TCFD Reporting: Early Evidence on the Market (Ir-)Relevance of Global
Climate-related Disclosures

Abstract

We provide the first comprehensive evidence on the determinants and market-implications of
voluntarily provided TCFD-compliant climate risk, opportunities, and financial impact disclosures
for a global sample of firms headquartered in advanced economies. Using data reported to the CDP
from 2018 through 2022, we reveal significant issues with the quality and reliability of company-
provided responses to TCFD-related information requests. While we nevertheless show that the
number of transition risks disclosed is negatively associated with market values, consistent with
the market viewing these as unrecorded liabilities or unrecognized asset impairments, other TCFD
disclosures are not associated with market metrics. Physical risks, climate-related opportunities,
and company-provided estimates of the financial impacts of climate risks and opportunities are
generally not associated with market values or bid-ask spreads. Our findings suggest that the
market does not seem to be attentive to, to comprehend, and/or to consider these estimates to be of
sufficient credibility or materiality for them to be reflected in prices, or alternatively that physical
risks and opportunities are viewed as sufficiently long-term and uncertain in nature that they are
present valued to zero.



1. Introduction

Climate-related considerations have become a primary concern of sustainable investors.
Addressing the lack of high-quality and comparable material climate risk information available to
investors (CFTC, 2020; Herren Lee, 2021; IFRS Foundation, 2021), California has passed two
climate-related disclosure bills, the U.S. SEC is preparing to issue new climate-related disclosure
regulations for its registrants, the International Sustainability Standards Board (“ISSB”), backed
by the International Organization of Securities Commissions (“IOSCO”) and many individual
securities regulators around the world, has recently issued their IFRS S2 climate disclosure
standard, and numerous countries have issued mandatory climate disclosure rules for companies
in their jurisdiction (ISSB, 2022a; US SEC, 2022; TCFD 2022; European Commission, 2023;
Engler 2023). Importantly, all of these standards and regulations are based upon the framework
of the Task Force on Climate-Related Financial Disclosures (“TCFD”). This study provides the
first comprehensive global evidence related to corporate voluntary TCFD-related climate
disclosures by companies headquartered in advanced economies. We provide evidence related to
the market-relevance of these disclosures, as well as the firm- and country-level characteristics
associated with the voluntary provision of TCFD disclosures. The latter results provide insights
into which currently non-disclosing companies are likely to face greater adjustment costs in the
face of the new standards and regulations, as well as which companies’ stakeholders potentially
have the most information to gain from the new disclosures. The market-related tests highlight
the extent to which investors price voluntary TCFD-aligned climate-related disclosures. Our
findings are important in light of the now-effective IFRS climate disclosure standard, the recent
issuance of the Task Force on Nature-related Financial Disclosures (TNFD) framework that
parallels the TCFD, and in anticipation of various other regulations and mandates of TCFD-based
climate disclosures around the world.

Globally recognized as the “gold standard” for climate-related disclosures (Mooney &
Nauman, 2020), the TCFD recommendations were born out of a market need for enhanced
company-provided information when it became clear that markets were not adequately pricing in
climate-related risks (CFTC, 2020). The TCFD was established by the Financial Stability Board

(“FSB”) in 2015 with a mandate to fill the gap in climate-related disclosures.! A private-sector-

! According to their website, the FSB, “through its members, seeks to strengthen financial systems and increase the
stability of the international financial markets... The FSB promotes international financial stability; it does so by
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led taskforce, the TCFD published its recommendations on climate-related financial disclosures
in 2017, and a growing number of companies have been voluntarily reporting under its guidelines
since 2018. Distinguishing features of the TCFD’s climate-related financial disclosure
recommendations are that they are designed to elicit company-provided information about the
risks and opportunities that the firm faces as a result of climate change — i.e., these are disclosures
related to the impact of climate change on the firm, rather than information about the firm’s
impact on the environment such as the greenhouse gas emissions that have been the topic of
considerable prior capital markets research (e.g., Matsumura et al., 2014; Jung et al., 2018; and
Aswani et al., 2023, amongst many others). Although other stakeholders may also find the
TCFD-solicited information to be of interest, the TCFD’s specific mandate is to help to improve
the quality and consistency of corporate disclosures related to climate information targeted at the
firm’s financial stakeholders, including lenders, shareholders, and insurers. Since its inception,
the Michael Bloomberg-chaired TCFD has received an extremely high and continuously growing
level of support.? Most notably, given the SEC’s mandate to protect investors (i.e., rather than the
environment or society at large) and the ISSB’s focus on enterprise value as the sole determinant
of materiality underlying their sustainability standards and recommendations (ISSB, 2022b), it is
not surprising that the TCFD framework that focuses on the impact of climate change on the firm
would form the backbone of these new standards and regulations. Following the ISSB’s
publication of their TCFD-aligned climate-related disclosure standard, the FSB considers the
TCFD’s mission to be complete and the FSB has thus transferred the TCFD responsibilities to the
ISSB (IFRS Foundation, 2023).

coordinating national financial authorities and international standard-setting bodies as they work toward developing
strong regulatory, supervisory and other financial sector policies...” (Financial Stability Board, 2021).

2 For example, in his 2020, 2021, and 2022 letters to CEOs, Blackrock’s Larry Fink asked all companies to report in
alignment with the recommendations of the TCFD (Fink, 2020, 2021, 2022). In a statement to the Institute of
International Finance on April 22", 2021, Janet Yellen endorsed the TCFD climate reporting framework (Yellen,
2021). In February 2020, Mark Carney declared that “Every major systemic bank, the world’s largest insurers, its
biggest pension funds and top asset managers are calling for the disclosure of climate-related financial risk through
their support of the TCFD.” Following its pledge to cut emissions by 40%-45% by 2030 and its commitment to net
zero by 2050, on May 13, 2021, the Government of Canada established the Sustainable Finance Action Council,
indicating that the Council’s “early emphasis will be on enhancing climate-related disclosures in Canada’s private
and public sector, in alignment with the TCFD recommendations” (Segal, 2021). In December 2020, the UK’s
Financial Conduct Authority issued a policy statement requiring companies with a UK premium listing to include a
statement in their annual financial report whether their disclosures are consistent with TCFD recommendations
(FCA, 2020). This is part of a broader roadmap to make TCFD-aligned disclosures mandatory in the UK by 2025
(HM Treasury, 2020).



The TCFD’s reporting guidelines solicit the disclosure of climate-related risks,
opportunities, and financial impact estimates. More specifically, the TCFD divides climate-
related risks into two major categories: 1) risks related to the transition to a lower-carbon
economy; and ii) risks related to the physical impacts of climate change (TCFD, 2017, p. 5).
Transition risks include regulatory and legal risks, such as the financial impact of carbon taxes or
climate-related litigation (e.g., PG&E’s triggering of California wildfires that resulted, in part,
from a prolonged drought). Also included in this category are market risks (e.g., related to the
supply and demand for commodities); technology risks, such as the development of renewable
energy, battery storage, and energy efficiency; as well as reputational risks related to changes in
consumer and societal preferences during the low carbon transition. Physical risks may be event
driven (acute) or due to longer-term shifts (chronic) in climate patterns. An example of the latter
is where an increase in global temperatures over time will result in a sea level rise that could
eventually lead to asset submersion for companies owning real property in low-laying or coastal
locations. Examples of acute risks include the increasing frequency and intensity of hurricanes
affecting the Southeastern U.S., flooding in Bangladesh, Germany, China, and elsewhere, or the
wildfires engulfing Australia and California. The TCFD also recognizes that there are climate-
related opportunities related to resource efficiency, alternative energy sources, new low-emission
products and services, new markets, and in developing resilience, and the framework explicitly
attempts to elicit company-provided insights into both climate-related upsides as well as risks,
and also calls for estimates of the financial impacts of these risks and opportunities on the firm.

To the best of our knowledge, the only large-scale global repository of corporate TCFD
disclosures is that provided by the CDP, which consists of voluntary disclosures provided by
companies in response to the CDP survey.? We use the CDP survey and response status data for
companies headquartered in advanced economies from the inception of the TCFD framework’s
implementation in 2018 to 2022. Our sample consists of over 17,000 firm-year observations for
5,454 individual non-financial and non-real-estate firms headquartered in 26 different advanced
economies. Of the surveyed firms included in our sample, 57.1% responded to the CDP’s survey,
with over 37% of surveyed firms providing disclosures related to the climate change risks that

they’re facing, and over 39% of firms identifying climate-related opportunities. The number of

3 As we explain in greater detail in Section 2, the CDP (formerly known as the Carbon Disclosure Project) is an
NGO that sends surveys to thousands of firms around the world every year, soliciting carbon emissions data and
other firm-specific climate-related information.



companies in our sample providing TCFD-related disclosures in their CDP survey responses has
grown steadily from 1,049 in 2018 to 1,931 in 2022, although this overall net growth in disclosers
masks the fact that there is also a non-trivial amount of attrition — 259 active firms that provided
TCFD information in one year failed to report on this information in the subsequent year.*

Our first set of investigations examine the determinants of firms’ respective decisions to:
i) respond to the CDP questionnaire; ii) identify physical and/or transition risks in accordance
with the TCFD framework; iii) provide the TCFD-solicited estimates of the financial impact of
the identified climate risks; and iv) identify climate change related opportunities available to the
firm. Consistent with the results from prior (typically single-country) studies of firms’ other
environmental disclosure decisions (e.g., GHG emissions), we find that firm size and institutional
ownership are both positively associated with the likelihood of CDP response and the provision
of TCFD disclosures, while internally generated intangible assets and growth opportunities are
positively associated only with the decision to respond to the CDP survey and to provide climate-
related opportunities. We further find that less liquid and less profitable firms, those with higher
levels of capital expenditures, and companies that are headquartered in countries with more
freedom of expression, freedom of the press, and higher regulatory effectiveness are all more
likely to voluntarily provide TCFD-compliant disclosures, while those with blockholders are less
likely to be forthcoming. Indicators of the firm’s overall commitment to sustainability, such as
having a sustainability sub-committee of the board of directors, the establishment of an
environmental management system, the production of a sustainability report, and overall
environmental performance are each also incrementally significant determinants of firms’
disclosure propensities across all decisions. Although we present this as descriptive evidence, the
findings related to TCFD disclosures are new to our study and they are important because, as
suggested by Christensen et al. (2021), “[o]bserved disclosure practices provide insights into
when firms are more likely to find CSR reporting beneficial, which in turn can be useful in
understanding which firms would likely be more or less affected by a mandate.” Our findings

thus provide insights on firm- and country-level characteristics that are likely to be associated

4 Our large-sample-based observation that some previously TCFD disclosing firms no longer opt to report this
information to the CDP echoes anecdotal accounts documented elsewhere (e.g., Metzner and Mikes, 2021) that
companies are disinclined to continue their participation in the CDP surveys because the costs of doing so outweigh
the expected benefits.



with the highest levels of transition costs and informational benefits when the various TCFD-
based standards and regulations that are pending become mandatory.

We next examine the market implications of responding to the CDP survey, and
separately the market implications of the more specific TCFD-compliant climate risk,
opportunity, and financial impact disclosures. With respect to the CDP survey, firms that respond
are evidently measuring and tracking important data related to CO2e emissions, climate-related
business strategies, targets, risks, opportunities, and/or other aspects of performance for internal
decision-making purposes. As such, the mere act of disclosing to the CDP may provide a signal
to the capital markets that disclosing firms are more focused on, and/or adept at, managing
climate-related issues, leading to a reduction in information risks about this facet of the firm’s
activities and thus to higher market values, ceteris paribus. Additionally, or alternatively, the
CDP survey responses may convey specific information that helps to reduce shareholders’
information risks about the firm’s exposure to climate change risks and opportunities, which
would also lead to higher firm value, ceteris paribus.

