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ABSTRACT

In 2013, a carbon disclosure mandate was adopted by UK-listed 
companies. This motivated our study to explore the effects of the 
2013 carbon disclosure regulation (CDR) and Greenhouse Gas 
(GHG) emissions on firms’ market value for voluntary disclosers 
versus non-disclosers pre- and post-2013 CDR. Using a sample of 
FTSE 350 firms in a short (2010–2016) and long window (2010– 
2020), our difference-in-differences design shows a beneficial 
(adverse) effect of the 2013 CDR on market value for voluntary 
carbon disclosers (non-disclosers). Also, we document the 
negative impact of GHG emissions on market value after the 2013 
CDR for voluntary disclosers. In contrast, a somewhat positive 
GHG-market value nexus is noted in the case of non-disclosers 
post-2013 CDR. Our evidence suggests that voluntary carbon 
disclosers are heavier GHG emitters and, hence, bear much higher 
environmental risks/liabilities, a negative attribute that became 
ever more taxing to their market value after the 2013 CDR.

HIGHLIGHTS

. The UK’s 2013 carbon disclosure regulation (CDR) influenced the 
market values differently for firms based on their disclosure 
behaviours, showing a positive (negative) impact for voluntary 
carbon disclosers (non-disclosers).

. In the post-CDR era, the GHG emissions of voluntary disclosers 
were penalized with lower market value while the GHG 
emissions of non-disclosers were somewhat rewarded with 
higher valuation.

. Compared to non-disclosers, voluntary disclosers are typically 
larger emitters facing greater environmental risks after the 
CDR; a negative attribute that continues to undermine their 
market valuation.

ARTICLE HISTORY

Received 11 March 2023 
Accepted 2 July 2024  

KEYWORDS

Carbon disclosure regulation 
(CDR); firm value; FTSE 350; 
GHG emissions; voluntary 
carbon disclosers vs. non- 
disclosers

ACCEPTED BY   

Andrea Romi

© 2024 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group 
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License 
(http://creativecommons.org/licenses/by-nc-nd/4.0/), which permits non-commercial re-use, distribution, and reproduction in any 
medium, provided the original work is properly cited, and is not altered, transformed, or built upon in any way. The terms on which 
this article has been published allow the posting of the Accepted Manuscript in a repository by the author(s) or with their consent. 

CONTACT  Lane Matthews L.Matthews@qub.ac.uk
Supplemental data for this article can be accessed online at https://doi.org/10.1080/01559982.2024.2377470

ACCOUNTING FORUM 

https://doi.org/10.1080/01559982.2024.2377470

http://crossmark.crossref.org/dialog/?doi=10.1080/01559982.2024.2377470&domain=pdf&date_stamp=2024-08-02
http://orcid.org/0000-0002-5821-3856
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:L.Matthews@qub.ac.uk
https://doi.org/10.1080/01559982.2024.2377470
http://www.tandfonline.com


1. Introduction

Corporate sustainability reporting is increasingly seen as crucial for supporting a sustain-

able global economy, integrating traditional financial indicators with broader sustainabil-

ity objectives, such as environmental preservation (Baboukardos, 2017). A critical 

component of this reporting is the disclosure of greenhouse gas (GHG) emissions, 

which is vital for achieving sustainability goals (DEFRA, 2010, 2013). The importance 

of such disclosures is underscored by the adoption of frameworks like the Global Report-

ing Initiative (GRI), the United Nations Sustainable Development Goals (SDGs), and the 

2016 United Nations Framework Convention on Climate Change (UNFCCC) (Alsaifi 

et al., 2020). Stock exchanges likewise play a key role in promoting the vitality of 

carbon disclosures as investors increasingly factor GHG emissions into their investment 

decisions (Baboukardos, 2017; Depoers et al., 2016; Matsumura et al., 2014).

Prior research on the value-relevance of environmental performance posits a negative 

impact of GHG emissions on firm value (Barth et al., 2001; Matsumura et al., 2014). With 

the prevailing unfavourable view of GHG emissions by stakeholders, including investors, 

they are commonly used to proxy for future environmental liabilities (Clarkson et al., 

2015), prompting firms to strategically manage their carbon footprints (Downar et al., 

2021). Therefore, carbon disclosures can showcase a firm’s commitment to mitigating 

this negative attribute and, in turn, improve stakeholder relationships (Downar et al., 

2021).

However, carbon disclosures remain voluntary in many countries. Unerman and 

O’Dwyer (2007) posit that the mounting impact of GHG emissions on climate change 

is raising public and investor concerns over corporate environmental risks, which, in 

turn, erodes stakeholders’ trust in voluntary carbon disclosures. As the perceived credi-

bility of voluntary carbon disclosures continues to decline, firms endure significant deva-

luations in capital markets (Baboukardos, 2017). Consequently, there have been many 

calls for mandatory carbon disclosure requirements (Unerman & O’Dwyer, 2007).

On the 30th of September 2013, the UK mandated the disclosure of GHG emissions in 

the annual reports for listed firms, pursuant to the Carbon Disclosure Regulation (CDR) 

(DEFRA, 2013; UK Secretary of State, 2013). Before the CDR, firms were only required to 

report emissions of individual installations to a public registry under the European 

Union Emissions Trading System (EU-ETS). While the shift to comprehensive corpor-

ate-level emissions reporting marked a significant change from voluntary to mandatory 

disclosure, we note that many FTSE indexed firms disclosed carbon emissions voluntarily 

in the annual report before the CDR.

Drawing on the legitimisation perspective of neo-institutional theory (Suchman, 

1995), we posit that firms voluntarily disclosing their carbon emissions pre-CDR are 

seeking legitimacy by aligning their actions with societal norms and values, particularly 

in environmental stewardship. We examine the impact of carbon disclosure and the 

underlying GHG emissions on the market valuation of FTSE 350 firms, focusing on 

the shift from a voluntary to a mandatory disclosure regime post-CDR. We analyse 

the impact of regulatory changes by comparing firms that voluntarily disclosed their 

GHG emissions with those that did not before the 2013 CDR. While previous research 

provides valuable insights on the operational (Downar et al., 2021) and valuation 

effects (Baboukardos, 2017; Gerged et al., 2021) of the CDR, we extend these insights 
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by delineating the unique effects for voluntary carbon disclosers vs. non-disclosers; an 

area has not been explored before.

Our findings are twofold. First, the fixed-effects regression with a difference-in-differ-

ences design shows a beneficial (adverse) effect of the CDR on firm valuation for volun-

tary disclosers (non-disclosers). Second, in the post-CDR era, we document a negative 

(somewhat positive) impact of GHG emissions on firm valuation for voluntary disclosers 

(non-disclosers). A conventional two-sample T-test confirms that voluntary disclosers 

are characterised by higher GHG emissions, a negative trait that became evermore 

taxing to their market valuation post-CDR. Our results are robust across various 

measures and alternative checks addressing endogeneity concerns.

This study contributes to understanding the value-related implications of both carbon 

disclosure policies and underlying GHG emissions in pre- and post-regulation contexts. 

We explore how the shift from a voluntary to a mandatory reporting regime creates dis-

parities in the market valuation of voluntary carbon disclosers versus non-disclosers. Pre- 

CDR valuation premiums or discounts associated with voluntary disclosers may or may 

not persist as regulation moves to level the playing field between both groups. Hence, our 

study provides a detailed view of the strategic corporate policies around carbon transpar-

ency (i.e. voluntary disclosure versus non-disclosure) and how these policies affect firm 

valuation in a post-regulation context. Furthermore, by offering updated empirical 

findings of voluntary disclosers and non-disclosers, the current study enriches the litera-

ture on the value relevance of GHG emissions in the post-CDR era, thus contributing to 

the broader discourse on corporate environmental accountability.

The paper is organised as follows: Section 2 outlines the theoretical framework and for-

mulates hypotheses. Section 3 introduces the research design and empirical model; Section 4 

presents empirical findings and robustness checks; Section 5 discusses the findings; Section 6 

concludes key findings, delineates limitations, and proposes avenues for future research.

