are inefficient (Dimson et al. 1998;
Grossmann et al. 1980), searching for inefficiencies and acting on arbitrage opportunities. The
same underlying process is valid for the appropriate pricing of value relevant information on
corporate sustainability performance. As noted by, for example, Derwall et al. (2005) and
Renneboog et al. (2008), risk-adjusted returns of companies with good sustainability
performance will only be persistently higher than those of companies with poor sustainability

1 Similar conclusions can also be drawn for the granting of corporate bank loans (Hoepner et al. 2016).
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performance when the financial market does not price information on sustainability
performance efficiently.
In the context of this study, the market inefficiency to price the financial risk
stemming from climate change appropriately hinted at by investment practitioners above
allows us to determine whether information on corporate carbon disclosure and performance
is value relevant. To empirically assess this research question, a Carhart four factor model
(C4FM) (Carhart 1997) extended for industry effects is applied to a sample of 433 European
companies over the years 2005 to 2009, inclusive. We build portfolios using a unique data set
of hand-collected information on quantitative corporate GHG emissions disclosure practices
and performance gathered from corporate reports. Results suggest that quantitative corporate
carbon disclosure and, to a lesser extent, carbon performance were relevant to asset prices of
European companies and not priced appropriately during our period of investigation.
Investors could achieve abnormal risk-adjusted returns of up to 13.05% (p<0.01) per year
when investing in portfolios constructed from (complete) GHG emissions disclosure and, to a
lesser extent, good corporate climate change performance expressed as GHG efficiency. We
find only very limited support for information on absolute levels of GHG emissions being
relevant to asset prices. Results are robust to various further tests controlling for, among other
things, national differences in environmental fiscal policies, other non-financial disclosure by
corporations, the completeness of corporate GHG emissions disclosure, the impact of the
financial crisis and the EU ETS.
Our results have implications for investors, companies and regulators. For investors,
our findings suggest that information on corporate carbon disclosure and performance must be
taken into account in investment analysis, as they are relevant for financial markets. For
companies, results show that the information costs for (complete) corporate carbon disclosure
and efficiency management do not present a burden on corporate financial resources. To the
4

contrary, our findings suggest that for example companies not disclosing (complete)
information on quantitative GHG emissions are valued less by financial markets, thus
generating a strong argument for companies to engage in high-quality non-financial disclosure
in order to reduce information asymmetry. For the real economy, the inefficient pricing of
publicly available information on carbon disclosure and performance results in an inefficient
allocation of capital, given that investments in real assets are heavily influenced by the
valuation of financial assets. This could impede economic growth (Hayek 1941) and creates a
strong argument for regulators to enforce mandatory and standardised information on carbon
performance, which would not only increase market efficiency but result in a better allocation
of capital within the real economy.
The remainder of this paper is organised as follows. Section 2 provides an analysis of
existing related literature. Section 3 develops our hypotheses. Section 4 describes the research
methodology, sample and data. Section 5 presents our empirical results, and Section 6
provides a discussion of the implications of our findings.
2. Prior Studies
Interest in whether financial markets value corporate sustainability disclosure and
performance (CSP) dates back to at least the 1970s, but studies controlling for factors
nowadays known to influence stock market performance (use of a C4FM) are relatively
limited. Controlling for such factors is however particularly important in the context of SRI,
as SRI portfolios have been found to rely quite heavily on small stock and stock with a low
book to market ratio (Cortez et al. 2012). Using the C4FM, and thus controlling for systematic
risk (Sharpe 1964; Lintner 1965; Mossin 1966), company size (Banz 1981), book to market
ratio (Fama et al. 1992) and the momentum effect (Jegadeesh et al. 1993), ensures that
abnormal returns found can be attributed to the impact of CSP. At the same time, industry
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composition is generally thought to impact portfolio returns and Dess et al. (1990) argue that
not controlling for industry effects can result in a misleading interpretation of results.
Within the domain of studies using the C4FM, Kempf and Osthoff (2007) rely on the
socially responsible ratings from KLD Research & Analytics and find that following the
simple trading strategy of buying stocks with high ratings and selling stocks with low ratings
over the 1992-2004 time frame, using industry-balanced investment portfolios, resulted in
significant annualised alphas of up to 8.7%. Similarly, but focusing more specifically on
environmental performance, Derwall et al. (2005) used eco-efficiency scores from the rating
agency Innovest Strategic Value Advisors and examined returns for a sample ranging from
170 to 450 U.S. companies over the 1995 to 2003 time period. Also constructing portfolios
according to simple trading rules, Derwall et al. document that, controlling for industry
effects, firms performing “relatively well along environmental dimensions collectively
provide superior returns” (Derwall et al. 2005, p. 58). More specifically, they found an
annualised alpha of around 6% for a strategy that goes long in the best-in-class environmental
portfolio and short in the worst-in-class environmental portfolio.
Finally, and most closely related to our investigation, Ziegler et al. (2011) looked at
between 447 and 1790 European and U.S. firms over the years 2001 to 2006, inclusive. They
built portfolios based on two binary dummy indicators for corporate climate change
disclosure derived from the Asset4 data base. The indicators represent information on whether
a company reports if “it believes that climate change can represent commercial risks and/or
opportunities” (Ziegler et al. 2011, p. 1287) or not and if a company reports “on initiatives or
new production techniques, to recycle, reduce, reuse, substitute or phase out CO2 or CO2
equivalents in the production process” or not (Ziegler et al. 2011, p. 1287). Applying a C4FM,
they fail to find significant out- or underperformance of any portfolio over the whole period
under investigation. However, in additional tests they show risk-adjusted abnormal returns for
6