We find evidence consistent with CDP disclosure reducing information asymmetries; an
indicator for firms responding to the CDP survey is reliably negatively associated with equity
bid-ask spreads, except in the case of U.S. and Japanese firms. These findings are new to our
study, and their importance is heightened because we additionally document that the CDP
disclosure indicator is not reliably positively associated with market values. Specifically, the
significance of the CDP indicator in balance sheet valuation models is not robust to the choice of
scalar in valuation regressions (e.g., Barth & Clinch, 2009), to controlling for observable self-
selection, and to other aspects of the empirical specifications.’ We thus show that any positive
valuation effect derived from improved transparency through a reduction in information
asymmetries does not robustly translate into higher firm value. Taken together, our findings
meaningfully expand our understanding of the impacts of climate-related disclosures as they
suggest that, on average, CDP disclosures contain “bad” news that offsets the positive firm value
effects of increased transparency.

Predictions related to the climate-related disclosures solicited by the TCFD framework are

even less straightforward. Considering that managers primarily have incentives to talk up their

3> Our findings for the CDP survey response broadly mirror those of Aswani et al. (2023) in the context of carbon
emissions.



firm’s share price (Baginski et al., 2016), the negative connotations implied by the firm’s specific
identification of material physical and transition risks and their financial impacts should make
these risk disclosures inherently credible (i.e., at least as a lower bound on the firm’s risk
exposures). Thus, a priori, the test of value relevance for these risk disclosures could be
considered a “straw man,” with the refutation of the risk counts’ value relevance being highly
improbable, particularly in light of the extremely high level of support for TCFD-compliant
disclosures in combination with the alleged investor demand for climate risk information. On the
other hand, leading regulators, practitioners, and academics claim that climate risks are not being
fully priced (Arnold, 2020; CFTC, 2020; International Monetary Fund, 2020; Schnabel, 2020),
and specifically that there is a lack of awareness of, or appreciation for, the TCFD framework
(Hook & Vincent, 2021; OMB Research, 2021). Ultimately, whether these disclosures are
associated with market metrics for our global sample of firms remains an empirical question that
we address with this study.

We first examine whether an indicator set to one when the firm volunteers the disclosure of
any climate-related risks is informative to the capital markets. Across a multitude of alternative
specifications that control for self-selection on observables and for factors correlated with both
market measures and our disclosure metrics, we find only weak evidence that the indicator is
associated with a reduction in firm value, and there is mixed evidence that the climate risk
disclosure indicator is significant in explaining equity bid-ask spreads. We therefore extend our
analyses to consider whether each of the number of physical risks and/or the number of transition
risks disclosed by the firm are significant in explaining market values and/or bid-ask spreads.
Market value regressions reveal that the number of transition risks disclosed by the firm explains
the negative association between climate risk disclosure and value reduction. This negative
impact of transition risks on firm value is consistent with their being viewed as unrecognized
liabilities or as unrecorded asset impairments. By contrast, the number of physical risks disclosed
is not associated with the firm’s market capitalization. This latter finding may be explained by the
likelihood that physical risks may be either insurable and/or diversifiable, whereas transition risks
tend to be inherent in the firm’s operations and more systemic in nature. The specific transition
risks that exhibit the most economically and statistically significant negative association with

market value are the number of reputation, legal, and regulatory risks identified by the firm, a



finding that is in line with survey evidence showing that institutional investors believe that
climate-related regulatory risks have already materialized (Krueger et al., 2020).

Our final set of tests reveal some important limitations to the TCFD-solicited climate
change information. First, the firm-provided financial impact estimates of the disclosed climate-
related risks that are supposed to be useful to market participants are insignificant in both market
value and bid-ask spread regressions. Their insignificant association with market metrics suggests
that these estimates are either too noisy, and/or that they are considered to be of sufficiently low
probability of occurrence or remote in time as to have a zero net impact on firm value.
Alternatively, given the voluntary nature of these disclosures, their lack of prevalence across
firms, the channel through which they’re being disclosed, and claims that many investors are
uninformed about the TCFD framework, it is possible that investors either don’t understand the
TCFD disclosures that firms are voluntarily furnishing to the CDP or that they are inattentive to
this information due to its lack of salience.® Finally, we find that climate-related opportunities
identified by CDP survey respondents are not associated with either market values or bid-ask
spreads, consistent with these disclosures being viewed as “cheap talk” and/or with the
disclosures being too vague or boilerplate as firms try to avoid providing detailed information
related to as-yet-unrealized opportunities that could compromise their competitive advantage.
Overall, and contrary to the notion that forthcoming global TCFD-based standards will serve as a
panacea for the current lack of climate information available to capital markets participants, our
study provides mixed evidence related to the market-relevance of voluntary TCFD disclosures
currently being provided to the CDP.

Although caution must be exercised when attempting to draw inferences related to the
expected results from mandating disclosures based upon studying existing voluntary disclosures
(Christensen et al., 2021), the combined findings from our study nevertheless offer important
insights related to the future of global climate-related reporting. First, our analyses of disclosure
determinants identify the characteristics of firms that are likely to face more significant transition
costs and benefits when the various TCFD-based disclosures become mandatory in different
jurisdictions around the world. Second, we document that some TCFD information does appear

to be credible and reflected in market metrics, even in its current voluntary and largely unaudited

® As discussed in the next section, the CDP questionnaire is well over 100 pages long during the years of our sample,
and prior research shows that saliency is important to sustainability information being reflected in investors’
decisions (e.g., Hartzmark and Sussman, 2019; Amel-Zadeh et al., 2022).
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form, offering a solid endorsement to the standardization and mandating of these disclosures
going forward. Importantly, however, we also identify some TCFD information that is potentially
too noisy or otherwise insufficiently credible to be reflected in prices, factors that standard setters
and regulators may wish to consider as the world moves towards the implementation stage of the
forthcoming TCFD-based mandatory disclosures. Given that costs of disclosure are non-trivial,
the potential net benefits from mandating TCFD-based disclosures, without some commensurate
education to preparers and capital market participants to ensure that relevant and reliable

disclosures are being provided and understood, would seem to be far from obvious.

2. Background and Related Literature

2.1 Background Information Related to Corporate Climate Reporting

Similar to the rest of the ESG reporting landscape of which it is a part, corporate climate-
related reporting has been the subject of numerous alternative frameworks and reporting
standards.” To address perceived weaknesses associated with existing all-purpose sustainability
disclosure frameworks, a number of standard-setting organizations were established to focus on
the most “pressing” element of the ESG agenda; namely, climate change (Barker & Eccles,
2020).

Founded in 2000, the Carbon Disclosure Project (later simply “CDP”) was an early attempt
to promote and gather corporate disclosures on climate-related issues. The CDP encourages
companies to voluntarily disclose their impact on climate change, particularly by measuring,
reporting, and setting reduction targets for their greenhouse gas (“GHG”) emissions. The CDP
relies on its investor signatories to request firms to be surveyed.® Criteria for inclusion in their

survey sample are that the firm’s securities are publicly traded, that the firms are amongst the

7 The Global Reporting Initiative (GRI), the Sustainability Accounting Standards Board (SASB), the International
Integrated Reporting Council (IIRC), the Climate Disclosure Standards Board (CDSB), as well as the UN Global
Compact through its Principles for Responsible Investing initiative, all speak to climate risk disclosure issues in one
way or another. The EU’s Non-Financial Reporting Directive (NRFD), subsequently replaced by the EU Corporate
Sustainability Reporting Directive (CSRD), is also important to this landscape, as are the Partnership for Carbon
Accounting Financials (PCAF) and Glasgow Financial Alliance for Net Zero (GFANZ) for financial institutions.
Barker and Eccles (2018) provide a more extensive review and discussion of the various ESG-related standard-setting
agencies, although the landscape has evolved considerably since that time.

8 The CDP’s investor request process is described in greater detail on their website at
https://www.cdp.net/en/investor/request-environmental-information#d52d69887a88163e15931b5db2cbe80d
(accessed May 6%, 2023). The CDP also surveys companies through its supply chain programme, but this data is not
made available outside of a company’s supply chain and is not further considered in this study.
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largest firms in their country of headquarters (by market capitalization), and/or constituents of
regional or stock market indices around the world, and/or have high GHG emissions, or they have
previously responded to the CDP survey (i.e., a continuity criterion).” According to the CDP,
more than 680 financial institutions with more than $130 trillion in assets have asked nearly
10,400 companies worth $105 trillion in market cap to disclose environmental data through the
CDP. !

Initially focused on the company’s impact on the environment, CDP disclosures are of
interest to a wide variety of stakeholders, including shareholders.!! Indeed, there is a significant
body of academic research documenting the price-relevance of emissions disclosures to both
equity (e.g., Clarkson et al., 2013; Matsumura et al., 2014; Bolton & Kacperczyk, 2021, amongst
many others) and debt markets (e.g., Herbohn et al., 2019), although Aswani et al. (2023)
question the validity of the inferences drawn from some of these studies.

From the perspective of analyzing the financial risks and opportunities that climate issues
pose for a firm, however, such carbon emissions disclosures are necessary but not sufficient. A
critical missing element from climate-related corporate disclosure frameworks that focus on the
firm’s impact on the environment and/or society is the disclosure of information related to the
impact of climate change on the firm. The development of the TCFD framework was premised
upon the assumption that a firm’s identification and description of the material physical and
transition risks that it faces, as well as their estimates of the financial impacts of climate risk, if
credibly conveyed, would be informative, relevant, and necessary to decisions about the firm in
equity, credit, and insurance markets.

Beginning in 2018, the CDP survey was expanded to include questions designed to elicit
the information proposed by the TCFD framework. Survey participation is entirely voluntary, it is

not directly tied to any country-specific legislation, and companies report that the survey is

° Further details related to the CDP’s most recent survey procedure can be found at https://cdn.cdp.net/cdp-
production/comfy/cms/files/files/000/007/601/original/CDP_sample_setting_methodology_climate change 2023.pd
f.

10 https://www.cdp.net/en/articles/media/More-than-680-financial-institutions-call-on-nearly-10400-companies-to-
disclose-environmental-data-through-CDP (accessed May 6th, 2023).

11 Shareholders may be interested in the firm’s CO,e emissions because of the increase in carbon emissions tax and
allowance schemes that may affect the firm’s cost structure and viability, because of changing consumer preferences
for more environmentally friendly products (potentially affecting each producer in the supply chain), because of
changing financial capital providers’ tastes favoring greener companies, or due to any other similar reasons that
result in the firm’s own CO»e emissions potentially influencing the firm’s financial prospects due to their importance
to the firm’s many stakeholders.
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extremely time- and resource-intensive to complete. By way of example, the .pdf version of the
CDP Climate Change Questionnaire for 2022 is 149 pages long. Corporate respondents complete
the CDP survey via an online form that includes closed- and open-ended questions. The closing
deadlines for responding to the survey have varied over the years, but generally fall between July
and August. The CDP consolidates responses by late fall, after which time their data becomes
available. Respondents can elect whether to make their responses available to the public or
stipulate that the data remain “private.” In the former case, an individual company’s annual
responses can be freely accessed on the CDP’s website, while access to a complete dataset of
corporate responses is available to the public (e.g., academics) only for a fee. In the latter case,
however, even though the company chooses to have its responses remain “private,” all of the
CDP’s investor signatories are given access to the company’s responses. Current signatories
would appear to include virtually all major money managers and institutional investors from
around the world, so for all intents and purposes from a capital markets perspective this “private”
information could be considered to be publicly-available.!? For the 5 years covered by our study,
of the 57.3% of firm-year surveys that yielded a response, 44.4% granted public access to their

data and 12.9% requested that access be limited to signatories. '

2.2 Voluntary Disclosure Literature

Hahn et al. (2015) identify two complementary theoretical perspectives that explain
disclosure decisions: sociopolitical theories of disclosure, and economic theories of (voluntary)
disclosure. Sociopolitical theories (e.g., Gray et al., 1995) view disclosure as firms’ response to
social, political and stakeholder pressure, a perspective that suggests that climate-related
disclosure can be explained as a response to stakeholder demand for information about how
climate change affects the firm. Previous studies that explain climate-related disclosure in these

terms include Liesen et al. (2015) in a European setting, Ding et al., (2023) in a cross-country

12 A listing of capital market signatories to the CDP’s 2023 request for data is available at: https://cdn.cdp.net/cdp-
production/comfy/cms/files/files/000/007/621/original/CDP_Investor Signatories_2023.pdf, with the benefits and
process for becoming a signatory summarized here: https://www.cdp.net/en/investor/signatories-and-
members?anchor=st_member__block_section&page=1&per page=all (accessed May 6%, 2023).