2. Literature review: theoretical framework and hypothesis development

2.1. The 2013 CDR and firm value for voluntary disclosers vs. non-disclosers

Global climate change, primarily driven by GHG emissions, has garnered the attention of 

stakeholders ranging from governments to investors and the international community, 

underscoring its significance in financial markets (Baboukardos, 2017; Busch & 

Hoffmann, 2011). The extensive ramifications of climate change on capital markets are 

keenly observed, with a particular focus on carbon emissions and their impact beyond 

mere financial performance, shaping strategic risks and opportunities (Martin & 

Moser, 2016). This scenario has propelled investors to seek detailed reports on 

climate-related risks and opportunities, reflecting the growing importance of environ-

mental information in assessing firm value (Wang et al., 2014).

In this context, the UK stands out due to its substantial GHG emissions. The UK 

passed a landmark legislation – the Climate Change Act 2008 –, which laid down signifi-

cant reduction targets for corporate emissions; 80% by 2050 and an interim of 34% by 

2020. In September 2013, the UK mandated that publicly traded companies disclose 

detailed carbon information in their annual reports, thus enhancing the accessibility 

and quality of emission data (Baboukardos, 2017; Downar et al., 2021). This move led 
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to significant improvements in reporting, with the majority of firms disclosing their 

emissions and integrating climate risks into their governance strategies (CDP, 2016). 

However, it is notable that many firms had already been disclosing carbon data volunta-

rily in their annual reports before the 2013 CDR was enacted.

Prior research suggests that the 2013 CDR induced a significant increase in firm valua-

tions (Baboukardos, 2017), particularly through reduced information asymmetry 

(Downar et al., 2021; Gerged et al., 2021). This is in line with evidence suggesting that 

UK investors prefer mandatory over voluntary environmental disclosures in annual 

reports, as regulation is commonly seen as necessary to compel firms to provide valuable 

information (De Villiers & Van Staden, 2011; Tauringana & Chithambo, 2015).

Theoretically, Suchman’s (1995) legitimisation framework within neo-institutional 

theory helps explain why voluntary carbon disclosers might experience an uptick in 

market value. Firms engage in carbon disclosure not just for compliance but to align 

with societal norms and values, thus enhancing their legitimacy and market standing 

(Abraham & Cox, 2007; Elmagrhi & Ntim, 2022). Transparent environmental disclos-

ures, such as carbon information, not only meet regulatory demands but also position 

firms as sustainable leaders, potentially attracting better investments and fostering 

robust stakeholder relationships (Matsumura et al., 2014).

Furthermore, carbon disclosure can reduce investors’ estimation risks (Lambert et al., 

2007) and aid in optimal resource allocation (Healy & Palepu, 2001). The 2013 regulatory 

changes likely boosted the market valuations of disclosing firms by increasing transpar-

ency and reducing information asymmetry (Downar et al., 2021). However, the valuation 

effects of these disclosures vary based on whether firms voluntarily disclosed their carbon 

emissions before the 2013 CDR. Although voluntary disclosures before the regulation 

offered competitive advantages (Leuz & Verrecchia, 2000), the 2013 CDR may have 

levelled the playing field, potentially dissipating the unique advantage previously held 

by voluntary disclosers (Bagnoli & Watts, 2007; Breuer et al., 2022). With these premises 

in mind, we posit the following hypothesis: 

H1a: The effect of the UK’s 2013 carbon disclosure regulation on the firms’ value is negative 
(positive) for voluntary disclosers (non-disclosers) of GHG emissions.

Conversely, it is crucial to consider the potential benefits of implementing the UK’s 2013 

CDR. This regulation introduces a beneficial external effect by enhancing comparability, 

particularly favouring companies that voluntarily disclosed their carbon emissions over 

those that did not. The CDR requires detailed reporting of carbon metrics, including total 

GHG emissions, methodologies for measuring these emissions, and carbon intensity 

relative to operational metrics such as sales revenue, cost of sales, and total assets. The 

rigorous framework of CDR levels the playing field between voluntary carbon disclosers 

and non-disclosers (Breijer & Orij, 2022), thus fostering parity in emission information 

between both groups. Moreover, the CDR not only improves comparability but also adds 

credibility to previously reported carbon-related data from voluntary disclosers (Clark-

son et al., 2011; Clarkson et al., 2015). This credibility enhances earlier positive signals 

such as proactive environmental management and transparency, potentially increasing 

market valuation of voluntary carbon disclosers.

From the perspective of neo-institutional theory advanced by Suchman (1995), disclosing 

carbon emissions could enhance a company’s market value by aligning with environmental 
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norms and values, thus boosting legitimacy among stakeholders like investors and customers 

(Abraham & Cox, 2007; Elmagrhi & Ntim, 2022; Ntim & Soobaroyen, 2013). This alignment 

not only attracts investment but also strengthens stakeholder relationships and distinguishes 

the company in a competitive market (Matsumura et al., 2014).

However, for companies that underperform environmentally, choosing not to disclose 

may initially seem advantageous, allowing them to blend in with other non-disclosers con-

sidered “average” performers (Healy & Palepu, 2001; Matsumura et al., 2014). Yet, this 

strategy risks exposure in a post-regulation context (i.e. the 2013 CDR), potentially 

leading to negative consequences, such as market devaluation due to diminished credibility 

and increased legal risks (Matsumura et al., 2014). These complex dynamics suggest a 

paradox where voluntary disclosers might gain capital market benefits, whereas non-disclo-

sers could endure significant costs following mandatory compliance with the CDR. Conse-

quently, we formulate an alternative hypothesis that captures this paradoxical conjecture. 

H1b: The effect of the UK’s 2013 carbon disclosure regulation on the firms’ value is positive 
(negative) for voluntary disclosers (non-disclosers) of GHG emissions.

2.2. GHG emissions and firm value

Leveraging the value-relevance framework of environmental performance (Barth et al., 

2001; Matsumura et al., 2014), this study examines the firm-valuation effects of carbon emis-

sions in capital markets. The link between carbon emissions and firm value is complex, as 

documented by diverse and inconsistent prior evidence. Diverse factors (i.e. the actual 

versus the symbolic nature of carbon performance and varying regulatory contexts) shape 

the complexities of this relationship (Haque, 2017; Haque & Ntim, 2020; Wang et al., 

2014; Ziegler et al., 2009). While some studies show that carbon emissions negatively 

affect firm value through metrics like Tobin’s Q (Busch & Hoffmann, 2011), others find posi-

tive effects under certain economic structures (Wang et al., 2014). Conversely, a stream of 

prior research shows that the symbolic carbon performance (i.e. the adoption of process- 

oriented carbon reduction measures) rather than the actual reductions in GHG emissions 

are associated with higher market values (Delmas et al., 2013; Haque & Ntim, 2020).

In the UK, a negative effect of GHG emissions on the market value of firms listed on the 

London Stock Exchange was documented (Baboukardos, 2017). This indicates that UK 

investors view emissions data as indicative of environmental risks and liabilities. 

However, there appears to be a softening in the negative impact of GHG emission 

post-2013 CDR (Baboukardos, 2017), which is likely due to proactive emission reductions 

by firms (Downar et al., 2021) that led to diminishing the perceived environmental risks.

In the post-2013 CDR landscape, where emissions are subject to public disclosure, 

regulatory oversight and peer scrutiny, a trend towards sustained annual reductions is 

anticipated to lessen the negative impact on valuation (Baboukardos, 2017). The 

enhanced comparability of carbon disclosures could also refine investors’ assessments 

of carbon-related risks, influencing their valuation decisions (Verrecchia, 1983). Compa-

nies reporting annual emission reductions might experience reduced capital market 

penalties by mitigating perceived carbon risks (Baboukardos, 2017). However, it is essen-

tial to note that firms that voluntarily disclose carbon emissions are usually larger and 

may face greater challenges in achieving consistent reductions (Matsumura et al., 2014). 
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Conversely, the smaller operational scale of non-disclosers could provide them with more 

flexibility in reducing emissions steadily, suggesting that post-2013 CDR, voluntary disclosers 

and non-disclosers might encounter different capital market reactions to their GHG emis-

sions. Hence, the second hypothesis emerges as follows: 

H2: The negative effects of GHG emissions on the firms’ value are more pronounced for volun-
tary carbon disclosers than non-disclosers after the UK’s 2013 carbon disclosure regulation.