the energy sector in the U.S. and for the sub-period of 2004 to 2006 in Europe. These results
thus highlight that value relevance of information can differ between industries and across
time periods.
Each of the recent studies summarized above suggests that CSP information may be
relevant to financial markets and inappropriately priced. We extend this body of research by
examining the value relevance and pricing of quantitative carbon disclosure and performance
in a large European sample over a period of five years, controlling for factors known to
explain stock performance and industry effects.
3. Hypothesis Development
Political and market initiatives for the reduction of global warming inflict unknown future
costs on companies and thus are an important factor in making corporate carbon disclosure
and performance relevant to asset pricing. In the European Union, the EU ETS is currently the
cornerstone of policies combating climate change, but in addition to the EU ETS various other
political and market initiatives target the reduction of GHG emissions. For example, various
European countries have introduced some form of tax on carbon dioxide. The likelihood of
remaining European countries to tax carbon remains to some extent unpredictable. The abrupt
cancellation on the introduction of a significant carbon tax in France one month prior to its
introduction is a case in point (Kanter 2009). Political uncertainties also continue to exist at
the level of European policy, where the guiding principles of the renewed EU Sustainable
Development Strategy include making polluters pay and integrating climate change in all
relevant European policies (European Council 2006). However, it continues to be unclear into
which specific measures these intended policies and principles for a reduction of GHG
emissions will translate. Nevertheless, Sullivan (2009) generally summarizes that policy
measures to reduce GHG emissions will grow and not only affect heavy emitters but all
companies.
7

The uncertainty from the political environment underlies several market initiatives that
relate to the financial risk stemming from climate change. Examples include the CDP (Carbon
Disclosure Project 2008), the Climate Principles (The Climate Group 2012), the Investor
Network on Climate Risk (Investor Network on Climate Risk 2010), The Institutional
Investors Group on Climate Change (IIGCC 2010) and The Carbon Principles (The Carbon
Principles Banks 2008). The politically induced value relevance of corporate carbon
disclosure and performance is consequently also reinforced through these market initiatives.
To examine the relevance of corporate carbon disclosure and performance to asset
prices we rely on four proxies, each capturing differences in climate change disclosure or
performance. We distinguish between disclosure and performance, as they relate to different
estimation and information risks and Doda et al. (2015) suggest there is not necessarily a
relation between the existence of corporate carbon disclosure and carbon performance.
Our first disclosure proxy is the existence of disclosure of absolute levels of GHG
emissions. In addition to the political and market initiatives discussed above, arguments
rooted in stakeholder theory (Freeman 1994) and legitimacy theory (Deegan 2007) suggest
that information on corporate GHG emissions could be relevant to the valuation of the firm.
Corporate climate change disclosure answers the call from various stakeholder groups for
information on corporate contributions to global warming (Kolk et al. 2008; Doda et al.
2015). Disclosure may foster stakeholder support and help ensure that corporate actions are
seen as legitimate, i.e. “desirable, proper, or appropriate” (Suchman, 1995, p. 574), thus
preventing stakeholder actions that could negatively impact the financial performance of the
firm. Additional arguments for the value relevance of corporate carbon disclosure relate to
estimation and information risk. Generally speaking, stocks for which only limited
information is available have higher estimation risk (Barry et al. 1985), as higher levels of
value relevant information on a stock allow for a better and more reliable estimation of its
8

specific future cash flow. Riedl et al. (2009, p. 25) summarize that when investors cannot
obtain sufficient company-specific information they base their valuation on firm-unspecific
information. The disclosure of GHG emissions should thus allow for better estimation of
specific future cash flows, as market participants do not have to infer their estimates on less
specific information on exposure to the financial implications of climate change (Aerst et al.
2008). In this context of estimation risk, for example, Dhaliwal et al. (2012) show that the
existence of CSR disclosure reduces the level of analyst forecast error.
At the same time, prior research (Hassel et al. 2006; Campbell et al. 2011; Deegan et
al. 1997) documents that stock brokers and mainstream analysts do not incorporate
environmental information in the majority of their decision making processes or investment
recommendations. These findings, together with the statements of the investment practitioner
community summarized above, lead us to believe that financial markets may be inefficient in
pricing carbon disclosure and performance appropriately. If so, value relevance would
manifest itself as performance differences of risk-adjusted returns between portfolios
constructed from companies disclosing and those not disclosing quantitative GHG emissions.
We consequently hypothesize:
H1: Portfolios constructed from companies disclosing and those not disclosing quantitative
GHG emissions show differences in risk-adjusted returns.
In addition to analysing the relevance of the choice to disclose GHG emissions
information, we also examine the relevance of the completeness of corporate disclosure of
absolute levels of GHG emissions. Several studies argue that information quality is relevant to
asset prices (Leuz et al. 2005; Francis et al. 2005; Kim et al. 2010) while other studies show
that the quality of quantitative carbon disclosure is low (Sullivan 2009; Dingwerth et al. 2010;
Liesen et al. 2015). Our proxy for information quality is represented by the completeness of
corporate disclosure of quantitative GHG emissions, measured by means of a Disclosure
Completeness Index. This Disclosure Completeness Index (DCI) is constructed in line with
9

the requirements of the dominant reporting guidelines, i.e. the GHG Protocol (WBCSD 2004),
the CDP (Carbon Disclosure Project 2011) and the Global Reporting Initiative (GRI) (Global
Reporting Initiative 2000-2006). As we discuss in more detail below, we classify
completeness of disclosure relative to scope (i.e. including emissions resulting from both
internal corporate activities (scope 1) and electricity purchases (scope 2)), type, (i.e. including
not only CO2 but also other GHGs), and reporting boundary (i.e. including emissions on
group-wide activities) (cf. Liesen et al. 2015). Because complete disclosure of absolute GHG
emissions enables investors to reduce the degree of error in estimating future cash flows (cf.
Cormier et al. 2007), it should consequently reduce estimation and information risk (Barry et
al. 1985). Assuming the market is in a state of inefficiency with regard to the appropriate
pricing of financial risk stemming from climate change during the time of our study, the value
relevance of the underlying information would manifest itself as performance differences of
risk-adjusted returns between portfolios constructed from companies disclosing complete
levels of GHG emissions and those who do not. We hypothesize:
H2: Portfolios constructed from companies disclosing complete levels of GHG emissions and
those disclosing incompletely show differences in risk-adjusted returns.