13 Given that hundreds of institutional investors from around the world will have access to their responses, the
corporate decision to have the CDP information withheld from all of the firm’s other (non-capital markets)
stakeholders is rather puzzling. In Table 1 of the online appendix, we investigate the determinants of this decision.
We find that private CDP respondents are significantly smaller and have lower levels of institutional ownership than
those that make their responses publicly available. See Ott et al. (2017) for a more comprehensive discussion of the
decision to disclose publicly versus privately to the CDP.
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context, and Reid and Toffel (2009) and Cho and Patten (2007) in the U.S. context. Also
consistent with the sociopolitical perspective, countries with higher corporate governance and
disclosure norms have been shown to exert higher pressure for carbon disclosure (Choi & Luo,
2021).

Economics-based theories of disclosure, while acknowledging the forces of institutional
pressure, also argue that companies will undertake a cost-benefit analysis before opting for
voluntary reporting (e.g., Verrecchia, 1983). This perspective recognizes that demand for
discretionary disclosure of corporate information arises from the inevitable information
asymmetry that exists between corporate insiders and the firm’s other stakeholders, and suggests
that firms will optimize their disclosure policy in a manner that maximizes firm value.'* This
more narrow perspective fails to consider agents’ broader mandate of maximizing shareholder
welfare, however, which is not necessarily synonymous with shareholder value (Christensen et
al., 2021; Hart & Zingales, 2017), and the differences are likely to be considerably more
important in the context of sustainability-related disclosure decisions. Nevertheless, while it is
still reasonable to assume that corporate environmental disclosure decisions will involve a
rational cost-benefit analysis, the decisions about whether to disclose climate risk information are
complicated by a lack of consensus (and knowledge) about how to measure these risks, and
whether they are likely to be credible and material to decision makers, given that climate change
predictions are generally uncertain and involve very long time horizons (Christophers, 2019).

The costs of disclosure in general include the potential release of proprietary information, the
establishment of a measurement, tracking, and reporting system, and perhaps the additional need
to have the disclosures assured by an independent third party to render them more credible. In the
environmental realm, foreseeable costs also include potential negative reputational costs if the
firm is not perceived to be performing in line with stakeholder expectations (e.g., loss of access
to/retention of talented employees, loss of sales or higher costs to maintain the same level of
sales, higher costs of financial capital, etc.), in addition to the possible costs that could arise from
the firm being targeted by activist campaigns (shareholders, customers, or the general public)

and/or government agencies, including through the introduction of new regulations.

14 Healy and Palepu (2001) and Beyer et al. (2010) provide comprehensive and insightful summaries of the
disclosure-related literature, however Christensen et al. (2021) caution that corporate social responsibility (or
sustainability) reporting differs from financial reporting in a number of very important ways.
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2.3 The Relevance of Climate-Related Disclosures to Financial Markets
2.3.1 Signalling and Information Asymmetry Reduction Through the Act of Disclosure

Disclosure of private information reduces information asymmetry between firm insiders and
the providers of capital (Healy & Palepu, 2001). Whether it is good or bad news that is being
released, the provision of information reduces uncertainty and is expected to lead to a lower cost
of capital, ceteris paribus. Consistent with this, using a sample of U.S. firms, Dhaliwal et al.
(2011) find that the initiation of CSR reporting results in a lower cost of capital.

With respect to carbon and climate risk disclosures, signalling theory (e.g., Milgrom, 1981;
Connelly et al., 2010) would suggest that a firm that discloses its carbon emissions and/or climate
risks is signalling not only its ability to measure these emissions and risk exposures, a
prerequisite for managing them (Matsumura et al., 2014), but also its superior performance
(Clarkson et al., 2008). Moreover, climate-related disclosures provide investors with information
about potential future costs that firms may incur due to changes in regulations, consumer
preferences, or market dynamics triggered by societal efforts to mitigate climate change. Being
able to readily access this information, investors do not need to undertake costly information
searches such as purchasing (potentially very noisy) estimates of firms’ carbon emissions from
third party providers.

In line with these arguments, prior research finds that firms disclosing their carbon
emissions enjoy higher firm valuations and a lower cost of capital relative to non-disclosing
firms. Employing propensity score matching and doubly robust regressions, Matsumura et al.
(2014) document that median firm value is $2.3 billion higher for S&P 500 firms with disclosed
carbon emissions compared to firms without emissions disclosures. This is consistent with Bolton
and Kacperczyk’s (2021) finding that the voluntary disclosure of Scope 1 GHG emissions is
associated with lower stock returns.

Recent studies have extended the scope of this research from considering the capital market
implications of emissions disclosures to examining the consequences of providing information
about climate change exposure more broadly. Studying a sample of 717 European companies,
Schiemann and Sakhel (2019) document that the voluntary disclosure of firms’ exposure to
physical climate risks is associated with lower information asymmetry. Flammer et al., (2021)
conduct an event study of U.S. S&P 500 companies disclosing climate risks through the CDP

questionnaire after being targeted by environmental shareholder activists. Assessing the stock
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market response around the day on which the climate risk disclosure is released to the public, the
study finds that companies disclosing climate risks achieve higher stock market valuations post-
disclosure.

Following from both information asymmetry and signalling theories, as well as the prior
empirical environmental disclosure literature, we similarly expect that, in the context of our
international sample of firms and their decisions related to CDP questionnaire response, as well
as the disclosure of TCFD-solicited climate risk information, the act of voluntary disclosure will

lead to a higher market value, ceteris paribus.

2.3.2  Information Content of Climate-Related Disclosures

A considerable body of prior research has investigated the association between firm value
and the disclosed levels, or amounts, of environmental issues, rather than the act of disclosure
itself. Beginning with Barth and McNichols (1994), the early literature examined the capital
market implications of corporate environmental issues through the lens of unbooked liabilities
(i.e., firms’ exposure to potential future costs arising from environmental regulations). This
strand of literature has found that the exposures to such environmental liabilities are associated
with lower firm value (Barth & McNichols, 1994; Cormier & Magnan, 1997; Hughes, 2000).
Much of the subsequent literature examining the value-relevance of carbon emissions as a proxy
for environmental obligations has adopted a similar framework, hypothesizing and finding that
the amount of carbon emissions are negatively associated with firm value (Chapple et al., 2013;
Choi & Luo, 2021; Clarkson et al., 2015; Griffin et al., 2017; Matsumura et al., 2014). Although
the basic finding of a negative relation between emissions and firm value is consistent across
most studies, the economic significance of this relation differs between geographies and time
periods, and results are sensitive to how emissions are measured (Aswani et al., 2023).'3
Consistent with this, Clarkson et al. (2015) find that for firms that are subject to the European
Emission Trading Scheme, only those carbon emissions that are not covered by free emission

allowances are associated with a valuation penalty, which they estimate to be €75 per ton of

15 For example, Matsumura et al. (2014) use an unscaled measure of total Scope 1 and Scope 2 GHG emissions for a
sample of U.S. firms and find that every additional ton of emitted carbon is associated with a $212 reduction in firm
value for S&P 500 companies. Studying the same empirical setting, but scaling carbon emissions by shares, Griffin
et al. (2017) report a market-implied equity discount of $78.8 per ton of carbon emissions for the median S&P 500
company in their sample. Using a sample of 58 Australian firms, Chapple et al. (2013) document a 6.57% valuation
penalty for firms with high relative to low carbon intensity, defined as GHG emissions scaled by sales revenue.
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emissions. Similarly, using a global sample of 1,748 firm-year observations from 28 countries,
Choi and Luo (2021) find that the negative association between carbon emissions and firm value
is stronger in the presence of a national emissions trading scheme. Bolton and Kacperczyk (2022)
also document some cross-country differences in the pricing of firms’ carbon emissions, but
overall they find a consistent, positive association between carbon emissions and stock returns for
firms in all sectors across three continents (Asia, Europe, North America). Hsu et al. (2023)
further show that there is also a positive association between toxic emissions and stock returns for
a sample of US firms. All these findings of a negative association between emissions levels and
firm value are consistent with the notion that these disclosures capture imposing threats of
regulation and/or other expected real costs as the economy transitions to a lower carbon reality.

Notably, all the preceding studies examine the association of firm performance, returns,
and/or value with a measure of the firm’s impact on the environment (i.e., emissions), which is at
best an indirect and incomplete measure of the potential cost to shareholder value associated with
climate change. Considering the body of evidence supporting the value relevance of such a weak
proxy for the total climate risks being faced by the firm, it seems reasonable to expect that the
“gold standard” TCFD disclosures that we examine, which are designed to measure the more
shareholder relevant impacts of climate change on the firm, would quite obviously be associated
with firm value.

Supporting this perspective, Sautner et al. (2023) and Berkman et al. (2022) find that
broader 10-K and earnings-call based measures of firm-specific climate change exposure are
negatively priced in equity markets. Kolbel et al. (2022) use a textual analysis of U.S. firms’ 10-
K reports to investigate whether the corporate climate risks disclosed in these filings are priced
by the credit default swap (CDS) market. Differentiating between physical and transition risks, as
suggested by the TCFD framework, the authors find that transition risks increase CDS spreads,
especially after the Paris Climate Agreement of 2015, but they do not find any such significant
effect for physical risks. Li et al. (2024) similarly show that earnings-call based measures of
transition risks, but not physical risks, are negatively priced after 2010, and Matsumura et al.
(2022) further suggest that the materiality of climate risks moderates the association between
climate-risk disclosure and cost of equity. To the best of our knowledge, however, there is no
corresponding evidence specifically focusing on the full set of TCFD-aligned climate-related

risks, opportunities, and financial impact disclosures for a global sample of firms, and we note
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that earnings-call based measures are likely to contain discussions of recent and salient
developments only, instead of discussions of more fundamental long-term risks stemming from
the effects of climate change on the firm.

For several reasons, there is considerable tension underlying the expected market-relevance
of TCFD disclosures. First, and of direct relevance to the TCFD compliant disclosures that we
investigate, Aswani et al. (2023) find that emissions are only associated with returns when
emissions data are estimated by data purveyors, not when the disclosures emanate from the firm,
and further that emissions are not associated with performance when the analyses incorporate
industry effects. Consistent with the source of climate-related information being relevant,
Depoers et al. (2016) show, in the context of French listed firms, that greenhouse gas emissions
reported in corporate reports are significantly lower than those reported to the CDP.

Second, anecdotal accounts stemming from representatives of leading organizations around
the world suggest that climate change issues more broadly (i.e., beyond COze emissions) are not
being adequately priced by the capital markets. For example, BNY Mellon (2019) reports that
93% of survey participants "regard climate change as an investment ‘risk’ that has yet to be
priced in by all the key financial markets globally.” The IMF similarly reports that climate
change physical risk does not appear to be reflected in global equity valuations, leading the
organization to call for global mandatory disclosures on material climate change risk
(International Monetary Fund, 2020). The U.S. Commodity Futures Trading Commission
(CFTC) has arrived at similar conclusions, claiming that, “in the case of climate risk, neither the
expected impacts — nor the potential for extremely bad outcomes — is being priced appropriately”
(CFTC, 2020). Christine Lagarde, President of the European Central Bank, has expressed a
similar opinion in the international arena (Arnold, 2020). Consistent with these mostly anecdotal
perspectives, a recent survey of academics, professionals, and public sector regulators and policy
economists reports that, “[b]y an overwhelming margin, respondents believe that asset prices
underestimate climate risks” (Stroebel & Wurgler, 2021, p. 1). With respect to TCFD disclosures
in particular, a GSIA (2019, p. 5) investor poll reports that “87% said they do not believe that
markets are consistently and correctly pricing climate risks into company and sector

valuations.”!®

16 Further survey evidence supports these findings. For example, an HSBC survey of 2,000 investors found that just
10 per cent of respondents viewed TCFD disclosures as a relevant source of information, claiming, “[d]espite all the
talk about TCFD, at the moment we don’t see it being used in discussions with credit rating agencies, in discussion
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In summary, there is conflicting evidence related to the value-relevance of the more
pervasive and generally well-understood corporate carbon emissions disclosures. Combined with
the many anecdotes and survey evidence suggesting that TCFD disclosures are either not well
understood or not being attended to by investors, and notwithstanding the unanimously strong
support for the TCFD framework on the part of many regulatory bodies and other important
players in the global capital markets, the extent to which this alleged “gold standard” of climate

risk reporting will be reflected in market prices is far from obvious.