3. Research design

3.1. Sample and data sources

Our study investigates the impact of voluntary carbon disclosure and underlying GHG 

emissions on firm value, utilising an unbalanced panel of FTSE 350 firms for short 

(2010–2016) and long windows (2010–2020). Notably, the sampling windows cover 

pre- and post-2013 CDR periods, which provides a valuable demarcation to assess the 

effects of voluntary carbon disclosure policy and GHG emissions pre- and post-legis-

lation. Data, including the closing annual lists of FTSE 350 companies and all relevant 

variables, were sourced from Bloomberg as of 31st December each year. The selection 

of FTSE 350 companies, representing the largest firms by market capitalisation on the 

London Stock Exchange, is strategic due to their significant environmental impact and 

associated risks. The choice of the post-2008 period aims to reduce any confounding 

effects of the financial crisis on the results. Similarly, we end our sampling period in 

2020 to avoid the confounding effects of the climate-related financial disclosure (CFD) 

Regulation 2022 in the annual reports of 2021.

In constructing our sample, we included all firm-year observations with available data, 

thus avoiding survivorship bias. After discarding observations with completely missing 

data, the final sample consists of 3274 firm-year observations spanning the ten sectors of 

the industry classification benchmark (ICB). Table 1 displays the distribution of these 

observations by year and sector and identifies the number of voluntary carbon disclosers 

– firms that reported GHG emissions in their annual reports before the 2013 CDR – 

within each sector annually (see the section on independent variables for further details).

3.2. Firms’ value – dependent variable

Our study employs Tobin’sQ as a primary metric for assessing capital market valuation, 

which is in line with previous literature confirming its widespread use (Reiter, 2021). We 

calculate Tobin’sQ using Bloomberg data based on the market value ratio to replacement 

cost. As a robustness check, we use the average closing Bid-Ask Spread percentages, 

which are indicative of information asymmetry and inversely related to firm value 

(Lee & Zhong, 2022). To complement these measures, we also use total shareholder 

return and the implied cost of equity capital – the latter being an inverse proxy of 

firm value derived by averaging the price-earnings growth and modified price-earnings 

growth estimates of Easton (2004).1 The definitions and operational measurements of all 

study variables are detailed in Table 2.

1See Section 4.2. on robustness checks for more information.
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Table 1. Sample composition detailed by industry type and year.

ICB Industry/Year 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 Total

Basic Materials 25 28 29 25 22 18 22 23 21 19 20 252
15 16 17 15 14 11 12 12 10 9 9 140

Consumer Goods 25 24 25 28 28 28 28 30 32 31 29 308
13 12 12 13 13 13 12 12 12 12 13 137

Consumer Services 62 58 58 60 69 72 68 66 58 58 53 682
26 24 24 25 25 25 24 23 18 19 17 250

Financials 62 60 65 69 72 77 82 75 76 74 76 788
31 32 31 31 31 29 28 26 24 23 23 309

Health Care 8 8 10 12 14 15 15 15 12 11 13 133
3 3 3 3 3 3 3 3 3 3 3 33

Industrials 59 62 63 66 65 61 62 63 59 59 58 677
28 29 28 27 27 26 25 24 21 20 20 275

Oil & Gas 19 21 19 17 15 11 10 8 10 10 8 148
8 8 8 8 8 6 6 5 5 5 4 71

Technology 17 16 16 14 11 10 8 9 10 10 9 130
6 5 5 4 3 2 1 1 1 1 1 30

Telecommunications 7 9 8 8 7 6 5 5 5 6 6 72
3 3 2 2 2 1 1 1 1 1 1 18

Utilities 9 8 7 7 8 7 7 7 8 8 8 84
6 5 5 5 5 5 5 5 5 5 5 56

Total 293 294 300 306 311 305 307 301 291 286 280 3274
139 137 135 133 131 121 117 112 100 98 96 1319

The number of voluntary disclosures of each industry is reported in italics.
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3.3. Voluntary carbon disclosure and GHG emissions – independent variables

Our research focuses on the impact of carbon disclosure and GHG emissions on firm 

value in the UK, specifically analysing the period before and after implementing the 

UK’s 2013 CDR. We differentiate between companies that voluntarily disclosed their 

GHG emissions before the regulation took effect in September 2013 and those that did 

not. We develop a binary variable “Voluntary”, coded 1 for voluntary disclosers and 0 

Table 2. Variable definitions.

Variables Definition of variable

Variables of interest
Tobin’sQ Bloomberg estimates the ratio of the market value of a firm to the replacement cost of the firm’s 

assets. The ratio is computed as follows: (Market Cap + Total Liabilities + Preferred Equity +  
Minority Interest)/Total Assets

CDR A binary variable that splits the sample based on two periods – pre and post-the introduction of the 
UK’s 2013 carbon disclosure regulation. It takes the value of 0 for the period before the 30th 
September 2013, and 1 for the period after.

Voluntary Binary for voluntary carbon disclosure; 1 for firms that disclosed their total GHG emission in the 
annual reports before the CDR on 30th September 2013 and 0 otherwise. This variable was 
constructed based on Bloomberg records for disclosed GHG emissions and manually checked 
with annual reports.

LnGHG The logarithm of Greenhouse Gas (GHG) emissions. Total GHG emissions of the company are in 
thousands of metric tons. GHG emissions are defined as those gases that contribute to the 
trapping of heat in the Earth’s atmosphere, including Carbon Dioxide (CO2), Methane, and Nitrous 
Oxide. Total GHG Emissions equal the total of company Scope 1 and Scope 2 emissions. It does 
not include Scope 3 emissions. The definition of Scope 3 emissions remains subject to much 
interpretation, and therefore, there is significant variability in the company-reported data – this 
could cause undue variation in the company’s Total GHG emissions figure. The Scope 1 and Scope 
2 emissions were validated between Bloomberg records and reported figures in annual reports.

Controls for firms’ characteristics
Ln.Size The book value of total assets reported by the firm in a given year is transformed by taking the 

natural logarithm.
B2M A proxy for both growth prospects and risks. It is measured as the ratio of the firms’ closing book 

value of equity to the closing market value of equity.
Leverage A proxy for leverage is measured as the ratio of total debt to total assets.
ROA A proxy for profitability, measured as the ratio of net returns to total assets.
R&D binary A proxy for the firms’ innovativeness and lower quality of the informational environment, taking 1 if 

the firm reports R&D expenditure and 0 otherwise.
Analysts The number of all analyst forecasts of earnings per share obtained for a given firm from all its 

following analysts.
LGTM Growth The forecasted long-term growth rate by financial analysts. While different analysts apply different 

methodologies, the Long-Term Growth Forecast generally represents an expected annual 
increase in operating earnings per share over the company’s next full business cycle. In general, 
these forecasts refer to a period of three to five years.

HH Index As a proxy for industry competitiveness, the Herfindahl-Hirschman (HH) index is taken as the sum of 
squared market shares. The market share is calculated by dividing the firm’s annual sales value by 
the sum of sales for all firms in the same industry for a given year.

ERI 1 if the company has explicitly disclosed that it is implementing any initiatives to reduce its GHG 
emissions and 0 otherwise.

CSR/Sustainability 1 if the company has a CSR/Sustainability committee and 0 otherwise.
Additional variables for robustness checks
Bid-Ask Spread The Bloomberg-calculated average of closing Bid-Ask Spread Percentages. It is the average of all 

bid-ask spreads taken as a percentage of the mid-price. The bid/ask points used for the 
computation correspond to the quotes received for the last trading week in the financial year.