Our third proxy relates to climate change performance and represents companies’
levels of absolute GHG emissions. We argue that the magnitude of absolute GHG emission
determines a company’s exposure and the sensitivity of its returns towards the political,
market and stakeholder initiatives for the reduction of climate change discussed above, and is
therefore a parameter of estimation risk. The large share of companies with comparatively
high absolute levels of GHG emissions is more exposed to, for example, the uncertain future
financial liabilities under the EU ETS. Prior studies (e.g. Mahapatra 1984; Luo et al. 2009;
Salama et al. 2011) document that companies with good environmental and/or social
performance show lower systematic risk, thus suggesting performance is value relevant. As
10

described in more detail in below, to operationalise our proxy we categorize companies based
on their absolute levels of GHG emissions as high, medium and low emitters. In an inefficient
market, portfolios constructed from these different levels of absolute levels of GHG emissions
would deliver different risk-adjusted returns. We consequently hypothesize:
H3: Portfolios constructed from companies with high, medium and low absolute levels of
emissions show differences of risk-adjusted returns.

Finally, we use the level of GHG efficiency, expressed as the net income in Euro per
ton of GHG emissions, as a proxy for climate change performance. We argue that levels of
GHG efficiency are a parameter of estimation risk as the future financial performance of
companies generating comparatively lower levels of net income per ton of GHG emissions
would be impacted more heavily by any future regulatory or market initiatives for the
reduction of GHG emissions. The future financial performance of companies with higher
GHG efficiency, on the other hand, is less sensitive towards external events on climate
change. In this context, for example, Clarkson et al. (2004) show that relative environmental
performance indicators developed from Toxics Release Inventory emissions data in the US
served as a good predictor of future environmental liabilities for companies in the pulp and
paper industry. In an inefficient market, portfolios constructed from different levels of GHG
efficiency (as described in detail see section 4) would deliver different risk-adjusted returns.
We consequently hypothesize:
H4: Portfolios constructed from companies with high, medium and low GHG efficiency show
differences in risk-adjusted returns.
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4. Research Methods
Sample
To test these hypotheses we use a sample of European Union FTSE All World-Index
(FTSE AWI) constituents excluding the financial service industry2 as of January for each the
years 2005 to 2009. FTSE AWI covers companies with large or medium-sized market
capitalisation. In total, 433 different companies with 1756 firm-year observations constitute
our initial sample (sample A). This initial sample is used to test our proxy referring to the
existence of disclosure of GHG emissions. Our second sample – sample B – contains only
those companies from sample A that report GHG emissions on at least the majority of
corporate activities3 in the year preceding index inclusion. Sample B consists of 297 different
companies with a total of 1028 firm-year observations, and it is used to test the proxies
concerning disclosure completeness, absolute levels of GHG emissions and GHG efficiency.
Empirical Model
We use a European C4FM (Carhart 1997) extended for industry effects. Although the
C4FM has become a standard model (Fama et al. 2010), it has not been used frequently with
European samples (von Arx et al. 2014). However, Gregory et al. (2013) show the model is
applicable for analysis of larger companies outside the US, and Fama et al. (2011, page 4)
summarize that a local (European) model can “capture local average returns rather well”. Using a
C4FM extended for industry effects (cf. Derwall et al. 2005; Geczy et al. 2005; Hoepner et al.
2011) helps to ensure that abnormal risk-adjusted returns identified in this research are not, in
fact, driven by factors already known to determine abnormal stock performance or differing
industry composition of portfolios. Not controlling for industry effects can result in a
2

3

The common practise to exclude financial service companies from the sample is applied in this study as
their increased leverage and sensitivity to market developments makes financial service firms incomparable
with companies from other industries (Foerster et al. 2005; Shleifer et al. 1997; Fama et al. 1992).
Climate change disclosures on less than the majority of corporate activities are not considered here as these
do not allow drawing credible conclusions on a company’s performance.
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misleading interpretation of results (Dess et al. 1990). This is particularly relevant in the
context of this study, as industry affiliation has been found to be a determinant of
environmental disclosure practises and performance (Prado-Lorenzo et al. 2009; Dawkins et
al. 2010; Brammer et al. 2008), which are the basis for our portfolio construction criteria. To
control the returns of a portfolio in the C4FM for industry effects, orthogonalised industry
performance variables are added to the model (cf. Derwall et al. 2005; Geczy et al. 2005;
Hoepner et al. 2011). Several further design choices have to be made when applying a C4FM,
and these are detailed in the remainder of this section. For all portfolios, a buy-and-hold
strategy and a long-short trading strategy are applied and are regressed on the C4FM extended
for industry effects (model (1)), which is defined as:
𝑅𝑖𝑡 − 𝑅𝑓𝑡 = 𝛼𝑖 + 𝛽𝑖 (𝑅𝑚𝑡 − 𝑅𝑓𝑡 ) + 𝑠𝑖 𝑆𝑀𝐵𝑡 + ℎ𝑖 𝐻𝑀𝐿𝑡 + 𝑝𝑖 𝑈𝑀𝐷𝑡 + 𝑚𝑖 Oil & 𝐺𝑎𝑠𝑡 +
𝑖 Basic

