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Abstract 
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1. Introduction 

Twenty years ago a few visionary NGOs (most prominently the Carbon Disclosure Project (CDP)) 

started tracking corporate carbon emissions, the main cause of global warming.  By now over 1700 

publicly traded companies around the world (more than 15% of all listed companies) are disclosing 

their carbon emissions, and investors are better informed than ever about the climate change 

transition risks they are exposed to (Bolton and Kacperczyk, 2020b). In this paper we analyze the 

effects on stock returns and corporate behavior of investors gaining better information from 

carbon disclosure, and we identify the main economic mechanisms leading a significant fraction 

of companies (but still a minority) to disclose their emissions. In the U.K. carbon disclosure is 

mandatory since 2013, so that we can also contrast the effects of voluntary and mandatory 

disclosure. 

The effects of carbon disclosure are far from fully known, but many prominent 

commentators agree that reporting of carbon emissions is a crucial step in combatting climate 

change and managing the transition to renewable energy. Michael Bloomberg, the first chairman 

of the Task Force on Climate-Related Financial Disclosures (TCFD) emphasized that:  “Without 

reliable climate-related financial information, financial markets cannot price climate-related risks 

and opportunities correctly and may potentially face a rocky transition to a low-carbon 

economy…”1 Similarly, the Executive Managing Director and CIO of the world’s largest pension 

fund (the Japan Government Pension and Investment Fund), Hiro Mizuno, recently declared that 

“It is necessary for all parties in our investment chain, from portfolio companies to asset managers, 

to support TCFD so that asset owners like us can properly assess our portfolio. I am convinced 

that disclosure will continue to evolve as a major framework for such disclosure and strongly 

recommend all corporates to join.”2 Yet, a recent HSBC study found that even though “A key goal 

[of disclosure] is to give investors more information about which companies are prepared for the 

shift to a low-carbon economy, and which are not… in practice, investors have shown more muted 

interest in the data that is generated.  An HSBC survey of 2,000 investors found that just 10 percent 

viewed the disclosures as a relevant source of information.”3 

There has been substantial interest in sustainability reporting for some time now and a 

large body of literature already exists on corporate social responsibility (CSR) and environmental, 

social, and governance (ESG) factors (see the reviews by Eccles and Klimenko, 2019 and 

Christensen, Hail, and Leuz, 2019). But, even within this literature there has been little focus on 

carbon emissions per se. A common concern with CSR reporting has been that there are too many 

 
1 TCFD, 2017 
2 Hiro Mizuno, February 2020  
3 Financial Times November 12, 2020  
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different, non-standardized, metrics, and many of these metrics do not lend themselves to 

quantification. Also, as Christensen, Hail, and Leuz (2019) have pointed out, there are three major 

difficulties with studying the effects of disclosure of ESG performance: First, it is generally not 

possible to separate the effect of disclosure from the effect of the ESG performance per se, second 

selection effects in voluntary disclosure make it difficult to identify the impact of ESG policies, 

and third the reporting of many ESG-related metrics is subject to manipulation. 

As we show in this paper, when it comes to carbon emissions it is possible to a large extent 

to avoid these three challenges. First of all, carbon (and more generally GHG) emissions are 

straightforward to quantify. A company’s yearly emissions are measured in tons of CO2 emitted 

and there is a well-established protocol to measure emissions. Second, carbon emissions can be 

imputed with a reasonable degree of accuracy when they are not reported.4 It is therefore possible 

to attempt to separate the effects from disclosure from the effects of emissions. Third, in some 

countries (e.g., the U.K.) reporting of carbon emissions has been made mandatory, allowing us to 

distinguish between the effects of voluntary and mandatory disclosure. 

In his discussion of the disclosure literature Dye (2001) states that “Most accounting 

researchers would agree that, by disclosing more information, a firm can lower its cost of capital 

at the possible expense of generating losses through disclosure of proprietary information.” [Dye, 

2001, page 224] It seems unlikely that firms would reveal any proprietary information by disclosing 

their emissions, but are firms able to lower their cost of capital by disclosing their emissions? This 

is a first basic question we address. Two follow-up questions immediately suggest themselves 

depending on the answer to the first question: if firms aren’t able to lower their cost of capital, 

why do they still choose to disclose their carbon emissions, and if they are able to lower their cost 

of capital why aren’t more firms choosing to disclose their emissions? 

The adverse selection based theory of voluntary disclosure of Grossman and Hart (1980), 

Grossman (1981), and Milgrom (1981) exploits the common sense idea that firms voluntarily 

disclose information only if they benefit from revealing what they know, to reach the powerful 

conclusion that the dynamics of voluntary disclosure eventually bring about the revelation of all 

relevant information. Of course, this striking result only holds under some assumptions, the most 

important being the absence of any disclosure costs, common knowledge, no agency conflicts at 

the issuing firm, and an equal ability to process the disclosed information by investors.  