3. Data, Sample, and Research Design
3.1 Data

Data related to corporate voluntary reporting of TCFD-related climate disclosures was
purchased from the CDP. We use data for the reporting years 2018 through 2022 (i.e., the years
for which the CDP solicited TCFD-compliant disclosures).!” The CDP claims to do some light
review of the company-furnished data, but none of the submissions are required to be audited, nor
are they apparently subject to serious scrutiny before being consolidated by the CDP and made
accessible on their website or sold in database form. Our review of the TCFD-related responses
concerning the financial impacts of climate risks suggests that this CDP data cannot be taken at
face value. As a consequence, we undertook a detailed algorithmic assessment of the financial

impact of climate risks and financial impacts of climate change opportunities disclosures made by

with mainstream investors — it is still a very niche agenda item” (Hook & Vincent, 2021). In the U.K., where
legislation is now in place to mandate TCFD-compliant corporate climate risk disclosures by 2025, a recent survey
of defined benefit (DB) pension plan managers prepared for The Pensions Regulator found that less than 50% of all
DB schemes allocated time and resources to assessing any financial risks and opportunities associated with climate
change (although the proportion was 70% for large schemes), and that fully 71% of respondents (including 59% of
large DB scheme respondents) were not even aware of the TCFD (OMB Research, 2021).

17 The CDP labels their data based on the year in which the company reports the climate related information. The
deadline by which companies are required to respond to the survey has varied from July to August, and thus for most
companies a “2018” CDP reporting year corresponds to the company’s 2017 fiscal year. Worldscope mostly
classifies fiscal years as the calendar year in which the fiscal year ended, except for a short period after the calendar
year end. To align CDP data with financial data, we assume that companies with fiscal year end months of January
through June that are reporting to the CDP in 2018, e.g., are reporting for their fiscal year 2018, while companies
with year ends from July through December that are reporting in 2018 are reporting for their fiscal year ending in
2017. For the latter group (i.e., the majority of companies in the sample), we merge the 2018 CDP data to their 2017
financial data and refer to this as a “2018” observation because this is the year of the climate risk disclosure decision.
Our results are not sensitive to alternatively assuming that only companies with year ends from January to March file
CDP reports in the year that corresponds with their fiscal year end (which is not surprising given that relatively few
firms in the sample have year ends from April through June, and also given that many of the explanatory variables
are “sticky” from year to year).
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the firm-years included our sample.'® In the absence of alternative sources of tabulated data for
these disclosures against which we could verify the CDP submissions, our review was limited to
checking the internal consistency between the quantitative financial impact figures and the
textual explanations provided to the CDP (i.e., disclosures made within the same survey). The
details of this procedure are provided in Appendix A. Overall, out of 16,188 financial impacts of
climate risk observations, we identify a total of 6,184 (38.2%) to be potentially problematic and a
further 2,325 (14.36%) to be suspect, as summarized in Figure Al. Similarly, out of 14,236 non-
missing financial impacts of opportunities, we identify 4,913 (34.5%) to be potentially
problematic and a further 1,933 (13.6%) to be suspect, as summarized in Figure A2. In the
financial impact estimate analyses that follow, we start with models that include all financial
impact estimates, and then iteratively drop suspect observations and the various categories of
potentially problematic observations to mitigate the possibility that our financial impact estimate
results are caused by noisy and/or erroneous reporting. We caution all users of the CDP database
to do likewise.

Company financial data and capital markets data are from Worldscope and Datastream,
respectively. Data on ESG ratings, institutional ownership, and firm-specific environmental and
governance variables are obtained from Refinitiv EIKON. Data on earnings call-based measures
of firm-specific climate exposure are from Sautner et al. (2023)'°, and we obtain data on country-
level institutional features from several sources including the World Bank, as described in further

detail in Appendix B.

3.2 Sample

Our sample consists of non-financial and non-real estate companies headquartered in
advanced economies as identified in the IMF’s World Economic Outlook report (International

Monetary Fund, 2022).%° Table 1 describes our sample selection process. We begin with the

18 The unit of observation for the data verification is the climate risk financial impact disclosure or the climate
change opportunity disclosure, of which there may be several per firm per year.

19 We thank Sautner et al. (2023) for making their data publicly available at:
https://doi.org/10.17605/0OSF.I0/FD6JQ.

20 Financial firms are excluded from our sample because they are subject to significant international regulation and
other voluntary climate disclosure regimes such as the PCAF and GFANZ. We also drop real estate firms, which,
like financial firms, are economically very different from the firms retained in our sample (e.g., many of the
performance and financial structure measures included as controls in our regressions are subject to different
interpretations in the context of financial and real estate firms), so it would not be appropriate to include them in
pooled regressions.
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listing of firms to which the CDP sent survey requests for each year in our sample, as described
in the previous section. Specifically, we use the CDP’s Climate Change Response Status
database. After dropping observations without ISINs, duplicate observations, those for which
financial information is not available, and firms from countries with less than 20 total
observations or less than 10 CDP responses, we are left with 17,272 firm-year observations for

companies with publicly-listed equity.

3.3 Research Design

In order to investigate the determinants and capital-market consequences of TCFD-related
disclosures, we first estimate determinants models for the decision to disclose to the CDP, and
separately, for the decision to report TCFD-related information relating to climate risks,
opportunities, and financial impacts. To account for self-selection in the estimation of TCFD-
related capital market effects (i.e., firms self-select into responding to the CDP survey while we
observe the full set of firms that were asked to respond to the CDP survey), we employ two-step
Heckman selection models (Heckman, 1979) using the CDP disclosure decision model as the
first-stage selection model and alternatively use entropy balanced regressions (e.g., McMullin &
Schonberger, 2020; 2022).

As pointed out by Lennox et al. (2012) and Matsumura et al. (2014), Heckman selection
models require that the exclusion restriction is satisfied. That is, there needs to be at least one
variable in the first-stage model that is excluded from the second-stage model and conceptually
unrelated to the second stage dependent variable. To satisfy this condition, we follow Matsumura
et al. (2014) and include the Fama-French 48 industry-year propensity of CDP disclosure and the
percentage of foreign sales in our first-stage models, which are arguably uncorrelated with firm-
specific market valuations and bid-ask spreads.

Lennox et al. (2012) further point out that Heckman selection models are highly sensitive
to slight changes in model specification and generally suffer from multicollinearity issues. We
address concerns surrounding the validity of our Heckman model estimates in three ways. First,
we estimate limited information (i.e., two-step consistent) models instead of the more efficient

but potentially more fragile Full Information Maximum Likelihood variants.?! Second, and

21 Efficiency is less of a concern in our setting because our global sample should provide sufficient statistical power
even when considering the reduced effective sample size with standard errors clustered by firm.
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further to addressing potential multicollinearity issues while being cognizant of selection effects
and correlated variables that may confound our inferences, we alternatively employ entropy
balancing on our full set of first-stage CDP disclosure determinants and estimate all of our
specifications with OLS on the balanced sample.?? Specifically, we require the variances and
means of our first-stage disclosure variables to be balanced across the CDP survey respondent
and non-respondent groups and allow for variation in weights over time by generating weights
within disclosure years (McMullin & Schonberger, 2022).23 Third, we estimate and transparently
report on a host of empirical specifications, employing both parsimonious models without fixed
effects and more fully specified models. We draw our inferences from the full set of
specifications, mitigating the possibility that any single fragile result affects our conclusions.

We base our inferences on Heckman’s (1979) two-step standard errors for our selection
models, and on cluster-robust standard errors at the firm-level in our entropy balanced and probit
models. We truncate institutional ownership at 100% and winsorize all other continuous variables

at the 1% and 99" percentile. All variables are defined in Appendix C.

3.3.1 Determinants models

To investigate the firm- and country-level determinants of firms’ climate-related
disclosure decisions, as well as to specify our first-stage regression model, we estimate variants

of the following probit models:

22 There are several benefits to using entropy balancing over other sample matching techniques and over Heckman
models. First, in contrast to Heckman (1979) specifications, entropy balancing does not require that the exclusion
restriction holds but instead assigns weights to the non-respondent group to make them comparable to the
respondents on all specified observables and statistical moments. Second, entropy balancing allows for non-linear
differences between the treatment and control group. Third, and in contrast to propensity score matching or exact
matching that prune the sample, entropy balancing retains the full sample size.

23 McMullin & Schonberger (2022) further point out that some observations may be assigned excessive weights to
achieve covariate balance. The maximum weight in our control sample is 46, implying that the most influential
control observation effectively serves as a control for only 46/9857*100 = 0.46% of CDP respondents. We further
calculate that 37% of non-CDP respondents receive weights > 1, implying that a substantial part of our control
sample is upweighted. These statistics notwithstanding, we also confirm that our entropy-balanced inferences are
unchanged when dropping the 1% of control observations that receive the highest weight and re-estimating the
weights on the sample without the most influential observations.
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where Disclosei 1s alternatively an indicator set to one if firm i in period ¢ chooses to respond to
the CDP survey (CDP), to provide TCFD-compliant climate risk information (CR), financial
impact estimates (#7), or climate-related opportunities (Opp), and zero otherwise.

Our candidate determinant variables are based on prior studies establishing that the firm’s
size, Fama-French 48 industry-year propensity for responding to the CDP survey, growth
prospects, leverage, and capital intensity are all related to firms’ environmental disclosure
decisions (e.g., Clarkson et al., 2008; Matsumura et al., 2014; Liesen et al., 2015; Berkman et al.,
2022). Firms that are more profitable are expected to have the resources and managerial attention
required to implement the management information systems to track environmental performance
metrics, and prior findings document that profitability is positively related to the voluntary
disclosure of carbon emissions, although Berkman et al. (2022) find that earnings are negatively
associated with the probability of disclosure. Our analyses also consider the firm’s liquidity
(Cash), as well as the potential role of investments in acquired intangible assets (/ntangBS) and
internally-generated intangible assets (/ntangStock) (e.g., Demers et al., 2021) as some pundits
consider these to be intimately related (albeit in unspecified ways) to the firm’s sustainability
activities and/or performance.?*

Climate-related disclosures have been shown to be positively associated with institutional
ownership (Ilhan et al., 2023; Krueger et al., 2020), while ownership by institutions that are also
CDP signatories further increases firms’ propensities to disclose to the CDP (Cohen et al., 2023).

Blockholders, in turn, have been found to have a disclosure-decreasing influence as firms with

24 To ensure consistency in measurement across variables (i.e., no double-counting or omissions), all accounting-
based variables are adjusted for the capitalization and amortization of internally-generated intangible assets. We
report results for “plain vanilla” models that use as-reported accounting variables (i.e., without notional capitalization
of expenditures on intangibles) in the tables in the online appendix.
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closely-held ownership are unlikely to be responsive to public investors’ demands for
information given that controlling shareholders already have access to the relevant data (Cormier
& Magnan, 1999).

Following the international sustainability literature that considers country-level features
(e.g., loannou & Serafeim, 2012; Dyck et al., 2019), we include principal-component factors that
capture country-level characteristics such as the effectiveness of regulation (¥/ReqQual), cultural
norms related to individualism and long-term orientation (F2Cultural), and freedom of
expression (F3Freedom). The data sources and estimations of these factors are described in detail
in Appendix B. We also control for annual GDP per capita in USD purchasing power parity terms
(GDP).

In separate analyses, we additionally consider sustainability- and governance-related
variables, including a firm’s signatory status to the UN Global Compact, the percentage of
independent directors, whether the firm has an environmental management system, sustainability
committee, or produces a sustainability report. As one would expect, the existence of a
sustainability committee at the board level and the measurement and management of climate-
related information (i.e., EMS) have each been found to result in a higher likelihood of
environmental disclosure (Jaggi et al., 2018; Ott et al., 2017). Firms’ prior CSR reporting has
similarly been found to be positively associated with CDP disclosure (Banerjee et al., 2023).
Predictions for independent directors are less straightforward. For example, Khoo et al. (2022)
show that the relation between independent directors and CSR performance is contingent on the

director’s labor market reputational incentives.