Materials𝑡 + 𝑜𝑖 Industrials𝑡 + 𝑟𝑖 Consumer Goods𝑡 +

𝑢𝑖 Health Care𝑡 + 𝑣𝑖 Consumer Services𝑡 + 𝑤𝑖 Telecom𝑡 + 𝑦𝑖 Utilities𝑡 +
𝑧𝑖 Technology𝑡 + 𝜀𝑖𝑡

(1)

Where Rit is the logarithm of the continuously compounded return of portfolio i at
month t, Rft is the logarithm of the continuously compounded risk-free return rate, αi is the
alpha coefficient representing excess return, βi is the beta coefficient representing systematic
risk, Rmt is the logarithm of the continuously compounded return of the market, SMBt is the
measure for the historic excess returns of small-cap over large-cap stocks, HMLt is the
measure for the historic excess returns of value stocks over growth stocks, UMDt is the
measure for the historic excess returns of winner-stocks over loser-stock and εit is the error
term that captures the return variation that cannot be explained by the model. hi to zi are the
coefficients that measure the sensitivity of the portfolio's return to the different factors and
orthogonalised industry returns.
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The three months Euro Interbank Offered Rate (Euribor) is used as the risk-free rate of
return R ft .4 The return of the market Rmt is depicted by the return of all non-financial
European constituents of the FTSE AWI, i.e. all companies in sample A. The calculation of
SMBt, HMLt and UMDt are carried out in line with Fama et al. (1992) and Carhart (1997),
respectively. Given that our sample only includes mid-size and large-cap companies included
in a major equity index, we do not exposure our anaylsis the common risk of overrepresenting small illiquid stocks by, for example, choosing incorrect breakpoints for the
calculation of SMBt, HMLt and UMDt factors (cf. Gregory et al., 2013). The discussion of
results in the remainder of this chapter focusses on regression results obtained with equalweighted portfolio returns, which have been regressed on equal-weighted market returns and
control variables, as well as equal-weighted SMB, HML and UMD factors.5 Value-weighted
returns obtained using a model with value-weighted factors are shown in the section on
further analysis. .
Industry control variables are the orthogonalised return of a portfolio constructed from
companies from a respective industry – based on the FTSE Industry Classification Benchmark
(FTSE Group, 2010) – at month t, and represent the share of the return of the industry that
cannot be explained by market developments and thus constitute purely industry-specific
return characteristics.

4

5

To convert the three months Euribor into the monthly continuously compounded risk free return an investor
would receive each per annum stated return is transformed into a 91 days return by multiplying it with
91/365.25. Subsequently, one is added to the result and the sum is taken to the power of 30.4375/91,
whereby 30.4375 is one twelfth of 365.25 days, i.e. one month. The continuously compounded monthly
risk free return is then obtained by computing the natural logarithm of the result (Hoepner et al. 2014).
A common argument against using equal-weighted returns is that any abnormal return found with equalweighted returns may be driven by micro-caps and model problems relating to micro-caps (Fama 1998).
This argument does however not apply in the context of this study, as our sample only includes mid-size
and large-cap companies.
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Data Collection & Portfolio Formation
We collected data for accounting figures and stock performance from the Thomson
Reuters Datastream data base. Data on Euribor-rates was obtained from www.euribor-rates.eu
(Triami Media 2011). For tests of robustness, we extracted the implicit tax rate on energy of
each represented country from the publications of the European Commission (Eurostat
2011b), social and governance disclosure rating scores from Bloomberg (Bloomberg 2015)
and information on which companies owned installations that were part of the EU ETS from
the publicly available data base of Carbon Market Data (Carbon Market Data 2011).
The data collection process for proxies related to climate change disclosure and
performance can be summarised as a three step process. First, we collected over 4,000
corporate reports issued by the sample firms over our period of interest. These reports
included sustainability reports, CSR reports, environmental reports and financial reports.
Second, we hand-reviewed the reports as well as the sample companies’ websites and, if no
information on GHG emissions were found, answers to the CDP (Carbon Disclosure Project
2011). We extracted GHG emissions data from these sources when they covered at least the
majority of corporate activities. In terms of data sources, GHG emissions data were extracted
from corporate reports for 84% of companies in the sample, with approximately one in five
data points stemming from annual financial reports and the remaining data points extracted
from sustainability reports, CSR reports, environmental reports or companies’ websites. For
16% of companies, emissions data was extracted from the CDP in at least one year. It should
be noted that while several European countries introduced guidelines or some form of
legislation for environmental, sustainability or CSR reporting before or during the time of this
study, a comprehensive and standardized disclosure of absolute numbers of quantitative GHG
emissions in Europe was only mandatory for companies that have installations in the EU ETS
during the period covered by our investigation. We control for the impact of EU ETS on our
results in a test of robustness.
15

Finally, we classified the GHG emissions data gathered according to its completeness
in line with the requirements of the three dominant voluntary reporting guidelines for
corporate GHG emissions, namely the GHG Protocol (WBCSD 2004), the CDP (Carbon
Disclosure Project 2011) and the GRI (GRI) (Global Reporting Initiative 2000-2006) (cf.
Liesen et al. 2015). More specifically, we classified completeness of GHG emissions
reporting in each firm year with respect to:
(i) scope, i.e. including emissions resulting from both internal corporate activities
(scope 1) and electricity purchases (scope 2),
(ii) type, i.e. including not only CO2 but also other GHGs, and
(iii) reporting boundary, i.e. including emissions on group-wide activities

6

Using these classifications, we scored companies’ disclosure completeness as follows: a
company reporting scope 1 and scope 2 emissions received one point (and zero otherwise).
Furthermore, a company reporting on GHG emissions other than just CO2 received one point
(and zero otherwise). Finally, a company disclosing emission on group-wide activities
received one point (and zero otherwise). As such, disclosure completeness scores could range
from zero to three. While the wording used by companies to describe the scope and reporting
boundary of their carbon performance is not standardized, this classification allows for a
systematic classification of the completeness of quantitative carbon disclosure. For example,
in 2005 Reed Elsevier reported scope 1 CO2-emissions (Reed Elsevier 2005, p. 46) for “more
than 75% of our key facilities which account for more than 75% of our turnover” (Reed
Elsevier 2005, p. 43), thus scoring 0 on the DCI, as the company does not report scope 2
emissions, no GHG emissions other than CO2 and no emissions for group-wide activities.
6