Beta Represents the market systematic risk; measures the volatility of the stock price relative to the 
volatility in the market index. Beta is the percentage change in the price of the stock given a 1% 
change in the market index. The default setting of the beta calculation is two years of weekly 
data.

Note: Data for all variables were collected from Bloomberg database. The variables of interest – “Voluntary” and “LnGHG”, 
underwent manual validations with each individual firm-year annual report.
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for others, to enable the use of difference-in-differences design in subsequent analyses. 

This variable and the actual emissions data were sourced from Bloomberg and verified 

on a firm-by-firm basis from annual reports.

To account for the influence of the 2013 CDR, we introduce another binary variable, 

“CDR”, which is assigned a value of 1 for financial years ending on or after 30th September 

2013, the date from which the CDR mandated GHG emissions disclosure in annual reports, 

and 0 for prior periods (Baboukardos, 2017; Downar et al., 2021; Gerged et al., 2021).

In line with previous literature (Baboukardos, 2017; Downar et al., 2021; Matsumura 

et al., 2014), we measure GHG emissions as the total of Scope 1 and Scope 2 emissions 

in thousands of metric tons. The total of Scope 1 and Scope 2 emissions was log-trans-

formed “LnGHG” for analytical consistency. We note that Scope 3 emissions are 

excluded due to the variability in their definition and measurement (Downar et al., 

2021).

3.4. Control variables

A comprehensive set of control variables was employed in empirical modelling, as guided 

by extant literature on firm valuation (Baboukardos, 2017; Gerged et al., 2021; Haque, 

2017). These controls include key financial indicators, such as firm size, expressed as 

the natural logarithm of total assets (Ln.Size), the Book-to-Market Ratio (B2M) for eval-

uating risks and growth prospects, the debt-to-assets ratio (Leverage) to measure 

financial leverage, and return on assets (ROA) as a profitability metric.

Additionally, we include variables, such as R&D activity, analyst coverage, and long- 

term growth projections, which are crucial for understanding a firm’s market valuation 

and its capacity to attract external funding. The presence of R&D activity, represented by 

a binary variable, underscores the elevated risks and informational asymmetry inherent 

in such companies (Aboody & Lev, 2000). Analyst coverage (Analysts) is factored in to 

reflect the quality of a firm’s informational environment, where increased analyst atten-

tion correlates with lower capital costs and enhanced market valuations (Botosan et al., 

2011; Botosan & Plumlee, 2005). Moreover, we adjust for forecasted long-term growth 

(LGTM Growth) to consider analysts’ expectations about a firm’s future growth prospects 

(Botosan & Plumlee, 2013; Easton, 2009).

Our study further corrects for competitive pressures that affect a company’s market 

valuation, underlying cost of capital and disclosure practices (Ali et al., 2014; X. Li, 

2010). We use the Herfindahl-Hirschman index (HH Index) to gauge industry compe-

tition, where higher values suggest lower competition, potentially allowing firms to 

better manage increased compliance costs and enhance financial valuation (Clarkson 

et al., 2015; Rhoades, 1993).

We also control for corporate initiatives related to environmental responsibility and 

governance structures that demonstrate a firm’s commitment to addressing climate 

change and reducing GHG emissions. This entails the inclusion of binary variables 

for the implementation of Emission Reduction Initiatives (ERI) and the existence of 

a CSR and/or Sustainability committee (Baboukardos, 2017). Lastly, the market sys-

tematic risk is controlled by including the beta coefficient (Beta) to gauge its impact 

on information asymmetry and cost of capital during the robustness checks (Botosan 

et al., 2011).
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3.5. Empirical design

To examine the firms’ valuation effects of carbon disclosure and GHG emissions before 

and after the 2013 CDR for voluntary disclosers vs. non-disclosers, we estimate the fol-

lowing difference-in-differences regression model with fixed effects, taking into account 

all control variables as discussed earlier.

Tobin′sQi.t = b0 + b1Voluntaryi.t + b2CDRi.t−1 + b3LnGHGi.t−1

+ b4CDR∗Voluntaryi.t−1 + b5CDR∗LnGHGi.t−1

+ b6Voluntary∗LnGHGi.t−1 + b7CDR∗Voluntary∗LnGHGi.t−1

+ b8LnSizei.t−1 + b9B2Mi.t−1 + b10Leveragei.t−1 + b11ROAi.t−1

+ b12R&D binaryi.t−1 + b13Analystsi.t−1 + b14 LGTM Growthi.t−1

+ b15 HH Indexi.t−1 + b16ERIi.t−1 + b17CSR/Sustainabilityi.t−1

+



i

biFirm.Controls+


t

btYear.Controls+ 1i.t

(1) 

Where Tobin′sQi.t represents the value of the firm (i) in a year (t). Voluntaryi.t is a 

binary taking the value of 1 for firms that disclosed their total GHG emissions in 

the annual reports before the 2013 CDR and 0 otherwise.2 CDRi.t−1 is a binary 

taking the value of 1 for financial years ending on or after 31st September 2013 (the 

date of carbon disclosure regulation) and 0 for before that. LnGHGi.t−1 is the 

natural logarithm of total GHG emissions included in Scope 1 and Scope 2. The coeffi-

cients of interest are – b2, b4, b5, and b7. The coefficient b4 represents the effect of the 

2013 CDR for the voluntary carbon disclosers CDR∗Voluntaryi.t−1, while b2 represents 

the effect of the regulation CDRi.t−1 for non-disclosers. According to H1a, we expect a 

negative (positive) sign for b4 (b2). According to H1b, we expect a negative (positive) 

sign for b2 (b4).

According to H2, we expect negative signs for both b5 andb7, with b7 potentially 

demonstrating a higher negative coefficient. The coefficient b7 represents the effect of 

GHG emissions of voluntary disclosers post the 2013 regulation CDR∗Voluntary∗

LnGHGi.t−1 while b5 represents the effect of GHG emissions post the 2013 CDR for 

non-disclosers CDR∗LnGHGi.t−1. We should note that b6 (b3) represents the effect of 

GHG emissions for voluntary disclosers (non-disclosers) before the 2013 CDR.

This empirical design examining voluntary carbon disclosers and non-disclosers pre 

and post-2013 CDR is consistent with a long stream of prior studies that employed a 

difference-in-differences model, as discussed by (De George et al., 2016). It should 

allow us to compare the voluntary (treatment group) with non-disclosers (control 

group) with respect to the post-effect of the 2013 CDR (the event) and the GHG emis-

sions of both groups. The difference-in-difference design uncovers significant economic 

outcomes that appear in the data quickly but reverse over the long term (D. Li et al., 

2022). As such, we run the baseline model of Eq. (1) for short (2010–2016) and long 

windows (2010–2020) to observe whether or not the 2013 CDR short-term economic 

effects persist in the long term. The application of short and long windows is consistent 

with prior literature (Chen et al., 2013; DeFond et al., 2011; Hong et al., 2014). To further 

2We note that when running the model through STATA, b1Voluntaryi.t−1 drops out for perfect collinearity.
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understand the results of the difference-in-differences regressions, we rerun the baseline 

model in Eq. (1) by partitioning the full sample into two subgroups: voluntary disclosers 

and non-disclosers. The subgrouping regression presents a closer look at the unique 

effects of CDRi.t−1, LnGHGi.t−1, and the interaction term CDR∗LnGHGi.t−1 for the two 

distinct groups of firms.

We run firm-fixed effects and year-fixed effects estimation with robust standard errors 

clustered at the firm level.3 Based on the Hausman test, we find that the fixed-effects esti-

mation fits better than the random-effects estimation. Robust standard errors clustered at 

the firm level are used to control for heteroscedasticity and autocorrelation bias (Petersen, 

2009; Wooldridge, 2010). The firm-fixed effects eliminate biases caused by time-invariant 

omitted variables, while year-fixed effects eliminate biases caused by omitted variables that 

vary across years but are constant across firms (Wooldridge, 2010). We use the one-year lag 

for all the independent and control variables to rule out reverse causality bias.