3.3.2 Valuation models

In order to investigate the valuation effects of disclosing to the CDP, and specifically of
disclosing TCFD-compliant climate-related information, we estimate balance sheet valuation
models (e.g., Barth & McNichols, 1994; Matsumura et al., 2014).?°> We estimate all market-based
models using TCFD-related disclosures jointly with equation (1) (Heckman, 1979) or with
entropy balanced samples using the equation (1) variables. Specifically, our valuation models are

variants of:

25 We report the results from alternatively using Ohlson (1995) models and share-deflated valuation models in the
coefficient plots discussed below.
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where MVEi is the firm’s market value of equity in millions of USD at the end of the calendar
year (Matsumura et al., 2014), and Disclosurei is alternatively an indicator variable taking the
value of one if a firm reports to the CDP (CDP) and zero otherwise, an indicator taking the value
of one if a firm reports climate-related risks (CR) and zero otherwise, the industry-year adjusted
number of physical risks (NPhysRisk IA) or transition risks (NTransRisk IA) disclosed, the
number of disclosed climate-related opportunities (NOpportunity IA4), or the aggregate estimated
financial impacts of disclosed climate-related risks or opportunities in millions of USD
(FIEstimateRisk and FIEstimateOpp, respectively). We transform the number of climate-related
risks and opportunities into industry-year adjusted measures to account for cross-temporal
changes in disclosure characteristics as well as industry-specific differences in the relevance of
climate-related transition and physical risks, and opportunities. All financial variables are
measured at the end of the fiscal year to which the disclosures relate.

Next to the inclusion of total assets, liabilities, and operating income, our full valuation
models control for country-based principal-component factors that potentially correlate with both
market values and the propensity for TCFD-related disclosure, as well as for proxies for the
firm’s general level of environmental disclosure, environmental performance, and climate risk
exposure, including the Refinitiv environmental pillar score that prior studies suggest captures
disclosure more than impact (Drempetic et al., 2020; Raghunandan & Rajgopal, 2022), a climate
change exposure measure derived from firms’ discussions of climate issues during their quarterly
conference calls (Sautner et al., 2023), and the firms’ log-transformed CO2-equivalent Scope 1

and Scope 2 emissions (logCO2e).?% Following Matsumura et al. (2014) and Barth and Clinch’s

%6 In order to retain our full sample when including these additional controls, we estimate a fitted model for each of
EnvScore, logCO2e, and CCExposure, respectively, as a function of logSales, ROA, BTM, Cash, IntangStock,
Industry FE, Country FE, Year FE and we replace missing values of each of EnvScore, logCO2e, and CCExposure
with their fitted values. Each of the explanatory variables, except for BTM, are significant in all three models, and
the explanatory power of the models are as follows: adj-R*=50% for CCExposure, adj-R*=40% for logCO2e, and
adj-R’=60% for EnvScore. The full tabulated results for each estimation are provided in the online appendix, and the
coefficient plots included in the paper present the results of all analyses with and without these additional control
variables.

24



(2009) findings that unscaled valuation models are the least biased, we do not scale the valuation

model variables in our main analyses.

3.3.3 Bid-ask spreads

In our final set of analyses, we consider whether the provision of TCFD-solicited
disclosures is associated with the firm’s bid-ask spreads. Specifically, we estimate variants of the
following models, using the Heckman correction or entropy balanced samples when any of the

TCFD-related variables are included as the primary variable of interest:
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Following Lang et al. (2012) and Daske et al. (2013), BidAsk is the median bid-ask spread
scaled by the average of the bid-ask prices, logRetVar and logShareTurn are the log-transformed
calendar-year lagged standard deviations of monthly stock returns and the aggregate amount of
shares traded scaled by market cap in USD, respectively, and all three variables are measured
over the CDP disclosure year. We further follow Lang et al. (2012) and include logMVE, BTM,
and Loss as explanatory variables. We additionally control for firm-specific business model
differences relating to internally generated intangibles with InfangStock and include variables
relating to a firm’s ownership (InstOwn and Block) because each may conceptually be related to
both information asymmetry and the propensity to provide climate-related disclosures. All other

variables are as previously defined.

4. Empirical Results

4.1 Descriptive Statistics
Table 2 provides descriptive information about the demography, industry affiliations, and
respective average response rates for the firms included in our sample. Panel A reports the total

number of publicly-traded firms surveyed by the CDP by country of headquarters for each of the
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five CDP reporting years for which TCFD-related questions were included in the CDP’s survey.
The greatest number of surveyed companies are headquartered in Japan, followed by the U.S., the
U.K., South Korea, and France. Companies headquartered in the G7 countries account for
approximately 2/3 of the total firm-year surveys across the years shown, while nearly 80% of
surveyed firms are headquartered in either the EU or G7 countries.?’

Panel B provides response rates by country and by year, where firms are coded as
responding if they respond to the CDP survey at all (i.e., whether they allow their responses to be
made publicly available or request that their responses remain private). Not surprisingly, many of
the higher responding countries are continental European, although surveyed companies in the
U.K. and Taiwan are also very responsive. Commensurate with the expansion of the base of firms
surveyed, response rates for Japan and the U.S. dropped significantly in the most recent year —
i.e., many of the firms surveyed for the first time apparently did not respond. This largely
explains the significant annual decline in the overall response rate from 62.5% in 2021 to 60.6%
in 2022. Excluding Japan and the U.S., the response rate increased from 56% to 59.8% in the
most recent year.

Panels C and D, respectively, provide the distribution of surveyed firms and their
response rates by industry sector for each year. As shown, business equipment, manufacturing,
and wholesale/retail services are the most surveyed firms, whereas chemicals, consumer durables,
and utilities firms exhibit the highest response rates.

Panels E and F, respectively, provide the response rates by country and by industry for
companies volunteering information solicited under the TCFD framework. Specifically,
respondents include firms that provide information related to either climate-related risks or
opportunities. Similar to their higher propensities to disclose to the CDP more generally, firms
headquartered in many of the (Northern) European countries and/or operating in the chemicals
and utilities industries exhibit higher propensities to provide TCFD-related disclosures, while US
and Canadian firms also show above average TCFD disclosure propensities. Notably, however,
the overall response rate to the TCFD-solicited questions that are a part of the CDP survey is a

full 17% lower than the overall response rate to the survey.

27 As is evident, the CDP significantly increased the number of Japanese and U.S. firms surveyed in 2022. The Japan
sample was expanded from a narrower focus on “high climate impact firms” to include Tokyo Stock Exchange Prime
Market firms, while the U.S. sample was expanded to include more MSCI Small Cap stocks than had previously
been surveyed.
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Table 3 provides descriptive statistics for all variables used in our disclosure decisions
and capital markets regressions. The overall response rate to the CDP survey for the 5 years
included in our sample was 57.1%, consisting of 44.2% of surveyed firms that were willing to
make their responses public, and 12.9% of firms requesting that their responses remain “private”
(i.e., only accessible to the CDP investor signatories). In terms of TCFD-related disclosures,
37.1% of firms offer disclosures related to climate risks (CR), while 29% provide estimates of the
financial impacts (FI) of these climate risks. Surprisingly, 39.2% of firms disclose climate change
related opportunities (Opp), indicating that the TCFD framework elicits a slightly higher
incidence of good news opportunities relative to “bad news” threats related to climate change.?
Conditional on providing any form of climate risk information (i.e., for firms for which CR = 1),
untabulated analyses indicate that the average firm identifies 1.4 physical risks and 2.3 transition
risks. The average firm further identifies 3.1 climate-related opportunities conditional on
disclosing any opportunities. In further untabulated analyses that also incorporate data from the
years prior to the CDP survey becoming TCFD compliant in 2018, we find that the number of
disclosed risks and opportunities conditional on any climate risk or opportunity disclosure drops
monotonically from approximately 6 each in 2010 to about 3 each in 2022. That is, firms disclose
fewer risks and opportunities over time while the level of detail requested for each risk and
opportunity disclosure increases. Conditional upon providing financial impacts of climate risk
(i.e., for firms for which F7 = 1), untabulated analyses indicate that the average firm-year estimate
1s 667 million USD, or a material 7% of sales when considering all disclosed financial impacts
(i.e., prior to dropping suspect observations). Similarly, conditional upon providing any financial
impacts of climate opportunities, the average firm-year estimate is 1,533 million USD, or a
highly material 14.9% of sales.?’

The Pearson and Spearman rank correlations in Panels A and B of Table 4 provide
preliminary evidence that the likelihood of firms responding to the CDP questionnaire (CDP=1),

disclosing climate risks (CR=1), and disclosing the financial impacts of climate related risks (F7)

28 Given the high rate of opportunity disclosures under the TCFD framework, it is worth noting that generic material
risk disclosure regulations such as those required of U.S.-listed firms in their 10-K filings would likely not elicit
these upside disclosures.

29 When suspect and problematic financial impact estimates are dropped, the average impact expressed as a
percentage of sales declines (e.g., to 6.6% and 13.9% of sales for risks and opportunities, respectively, when suspect
financial impacts are dropped), suggesting that some of the higher estimates are also those that are least supported or
otherwise of suspect quality.
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are each positively correlated with market values (MVE), while being negatively associated with
the firm’s information asymmetry as captured by the bid-ask spread (BidAsk). In the next sections
we investigate the incremental role of a complete set of candidate determinants of climate-related

disclosures as well as the impact of the disclosures on market-based metrics.

4.2. Disclosure Decisions

In this section, we empirically document the determinants of four corporate disclosure
decisions, including whether firms respond to the CDP questionnaire, and whether they provide
each of the following TCFD-related disclosures: physical and/or transition risks; estimates of the
financial impacts of climate risks; and climate related opportunities.

Table 5 presents the results from probit models for each of these four decisions that control
for financial variables and ownership characteristics (columns 1, 4, 7, and 10), that additionally
control for country-level institutional and cultural principal-component factors (columns 2, 5, 8,
and 11), and that additionally include industry and year fixed effects (i.e., our full model (1) in
columns 3, 6, 9, and 12).

Many of the results in Table 5 are consistent with the prior literature or otherwise as
expected, with size (logSales), foreign sales (ForeignSale), the industry level of disclosure
(IndPropDisc), and institutional ownership (/nstOwn) being reliably positively associated with all
disclosure decisions, and blockholders (Block) being negatively associated with disclosure. Firms
with higher growth prospects, as captured by the market-to-book ratio, are more likely to
disclose, as evident from the negative coefficient on BTM. Surprisingly, firms with more liquidity
(Cash) and better operating results (ROA) are less likely to disclose.?? Loss-year firms (Loss) are
weakly less likely to respond to the CDP survey whereas those with significant investments in
internally generated intangibles (InftangStock) are reliably more likely to participate. On-balance-
sheet intangibles (/nfangBS) is not a consistently significant variable across specifications.

In terms of country-level characteristics, GDP per capita (GDP) is negatively associated
with all disclosure decisions. The effectiveness of regulation (F'/RegEffect) and cultural norms

related to lower individualism and greater long-term orientation (F2Cultural) in the firm’s

30 In untabulated results, we run the disclosure decisions as linear probability models in OLS in order to check
whether the variance inflation factors (VIFs) signal that there may be multicollinearity concerns affecting our
coefficient estimates. The VIFs on the industry-year propensity to disclose variable (/IndPropDisc) are unsurprisingly
high when industry fixed effects are also included in the regression, but all other VIFs are well below threshold
levels of concern (i.e., below 5, with most not higher than about 2.5).
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country of headquarters respectively increase and decrease the firm’s propensity to disclose for
all but financial impact estimates. The factor capturing higher levels of personal accountability
and freedom of the press (F'3Freedom) is associated with a reliably higher likelihood of the firm
being forthcoming across all disclosure decisions.