GRI, CDP and the GHG Protocol differ in their requirements for reporting boundaries. CDP and GHG
Protocol both demand disclosure of all corporate activities. GRI 3.1 reporting guidelines require that
disclosure covers at least all entities that “generate significant sustainability impacts” (Global Reporting
Initiative 2011, p. 18). To account for this difference in requirements in our study group-wide activities
refers to emissions data covering all or almost all corporate activities; or expressed as a percentage figure
more than 90% of manufacturing activities and more than 90% of all other activities.

16

Diageo, in their 2008 report, show scope 1 and scope 2 GHG emissions (Diageo 2008, p. 22),
stating that “environmental data cover production and distribution sites and large office
locations (those at which at least 50 employees are based)” (Diageo 2008, p. 36), thus scoring
3 on the DCI. Descriptive statistics for the portfolios constructed from companies’ scores on
the DCI are displayed in Table 1.
-----------------------------Table 1 around here
-----------------------------Based on the data gathered, we formed portfolios as of January each year, which we
updated annually7. Focusing on our first disclosure proxy, we formed two mutually exclusive
portfolios (‘Reporting GHG’ and ‘Not Reporting GHG’) based on a company’s choice to
disclose GHG emissions data. Next, we constructed portfolios based on the completeness
scores. Separate portfolios were constructed for company-years where disclosure scores were
zero, one, two, and three, respectively. For example, the ‘3 DCI Score’ portfolio contains only
companies reporting complete GHG emissions, i.e. report scope 1 and scope 2 GHG
emissions for a group-wide reporting boundary. Turning to our performance proxies, we
identified the level of absolute GHG emissions as reported by companies using the disclosures
as discussed above. Based on the amount of emissions reported, we classified the sample
companies across three categories following the approach of Fama et al. (1995) in their
categorisation of companies’ market capitalisation for the investigation of the size risk
premium: Firms with the highest 30% of emissions in the sample are classified as high
emitters, whereas companies with the lowest 30% of absolute levels of emissions are
considered as low emitters. The remaining 40% of sample companies are classified as

7

In a test of robustness reported in Table 3, we construct factors and portfolios in June of each year. The
statistical significance of results remains the same.
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medium emitters. We construct separate portfolios across the three classifications (‘High
GHG’, ‘Medium GHG’ and ‘Low GHG’).
Finally, to operationalize our GHG efficiency proxy, and similar to the process for GHG
emissions, we allocate companies across three separate categories. The 30% of companies
with the highest GHG efficiency scores (calculated as net income in Euros divided by tons of
GHG emissions) are placed in the ‘High GHG Efficiency’ portfolio, the 30% with the lowest
GHG efficiency are included in the ‘Low GHG Efficiency’ portfolio, and the remaining 40%
of companies are grouped in the ‘Medium GHG Efficiency’. Descriptive statistics for the
respective portfolios are displayed in Table 1.
5. Results
Table 2 presents the results of portfolios regressed on the C4FM extended for industry
effects. The Reporting GHG portfolio generates an annualised alpha of 1.72% (p<0.01,
adjusted R-squared of over 99%). The returns of the Reporting GHG portfolio show exposure
to the orthogonalised returns of the Oil & Gas industry, Industrials, Consumer Goods,
Telecommunication and Utilities, i.e. returns of the portfolio have been corrected for their
exposure to the performance of these industries. The Not Reporting GHG portfolio generates
an annualised loss of -2.62% (p<0.01, adjusted R-squared of over 99%). The statistically
significant exposure to the SMB factor for this portfolio is small but positive, suggesting that
the Not Reporting GHG portfolio contains companies with a smaller market capitalization,
which is intuitive as company size is known to determine environmental disclosure habits
(Brammer et al. 2006; Patten 2002). The portfolio also shows a significant positive exposure
on the HML factor, suggesting that it contains predominantly stocks with a high book to
market ratio.
-----------------------------Table 2 around here
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-----------------------------An investor going long in companies reporting GHG emissions and short in companies not
reporting GHG emissions generates an annualised alpha of 4.34% (p<0.01). Although the
GHG emissions data were obtained from publicly available sources, we concede, analogous to
Ball (1994), that there are information costs, as well as hypothetical transaction costs involved
in the gathering of information for this proxy and carrying out the investment strategy. As
such, we also assess the significance of the abnormal risk-adjusted returns assuming a rather
high annual total expense ratio of 1.5% for carrying out the investment strategy (cf.
8

Renneboog et al. 2008; Geczy et al. 2005; Statman 2000). The alpha remains statistically
significant with the expense ratio accounted for.
Our results suggest that the market is inefficient and that portfolios constructed from
companies disclosing and those not disclosing quantitative GHG emissions show differences
in risk-adjusted returns. Hypothesis H1 is consequently confirmed. The existence of disclosure
of quantitative GHG emissions is relevant to asset prices.
Table 2 also presents the results of portfolios constructed from GHG emission
disclosure completeness as operationalised in the Disclosure Completeness Index. Companies
reporting complete GHG emissions, i.e. the 3 DCI Score portfolio, show a significant
annualised return of 4.90% (p<0.05, adjusted R-squared of 94%). Furthermore, companies
with incomplete GHG emissions reporting, i.e. the 0 DCI Score portfolio, show a significant
annualised loss of -8.15% (p<0.01, adjusted R-squared of 96%). The 0 DCI Score portfolio
shows significant positive exposure on the HML and UMD factors, suggesting that it contains
8