Even though some (or all) of these assumptions are unlikely to hold in practice, the 

accounting literature has struggled to explain why firms withhold so much information, even 

 
4 Busch, Johnson, Pioch, and Kopp (2018) have shown that the correlation in scope 1 and 2 emissions data across 
five data providers, CDP, Trucost, MSCI, Sustainalytics, and Thomson Reuters is around 0.99, and 0.98 for reported 
emissions, and 0.79 and 0.63 for estimated emissions across the three providers, Trucost, MSCI, and Sustainalytics 
that offer these estimates. 
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information that would shed a good light on their operations.  One common explanation that is 

given is that firms prefer not to disclose for fear of unintentionally revealing commercially sensitive 

information to a competitor (Verrecchia, 1983, 2001).  When it comes to carbon emissions, most 

firms do not disclose their emissions—which is consistent with firms’ general observed reluctance 

to voluntarily disclose financial information—but it seems implausible that by disclosing their 

emissions firms would somehow risk revealing information that a competitor could take advantage 

of. Another difference with financial information is that disclosure of carbon emissions may be 

motivated by firms’ desire to act in a socially responsible manner. By disclosing their emissions 

firms may seek to shape social perceptions about their environmental impact more than signal a 

stronger financial performance. By this social-perceptions motive, one would expect firms with 

lower emissions to be more likely to disclose other things equal. On the other hand, disclosing 

carbon emissions may possibly involve higher costs, as emissions must be tracked, measured, and 

aggregated. The fixed costs of implementing the processes of measuring and reporting emissions 

may be deemed to be too high at many small and medium-size firms. There are also potentially 

indirect costs specific to the disclosure of carbon emissions, such as giving investors a ready 

variable on which to base their exclusionary screening policies, or possibly attracting unwelcome 

political attention.        

Another major strand of the disclosure literature points to the greater efficiency of financial 

markets when there is more publicly disclosed information, and therefore: i) less private 

information is available that informed traders could trade on (Diamond and Verrecchia, 1991, and 

Easley and O’Hara, 2004), and ii) more standardized disclosed information could facilitate relative 

performance evaluation (Admati and Pfleiderer, 2000). The general prediction of this literature is 

that the cost of capital will be lower when more information is disclosed since (uninformed) 

investors will face lower uncertainty and therefore demand lower returns. Would this prediction 

also hold for carbon disclosure? Does more carbon disclosure reduce uncertainty and the cost of 

capital? 

With these considerations in mind we set out to first test whether voluntary carbon 

disclosure affects stock returns at all. We can shed much more light on this question than previous 

studies by taking advantage of a large panel of over 14,400 listed companies in 77 countries over 

a long time period, 2005 to 2018. It is important to explore this question over both a long and 

recent time-interval because investor awareness about carbon transition risk has evolved over time 

(Bolton and Kacperczyk, 2020a,b), so that the effects of carbon disclosure may be different over 

different time periods. Similarly, there is substantial variation across countries in financial market 

development, disclosure regulations, and underlying carbon transition risk, that the effects of 

carbon disclosure are likely to vary substantially across the 77 countries in our data. One important 
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aspect we can explore is whether carbon disclosures in one country has spillover effects in other 

countries.  

Although consistent with one of the most robust predictions of the accounting theory on 

disclosure, our first general finding is still remarkable: we find that even when it comes to carbon 

emissions disclosure significantly lowers the stock returns investors demand for bearing risk. This 

effect is most pronounced with respect to reported changes in emissions (what we describe as 

short-term carbon transition risk), and somewhat less significant for disclosed emission levels 

(what we describe as long-term carbon transition risk, given that levels of emissions are highly 

persistent). The fact that disclosure of emissions levels has a smaller effect on the cost of capital 

is not entirely surprising given that investors can already gain most of the information about long-

term carbon risk from estimated emission levels provided by Trucost and other carbon data 

providers.  This effect of carbon disclosure is robust and holds across all 77 countries in our 

sample. Yet, there is substantial heterogeneity in the cross-section, with the strongest disclosure 

effects found in North America and Asia, and the weakest in Europe. 

  What is the effect of carbon disclosure on firms’ subsequent behavior? Does disclosure 

discipline firms to emit less? Most of the studies on ESG disclosures cannot address this question 

because ESG performance prior to disclosure is unknown (Christensen, Hail, and Leuz, 2019). 

However, we can evaluate whether there is a difference between estimated and subsequently 

reported emissions around the first disclosure date. Interestingly, we find no significant disciplining 

effect and conclude that the reduced cost of capital following carbon disclosure does not appear 

to be driven by moral hazard. 

 Investors can obtain information about firms’ environmental impact from multiple 

sources. One important source is ESG scores that are widely offered. Thus, a natural question 

with respect to carbon disclosure is whether most of the information content is already contained 

in ESG scores. Does carbon disclosure still have an effect when we include ESG scores? Our 

general finding is that G scores (for governance) predict a firm’s carbon disclosure policy, and ES 

scores contain some, but far from all, relevant information about carbon emissions.   

 Given that carbon disclosure reduces stock returns required by investors, why aren’t all 

listed companies disclosing their emissions? We mentioned the fixed transaction costs of disclosing 

emissions, which may discourage the smaller firms. Another possible cost we explore is that carbon 

disclosure may attract attention and lead institutional investors to divest. Indeed, we find that firms 

with higher disclosed emissions have lower institutional ownership, which could explain why some 

firms prefer not to disclose and stay under the radar of institutional investors that apply 

exclusionary filters based on disclosed carbon emissions.   
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If only around 12% of listed firms in our sample disclose their emissions, should carbon 

disclosure be mandated? A prerequisite to address this question is, of course, a welfare framework 

with which to assess the costs and benefits of mandatory disclosure. If the transaction costs of 

carbon disclosure could in principle be easily quantified, it is more difficult to determine the 

benefits. As Dye (2001) has highlighted, there is no general accounting theory of mandatory 

disclosure, but one robust general prediction seems to be that more mandated information 

disclosure results in lower uncertainty for uninformed investors (e.g. Easley and O’Hara, 2004). Is 

this also the case for carbon disclosure? We can address this question by taking advantage of a 

quasi-natural experiment, the introduction of mandatory carbon disclosure in the U.K. in October 

2013. Before carbon disclosure was mandated a significant fraction of U.K. companies was already 

voluntarily disclosing carbon emissions. These companies can be thought of as a control group, given 

that these companies were already in compliance with the new regulations. The treated group 

naturally is composed of all the other companies that had not previously disclosed their emissions 

and that began disclosing after 2013. By looking at the differential effects of the new rules between 

the two groups we can determine the effects of mandatory disclosure in the U.K. around the time 

the new regulation was introduced.  