Columns 1 through 4 of Table 6 present the results of disclosure determinants models that
additionally control for an array of variables that are included to capture aspects of the firm’s
governance and commitment to measuring, managing, and disclosing sustainability and
environmental related issues. These include the ratio of independent directors (/ndepDir), and
indicators set to one if the firm has a sustainability committee (SustCommittee), an environmental
management system (EMS), is a UN Global Compact signatory (UNSign), and produces a
sustainability report (SustReport), respectively, and zero otherwise.

Although the ratio of independent directors has a surprisingly significant negative effect on
all disclosure decisions, this becomes insignificant once the variables capturing other aspects of
governance and commitment to sustainability are included in the models. Each of the
SustCommittee, EMS, UNSign indicator variables is highly significantly positively associated
with all disclosure decisions. Perhaps surprisingly, each of these variables is incrementally
significant to all of the others, suggesting that each variable captures a different aspect of the
firm’s governance and prioritization of environmental or sustainability management and
reporting. The indicator for sustainability report (SustReport) is also positively significant across
decisions, but loses significance once the other arguably more refined proxies for environmental
performance and/or disclosure discussed below are included in the model.

In columns 5 through 8 of Table 6 we include several additional variables capturing the
firm’s own environmental performance (i.e., as distinct from the impact of climate on the firm)
and their propensities for environmental disclosures. Specifically, logCO2e is a measure of the
firm’s emissions. The firm’s Refinitiv environmental pillar score (EnvScore) is supposed to
capture the firm’s environmental performance, however prior studies suggest that these scores
may be largely driven by disclosure rather than impact (Drempetic et al., 2020; Raghunandan &
Rajgopal, 2022). Finally, CCExposure is a measure of the firm’s exposure to climate change that
is derived from discussions on the firm’s quarterly conference call and that therefore also
captures aspects of the firm’s environmental disclosure policy (Sautner et al., 2023). As shown,

only EnvScore is reliably positively associated with the likelihood of disclosure for all four
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decisions. The firm’s emissions (logCOZ2e) is only significant in explaining the likelihood of
disclosing the financial impacts and opportunities associated with climate risk, whereas
CCExposure is only weakly positively associated with the disclosure of opportunities. After
including the additional controls examined in Table 6, most of the previously reported findings
from Table 5 remain intact except for the previously mentioned loss of independent directors.

In summary, larger, less liquid firms, those from industry-years with higher disclosure
propensities, firms with higher capital expenditures, environmental performance scores, and
institutional ownership, and companies that are headquartered in countries with more freedom of
expression and freedom of the press are all more likely to voluntarily provide TCFD-compliant
disclosures, while those with blockholders or that are from countries with higher GDP per capita
are less likely to be forthcoming. Companies headquartered in countries with more effective
regulation are also generally more likely to provide disclosures. Our results are important because
they provide insights into which firms are likely to bear more adjustment costs, and whose
stakeholders are likely to experience the greatest information gains when the TCFD-based ISSB
disclosure standards, U.S. SEC regulations, and other country-specific mandates become
mandatory. In the meantime, as voluntary climate- and nature-related disclosures become
increasingly common and important, and their associations with market metrics and other real
impacts correspondingly continue to be investigated, our disclosure decision models provide the
most up to date and fully specified standard to be adopted for the first-stage selection models that
future researchers will be required to estimate in order to address questions related to the second-

stage real impacts of disclosure.

4.3 Capital Market Implications of Disclosure Decisions
In this section we examine whether firms’ CDP survey responses and their provision of

TCFD-compliant disclosures are relevant to equity market values and/or to bid-ask spreads.

4.3.1 Capital Market Implications of Responding to the CDP Survey

The balance sheet valuation model regression results presented in Table 7 show that firms
that respond to the CDP survey do not have robustly higher market values, ceteris paribus.
Specifically, while market values are higher by US$1,263 million in parsimonious balance sheet

valuation models (i.e., column (1)), the coefficient on the CDP response indicator is not
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significantly different from zero after controlling for EnvScore, CCExposure, and logCO2e,
which collectively control for the firm’s overall level of environmental disclosure, exposure, and
performance. In other words, the Table 7 findings suggest that the positive market valuation
effect of the CDP survey response indicator is not robust to the inclusion of environmental
disclosure control variables.

The bid-ask spread regression results in columns (4)-(6) of Table 7 suggest that these
disclosures nevertheless do materially reduce information asymmetry as captured by the equity
bid-ask spread. Notably, the bid-ask spread-reducing impact of a CDP survey response is robust to
the inclusion of the other environmental controls (i.e., EnvScore, CCExposure, and logCOZ2e). In
our full Heckman models, CDP disclosures is, on average and ceteris paribus, associated with a
0.093% lower bid-ask spread, which translates into an economically significant reduction of
approximately 25.3% over the mean bid-ask spread of 0.367%. Our findings are important because
equity bid-ask spreads have a theoretical and empirical relation with the company’s cost of equity
capital. Thus, our findings are consistent with the notion that responding to the CDP survey can
effectively reduce the firm’s information risk, in turn reducing its cost of equity. The results
pertaining to the other control variables in both the valuation and bid-ask spread models are
generally in line with expectations.

Figure 1 Panel A and B provide coefficient plots summarizing the results of a host of additional
valuation and bid-ask spread specifications, both when estimated with regular OLS and when
estimated on entropy balanced samples using our full set of disclosure determinants variables. One
important consideration in valuation models is the choice of scalar (e.g., Barth & Clinch, 2009).
While unscaled valuation models have the most intuitive interpretation and are generally less
biased than scaled valuation models, as a specification check we alternatively scale each of the
Asset, Liab, Oplnc, and MVE variables by common shares outstanding. In addition, we run
specification checks using each of a “plain vanilla” model (i.e., no adjustments to income statement
and balance sheet variables are made for investments in internally generated intangibles) and an
Ohlson valuation model. We also alternatively define the disclosure dependent variable to be set
to one only when the firm allows their CDP survey response to be public, and 0 otherwise, and also
alternatively switch out our country factor loadings for country fixed effects. As is evident from
the plots, the coefficient on the CDP disclosure indicator is highly significant when estimating

parsimonious balance-sheet valuation models, but vanishes in models that include environmental
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controls, country fixed effects, or that instead use share-deflated variables. The latter finding echoes
those of Aswani et al. (2023) in the context of CO2e emissions. Moreover, the value relevance of
CDP disclosure definitively disappears across all specifications when estimating the coefficient on
an entropy balanced sample. In contrast, the CDP indicator is reliably significantly negatively
associated with bid-ask spreads under each alternative specification. These findings provide
heretofore undocumented evidence that responding to the CDP survey is reliable negatively
associated with spreads in a global sample, but that the positive significance of CDP disclosure in
valuation models does not persist when employing more demanding specifications or when more
fully accounting for differences in observables between disclosing and non-disclosing firms.>!
Taken together, these findings suggest that there is, on average, negative (i.e., value-reducing)
information in the CDP survey disclosures that offsets the value-enhancing effects of the increased
transparency.

In additional analyses summarized in Figure 1, we estimate valuation and spread regressions
separately for the two countries with the most observations in our sample (i.e., Japan and the United
States) and for all other advanced economies in our sample pooled together. We find that both the
valuation and spread coefficients are insignificant for both Japanese and US firms, while the spread
results are economically stronger for firms headquartered in other advanced economies, consistent
with environmental disclosure, regulations, and norms being stronger in European countries (e.g.,

Dyck et al., 2019).

4.3.2 Capital Market Implications of TCFD-Related Disclosures

The Heckman two-step market value regressions presented in Table 8 examine the
information content of various TCFD-compliant climate risk and opportunity disclosures, after
accounting for the self-selection effect of choosing to respond to the CDP survey request.
Additional specifications are summarized in the coefficient plots in Figure 2A-D.*? The findings

in Table 8 column 1 and Figure 2A indicate that the incidence of a firm disclosing any climate

3! In our full entropy balanced models, we also include the variables used for balancing to control for any differences
between CDP respondents and non-respondents that have not been balanced away, except that we exclude logSales
due to its high correlation with Assets. We continue to additionally report parsimonious specifications estimated on
entropy-balanced samples that do not include the variables used for balancing, and the market value results also
vanish in these parsimonious entropy-balanced specifications.

32 The insignificance of the Mills ratio in some of our tabulated specifications should not be taken at face value as
evidence of no selection effects (Lennox et al., 2012). Instead, our setting clearly faces selection effect concerns
because of the voluntary nature of responding to the CDP’s request for disclosure.
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risk (i.e., CR = 1) is at best weakly associated with a reduction in market value. While the CR
indicator is incrementally significant in Heckman models even after controlling for the firm’s
carbon emissions (/logCOZ2¢) and the inclusion of controls capturing the firm’s environmental
performance and disclosure score (EnvScore) and its potential vulnerability to climate change
(CCExposure), the results are insignificant when estimated on entropy-balanced samples.
Together, we find little evidence that the act of disclosing climate risk is robustly associated with
firm value, especially since the insignificant entropy-balanced estimations face reduced model
dependency concerns due to the preprocessing of data to achieve covariate balance (Hainmueller,
2012).

The results in columns 2 and 3 of Table 8, and in Panels B and C of Figure 2, show that any
information content of climate risk disclosures fully derives from the (industry-year adjusted
number of) transition risk disclosures (NTransRisk IA) rather than from physical risk disclosures
(NPhysRisk _IA). Importantly, both findings persist in all 14 alternative full-sample regression
specifications. One possible explanation for physical risks offering no incremental information
content is that these risks are potentially diversifiable, whereas transition risks are more systemic.
Alternatively, physical risk information may be too divergent (Hain et al., 2021) or immaterial to
be reflected in firm value. The results in column 4 offer further insights into transition risks, as
the findings indicate that it is the numbers of regulatory and legal risks (NLegalRegTrans IA4), the
number of reputational risks (NRepTrans IA), and the number of market risks
(NMarketTrans_IA) that are credible and relevant to equity market participants, whereas
technology risks (NTechTrans IA4) are not, on average, significantly associated with market
values. Together, these findings suggest that it is the disclosure of climate transition risks that
offers credible new information related to the potential negative impact of climate change on the
firm that market participants incorporate into value. We thus provide important evidence that the
disclosure of transition risks in accordance with the TCFD framework that underlies the new
ISSB disclosure standard, the SEC’s proposed regulations, and numerous state- or country-
specific regulations provides relevant information for equity market participants, while physical
risks do not.

An alternative explanation for our significant findings related to the market value
implications of TCFD-related transition risk disclosures is that these variables are correlated with

other environmental or climate risk information that is known to the market and that our model
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does not control for. We note however that the regressions in which NTransRisk IA and the
transition risk subcomponents are significant do include controls for environmental disclosure as
well as the firm’s vulnerability to climate change, which should largely mitigate this concern.
Furthermore, even if these TCFD-related transition risk variables are significant because of their
correlation with other information, the finding that they are significant is important because
whatever that other information is, its disclosure is not currently mandated, nor otherwise
provided in a clear and consistent manner across firms and across time. As such, the
standardization and eventual mandating of these TCFD-inspired disclosures (i.e., under the ISSB,
the SEC, and other country-level regulations) should be valuable to market participants by
helping to minimize the costs associated with searching for, and interpreting, what may otherwise
be disparate and potentially inconsistently conveyed information.

The results in column 5 of Table 8 and Panel D of Figure 2 indicate that market values are not
significantly associated with the industry-year adjusted number of climate related opportunities
disclosed by the firm (NOpportunity IA) across all 14 full-sample specifications. This finding is
important to our understanding of the information content of TCFD-solicited “upside to climate
change” disclosures, which are currently not captured by the SEC and other regulatory
requirements to disclose “material risks” being faced by the firm. We believe the insignificant
results are explained by the following factors. First, that it is generally accepted that optimistic
firm-provided forward-looking information is inherently less credible than pessimistic disclosures
as most incentives are to “talk up” rather than “talk down” the firm’s prospects (Baginski et al.,
2016) —i.e., because the information related to future opportunities is largely non-verifiable, it
may be “cheap talk.” This reasoning suggests that the market is likely to discount more heavily
the climate opportunity disclosures relative to the more credible climate risk disclosures
examined earlier. Second, it seems reasonable to assume that any future opportunity disclosures
will be vaguer, more boilerplate, and less precise relative to the climate-related threat disclosures,
on average, because disclosing precise and detailed information related to yet-to-be-realized
climate-related opportunities would seem to entail a considerable level of proprietary costs. As
such, firms are likely to offer more generic, boilerplate, and less precise disclosures that would be
rationally subject to discounting by the market. This finding of market insignificance for climate

opportunities has significant implications for the forthcoming IFRS S2 disclosures; firms will
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need to navigate the S2 requirement to disclosure climate related opportunities in a credible
manner while not giving away their competitive advantage related to these prospects.