To that end, the annual total expense ratio is split into monthly expenses and deducted from the returns of
the long-short portfolios and the regression is repeated. As a result, portfolio returns are reduced by 1.5%
annually. In our study, results of all equal-weighted long-short portfolios remain statistically significant
with the expense ratio accounted for, except for GHG efficiency, where the results of the long-short
regression and robustness tests controlling for other non-financial disclosure (SG), as well as the
completeness of GHG emissions reporting (comp. weighted), are no longer significant at conventional
levels.
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predominantly value stocks which performed well historically. Interestingly, all other
portfolios display very little exposure to the size, value and momentum effect, indicating that
companies within the respective portfolios, on average, show little abnormality in terms of
size, book to market ratio and historical performance. The fact that companies that only
partially or anecdotally report on their emissions, i.e. show a DCI Score of 1 or 2, do not
generate statistically significant returns or losses, suggests that markets need clear signals and
value information certainty.
A trading strategy that goes long in companies reporting completely (3 DCI Score
portfolio) and short in companies reporting incompletely (0 DCI Score portfolio) generates an
annualised alpha of 13.05% (p<0.01). The differences in risk-adjusted returns suggest that the
market is inefficient and values the quality of carbon disclosure as relevant. Hypothesis H2 is
9

consequently confirmed. The completeness of disclosure of quantitative GHG emissions is
relevant to asset prices.
Main regression results obtained with portfolios constructed from differing absolute
levels of GHG emissions are also presented in Table 2. Both, the High GHG and the Medium
GHG portfolio load significantly and negatively on the SMB factor, indicating that larger
companies tend to have higher levels of GHG emissions, which is intuitive. The Low GHG
portfolio generates an annualized alpha of 3.61% (p<0.10, adjusted R-squared of 98%).
However, when hypothetical information and transaction costs are accounted for, the alpha of
the Low GHG portfolio becomes statistically insignificant. In other words, when a total
expense ratio of 1.50% is assumed, no statistically significant outperformance is found. There
is also no outperformance of the long-short portfolio. Hypothesis H3 is consequently rejected,
9

The number of companies in the 3 Score and 0 Score portfolios is low in some of the years under analysis
(see Table 1), yet still sufficiently high to ensure that portfolio results are not driven by the individual
performance of a few companies. Given the use of equal-weighted returns, the possibility that portfolio
results are driven by the individual performance of a few large companies in the portfolio is further
reduced.
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as there are no substantial differences in risk-adjusted returns between portfolios constructed
from companies with high, medium and low absolute levels of emissions.
-----------------------------Table 3 around here
-----------------------------Results of tests of our final proxy for carbon performance, GHG efficiency, are also
presented in Table 2. The portfolio constructed from companies with a high GHG efficiency
generates an annualised alpha of 3.04% (p<0.05, adjusted R-squared of 97%). The Medium
GHG Efficiency portfolio shows an annualised return of 2.59% (p<0.10, adjusted R-squared
of 98%). The Low GHG Efficiency portfolio shows a negative performance but is statistically
insignificant at conventional significance levels. A trading strategy going long in companies
with a high GHG efficiency and short in companies with a low GHG efficiency generates an
annualised alpha of 4.10% (p<0.10). Results show that portfolios constructed from companies
with high, medium and low GHG efficiency show differences in risk-adjusted returns.
Hypothesis H4 is consequently confirmed. The market regards information on companies’
GHG efficiency as relevant to asset prices.
It must be noted these main results are contingent upon the choices for our research
design as discussed in the section on research methods. We believe, however, that choosing a
local version of C4FM applied to a sample that excludes micro-caps and controls for industry
effects (cf. Carhart 1997; Derwall et al. 2005; Fama et al. 2010; Fama et al. 2011, Geczy et al.
2005; Gregory et al., 2013; Hoepner et al. 2011) adheres to a current best available standard.
To add further credence to our main results, we run a series of robustness tests, and we
discuss these in the following section.
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Further Analysis
The analysis above shows that the relevance of information on carbon disclosure and
performance in terms of GHG efficiency does not stem from factors known to determine
abnormal risk-adjusted returns or the industry composition of the portfolios constructed. In
this section, we perform further tests of robustness. Given the importance of the EU ETS to
the financial impact of climate change on companies in Europe, as well as the fact that
companies affiliated to the EU ETS are required to report scope 1 CO2-emissions for parts of
their activities (DEFRA 2011) and thus might have a spurious relation to portfolio
10

construction, we control for companies’ affiliation to the EU ETS in model (2). To that end,
orthogonalised returns of an equal-weighted portfolio constructed from companies not
affiliated with the EU ETS are deducted from orthogonalised returns of an equal-weighted
portfolio constructed from companies affiliated to the EU ETS and the resulting factor (ETS)
is added to the original C4FM model:

𝑅𝑖𝑡 − 𝑅𝑓𝑡 = 𝛼𝑖 + 𝛽𝑖 (𝑅𝑚𝑡 − 𝑅𝑓𝑡 ) + 𝑠𝑖 𝑆𝑀𝐵𝑡 + ℎ𝑖 𝐻𝑀𝐿𝑡 + 𝑝𝑖 𝑈𝑀𝐷𝑡 + 𝑚𝑖 𝐸𝑇𝑆𝑡 + 𝜀𝑖𝑡
(2)
Where ETSt is calculated by deducting orthogonalised returns of an equal-weighted portfolio
constructed from companies not affiliated with the EU ETS from orthogonalised returns of an
equal-weighted portfolio constructed from companies affiliated to the EU ETS. As shown in
Table 3, results concerning our proxies relating to disclosure and the quality of disclosure
remain statistically the same when controlling for the effect of affiliation to the EU ETS.
-----------------------------Table 3 around here
10