We find that around 20% more firms disclosed their carbon emissions immediately 

following the introduction of the new rules and that the effect of disclosure has been to 

significantly reduce stock returns for these firms. However, an additional striking finding is that 

the newly disclosing firms with the largest levels of emissions see their stock returns increase. In 

other words, the worst carbon performers among the newly disclosing firms were penalized by 

investors, who demanded higher returns after they were surprised to find that these firms had 

higher than average emissions. We also find that both volatility and turnover of the treated stocks 

decreased after mandatory disclosure, further confirming the prediction that disclosure reduces 

uncertainty.  

What is the effect of carbon disclosure on other firms? Are there any spillovers? Does 

disclosure invite disclosure? The quasi-natural experiment of the U.K. mandatory carbon 

disclosure rules introduced in 2013 allows us to also explore these questions. The more firms 

disclose, the greater the accuracy of estimated emissions of non-disclosing firms. Another 

externality operates through investor engagement: the more firms disclose the more investors are 

likely to demand disclosure of other firms. A first question we look at is whether the introduction 

of mandatory carbon disclosure in the U.K. has had spillover effects on other countries. We find 

surprisingly strong spillover effects. The largest effects are on European companies, but even 

Asian companies are affected. Finally, we explore peer effects of disclosure and whether an 
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individual firm’s disclosure decision is affected by past disclosure decisions by its peers. We find a 

strong peer effect, particularly for peers within the same industry. 

 

Related Literature: Given that carbon disclosure is a relatively recent phenomenon it is not 

surprising that there are only a handful of studies on the incidence and effects of carbon emissions 

reporting. The first study by Matsumura, Prakash and Vera-Muñoz (2014) looks at carbon 

disclosure by S&P500 companies from 2006 to 2008 and—based on a matched sample of 

disclosing and non-disclosing firms—finds that the median market value of disclosing firms is 

higher. However, Griffin, Lont, and Sun (2017) in their related study of the same CDP carbon 

disclosure data find no differential effect on firm value of disclosing and non-disclosing firms. A 

later study by Kleimeier and Viehs (2018) explores the effects of voluntary disclosure in debt 

markets from 2009 and 2016 and finds that the cost of debt is lower for disclosing firms. Also, 

Flammer, Toffel, and Viswanathan (2020) show that environmental shareholder activism increases 

the voluntary disclosure of climate change risks, especially if initiated by institutional investors, 

and even more so if initiated by long-term institutional investors. More recently, three other studies 

have looked at related questions to ours: 1) Jouvenot and Krueger (2019) also make use of the 

introduction of mandatory disclosure rules in the U.K. in 2013 to show that U.K. listed firms have 

decreased their emissions after 2013 relative to a control group of firms listed outside the U.K. on 

European exchanges; 2) Ilhan, Krueger, Sautner, and Starks (2020) do a survey study of 

institutional investor preferences on carbon disclosure and find that the majority of respondents 

put equal weight on carbon disclosure (or more generally “climate-risk” information) as on 

financial disclosure. Respondents also believe that under-reporting of climate-risk leads to 

mispricing. They supplement the survey study with an empirical analysis of the determinants of 

carbon disclosure, showing that firms are more likely to disclose if they have higher institutional 

ownership; 3) de Bettignies, Liu, and Robinson (2020) also conduct a difference-in-difference 

analysis around the U.K. carbon disclosure regulations and find that the mandated carbon emission 

reporting later resulted in lower CSR ratings for U.K. companies. 

The remainder of the paper is organized as follows. Section 2 describes the data and 

provides summary statistics. Section 3 discusses the results. Section 4 concludes. 

 

2. Data and Sample 

Our main database provided by Trucost, gives information on disclosed and estimated firm-level 

carbon and other greenhouse gas emissions. From this data we are able to determine which 

companies disclose information about their emissions and when they began to disclose it. We 

combine this data with the data provided by FactSet on stock returns and corporate balance sheets. 
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We use the ISIN identifier and company names to match these data. The combined data set 

contains 14,468 unique companies out of approximately 16,000 companies for which Trucost 

provides emissions data.5  These companies represent roughly 99% of total market capitalization 

and cover 77 countries. Companies may disclose other information about the environmental 

impact of their activities. Much of that information is collected and collated by MSCI to produce 

an environmental, social, and governance (ESG) rating of the company. To isolate the effects of 

carbon emissions’ disclosure it is important to be able to control for the disclosure and availability 

of other information that is correlated with carbon emissions. Accordingly, in robustness tests, we 

add to our basic data set ratings data from MSCI. 

Trucost reports firm-level carbon and greenhouse gas emissions data for scope 1, 2, and 3 

emissions. Scope 1 emissions are direct emissions from operations of affiliates that are owned or 

controlled by the company. Scope 2 emissions are those that come from the generation of 

purchased heat, steam, and electricity used by the company. Scope 3 emissions are indirect 

emissions caused by the company’s operations and the use of its products. These include emissions 

from the production of purchased materials, product use, waste disposal, and outsourced activities. 

Establishing the scope 3 emissions of a company requires a detailed analysis of the share of 

emissions of producers in the supply chain that is attributable to the company’s input purchases. 