4. Empirical findings

4.1. Diff-in-diff and subgroup fixed-effects regressions results

The descriptive analysis and correlation matrix of our study variables are presented and 

briefly discussed in the Online Appendices file. The examination of the difference-in- 

differences (Diff-in-Diff) and subgroup regression analyses, detailed in Table 3, 

employs fixed-effects estimations for Tobin’sQ (Panel A) and the Bid-Ask Spread 

(Panel B) over two temporal spans: the short (2010–2016) and long window (2010– 

2020). In the short window, we introduce Model 1, focusing on the logarithm of GHG 

emissions (LnGHG) with all control variables; Model 2 implements a standard Diff-in- 

Diff approach; Model 3 incorporates all pertinent variables to evaluate Hypotheses 1a, 

1b, and 2 in line with Equation (1); Model 4 (Model 5) presents the subgroup regressions 

to dissect the effects of CDR, LnGHG, and their interaction for voluntary carbon disclo-

sers (non-disclosers). The structure applied to Models 1 through 5 is systematically 

applied to Models 6 through 10 for the long window analysis.

Tobin’sQ results for both temporal periods provide robust support for Hypothesis 

H1b, though not for Hypothesis H1a. Model 3 illustrates a significant positive 

influence (+0.546, p < 0.05) of the 2013 CDR on voluntary disclosers 

CDR∗Voluntaryi.t−1 and a significant negative impact (−0.696, p < 0.01) of CDRi.t−1 

for non-disclosers within the short window. These findings persist in the long window 

(Model 8), suggesting enduring economic repercussions from the 2013 CDR on firm 

value, which are beneficial for voluntary disclosers and adverse for non-disclosers. The 

predicted values of Tobin’sQ, as illustrated in Figure 1, were obtained in the post-esti-

mation of Model 8 in the long window. The graphical illustration of predicted values 

depicts the stark differences between voluntary carbon disclosers and non-disclosers 

very clearly over the years, especially after the 2013 CDR. In addition, the subgroup 

analysis further substantiates a sustained firm devaluation for non-disclosers after 

2013, evidenced by the negative effect of CDRi.t−1 in Model 5 and Model 10 (−0.744, 

p < 0.10; and – 0.606, p < 0.05, respectively).

3We also use firm-fixed and industry*year-fixed effects to check for robustness, and the results remain similar.
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Table 3. Diff-in-diff regressions and subgroup analysis with fixed effects for FTSE 350 firms

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
Full sample Full sample Full sample Voluntary Non-Disclosers Full sample Full sample Full sample Voluntary Non-Disclosers

Panel A: Tobin’sQ 2010–2016 2010–2020

Control variables
Ln.Size −0.888*** −0.866*** −0.870*** −0.882*** −0.976*** −0.568*** −0.559*** −0.570*** −0.549*** −0.542**

(0.180) (0.174) (0.179) (0.212) (0.310) (0.163) (0.164) (0.169) (0.165) (0.256)
B2M −0.076 −0.097 −0.079 −0.085 0.040 −0.223** −0.231** −0.219** −0.329*** −0.014

(0.064) (0.065) (0.067) (0.073) (0.152) (0.094) (0.095) (0.095) (0.095) (0.222)
Leverage 0.009 0.008 0.007 0.011 0.001 −0.002 −0.002 −0.002 0.004 −0.011

(0.005) (0.005) (0.005) (0.008) (0.007) (0.004) (0.004) (0.004) (0.005) (0.007)
ROA 0.026*** 0.025*** 0.024*** 0.032*** 0.016* 0.018** 0.018** 0.018** 0.012*** 0.023

(0.006) (0.006) (0.006) (0.007) (0.009) (0.008) (0.008) (0.008) (0.004) (0.016)
R&D binary −0.543*** −0.590*** −0.594*** −0.378*** −0.659** −0.210 −0.218 −0.218 −0.258 −0.342

(0.193) (0.176) (0.171) (0.054) (0.285) (0.162) (0.155) (0.153) (0.239) (0.386)
Analysts −0.001 −0.001 −0.001 0.001 −0.009 −0.005 −0.005 −0.005 0.007* −0.028

(0.004) (0.004) (0.004) (0.004) (0.012) (0.011) (0.011) (0.010) (0.004) (0.028)
LGTM Growth −0.001*** −0.001*** −0.001** −0.001* −0.001 −0.000 −0.000 0.000 0.000 −0.000

(0.000) (0.000) (0.000) (0.000) (0.001) (0.000) (0.000) (0.000) (0.000) (0.001)
HH Index 0.012 0.012 0.012 0.017** −0.097 0.007 0.007 0.007 0.012* −0.005

(0.008) (0.008) (0.007) (0.007) (0.113) (0.007) (0.007) (0.007) (0.007) (0.036)
ERI −0.315** −0.323** −0.319** −0.288 −0.341 −0.307 −0.311 −0.302 −0.090 −0.468

(0.158) (0.157) (0.158) (0.251) (0.215) (0.227) (0.229) (0.226) (0.155) (0.370)
CSR/Sustainability 0.005 0.002 −0.001 0.004 −0.044 0.026 0.022 0.017 −0.058 0.100

(0.037) (0.038) (0.041) (0.040) (0.109) (0.052) (0.052) (0.052) (0.056) (0.121)
Variables of interest
LnGHG −0.035 −0.037 −0.095 −0.035 −0.115 0.079 0.080 0.079 0.046 0.063

(0.069) (0.066) (0.151) (0.070) (0.166) (0.066) (0.065) (0.124) (0.060) (0.134)
CDR −0.443*** −0.696*** −0.139 −0.744* −0.398*** −0.586*** −0.131 −0.606**

(0.150) (0.252) (0.114) (0.440) (0.128) (0.176) (0.116) (0.271)
CDR*Voluntary 0.201* 0.546** 0.142 0.418**

(0.119) (0.239) (0.109) (0.173)
CDR*LnGHG 0.078* −0.012 0.072 0.058* −0.020 0.047

(0.042) (0.017) (0.047) (0.030) (0.015) (0.033)
Voluntary*LnGHG 0.051 −0.031

(0.162) (0.130)
CDR*Voluntary*LnGHG −0.095** −0.074**

(0.045) (0.033)
Constant 9.858*** 10.039*** 10.146*** 10.039*** 11.153*** 6.898*** 7.150*** 7.320*** 6.826*** 7.605***

(1.635) (1.601) (1.628) (2.093) (2.317) (1.384) (1.398) (1.463) (1.472) (2.017)
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Year controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Firm controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations. 797 797 797 550 247 1507 1507 1507 891 616
R-squared 0.229 0.256 0.266 0.293 0.266 0.076 0.079 0.080 0.200 0.078
Panel B: Bid-Ask Spread 2010–2016 2010–2020
Variables of interest
LnGHG −0.083* −0.085* 0.033 −0.115** 0.021 −0.028 −0.028 −0.021 −0.067** −0.017

(0.047) (0.046) (0.043) (0.048) (0.045) (0.027) (0.027) (0.033) (0.033) (0.031)
CDR 0.115*** 0.071* −0.089 0.089* 0.100*** 0.089** −0.077 0.083**

(0.031) (0.040) (0.063) (0.047) (0.032) (0.035) (0.057) (0.042)
CDR*Voluntary −0.055* −0.136** −0.035 −0.158***

(0.030) (0.067) (0.026) (0.056)
CDR*LnGHG 0.007 0.024*** 0.005 0.002 0.025*** 0.002

(0.007) (0.008) (0.007) (0.004) (0.007) (0.004)
Voluntary*LnGHG −0.149** −0.028

(0.066) (0.041)
CDR*Voluntary*LnGHG 0.015 0.022***

(0.010) (0.008)
Constant 0.539 0.534 0.135 0.205 −0.082 0.888*** 0.822*** 0.748*** 1.000*** 0.766***