During the time of the study the EU ETS showed a clear industry focus. For example, for three out of the
nine industries in our sample, less than 2% companies were affiliated with the EU ETS. We therefore do
not control for industry affiliation in model (2).
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-----------------------------The results of performance-based portfolios are insignificant when the effect of affiliation
to the EU ETS is controlled for (see Table 3). This finding suggests that the value relevance
identified with regard to GHG efficiency - but not disclosure - is erased when companies’
affiliation with the EU ETS is taken into account. In other words, the performance of
portfolios constructed from GHG efficiency is correlated with affiliation to the EU ETS, thus
suggesting that EU ETS legislation is related to GHG efficiency, which seems plausible.
While the EU ETS is the primary regulatory tool at the European level, fiscal ambitions to
reduce carbon emissions differ across European countries. To control for these national
differences, we use the level of implicit taxes on energy consumption (cf. Jeffrey et al. 2014)
which is calculated by Eurostat as the energy tax revenues of a country in relation to its final
energy consumption (Eurostat 2011a). Given that 79% of GHG emissions in the EU arise
from energy (Eurostat 2011b), the implicit taxes on energy can indicate a country’s level of
ambition to reduce GHG emissions through national fiscal policies. Descriptive information
on the country composition of our sample and the national implicit energy tax levels are
shown in Appendix A. We derive country composition from the location of company
headquarters. Accordingly, while this control captures national differences in fiscal policies, a
potential shortcoming arises as companies in the sample have different levels of international
activities and taxes are levied locally.
To control for countries' differing ambitions to reduce global warming through national
fiscal policy, orthogonalised returns of equal-weighted portfolios constructed from companies
originated in countries with an implicit energy tax rate below the median of the sample are
deducted from orthogonalised returns of equal-weighted portfolios constructed from
companies originated in countries with an implicit energy tax rate above the median of the
sample and the resulting factor (Entax) is added to model (1). In doing so, we address the
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concern that differences in national environmental regulation impact our results. The
statistical significance of results remains the same for the disclosure portfolios, while the
portfolio constructed from GHG efficiency loses its statistical significance (see Table 3),
suggesting that taxes on energy consumption are related to GHG efficiency, which seems
plausible.
While the focus of our study is carbon disclosure and performance, disclosure on other
non-financial issues might drive the results obtained. To control for this potential effect, we
use an average of the social and governance disclosure score of Bloomberg (Bloomberg
2015).To that end, orthogonalised returns of equal-weighted portfolios constructed from
companies with an average of Bloomberg social and governance score below the median of
the sample are deducted from orthogonalised returns of equal-weighted portfolios constructed
from companies with an average of Bloomberg social and governance score above the median
of the sample and the resulting factor (SG) is added to model (1), while including companies
where no score was available in a third portfolio (No Info SG). In doing so, we address the
concern that the level of other non-financial disclosure drives our results. As can be seen from
Table 3, results remain statistically the same for all portfolios.
In an additional test of robustness, the effect of the financial market crisis is controlled for.
Following Hoepner and Zeume (2014), an additional control variable for financial market
crisis is included in model (1), which corresponds to the accumulated drawdown of the stock
market at month t. The control variable (Crisis) is coded zero in each month in which the
market return Rmt is above the risk free return Rft. If the market return Rmt is below the risk
free return Rft, the respective month is defined as a month of financial market crisis and the
control variable corresponds to the absolute value of accumulated continuously compounded
stock market excess return since the last month coded zero. The resulting factor is multiplied
by -1 for ease of interpretation. Exposure on the Crisis factor is significant and positive for all
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portfolios except the existence of reporting, suggesting these portfolios outperform the market
in months of financial market crisis, i.e. the crisis is not reducing the value relevance of the
information assessed in this study.
To further test the robustness of our results, we construct and update all factors and
portfolios in this study as of June of each year (June) in model (1). As can be seen from Table
3, our primary results hold and show higher risk-adjusted returns for all portfolios. We next
control for the effect of outliers and construct the respective long-short portfolios using all
companies except the smallest 5% and largest 5% of companies of the sample in terms of
market capitalization (June, outlier). As reported in Table 3, results of equal-weighted
portfolios remain statistically the same, except for portfolios constructed from levels of GHG
efficiency, whose statistical significance is lowered to p = 0.12. To control for the effect of
alternative weighting procedures on our results, we repeat this analysis with value-weighted
portfolio results regressed on value-weighted control factors in model (1) built in June (valueweighted, June, outlier).11 Results remain qualitatively the same for portfolios constructed
from disclosure proxies (see Table 3). Interestingly, value-weighted results for portfolios
constructed from absolute levels of GHG emissions and GHG efficiency show higher
differences in risk-adjusted returns (see Table 3). For example, an investor going long in
companies with high GHG efficiency and short in companies with low GHG efficiency
generates an annualised alpha of 8.46% (p<0.01).
Finally, as shown in Table 1, only a small percentage of our sample firms are reporting
GHG emissions data in a complete manner. As such, it is possible that results for portfolios
constructed from companies with low absolute levels of GHG emissions and high GHG