This involves estimating an input-output model with sector-level emission factors. Reporting of 

emissions by companies is generally confined to scope 1 and 2 emissions. Therefore, our analysis 

of disclosure of carbon emissions is confined to those emissions. Estimates of indirect (scope 3) 

emissions are provided by Trucost.  Given that this emissions data is not directly related to carbon 

disclosure it is not relevant for our analysis of the effects of disclosure. However, as we will show 

scope 3 emission estimates play a useful role in our analysis to perform a form of placebo test: 

Given how this data is constructed any economically relevant effects of scope 1 disclosure should 

be subdued when looking at the effects of scope 3 emissions in the face of such disclosure. 

The Trucost EDX database reports all three scopes of carbon emissions in units of tons 

of CO2 equivalent emitted in a given year. We begin by providing summary statistics on the 

breakdown of companies in our sample that disclose their carbon emissions and those that do not. 

Table 1 gives the number of companies in our sample that respectively disclose and do not disclose 

their direct emissions in each year from 2005 to 2018. It also provides the fraction of companies 

that disclose in any given year. Importantly for our analysis, Trucost provides an estimate of a 

company’s emissions when that company does not disclose. Thus, non-disclosure does not mean 

no information about emissions.  Information can be inferred through estimation. This estimated 

 
5 More than two thirds of the Trucost companies that we do not include in our final data set are not exchange listed 
or are not included in Factset because of their small size. 
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emissions information will play an important role in our analysis of the effects of disclosure per se. 

Unlike in most of the literature on reporting of ESG metrics, where non-reporting means non-

observation of the company’s ESG impact (see Christensen, Hail, and Leuz, 2019), in our analysis 

we do have a (noisy) observation of the company’s impact in terms of direct carbon emissions, 

whether it discloses that impact or not. Hence, we can separate the impact of disclosure event 

from the impact of the information being disclosed. 

As can be seen from Table 1, Panel A, most companies in our sample do not disclose their 

emissions. The highest fraction of companies that disclose is in year 2014, when just over 34% of 

companies in the Trucost sample disclosed their emissions. This contrasts with only 7.25% of 

companies reporting in 2005. Even though this fraction is low it is still remarkable that ten years 

before the Paris agreement already 217 publicly traded companies disclosed their emissions. Note 

that in 2016, the year after the Paris agreement, the sample size increases substantially, with Trucost 

providing emissions data for 11,830 companies, compared with only 5,383 companies in 2015. 

Thus, although the number of companies reporting their emissions worldwide steadily increases, 

the fraction of reporting companies goes down, given that Trucost added more than double the 

number of (smaller) non-reporting companies for which it estimated their direct emissions. Also, 

in the data we do not observe cases of reversing the disclosure decision, which is comforting as it 

at least suggests that the disclosure decision is not a response to any short-term incentives. 

Table 1, Panel B breaks down the distribution of reporting and non-reporting firms by 

country.  We see that the largest number of companies in our sample are based in the U.S., with 

2,829 companies disclosing their emissions by 2018 against 13,471 companies that do not disclose. 

This represents roughly an equal fraction of U.S. companies relative to companies worldwide that 

disclose (21.39) as the fraction of U.S. companies relative to companies worldwide that do not 

disclose (20.11). Note that in other jurisdictions the fraction of disclosing companies is 

overrepresented relative to non-disclosing companies. For example, British companies that 

disclose represent 14.16% of all disclosing companies, while British companies that did not 

disclose in some year in our sample represent only 6.44% of all non-disclosing companies. 

Table 1, Panel C breaks down the distribution of companies by sectors. The sector with 

the largest number of companies disclosing their emissions (143) is Metals & Mining, followed by 

Oil & Gas (136). This is not surprising given that these sectors stand out in terms of the size of 

their direct emissions and the market pressure on them to disclose may also be the highest. Relative 

to these two sectors, the banking sector has a disproportionately large fraction of institutions that 

do not disclose their emissions (4.52% versus respectively 3.36% and 3.13% of all non-disclosing 

companies). Importantly for our analysis there is both substantial heterogeneity in the frequency 

of disclosure across countries and across sectors. Also, the frequency of disclosure is not 
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dominated by one or two sectors and one or two countries, which makes it easier to identify the 

effects of disclosure on stock returns. 

Table 2 reports summary statistics on firm characteristics in respectively the full sample, 

the subset of firms that disclose their emissions, and the subset of firms that do not disclose.               

A first notable observation is that the mean average monthly stock return is slightly higher for 

firms that do not disclose (1.11%) than for firms that do (0.85%), suggesting that the firms that 

disclose are perceived to be less risky. The per-firm mean carbon emissions are reported in units 

of tons of CO2 emitted in a year, normalized using the natural log scale. Another notable 

difference between the firms that disclose and those that do not is that the former have slightly 

higher emissions (the log of total scope 1 emissions of the average disclosing firm is 11.66, with a 

standard deviation of 3.07, while it is only 10.04, with standard deviation 2.85 for non-disclosing 

firms; a similar difference can be observed for the log of total scope 2 and 3 emissions). 

Interestingly, however, when it comes to year-to-year changes in emissions, the growth in 

emissions is smaller for disclosing than non-disclosing firms, suggesting that the firms who disclose 

are working harder at curbing their emissions. In other respects the firms in the two samples look 

very similar. Their mean log(size), book-to-market (B/M) ratios, leverage, investment over assets 

(Invest/A), business segment diversification (HHI), volatility are all nearly the same. Disclosing 

firms have slightly higher fixed assets (log(PPE)) and ROE than do non-disclosing firms, 

suggesting again that firms that disclose are somewhat less risky. 