(0.882) (0.889) (0.855) (1.208) (0.904) (0.225) (0.230) (0.202) (0.376) (0.219)
Control variables Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Firm controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations. 698 698 698 473 225 1394 1394 1394 814 580
R-squared 0.185 0.194 0.220 0.242 0.213 0.184 0.189 0.205 0.235 0.221

Robust standard errors clustered at the firm level are reported in parenthesis; *** p < 0.01, ** p < 0.05, * p < 0.10; all independent and control variables are one year lag to mitigate endogeneity 
concerns arising from reserves causality; Table 2 reports variable definitions and measurements.
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The Bid-Ask Spread findings in Panel B complement the results of Tobin’sQ, affirming 

the reduced (increased) information asymmetry for voluntary disclosers (non-disclosers) 

post-2013 CDR. Model 8 in Panel B reveals a significant positive effect (+0.089, p < 0.05) 

of CDRi.t−1 for non-disclosers and a significant negative impact (−0.158, p < 0.01) of 

CDR∗Voluntaryi.t−1 for voluntary disclosers post-2013 CDR. These patterns are in line 

with earlier research that posits that capital markets penalise firms lacking voluntary 

carbon disclosures (Matsumura et al., 2014).

Hypothesis 2 postulates a pronounced negative effect of GHG emissions on firm 

valuation for voluntary disclosers compared to non-disclosers following the 2013 

CDR. The short-term Tobin’sQ results (Model 3) validate this with a significant nega-

tive effect (−0.095, p < 0.05) for CDR∗Voluntary∗LnGHGi.t−1, contrasting with a posi-

tive yet weakly significant coefficient (+0.078, p < 0.1) for CDR∗LnGHGi.t−1. The long 

window results (Model 8) mirror this pattern, emphasising the substantial and endur-

ing negative impact of GHG emissions on firm value, specifically for voluntary 

disclosers.

Contrastingly, the GHG emissions of non-disclosers, while showing a positive effect 

on Tobin’sQ, fail to reveal consistent evidence in either the Bid-Ask Spread or the sub-

group analysis, casting doubt on the robustness of this finding.4 Finally, we conduct a 

two-sample T-test to check for significant differences in the levels of GHG emissions. 

Results confirm that, on average, voluntary disclosers generate 3576 thousand metric 

tons of GHG emissions more than non-disclosers (T-value = 8.79, p < 0.01), thus 

facing greater environmental risks and experiencing more pronounced devaluation 

effects of GHG emissions post-regulation.

Figure 1. Predicted values of Tobin’s Q.

4Some substantiating evidence, albeit weak, is observed in the PSM sample-based regression (see Table 5) for the long 
window results.
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4.2. Robustness checks

The robustness of the initial findings, using Tobin’sQ as a firm value indicator, under-

went several validations.5 The first robustness check involved adopting the Bid-Ask 

Spread as an inverse proxy for firm value, and the results align qualitatively with those 

of Tobin’sQ (Section 4.1; Table 3, Panel B). Further, we obtain consistent results (unre-

ported) when employing total shareholder return as an alternative firm valuation metric.6

For the second robustness tests, we rerun the baseline fixed-effects model incorporat-

ing firm controls, year controls and industry-year controls, with robust standard errors 

clustered at the firm level; results (unreported) remain qualitatively consistent. In 

additional attempts to detect industry-specific trends, we replicate the baseline results 

independently for each of the ten sectors in the ICB classification.7 Results (unreported) 

show consistent findings mainly from the largest sectors – Basic Materials, Consumer 

Services, Financials, and Oil & Gas. We further check the sensitivity of results by exclud-

ing the financial sector from the full sample in the baseline regressions, and the results 

(unreported) remain consistent.

The third test applied fixed effects panel quantile regression (FEPQR), following 

Canay (2011) method, which allows examination of the entire conditional distribution 

of firm value rather than just the mean. This approach is especially useful when addres-

sing the presence of extreme outliers and skewed distributions (M. Li, 2015). The consist-

ency of the FEPQR findings, displayed in Table 4, across the ten quantiles of Tobin’sQ for 

both the short and long windows reinforces the robustness of the initial results. Similarly, 

FEPQR evidence for the Bid-Ask Spread, total shareholder return, and the average 

implied cost of equity capital (unreported) further corroborate the baseline results. We 

also check for the effect of the outliers in the baseline results by winsorising the continu-

ous variables of interest (Tobin’sQ and LnGHG) at the top and bottom one percent of 

observations; results (unreported) remain consistent in the short and long windows.

The fourth robustness check took into account additional controls, such as the 2014/ 

95/EU directive on non-financial disclosures (Al-Dosari et al., 2023) and the COVID-19 

pandemic.8 The short and long-window results (unreported) remain similar after 

accounting for these additional controls. However, the subgroup analysis revealed that 

voluntary disclosers faced significant devaluation during the pandemic period (2019– 

2020). The post-COVID devaluations of voluntary disclosers is also evident in Figure 1.

Finally, the fifth robustness check employed propensity score matching (PSM) to cir-

cumvent selection bias. We match each voluntary discloser (treatment group) with a 

non-discloser (control group) using the period before the 2013 CDR, with replacement.9

It is argued that “disclosure is closely associated with performance” (Al-Dosari et al., 

2023, p. 189). In essence, control variables identified in the baseline model may impact 

disclosure choices since they may affect corporate performance. Hence, we include all 

control variables of the baseline model in the PSM matching process, along with year 

controls and industry controls. The matched samples’ regression results, presented in 

5All unreported results in this section are available with detailed discussion in the Online Appendices file.
6We thank the anonymous reviewer for suggesting the use of total shareholder return.
7We thank the anonymous reviewer for recommending detailed checks for industry-specific trends.
8We thank the anonymous reviewer for suggesting the use of these additional controls.
9We thank the anonymous reviewers for suggesting the use of the PSM method. We note that we also apply PSM without 
replacement and obtain some consistent results. See pages 28–30 of the Online Appendices file.
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Table 4. Diff-in-diff with fixed effects panel quantile regression of Tobin’sQ for FTSE 350 firms

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
0.10 0.20 0.30 0.40 0.5 0.60 0.70 0.80 0.90 0.95

Panel A: Period 2010–2016
CDR −0.5081*** −0.4966*** −0.5182*** −0.5769*** −0.6154*** −0.6566*** −0.6257*** −0.6507*** −0.8141*** −0.8469***

(0.0928) (0.0665) (0.0583) (0.0656) (0.0443) (0.0475) (0.0607) (0.1025) (0.0841) (0.2185)
LnGHG −0.1083*** −0.1014*** −0.1168*** −0.0901*** −0.0881*** −0.0955*** −0.0822*** −0.0866*** −0.0953*** −0.0976***

(0.0135) (0.0197) (0.0235) (0.0323) (0.0096) (0.0125) (0.0204) (0.0225) (0.0208) (0.0234)
CDR*Voluntary 0.4482*** 0.4611*** 0.4888*** 0.4864*** 0.5244*** 0.5036*** 0.4880*** 0.5007*** 0.5298*** 0.4528**

(0.1151) (0.0489) (0.0444) (0.0388) (0.0321) (0.0357) (0.0462) (0.0688) (0.0571) (0.1935)
CDR*LnGHG 0.0824*** 0.0764*** 0.0947*** 0.0670** 0.0690*** 0.0760*** 0.0643*** 0.0745*** 0.1037*** 0.1090***

(0.0179) (0.0209) (0.0243) (0.0325) (0.0105) (0.0142) (0.0217) (0.0253) (0.0234) (0.0393)
Volunatry*LnGHG 0.0606*** 0.0610*** 0.0777*** 0.0496 0.0460*** 0.0467*** 0.0359* 0.0362* 0.0435*** 0.0480**