In Table 9, we report the results of bid-ask spreads regressed on the same industry-year-
adjusted TCFD climate risk and opportunity disclosure variables. The indicator capturing the
incidence of climate risk disclosure (CR) is not associated with bid-ask spreads, nor are the
number of transition risks, physical risks, or climate opportunities. The coefficient plots presented
in Figure 3 confirm that the lack of association between bid-ask spreads and each of CR,
NTransRisk 1A, NPhysRisk 1A, and NOpportunity 14 is a result that generally holds across
model specifications and estimation methods. Although CR is negative and significant in entropy
balanced specifications, and NPhysRisk IA is positive and significant in some specifications,
these results do not survive the inclusion of country fixed effects instead of country factors, and
the combined evidence overwhelmingly suggests that there is no consistent and robust
information asymmetry-reducing effect of climate-risk or opportunity disclosure, particularly
when considering the numbers of disclosed risk.

Table 10 presents regressions of market values and bid-ask spreads on the aggregate disclosed
financial impacts of climate risks (FIEstimateRisk) and opportunities (FIEstimateOpp),
respectively. In expectation, these company insider estimates should be highly informative to
market participants, particularly given that the cruder measures related to the mere disclosure of
climate change risks (i.e., the CR indicator variable) and the adjusted count of transition risks
were previously found to be associated with market values. Surprisingly, however, the financial
impact estimates of risks are only weakly negative and opportunities are not significant in
explaining market values. The bid-ask spread regressions in columns 3 and 4 suggest that neither
the financial impact estimates of risks nor the estimates for opportunities are significantly related
to this proxy for information asymmetry. The coefficient plots presented in Figure 4 for the
alternative valuation models and Figure 5 for the alternative bid-ask spread regressions indicate
that our general findings of weak or insignificance for the financial impacts of both climate risks
and opportunities are robust to alternative model specifications and estimation methods,
including those specifications that exclude suspect or potentially problematic financial impact

estimates. Taken together, our findings suggest that the company-provided financial estimates are

35



too noisy, that their likelihood of realization is deemed to be too small, and/or that their proximity

in time is expected to be too remote for the impact on value to be greater than zero, on average.>

4.3.3 Summary

In summary, our analyses of the corporate decision to respond to the CDP indicate that
responding to the CDP is a positive signal associated with lower information asymmetry and
higher market values in unscaled balance sheet valuation models, but that the market value results
definitively disappear when more fully controlling for observable factors that are correlated with
the decision to respond to the CDP. When it comes to the “gold standard” TCFD climate-related
disclosures, our findings are decidedly mixed. An indicator for climate risk disclosures is weakly
negatively associated with value, and we find that this negative effect is fully driven by transition
risks and its subcomponents rather than by physical risks, suggesting that transition risk
disclosures are credible, material, and relevant to market participants. However, we find no
evidence that climate-related opportunities are associated with the market metrics examined in
this study. Finally, financial impact estimates of the disclosed climate-related risks are largely
and surprisingly irrelevant to both market values and bid-ask spreads, a finding that standard
setters and regulators should perhaps be mindful of as they roll out mandatory TCFD-inspired

disclosures going forward.

5. Conclusion

To the best of our knowledge, this study is the first to provide comprehensive evidence
related to the determinants and market implications of TCFD-compliant disclosures for a large
global sample of firms from advanced economies. Our findings are important because the TCFD
framework underlies the new IFRS S2 climate disclosure standard, the State of California and the
SEC’s proposed climate reporting regulations, and numerous other pending country-specific
climate disclosure regulations. By documenting the factors associated with the voluntary
disclosure of TCFD-related information, our study provides insights into which firms are likely to
experience greater transition costs and whose stakeholders are likely to experience greater

information gains if/when the various new TCFD-based standards/regulations lead to mandated

33 In untabulated regressions, we examine whether the financial impacts of physical risks and transition risks are
separately associated with market values. None of the financial impact estimates are significant in any regression
specifications.
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disclosures. Although climate-related opportunity disclosures do not appear to be sufficiently
credible to be relevant to market values or bid-ask spreads, climate change risk disclosures,
particularly those pertaining to transition risks, are associated with market values. However, the
financial impact estimates related to these climate risks do not appear to be sufficiently credible,
likely, or proximate in time to be priced by capital markets.

The results of our study should be of relevance to regulators, standard setters, disclosing
firms and their consultants and auditors, as well as to market participants in anticipation of global
rollouts of TCFD-based disclosures, not least IFRS S2. Our findings from a large sample of
voluntary climate disclosures suggest that many aspects of TCFD disclosures are not
incorporated into market prices, perhaps indicating that market participants are inattentive to
these climate risks and opportunities, that they are unable to fully comprehend the disclosures,
and/or that they do not consider them to be of sufficient credibility, proximity in time, or

financial materiality to be reflected in prices.
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Appendix A: Financial Impact Data Integrity Checks

We develop an algorithm to check the financial impact data for “suspect” and “problematic”

observations. Suspect observations are those financial impact estimates that lack explanations or

provide explanations in a language other than English (e.g., the reporters’ local language).

Problematic observations are those financial impact estimates that are likely to be erroneously

reported. We undertook an extensive manual review of the full financial impact data for the years

2018-2022 before developing our algorithm that tags suspect observations and distinguishes

between six categories of potentially problematic observations. We rely on both the reported

financial impact estimates and the associated explanations to tag observations that are suspect or

potentially problematic. Specifically:

1) We tag observations as suspect if financial impact estimate explanations are fully missing,

or if firms report “na” as the financial impact explanation. We further tag observations as

suspect if the indicated reporting language is not English and the financial impact

29 6

explanation does not contain any of the commonly used English words “the”, “and”, or

“Of"

2) We tag observations as problematic if any of the following conditions hold:

a.

Duplicates: We tag a financial impact estimate as a problematic duplicate if there
are multiple of the same financial impact estimates for distinct reported risks or
opportunities for a given firm-year. For instance, a firm reports a financial impact

estimate of $1 million for each of its disclosed risks in a given firm-year.

Double counting: We classify observations as “double counting” when firms
report both a single financial impact figure and a range that includes both

minimum and maximum estimates, while only one of the two is requested.

Currency: Some firms report financial impact estimates in a different currency
than their indicated reporting currency. For example, the indicated reporting
currency is a firm’s local currency but the financial impact estimates are reported
in USD. We tag financial impact estimates as potentially having currency issues

by contrasting the indicated reporting currency with mentions of currencies in the
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financial impact explanations. Specifically, we use string matching and regular
expressions to search for mentions of currencies in the financial impact estimates
that are different from the currency the firm is supposed to report in. If the
indicated reporting currency is not mentioned but other currencies are mentioned,
the observation is problematic. If no currency is mentioned in the financial impact

explanation, we assume the firm reports correctly.

Placeholder: Firms tend to insert placeholder figures when they are unable or
unwilling to report financial impact estimates. We first classify all financial
impact estimates <= 1 as placeholders. We then search financial impact
explanations for variants of “not/difficult” in conjunction with
“estimate/predict/quantify” and for variants of “confidential” and “illustrative” to
tag all observations where firms insert placeholders because of confidentiality
issues or because they consider it difficult or impossible to quantify the financial

impacts of the disclosed risks.

Unit: Some firms report financial impact estimates in, for instance, percentages,
barrels, or MWh, while monetary units are requested. We tag all financial impact
estimates that are <= 100 and use “%” or variants of “percent” in the explanations.
We tag all financial impact estimates that use variants of “mwh” or “barrel”, and
additionally check for discrepancies between mentions of “millions” and
“billions” and reported financial impact figures to capture instances where firms
report in e.g., millions or billions while firms are asked to report the figures in full

(i.e., unabbreviated).

Entity: Some firms report financial impact estimates that are not properly
aggregated at the entity level. For instance, some firms give an example of the
financial impact of a hurricane or flooding at one facility instead of the expected
financial impact of physical risks at the firm-level. We check for occurrences of

(13 99 ¢ 9% €¢.9% ¢

one”, “per”, “a”, “an”, and “each” in combination with a dictionary of nouns

39



P19 2% ¢ SN 1Y 9% ¢

including “building”, “facility”, “property”, “event”, “vessel”.>* We additionally
tag financial impact estimates as having entity problems if the firm mentions “not

aggregated” in the financial impact estimate.

While we cast a wide and comprehensive net to capture financial impact estimates that are
inadequately reported, we cannot preclude the possibility that our approach results in false
negatives (i.e., accurately reported financial impact estimates tagged as potentially problematic).
We therefore take an iterative approach by increasingly dropping more categories of potentially
problematic observations in our analyses investigating the value relevance of the financial impact

estimates.

Figure A1 summarizes the frequency of each of these problems for the subset of CDP survey
respondents with non-missing financial impacts of risk estimates that end up in our sample (i.e., a
subset of the full CDP survey data, with typically multiple risks and corresponding financial
impacts reported per firm-year). Out of the 16,188 observations in these data, we identify a total

of 6,184 (38.2%) to be potentially problematic and a further 2,325 (14.3%) to be suspect.

Figure A2 similarly summarizes the frequency of problems for financial impact estimates of
opportunities. Out of the 14,236 non-missing financial impacts of opportunities for our sample
firms, we identify a total of 4,913 (34.5%) to be potentially problematic and a further 1,933
(13.6%) as suspect.

34 The full list of nouns considered is: “day”, “week”, “month”, “project”, “claim”, “building”, “site”, “facility”,
“plant”, “factory”, “customer”, “client”, “property”, “storm”, “hurricane”, “heatwave”, “wildfire”, “flood”, “hotel”,

“house” , “event”, “vessel”, and “center”.
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Figure Al: Frequency of Identified Problems Financial Impact Estimates Risks
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Appendix B: Factor Analysis Country-level Institutional and Cultural Features

We undertake a principal-component factor analysis to extract uncorrelated factors that
capture the country-level institutional and cultural features of a firm’s country of headquarters.
Country-level institutional and cultural features may be important determinants of firms” CDP
and TCFD disclosure decisions, but most of the features are highly correlated. We thus include
the uncorrelated factors instead of the underlying country-level features in our regression models.
To construct the factors, we obtain data on 13 country features from the World Bank, Hofstede’s
website, Djankov et al. (2008), Reporters Without Borders, and the World Economic Forum
Global Competitiveness Index. Specifically:

e We consider each of the six World Bank Worldwide Governance Indicators, capturing
control of corruption (ControlCorrupt), the effectiveness of the government (GovEffect),
political stability and absence of violence and terrorism (PolStabil), regulatory quality
(RegQual), rule of law (RuleofLaw), and voice and accountability (VoiceAccount).

e We consider four Hofstede cultural dimensions, capturing power distance
(PowerDistance), collectivism versus individualism (/ndividualism), uncertainty
avoidance (UncertaintyAvoid), and long-term versus short-term orientations
(LongTermOrient).

e We obtain the average of the ex-ante and ex-post control for self-dealing from Djankov et
al. (2008) (Anti-Self).

e We obtain the Press Freedom Score from Reporters Without Borders (PressFreedom).

e We obtain the efficiency of the legal system in settling disputes from the World Economic

Forum Global Competitiveness Index Historical Dataset (LegalFrameworkDisputes).

We standardize all variables before estimating the factors. We obtain all country-level data from

public sources and all data are available upon request.