 

3. Results 

We begin our analysis by pinpointing the company characteristics that predict disclosure.  We then 

organize our discussion into two subsections. The first explores the effects of disclosure. The 

second subsection seeks to identify the main economic mechanisms that drive voluntary carbon 

disclosure, and the effects of mandating disclosure. 

We report the findings on the main determinants of carbon disclosure in Table 3, where 

we estimate a linear probability model with carbon disclosure as the dependent variable (taking the 

value 1 if the firm discloses its carbon emissions and the value 0 if it does not) and company 

characteristics as explanatory variables, among which we include LOGSCOPE 1, the log of total 

firm-level scope 1 emissions, the percentage change SCOPE1CHG in emissions, LOGSIZE, B/M, 

ROE, LEVERAGE, INVEST/A, HHI, LOGPPE, and MSCI. All our regressions include 

country fixed effects and time fixed effects. In addition, to allow for systematic differences in 

correlations across industries, we include industry fixed effects.  We also include firm fixed effects. 

Column (1) reports the regression results without any industry or firm fixed effects. What 

transpires is that firms with higher emissions, larger size, B/M ratios, fixed assets, and that are 
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constituents of the MSCI World index are more likely to disclose. Higher profitability, however, 

discourages carbon disclosure, perhaps because more profitable firms do not need to pay as much 

attention to their valuation by external investors. The fact that larger firms, index constituents, 

with more tangible assets, and higher B/M ratios, are more likely to voluntarily disclose 

information is in line with other studies on ESG disclosure (see Christensen, Hail, and Leuz, 2019). 

Interestingly, however, when we add industry and firm fixed effects to account for within-industry 

and within-firm variation, then the sign of the coefficient of LOGSCOPE1 flips, so that firms with 

higher emissions are less likely to disclose that information. Note also that LEVERAGE, asset 

tangibility (LOGPPE), and profitability are no longer significant. This is a more intuitive finding, 

as companies with higher emissions are not necessarily perceived favorably by investors, and 

companies are less inclined to disclose unfavorable information about themselves. Similarly, it is 

unlikely that companies have more information to disclose when their leverage increases or when 

they have more tangible assets. 

 

3.1 The stock-return effects of disclosure 

Our analysis of the stock-return effects of disclosure is based on the following two basic cross-

sectional regressions.  In the first regression we associate company monthly stock returns with the 

level of their scope 1 emissions and with their decisions to disclose their emissions in the cross-

section. This regression reflects the long-run, structural effects of the level emissions on stock 

returns and the effects of disclosing this information.  Specifically: 

 

RETi,t=a0 +a1 LOGSCOPE1i,t+ a2 Disclosurei,t	+ a3 Disclosure*LOGSCOPE1i,t  + a4 Controlsi,t-1	+    

+ µt + ei,t,                                                 (1) 

 

where RETi,t measures the stock return of company i in month t. The vector of controls includes 

the firm-specific variables LOGSIZE, B/M, LEVERAGE, MOM, INVEST/A, HHI, LOGPPE, 

ROE, and VOLAT.  We also alternately include industry and firm fixed effects.6 

In the second regression we associate company monthly stock returns with year-to-year 

percentage change in emissions, and with their decisions to disclose their emissions in the cross-

section. This regression reflects the short-run effects of the changes in emissions, and the effects 

of disclosing this information. 

 

 
6 We have also estimated the model in which firm-fixed effects are interacted with disclosure to allow for regime 
dependent fixed effects. The results are quantitatively very similar. 
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RETi,t=a0 +a1 SCOPE1CHGi,t+ a2 Disclosurei,t	+ a3 Disclosure*SCOPE1CHGi,t	 + a4 Controlsi,t-1	

+ µt + ei,t,                                                            (2) 

Our coefficient of interest in each regression is a3, the coefficients of the interaction terms between 

respectively the level of emissions and disclosure, and the change in emissions and disclosure. 

The findings from these regressions are reported in Table 4.  The overall result that 

emerges is that disclosure of carbon emissions lowers stock returns. This effect operates mainly 

though the short-run effect of changes in emissions (a similar pattern holds for long-run effects 

of emission levels but is statistically less significant). While a higher level of emissions and an 

increase in emissions increases stock returns, when the firm discloses its emissions the effect of a 

positive growth in emissions on stock returns is muted. As the coefficients of the interaction term 

DISCLOSURE*SCOPE1CHG in columns (4), (5), and (6) indicate this effect is large and highly 

significant. 

Remarkably, this result holds for the entire cross-section of 77 countries, where there is 

substantial cross-sectional heterogeneity in firm-level carbon emissions and disclosure regimes and 

corporate policies as our summary statistics in Tables 1 and 2 reveal. We turn next to the question 

of whether this general finding is driven by a particular (set of) countries and sectors. 

 

The stock-return effects of disclosure by continent 

One plausible hypothesis is that the effects of carbon disclosure on stock returns are likely to be 

concentrated in the most developed financial markets with the longest investor experience in 

processing disclosed information of public companies. Another, opposite, hypothesis is that the 

incremental informational content in disclosed emissions is smaller in information-intensive 

developed markets, where there are multiple alternative sources of information that help investors 

determine a company’s carbon emissions. We explore this question by estimating the same 

regression models above in three separate continents, North America, Europe, and Asia. The 

results are reported in Table 5. 

We find that the effects of disclosure are strongest in North America and Asia, and weakest 

in Europe.  Thus, the incremental informational content in disclosed emissions is greatest in Asia 

and North America, where perhaps investors are less familiar with corporate carbon emissions.   