(0.0102) (0.0172) (0.0221) (0.0314) (0.0088) (0.0113) (0.0194) (0.0203) (0.0146) (0.0205)
CDR*Volunatry*LnGHG −0.1081*** −0.0981*** −0.1195*** −0.0888*** −0.0850*** −0.0841*** −0.0733*** −0.0788*** −0.1000*** −0.0841**

(0.0202) (0.0197) (0.0235) (0.0322) (0.0106) (0.0138) (0.0215) (0.0247) (0.0197) (0.0413)
Constant 8.8965*** 9.2077*** 9.4384*** 9.4653*** 9.5917*** 9.6935*** 9.7530*** 9.9056*** 9.9354*** 10.4603***

(0.1204) (0.0821) (0.0691) (0.0578) (0.0532) (0.0571) (0.0701) (0.1014) (0.1168) (0.4303)
Control variables Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Firm controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Pseudo R2 0.87 0.88 0.88 0.87 0.87 0.86 0.85 0.83 0.82 0.81
Observations 797 797 797 797 797 797 797 797 797 797
Panel B: Period 2010–2020
CDR −0.4858*** −0.5116*** −0.4563*** −0.4015*** −0.4057*** −0.3955*** −0.4633*** −0.4509*** −0.6511*** −0.7199***

(0.0877) (0.0539) (0.0428) (0.0513) (0.0644) (0.0763) (0.0581) (0.1249) (0.1206) (0.1972)
LnGHG 0.0480*** 0.0408** 0.0502 0.0941** 0.0890*** 0.0979*** 0.0955*** 0.0863*** 0.0787** 0.0814***

(0.0147) (0.0201) (0.0409) (0.0436) (0.0187) (0.0203) (0.0061) (0.0192) (0.0359) (0.0140)
CDR*Voluntary 0.3752*** 0.3788*** 0.3982*** 0.3617*** 0.3482*** 0.3464*** 0.3241*** 0.3544*** 0.3918*** 0.5789***

(0.0622) (0.0415) (0.0313) (0.0281) (0.0260) (0.0228) (0.0276) (0.0453) (0.0900) (0.1502)
CDR*LnGHG 0.0870*** 0.0918*** 0.0800* 0.0330 0.0355* 0.0250 0.0292*** 0.0394* 0.0594 0.0533**

(0.0182) (0.0206) (0.0410) (0.0438) (0.0189) (0.0205) (0.0067) (0.0205) (0.0374) (0.0245)
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Volunatry*LnGHG −0.0060 0.0045 −0.0053 −0.0462 −0.0470*** −0.0548*** −0.0533*** −0.0492*** −0.0467 −0.0326**
(0.0080) (0.0189) (0.0399) (0.0426) (0.0177) (0.0190) (0.0050) (0.0181) (0.0304) (0.0127)

CDR*Volunatry*LnGHG −0.1001*** −0.1071*** −0.1000** −0.0535 −0.0509*** −0.0386** −0.0407*** −0.0521** −0.0691** −0.0989***
(0.0150) (0.0203) (0.0404) (0.0429) (0.0183) (0.0195) (0.0071) (0.0202) (0.0347) (0.0274)

Constant 6.3115*** 6.4952*** 6.5848*** 6.6639*** 6.7650*** 6.8533*** 6.8903*** 7.0100*** 7.2937*** 7.3667***
(0.1028) (0.0752) (0.0568) (0.0596) (0.0696) (0.0594) (0.0582) (0.0863) (0.1587) (0.2373)

Control variables Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Firm controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Pseudo R2 0.74 0.74 0.74 0.73 0.72 0.71 0.69 0.68 0.66 0.67
Observations 1,507 1,507 1,507 1,507 1,507 1,507 1,507 1,507 1,507 1,507

Robust standard errors clustered at the firm level are reported in parenthesis: *** p < 0.01, ** p < 0.05, * p < 0.10; all independent and control variables are one year lag to mitigate endogeneity 
concerns arising from reserves causality. Table 2 reports variable definitions and measurements.
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Table 5. PSM sample-based regressions and subgroup analysis of Tobin’sQ with fixed effects FTSE 350 firms

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
Full sample Full sample Full sample Voluntary Non-Disclosers Full sample Full sample Full sample Voluntary Non-Disclosers

2010–2016 2010–2020

Control Variables
Ln.Size −0.850*** −0.847*** −0.814*** −0.950*** −0.745** −0.493*** −0.491*** −0.489** −0.403** −0.584*

(0.191) (0.189) (0.187) (0.228) (0.344) (0.181) (0.181) (0.190) (0.162) (0.334)
B2M −0.119 −0.131 −0.128 −0.174 0.050 −0.194* −0.199* −0.194 −0.368*** 0.079

(0.090) (0.094) (0.093) (0.108) (0.121) (0.116) (0.117) (0.119) (0.123) (0.247)
Leverage 0.008* 0.007 0.006 0.012* 0.004 −0.003 −0.004 −0.004 0.001 −0.010

(0.005) (0.004) (0.004) (0.006) (0.006) (0.004) (0.004) (0.004) (0.005) (0.007)
ROA 0.020*** 0.020*** 0.020*** 0.034*** 0.009 0.018** 0.018* 0.018* 0.012** 0.020

(0.007) (0.006) (0.006) (0.008) (0.009) (0.009) (0.009) (0.009) (0.005) (0.016)
R&D binary −0.479*** −0.527*** −0.560*** −0.406*** −0.538** −0.347** −0.348** −0.350** −0.491*** −0.334

(0.140) (0.135) (0.139) (0.051) (0.243) (0.144) (0.139) (0.136) (0.173) (0.419)
Analysts −0.001 0.001 −0.000 0.000 −0.005 −0.011 −0.011 −0.011 0.008 −0.037

(0.005) (0.005) (0.005) (0.005) (0.014) (0.015) (0.015) (0.014) (0.005) (0.035)
LGTM Growth −0.000 −0.000 −0.000 −0.000 −0.001 0.001 0.001 0.001 0.001* 0.001

(0.001) (0.001) (0.000) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
HH Index 0.026 0.028 0.023 0.040 0.050 −0.003 −0.004 −0.004 0.004 0.083**

(0.033) (0.036) (0.033) (0.037) (0.187) (0.015) (0.015) (0.016) (0.011) (0.036)
ERI −0.392* −0.404** −0.404** −0.458 −0.300 −0.198 −0.205 −0.199 −0.119 −0.297

(0.208) (0.204) (0.203) (0.392) (0.217) (0.161) (0.162) (0.160) (0.191) (0.262)
CSR/Sustainability 0.021 0.019 0.017 0.006 0.071 0.032 0.029 0.025 −0.046 0.133

(0.056) (0.052) (0.054) (0.052) (0.118) (0.051) (0.051) (0.052) (0.058) (0.135)
Variables of interest
LnGHG −0.152** −0.143** −0.337** −0.070 −0.311* 0.054 0.056 0.042 0.038 0.052

(0.075) (0.069) (0.141) (0.075) (0.158) (0.075) (0.074) (0.149) (0.060) (0.182)
CDR −0.404** −0.662** −0.198 −0.701 −0.287* −0.496** −0.201 −0.516*

(0.182) (0.322) (0.144) (0.497) (0.148) (0.216) (0.141) (0.272)
CDR*Voluntary 0.176 0.474 0.034 0.294

(0.147) (0.318) (0.129) (0.222)
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CDR*LnGHG 0.077 −0.000 0.080 0.058* −0.010 0.062**
(0.052) (0.024) (0.054) (0.034) (0.021) (0.030)

Voluntary*LnGHG 0.256 −0.006
(0.159) (0.157)

CDR*Voluntary*LnGHG −0.083 −0.067*
(0.057) (0.040)

Constant 9.858*** 10.125*** 9.912*** 10.624*** 9.588*** 6.286*** 6.550*** 6.603*** 5.627*** 7.639***
(1.769) (1.776) (1.730) (2.218) (2.780) (1.441) (1.449) (1.537) (1.490) (2.409)

Year controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Firm controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations. 593 593 593 383 210 1174 1174 1174 659 515
R-squared 0.236 0.262 0.277 0.303 0.296 0.065 0.068 0.068 0.164 0.075

Note: Robust standard errors clustered at the firm level are reported in parenthesis: *** p < 0.01, ** p < 0.05, * p < 0.10; all independent and control variables are one year lag to mitigate 
endogeneity concerns arising from reserves causality. Table 2 reports variable definitions and measurements.
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Table 510, demonstrate consistent evidence as follows: 1- a significant devaluation 

observed for non-disclosers post-CDR, and 2- an adverse (beneficial) effect of GHG 

emissions observed for the valuation of voluntary disclosers (non-disclosers) post- 

CDR. Overall, these robustness checks reinforce the original findings, suggesting that 

the initial conclusions drawn from Tobin’sQ are stable across different measures and 

methodological approaches, as well as when additional variables are considered.