11

When portfolio returns are value-weighted they are winsorized using all companies except the smallest 5%
and largest 5% of companies in terms of market capitalization. The largest 5% of over 340 companies in
the sample present between 29% and 37% of the sample market capitalization in the months under
investigation. We eliminated these outliers from the sample to ensure that these are not main drivers of our
value-weighted results (cf. Edmans 2011; Gibson Brandon & Wang 2013).
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efficiency are driven by incompletely reporting companies. To control for this potential bias,
we weight our carbon performance based portfolios according to reporting completeness and
repeat the analysis in model (1). More specifically, the score of a company on the DCI is
divided by the sum of all scores of companies on the DCI in a respective portfolio at month t.
The resulting disclosure completeness weight is multiplied with the returns of the respective
stocks in the portfolio. The continuously compounded monthly return of an equal-weighted
portfolio is then generated by computing the natural logarithm of the sum of the disclosureweighted returns of all stocks in the portfolio. As a result, the returns of a portfolio
constructed from absolute levels of GHG emissions and weighted by disclosure completeness
cannot be primarily driven by companies that report GHG emissions in an incomplete
manner. Regression results are presented in Table 3. The statistical significance of results
obtained with absolute levels of GHG emissions or GHG efficiency remains the same when
controlling for the completeness of disclosure.
6. Conclusion and Discussion
Our analysis provides evidence that the existence and quality of corporate carbon
disclosures, as well as the information on the level of GHG efficiency, is regarded as relevant
to asset prices and not priced appropriately during the time of this study. We find only very
limited support for information on absolute levels of GHG emissions being considered value
relevant by financial markets over the same period. In summary, our findings thus suggest
that disclosure proxies on corporate climate risk exposure are considered more relevant by
financial markets than climate change performance expressed as absolute levels of GHG
emissions. Possible explanations for this finding are that markets value information certainty,
which in turn leads to among other things, better analyst forecasts (Dhaliwal et al. 2012) and
lower estimation risk (see e.g. Barry et al. 1985), while absolute levels of GHG emissions are
not considered an adequate proxy for climate change risk by market participants. Another
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explanation may be that market participants are not able to correctly evaluate the risk attached
to absolute levels of GHG emissions or that disclosure serves to reduce investor uncertainty
regardless of the level of absolute GHG performance.
Our results have three main implications relating to companies, investors and regulators.
For companies, results show that information costs involved in corporate carbon disclosure
and efficiency management do not present a burden on corporate financial resources, as they
are relevant to asset pricing. Companies reporting (complete) GHG emissions in line with the
GHG Protocol, GRI and the CDP generate significant risk-adjusted abnormal returns. At the
same time, our results suggest that incompletely reporting companies were penalised by
financial markets during the time of this study. We also find evidence, though less strong, that
information on carbon performance is valued by the market. Results should thus motivate
companies to engage in this type of high-quality non-financial disclosure and management.
For investors, results suggest they should no longer neglect information on carbon
disclosure and performance when making investment decisions. In the state of market
inefficiency evidenced in our study, investors could obtain abnormal risk-adjusted returns of
up to 13.05% per year by exploiting the inappropriately priced positive effects of (complete)
GHG emissions disclosure and good corporate climate change performance in terms of GHG
efficiency. For example Schwert (2003) showed that inefficiencies disappear once they are
published, i.e. research causes the market to become more efficient as a result of market
participants acting on the arbitrage opportunities evidenced. Interestingly, when exploiting the
arbitrage opportunities evidenced in this research, the interests of SRI and mainstream
investors would appear to be aligned. The value-driven SRI investor (Derwall et al. 2011)
would tend to invest in companies reporting (complete) GHG emissions and showing a
comparatively good climate change performance for ethical reasons. The mainstream
investor, out of purely financial motivation, would also invest in these companies in order to
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benefit from the inefficiency of the financial market to correctly price the positive effect of
(complete) GHG emissions reporting and good climate change performance expressed as
GHG efficiency. During this period of exploiting the market inefficiency identified, the
interests of both types of investors would consequently be aligned, simultaneously resulting in
a reduction of the exposure of their portfolios towards the information and estimation risk
associated with companies that do not report (complete) GHG emissions and have low GHG
efficiency.
As discussed, according to the EMH market participants will erase the abnormal riskadjusted returns identified by acting on arbitrage opportunities and, as a result, the financial
market will at some point be efficient. In this scenario of market efficiency, investors will no
longer be able to generate a risk-adjusted abnormal return by investing in companies that
report (complete) GHG emissions and show a comparatively good climate change
performance. However, in this scenario of an efficient market, the value-driven SRI investor
does not act irrationally by investing in companies that, for example, show high GHG
efficiency, as long as that the portfolio is reasonably diversified. Fama et al. (2007) believe
that socially responsible investors trade in parts of their risk-adjusted return for knowledge
that their investments do not violate their social or environmental conscience. If however,
lower returns stem from lower systematic information and estimation risk, as it could be the
case for companies reporting (complete) GHG emissions and showing high GHG efficiency,
the socially responsible investor is not irrational and does not receive lower levels of riskadjusted returns (Liesen 2015).
Finally, our results suggest that in the evidenced inefficient state, the stock market does
not sufficiently take into account the information and estimation risk related to carbon
disclosure and performance when allocating ownership of capital stock. Inefficient allocation
of capital comes at a cost not only to investors but to the whole economy, given that the
28

valuation of financial assets has a strong effect on investments in real assets (Bodie et al.
2008; Barro 1990). If stock prices do not accurately reflect the intrinsic value of the firm, the
beta coefficient calculated under consideration of these stock prices is incorrect.
Consequently, the cost of equity, which is often calculated based on historic betas, is also
incorrect, and in turn the overall cost of capital of companies in our sample cannot be
expected to be estimated correctly. When incorrect rates for the cost of capital of companies
are used as hurdle rates for investment decisions by corporate decision makers, the capital in
the economy is not allocated efficiently, as companies do not know their respective
opportunity costs and therefore cannot correctly determine the profitability of capital
investment decisions (Easley et al. 2004). As a result, all companies in the sample can be
expected to pursue value-destroying projects and/or incorrectly reject value-enhancing
projects, which would impede economic growth (Hayek 1941). In this context, it appears that
strong regulation on mandatory and high-quality corporate climate change disclosure –
resulting in more standardised disclosure – would not only help increasing market efficiency
(cf. Chung et al. 2012) but result in better investment decisions in the real economy, which
should present a strong motivation for policy makers.
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