 

The stock-return effects of disclosure in non-salient industries 

 Are investors paying particular attention to carbon emissions in industries with the highest 

amount of emissions, such as energy, mining, utilities, and transport, or do they also look at 

corporate carbon emissions in other, non-salient, industries? Given that the divestment movement 
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has mostly focused on the salient industries, and given that regulations limiting carbon emissions 

have mostly been introduced in these industries, one would expect to see a bigger effect of carbon 

disclosure in the salient industries. We explore this question by estimating the same regression 

models above but excluding all the salient industries. We report the results in Table 6. Comparing 

the estimates of the coefficient of the interaction variable DISCLOSURE*SCOPE1CHG in Tables 

4 and 6, we see that there is almost no change, which leads us to conclude that investors pay equal 

attention to the risk associated with carbon emissions in all sectors, not just the energy and 

transport sectors. 

 

The effects of disclosure on carbon emissions 

A common question in the literature on corporate disclosure is whether disclosure affects 

behavior? In our setting this question takes the most obvious form, whether companies that 

disclose their carbon emissions subsequently alter their operations in an effort to reduce their 

emissions. In other words, does disclosure have a disciplining effect? In much of the empirical 

literature on ESG disclosures it is difficult to address this question because the firm’s performance 

on ESG metrics is unknown prior to disclosure. In our setting, however, we do observe the 

estimated carbon emissions of firms in the years before they started to disclose their emissions. 

Thus, we can evaluate whether after they disclose their emissions companies reduce their 

emissions. We do this by performing an event study, where the event is when a company starts to 

disclose its emissions. We regress the company’s change in scope 1 emissions on the disclosure 

variable DC100 taking the value 1 the first year when the company discloses its emissions and the 

value zero the year before, controlling for other company characteristics. The results are reported 

in Table 7.  We find that the coefficient of the variable DC100 is small and statistically insignificant, 

indicating that on average there is no disciplining effect of disclosure at least in the first year a 

company discloses its emissions.  From a different perspective, this result also suggests that the 

moral hazard issues often plaguing firms’ ESG disclosures are unlikely to drive the decisions to 

disclose scope 1 emissions since, if they were, one would expect that firms would try to show a 

reduction in their emissions. 

 

The stock-return effects of disclosure, a placebo test 

There is another aspect of carbon emissions that allows us to better isolate the effects of disclosure. 

Trucost estimates indirect (scope 3) emissions using an input-output matrix. Indirect emissions 

are typically not disclosed by companies. On the other hand, disclosure of scope 1 emissions 

provides an indirect signal about the firm’s exposure to scope 3 emissions. One would therefore 

expect that the disclosed information on direct emissions would partially help investors infer the 
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company’s exposure to scope 3 emissions risk more precisely.  By this logic we should expect to 

see an effect of disclosure even on the risk premium associated with scope 3 emissions, but likely 

of a smaller economic size given the difficulty to capture supply-chain effects. We explore this 

hypothesis by estimating the same regression models above for scope 3 emissions.  The results are 

reported in Table 8.  The main finding is in columns (4), (5), and (6), where we see that the 

coefficient of the interaction variable DISCLOSURE*SCOPE3CHG is negative and highly 

significant.  However, compared to the previous effects for scope 1, the percentage change in the 

coefficient relative to the base model is significantly smaller. Hence, disclosure of direct (scope 1) 

emissions has a spillover effect on investors’ perceptions of the risk they face with respect to the 

firm’s exposure to indirect (scope 3) emission risk, but this spillover reflects the imprecise nature 

of investors’ learning process. 

 

The stock-return effects of disclosure, controlling for ESG scores 

Investors have other information about a firm’s transition risk besides its carbon emissions. An 

important alternative source of information is ESG scores, in particular the ESG ratings of MSCI, 

the leading provider of such ratings. We therefore explore next how much of an effect disclosure 

of carbon emissions has when investors also obtain the MSCI ESG rating of that firm. Is it the 

case that these ESG ratings are a sufficient statistic for disclosed carbon emissions? Or do these 

ratings provide information to investors that is unrelated to transition risk associated with carbon 

emissions? We address these questions in two steps. First, we explore whether ESG scores predict 

disclosure in a linear probability model, where the three main MSCI ESG scores, for respectively 

environmental, social, and governance factors are the main additional explanatory variables besides 

scope 1 emissions.  Second, we estimate the regression models (1) and (2) above for stock returns 

by adding the three main MSCI ESG scores as explanatory variables. The first regression allows 

us to determine whether the decision to disclose is in any way related to ESG scores. The second 

set of regressions allows us to determine the incremental effect of carbon disclosure over and 

above the informational effect of ESG scores. 

The results, reported in Table 9, are instructive. First, as the results in Panel A reveal, while 

environmental and social scores appear to predict carbon disclosure, this effect is essentially 

eliminated once we add industry and firm fixed effects (see columns (3) and (6)). However, the 

governance score does predict the firm’s carbon disclosure. This is a remarkable finding suggesting 

that environmental and social scores reflect other impact variables than carbon disclosure, but that 

the governance scores are relevant to determine the firm’s purpose and general attitude towards 

transparency about its climate change impact. In light of these results, it is possible that disclosure 
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of carbon emissions acts by reinforcing investors’ beliefs about the company’s purpose, thereby 

reducing uncertainty. 