5. Discussion of findings

Our research reveals how corporate environmental transparency and underlying per-

formance are closely linked to market valuation, thus affirming the significant role of sus-

tainability disclosures in capital markets (Barth et al., 2001; Matsumura et al., 2014). The 

relationship between environmental effects and firm value supports the longstanding 

argument that investors should consider GHG emissions information in their valuation 

decisions. Utilising Suchman’s (1995) legitimisation perspective under the neo-insti-

tutional theory, we understand that voluntary carbon disclosers are perceived with 

enhanced legitimacy compared to non-disclosers, because they align with societal 

norms and values. The enhanced legitimacy of voluntary disclosers, potentially bolstering 

their stakeholder trust and support (Elmagrhi & Ntim, 2022), is likely to be rewarded 

with higher market valuation (Suchman, 1995).

We find that strategic legitimacy plays a critical role where companies anticipate and 

adapt to changing norms, potentially before they become enshrined in formal regulation. 

Our findings also explore the dual effects of regulation, as suggested by Bagnoli and 

Watts (2007) and Breuer et al. (2022), whereby mandatory disclosure could either 

erode the competitive advantage of voluntary disclosers or enhance their market credi-

bility and comparability. Specifically, the 2013 CDR carries a “double-edged sword” 

effect for voluntary disclosers: they might lose the informational competitive advantage 

due to increased comparability with non-disclosers, or they might gain market credi-

bility, leading to enhanced firm valuation (Healy & Palepu, 2001; Verrecchia, 2001). 

Our evidence supports the latter, suggesting that the market benefits of regulation out-

weigh the costs of eroded competitive advantage for voluntary disclosers.

Furthermore, the reduced information asymmetry and improved comparability in the 

post-CDR era revealed the extent of underlying environmental risks of voluntary disclo-

sers compared to their non-discloser counterparts. Our findings support the value-rel-

evance of GHG emissions (Matsumura et al., 2014), providing distinct evidence of 

capital market costs (benefits) for voluntary carbon disclosers (non-disclosers) following 

the 2013 CDR. The T-test comparison shows that voluntary disclosers are heavier in 

emissions than non-disclosers. Being the heavier GHG emitters, voluntary disclosers 

bear much higher environmental risks, a fact that was brought to light by the CDR 

and became ever more taxing to their firm value.

Our findings contribute to prior literature on corporate environmental transparency 

and underlying performance in several ways. First, we extend the empirical evidence on 

10The reported differences between the observations for voluntary disclosers (Models 4 and 9) and non-disclosers 
(Models 5 and 10, respectively) are due, at least in part, to the application of PSM with replacement. See pages 29– 
30 of the Online Appendices file for more information.
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the differences between voluntary carbon disclosers and non-disclosers (Matsumura 

et al., 2014) by examining the UK-based transition to a mandatory carbon disclosure 

regime in 2013. Second, while we reaffirm the value-relevance of GHG emissions in 

investment decisions (Barth et al., 2001; Matsumura et al., 2014), we extend the 

current knowledge by providing evidence on the differences between voluntary disclosers 

and non-disclosers after the shift to mandatory reporting regime. Third, we extend prior 

debates on the “double-edged sword” of disclosure regulation for voluntary disclosers – 

loss of competitive advantage versus reinforced credibility (Breuer et al., 2022). Our evi-

dence supports the latter, indicating that the benefits of disclosure regulations outweigh 

the cost of eroding competitive advantage for voluntary disclosers. Our evidence speaks 

to the importance of disclosure regulations in reducing information asymmetry and 

enhancing transparency (Healy & Palepu, 2001; Verrecchia, 2001).

These findings bear significant practical and policy implications as we bring support 

for the case of regulated environmental reporting to improve comparability and bolster 

the perceived reliability of disclosures. Furthermore, the improved comparability 

between voluntary disclosers and non-disclosers post-CDR allowed investors a better 

assessment of the relative carbon risks for both groups, thus enabling capital markets 

to accurately penalise (reward) GHG emissions of voluntary disclosers (non-disclosers). 

These insights are crucial for policymakers and corporate managers as they navigate the 

complexities of environmental disclosure, the underlying performance and the respective 

consequences on firm valuation.

6. Conclusions

This study examines the effects of voluntary carbon disclosure and the underlying GHG 

emissions on the market valuation of FTSE 350 firms, by differentiating between groups 

of voluntary disclosers and non-disclosers in the pre- and post-2013 CDR eras.

6.1. Empirical findings

We document a beneficial (adverse) impact of the CDR on the firm valuation of volun-

tary carbon disclosers (non-disclosers). Moreover, investors penalise the GHG emis-

sions of voluntary disclosers with significant devaluations after the CDR, while non- 

disclosers are somewhat rewarded with a slight increase in their market value. This 

indicates that the improved transparency provided by the CDR revealed the magnitude 

of GHG emissions from voluntary disclosers compared to non-disclosers, which 

explains the significant GHG-based devaluations observed in voluntary disclosers 

post the CDR.

6.2. Theoretical implications

These findings contribute to our understanding of how capital markets respond to 

environmental transparency and underlying performance. The post-CDR positive 

market response to voluntary carbon disclosers supports the legitimisation perspective 

of the neo-institutional theory, suggesting that these companies are rewarded for align-

ing with societal expectations, thereby gaining legitimacy and reinforcing credibility 
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(Elmagrhi & Ntim, 2022; Suchman, 1995). In addition, we bring support for the value- 

relevance of environmental performance by demonstrating how investors account for 

the relative differences in carbon risks between voluntary disclosers and non-disclosers.

6.3. Policy and practical implications

Our findings underline the significant role of regulation in mitigating information asymme-

try and enhancing the comparability of environmental disclosures. Mandated disclosures 

enhance investors’ ability to assess environmental risks and adjust the market valuation 

of heavy polluters, thus supporting the role of capital markets in environmental governance. 

While disclosure regulation might eliminate the informational competitive advantage of 

voluntary disclosers (Breuer et al., 2022), the overall market benefits from enhanced credi-

bility and comparability outweigh the lost advantages. These insights bring significant feed-

back for policymakers when weighing the costs and benefits of disclosure regulations. As for 

corporate managers, we provide valuable insights reaffirming the substantial value of volun-

tary disclosure policies in the absence of mandatory requirements.

6.4. Limitations and future studies

This research is limited to FTSE 350 firms from 2010 to 2020, which warrants caution in 

generalising inferences to broader contexts. We call on future research to explore 

different timeframes or contexts (i.e. the impact of the 2022 CFD Regulation). Future 

studies could also investigate the moderating impact of various board characteristics 

(i.e. how board composition affects the relationship between carbon disclosure, GHG 

emissions, and capital market metrics). Specifically, the increasing gender diversity on 

FTSE boards after 2020 presents a valuable opportunity to analyse how board compo-

sition by gender might moderate the valuation effects of corporate environmental report-

ing and underlying performance.
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