Results

Table B.1 Panel A presents the eigenvalues and proportions of explained variance of the
estimated principal-component factors. We identify three principal-component factors with an

eigenvalue larger than one. These principal-component factors together explain over 90% of the

42



variation in the underlying country-level institutional and cultural features variables. Table B.1

Panel B presents the rotated factor loadings:

e Factor 1 is highly correlated with the Worldwide Governance Indicators capturing the
effectiveness and quality of governments and regulations: ControlCorrupt, GovEffect,
RuleofLaw, and RegQual. We name this first factor '/ RegEffect.

e Factor 2 is highly correlated with the Hofstede dimensions UncertaintyAvoid,
Individualism, and LongTermOrient. We name this second factor F2Cultural.

e Factor 3 is highly correlated with PressFreedom and VoiceAccount. We name this third

factor F3Freedom.

Summary statistics for the three factors are provided in Table B.2.

Table B.1: Factor analysis

Panel A: Eigenvalues factors

Factor Eigenvalue Difference Proportion Cumulative
Factorl 5.289 2.457 0.482 0.482
Factor2 2.832 0.856 0.258 0.740
Factor3 1.976 1.461 0.180 0.920
Factor4 0.514 0.182 0.047 0.967
Factor5 0.332 0.141 0.030 0.997
Factor6 0.191 0.093 0.017 1.015
Factor7 0.098 0.074 0.009 1.024
Factor8 0.024 0.026 0.002 1.026
Factor9 -0.002 0.036 -0.000 1.026
Factor10 -0.039 0.023 -0.004 1.022
Factorl1 -0.062 0.013 -0.006 1.016
Factor12 -0.075 0.032 -0.007 1.010
Factor13 -0.107 . -0.010 1.000
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Panel B: Rotated factor loadings

Variable Factorl Factor2 Factor3 Uniqueness
PressFreedom 0.080 -0.185 0.865 0.153
ControlCorupt 0.846 0.004 0.338 0.082
GovEffect 0.910 0.119 0.013 0.105
PolStabil 0.430 0.518 0.241 0.227
RuleofLaw 0.952 -0.090 0.188 0.039
RegQual 0.816 -0.129 0.157 0.125
VoiceAccount 0.201 -0.125 0.890 0.066
PowerDistance -0.273 0.493 -0.532 0.257
Individualism 0.101 -0.885 0.274 0.080
UncertaintyAvoid -0.315 0.514 -0.102 0.108
LongTermOrient -0.032 0.858 -0.113 0.121
AntiSelf 0.115 -0.349 -0.366 0.297
LegalFrameworkDisputes 0.812 -0.317 -0.148 0.086
Table B.2: Descriptive Statistics Factors
N Mean SD Min p25 Median p75 Max
F1RegEffect 17272 0 0.985 -4.944 -331 244 518 2.611
F2Cultural 17272 0 0.951 -1.415 -.587 .041 72 1.889
F3Freedom 17272 0 0.962 -4.481 -.636 -.075 .699 2.023
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Appendix C: Variable Definitions>>

Variable Name Definition Data Source

Asset Total assets in millions of USD. Adjusted for notionally capitalized and Worldscope
unamortized intangibles.

BidAsk The median bid-ask spread over the CDP disclosure year. Measured as Datastream
(ask-bid)/((ask+bid)/2).

Block Indicator variable taking the value of one if there is an investor owning more Refinitiv
than 5% of shares outstanding in the most recent quarter with data available EIKON
before the fiscal year-end, and zero otherwise. Set to zero if missing.

BTM Common Shareholders Equity / Market Capitalization of Common Worldscope and
Shareholders’ Equity adjusted for IntangStock. Measured at fiscal year-end. Datastream

CapEx Capital Expenditures / AT. Set to zero if missing. Worldscope

Cash Cash and Short-term Investments / AT. Worldscope

CCExposure Firm-specific equal-weighted climate change exposure based on earnings Sautner et al.
calls (cc_expo_ew). In order to retain our full sample size, we estimate a (2023).
fitted model for CCExposure as a function of logSales, ROA, BTM, Cash,

IntangStock, Industry FE, Country FE, Year FE and we replace missing
values of CCExposure with the fitted values.
CDhP Indicator variable taking the value of one if a firm responded to the CDP CDP Climate
survey disclosure request, and zero otherwise. Change Survey
Response
Database

CDP_private Indicator variable taking the value of one if a firm responded to the CDP CDP Climate
survey but did not give permission to make their response publicly available Change Survey
on the CDP website. Response

Database

CDP_public Indicator variable taking the value of one if a firm responded to the CDP and CDP Climate
gave permission make their response publicly available on the CDP website, =~ Change Survey
and zero otherwise. Response

Database
CR Indicator variable taking the value of one if a firm provides climate risk CDP Climate
information in its response to the CDP survey in a disclosure year, and zero Change Survey
otherwise. We require firms to both disclose the types of risks and give a
description of the risks.

EMS Indicator variable taking the value of one if a firm has an environmental Refinitiv

management system and/or ISO 14000 certification, and zero otherwise. EIKON
EnvScore Refinitiv EIKON Environmental Pillar Score. In order to retain our full Refinitiv

sample size, we estimate a fitted model for EnvScore as a function of EIKON

logSales, ROA, BTM, Cash, IntangStock, Industry FE, Country FE, Year FE

and we replace missing values of EnvScore with the fitted values.

F1RegEffect The first principal component country factor. This factor is highly correlated  See Appendix B
with Worldwide Governance Indicators capturing the effectiveness of
governments and regulation.

F2Cultural The second principal component country factor. This factor is highly See Appendix B
correlated with several Hofstede cultural dimensions.

F3Freedom The third principal component country factor. This factor is highly correlated See Appendix B
with metrics of individual and press freedom.

FI Indicator variable taking the value of one if the firm provides a point CDP Climate

estimate or estimated range of the financial impact of one or more of the
disclosed climate risks in a disclosure year, and zero otherwise.

Change Survey

35 Al total asset scalars include notionally capitalized and unamortized intangibles investments.
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FIEstimateOpp

The aggregated disclosed financial impact amounts of climate opportunities
in a disclosure year in USD millions. Taken as the midpoint of the range if a
range instead of a point estimate is provided.

CDP Climate
Change Survey

FIEstimateOpp_S

The aggregated disclosed financial impact amounts of climate opportunities
in a disclosure year in USD scaled by sales. Taken as the midpoint of the
range if a range instead of a point estimate is provided.

CDP Climate
Change Survey

FIEstimateRisk

The aggregated disclosed financial impact amounts of climate risks in a
disclosure year in USD millions. Taken as the midpoint of the range if a
range instead of a point estimate is provided.

CDP Climate
Change Survey

FIEstimateRisk S

The aggregated disclosed financial impact amounts of climate risks in a
disclosure year in USD scaled by sales. Taken as the midpoint of the range if
a range instead of a point estimate is provided.

CDP Climate
Change Survey

ForeignSale International sales as a percentage of total sales. Set to zero if missing. Worldscope
GDP GDP per capita in USD purchasing power parity terms. World Bank
IndepDir The percentage of independent board directors. Refinitiv
EIKON
IndPropDisc The propensity of reporting to the CDP in a firm’s FF48 industry group in CDP Climate
our sample. Measured for each disclosure year. Change Survey
Response
Database
InstOwn Percentage of shares owned by institutional investors. We consider the Refinitiv
following Refinitiv investor categories as institutional: “Bank and Trust”, EIKON
“Brokerage Firms”, “Closed-End Fund”, “Corporation”, “Endowment
Fund”, “ETF”, “Foundation”, “Government Agency”, “Hedge Fund”,
“Hedge Fund Portfolio”, “Holding Company”, “Independent Research
Firm”, “Institution”, “Insurance Company”, “Investment Advisor”, “Mutual
Fund”, “Pension Fund”, “Private Equity”, “Research Firm”, “Sovereign
Wealth Fund”, and “Venture Capital”. Set to zero if missing, truncated at
100%, and measured in the month of the firm’s fiscal year end.
IntangBS On-balance sheet goodwill and other intangibles, net / AT. Worldscope
IntangStock Stock-transformed R&D+5*SG&A scaled by total assets using 5-year Worldscope
amortization. E.g., IntangStock for fiscal 2019 = FY2019
(R&D+¥%SGA)*100% + FY2018 (R&D+4SGA)*80% + FY2017
(R&D+¥%SGA)*60% + FY2016 (R&D+%4SGA)*40% + FY2015
(R&D+%SGA)*20% / AT. R&D and SG&A are set to zero if missing. In
case of insufficient data availability, we assume the first available R&D and
SG&A expense to be indicative of prior years. For IFRS firms, capitalized
development expenditures added to IntangStock and R&D adjusted for
amortization of capitalized development expenses. R&D subtracted from
SG&A unless R&D > SG&A & R&D < COGS (Peters & Taylor, 2017).
Liab Total liabilities in millions of USD. Worldscope
logCO2e The log-transformed sum of Scope 1 and Scope 2 emissions scaled by sales Refinitiv
in USD millions. In order to retain our full sample size, we estimate a fitted EIKON
model for logCO2e as a function of logSales, ROA, BTM, Cash, IntangStock,
Industry FE, Country FE, Year FE and we replace missing values of
logCO2e with the fitted values.
logRetVar The standard deviation of monthly returns over the CDP disclosure year. Datastream
Lagged by one year. Log-transformed.
logSales Log-transformed sales or revenues in millions of USD. Worldscope
logShareTurn The aggregate USD volume of shares traded over the CDP disclosure year Datastream
divided by the USD market cap. Lagged by one year. Log-transformed.
MVE Market value of equity in millions of USD. Measured at CDP disclosure year Datastream
end.
NClimateRisk The total number of physical and transition risks disclosed by a firm in a CDP Climate

disclosure year.

Change Survey
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NLegalRegTrans 1A

The industry-year adjusted number of transition risks disclosed by a firm in a
disclosure year relating to legal and regulatory risks.

CDP Climate
Change Survey

NMarketTrans TA

The industry-year adjusted number of transition risks disclosed by a firm in a
disclosure year relating to market and customers.

CDP Climate
Change Survey

NPhysRisk TA

The industry-year adjusted number of disclosed physical risks by a firm in a
disclosure year. RiskType either “Physical risk”, “Chronic physical”, or
“Acute physical”.

CDP Climate
Change Survey

NRepTrans_IA

The industry-year adjusted number of transition risks disclosed by a firm in a
disclosure year relating to reputational risks.

CDP Climate
Change Survey

NTechTrans_IA

The industry-year adjusted number of transition risks disclosed by a firm in a
disclosure year relating to technology.

CDP Climate
Change Survey

NTransRisk TA

The industry-year adjusted number of disclosed transition risks by a firm in a
disclosure year. RiskType either “Current regulation”, “Emerging
regulation”, “Legal”, “Market”, “Reputation”, “Technology”.

CDP Climate
Change Survey

NOpportunity TA The industry-year adjusted number of climate-related opportunities disclosed CDP Climate
by a firm in a disclosure year. Change Survey
Opp Indicator variable taking the value of one if the firm discloses any climate- CDP Climate
related opportunities in a disclosure year. We require firms to both disclose Change Survey
the types of opportunities and give a description of the opportunities.
Oplnc Operating income in millions of USD. Adjusted for intangibles capitalization Worldscope
and amortization. See ROA.
PPE Property, plant, & equipment, net/ AT. Set to zero if missing. Worldscope
ROA Return on assets, adjusted for the amortization of R&D and 4*SG&A. Worldscope
(Operating Income After Depreciation and Amortization + R&D + 4SG&A
—RDYSGA _amort) / AT. RD¥4sSGA amort calculated assuming 20% annual
amortization. For IFRS firms, R&D adjusted for amortization of capitalized
development expenses. R&D subtracted from SG&A unless R&D > SG&A
& R&D < COGS (Peters & Taylor, 2017).
SustCommittee Indicator variable taking the value of one if a firm has a board-level CSR Refinitiv
committee, and zero otherwise. EIKON
SustReport Indicator variable taking the value of one if a firm has a stand-alone or Refinitiv
integrated sustainability report, and zero otherwise. EIKON
UNSign Indicator variable taking the value of one if a firm is a signatory of the UN Refinitiv
Global Compact, and zero otherwise. EIKON
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