Also interesting are the results reported in Panel B, which paint a consistent story with the 

findings in Panel A.  First, as one might expect, when we control for ESG scores we find that the 

effect of carbon disclosure per se, as measured by the coefficient of the interaction variable 

DISCLOSURE*SCOPE1CHG, is somewhat muted. The size of the coefficient is significantly 

smaller than the estimated coefficient reported in Table 4. This is not surprising given that the 

governance scores predict disclosure. Second, we find that the environmental score significantly 

affects stock returns (albeit at the 10% level) and that the effect of scope 1 emissions on stock 

returns, when we add ESG scores as explanatory variables, is somewhat muted. Again, this is not 

entirely surprising given that the environmental score may partly reflect the firm’s climate change 

impact through its carbon emissions. A cautionary note on the interpretation of the above results 

is that the sample of firms for which we observe ESG scores is significantly smaller and our 

interpretations implicitly assume that the effects we document are homogeneous across all firms. 

 

Disclosure and Institutional Ownership 

Is carbon disclosure by companies with high carbon emissions a precipitating factor inducing 

investors to divest? More investors may become aware of a company’s carbon emission risk if this 

company discloses its emissions. Moreover, some institutional investors may require hard 

information to justify their divestment activity and avoid potential litigation from the shunned 

company.  Both factors could result in more divestment. Put differently, by not disclosing its 

emissions a company may be able to partially hide behind a cloak of ignorance and thereby avoid 

divestment by institutional investors. If this is indeed the case then carbon disclosure involves at 

least one additional cost besides the transaction cost of reporting emissions, a lack of interest by 

institutional investors, which, per the logic of Merton (1987), may lead to higher cost of equity.   

We explore this hypothesis by looking at whether the share of institutional ownership (the 

fraction of the shares held by institutions) is affected by carbon disclosure.  Specifically, we 

estimate a regression with stock-level percentage institutional ownership as the dependent variable 

and carbon disclosure interacted with the level (and year-to-year changes) of scope 1 emissions is 

one of the key explanatory variables. We report the results in Table 10. An important finding 

emerging from this analysis is that the coefficient of the interaction variable 

DISCLOSURE*LOGSCOPE1 is negative and highly significant, even when we include industry 

and firm fixed effects (although the coefficient of the interaction variable 

DISCLOSURE*SCOPE1CHG is insignificant).  This means that among the firms that disclose 

their emissions, those with higher emissions have lower institutional ownership.  This result lends 
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support to the fear that carbon disclosure may attract attention and drive away institutional 

investors. 

 

 

3.2 Carbon Disclosure Economic Mechanisms 

We turn next to the question of the economic mechanisms driving the carbon disclosure decision. 

The theory on information revelation naturally distinguishes between two polar cases, disclosure 

of verifiable information and revelation of unverifiable information. Although company reports 

of carbon emissions are not audited, they are at least partially verifiable, as other reported activities 

are audited, and fairly well-tested protocols have been developed that allow investors to impute 

carbon emissions with some accuracy from this information. Accordingly, we treat carbon 

disclosure as at least partially verifiable information. 

There are two leading theories of voluntary disclosure of verifiable information, one is 

based on an adverse selection mechanism (see Ross, 1979, Grossman and Hart, 1980, and Milgrom, 

1981) and the other is based on an uncertainty reduction (see Diamond and Verrecchia, 1991, Easley 

and O'Hara, 2004 and Lambert, Leuz, and Verrecchia, 2007 and 2011) motive. Under the adverse 

selection mechanism, the better types are induced to reveal their types and thereby separate 

themselves from an adverse pool of types.  If information disclosure is costless (and all firms are 

believed to know their types) then the incentive for the better types to reveal themselves produces 

an unravelling outcome, in which all types except the worst disclose who they are. More generally, 

when information disclosure is costly, the better types will disclose and the worse types will not; 

for the marginal type, the benefit of disclosure (and separation) is just equal to the cost.  Overall, 

the main general prediction of the adverse selection theory is that disclosure has a positive impact 

on firm value. Under the uncertainty reduction mechanism, disclosure of private information 

(whether good or bad) reduces uncertainty and therefore the expected return shareholders (who 

only have access to public information) demand for holding the stock. 

Our main finding in the previous section is that stocks of firms that disclose their carbon 

emissions are associated with lower stock returns, which is consistent with both theories outlined 

above.  In this section we exploit a quasi-natural experiment to better identify which of these two 

mechanisms explains better the carbon disclosure behavior of firms and the impact of disclosure. 

In October 2013 the U.K. introduced mandatory carbon disclosure regulation for publicly listed 

companies. Prior to the introduction of this regulation a significant fraction of U.K. companies 

was already voluntarily disclosing carbon emissions. The new regulation did not require these 

companies to change behavior; they were already in compliance with the new rules. The treated 
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companies were all the companies that had previously not disclosed their emissions and that began 

disclosing their emissions after 2013. 

By looking at the differential effects of the mandatory disclosure rules on firms that 

previously did not disclose we are able to better identify which economic mechanism is behind 

firms’ disclosure behavior.  If adverse selection is driving voluntary disclosure, then we should see 

(at least some of) the newly disclosing firms perform worse. They are forced to reveal information 

they would have preferred to remain private. Thus, the newly disclosing firms should see an 

increase in stock returns. In contrast, if disclosure was primarily motivated by uncertainty 

reduction then we should not see stick returns rise for the newly disclosing firms.  

In order to evaluate these hypotheses, we follow a standard difference-in-differences 

approach in which we compare firms that are part of the treatment sample with those in the control 

sample around the disclosure shock. In addition, we condition the relative effect on the level of 

carbon emissions, which further leads to a triple difference estimation. The plausibility of the 

difference-in-differences approach relies on the plausible exogenous nature of the shock and the 

validity of the parallel-trend assumption. We assess the empirical plausibility of this assumption by 

plotting month-by-month average differences in stock returns between treatment and control 

sample, along with the two standard error bounds, around the event window. We specify the 

window as one year before and one year after the event.  We show the results in Figure 1. The plot 

does not indicate any visible violation of the parallel trend before the regulatory shock. Although 

not strictly required, we do not find a statistically significant difference in returns between the two 

groups of firms. In an unreported test, we further find that both samples are well balanced across 

major stock-level characteristics. In sum, we conclude our test broadly satisfies the assumption. 

We begin by verifying that the new regulations have had a significant impact on carbon 

disclosure in the year after they were introduced. We do this by estimating a simple linear 

probability model for U.K. firms’ disclosure decision with GBSHOCK as explanatory variable, and 

industry and firm fixed effects.  The GBSHOCK variable takes the value 1 for the period 2013/11-

2014/10 and the value 0 for the preceding one-year period 2012/11-2013/10. The results of this 

regression are reported in Table 11, Panel A. Nearly 20% more firms disclosed their carbon 

emissions following the regulatory shock.  These firms constitute our treatment group. 

We then estimate the regression models (1) and (2) above, adding two interaction terms. 

First, for model (1) with the level of scope 1 emissions we add two double interaction variables—

respectively GBSHOCK*LOGSCOPE1 and TREATMENT*GBSHOCK, where the 

TREATMENT variable takes the value 1 if the firm did not disclose its carbon emissions prior to 

2013 and the value 0, otherwise—and a triple interaction variable 

TREATMENT*GBSHOCK*LOGSCOPE1. Second, for model (2) with the year-to-year 
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percentage change in scope 1 emissions we add the two double interaction variables 

GBSHOCK*SCOPE1CHG and TREATMENT*GBSHOCK, and the triple interaction variable 

TREATMENT*GBSHOCK*SCOPE1CHG.  The results are reported in Table 11, Panel B.  Two 

important findings emerge from this analysis. First, the coefficient of the interaction variable 

TREATMENT*GBSHOCK in the regressions with the level of scope 1 emissions (columns (1) 

and (2)) is negative and highly significant, indicating that the effect of disclosure has been to reduce 

uncertainty for these firms. Second, the coefficient of the triple interaction term 

TREATMENT*GBSHOCK*LOGSCOPE1 is significant and positive, which is evidence in 

support of the adverse selection mechanism.  Returns for the newly disclosing firms are larger 

when the level of their emissions is larger. That is, the worst types among the newly disclosing 

firms are penalized by investors, who demand higher returns for holding these stocks. 

Interestingly, there is no such adverse selection effect in the regressions with changes in emissions 

(columns (3) and (4)), but the effect of reduced uncertainty also applies to changes in emissions. 

To sharpen our identification, we also estimate the same regression models but with 

respectively volatility and turnover as outcome variables. The results are reported in Table 11, 

Panel C.  Further support for the hypothesis that disclosure reduces uncertainty is obtained here 

with a highly significant negative coefficient of the TREATMENT*GBSHOCK*SCOPE1CHG 

interaction variable.  Finally, we estimate the same regression models with respectively institutional 

ownership and ESG scores as the outcome variables.  As can be seen in Panel D of Table 11, the 

main finding with respect to institutional ownership is that carbon disclosure by the treated firms 

tends to result in some divestment by institutional investors but the magnitude of the relative effect 

is not economically large. And from Panel E of Table 11 we see that the environmental scores of 

treated firms after the disclosure rule are negatively impacted. The result, however, is again 

statistically and economically insignificant. 

 

3.3 Carbon Disclosure Spillover Effects 

Carbon disclosure allows us to study another classical disclosure question from a new perspective: 

How does disclosure by one set of firms affect other firms?  Given that several carbon emissions 

data providers both collate disclosed emissions and estimate emissions for non-disclosing firms, 

the more firms disclose the easier it is for investors to infer emissions of non-disclosing firms. 

That is one relevant information spillover. Another effect is that the more firms disclose their 

emissions the more pressure from investors other firms may have to also disclose their emissions.  

We analyze these spillover effects from two different perspectives. First, we explore whether the 

introduction of mandatory carbon disclosure in the U.K. has had spillover effects on other 
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countries. Second, we explore whether there are peer effects, whereby firms are more likely to 

disclose their emissions the more other firms have already disclosed their emissions. 

In Panel A of Table 12 we report the results of a linear probability model with disclosure 

as a binary outcome variable and GBSHOCK and LOGSCOPE1 as explanatory variables, for 

respectively the full sample, Europe, the EU, Europe (Non-EU), North America, and Asia (always 

ex U.K).  Remarkably, we find that the spillover effects are substantial, with the coefficient of the 

GBSHOCK variable always highly significant and positive. The largest spillover effects are on 

European companies, but surprisingly, within Europe the largest effects are on non-EU 

companies. Thus, the spillover effect does not operate primarily through the common market, but 

rather through integrated capital markets. The weakest spillover effects are for Asian companies 

that are both more economically distant and less integrated in global financial markets. 

We further explore whether there are spillover effects on stock returns. How are returns 

of companies that disclosed after the introduction of U.K. mandatory disclosure rules affected? 

The results are reported in Panel B of Table 12. The main finding here is that the change in 

disclosure regulations also affects the level of the overall uncertainty in firms outside the U.K. 

market that previously did not disclose their emissions as the coefficient on the interaction variable 

TREATMENT*GBSHOCK is negative and significant. In turn, the aggregate effect does not show 

a similar adverse selection effect as we observed for the U.K. sample. 

We further expand the analysis by considering separately effects in different geographic 

areas. Here the results paint a more nuanced picture, reported in Panels B1-B3.  On the one hand, 

we observe very similar types of effects, both in terms of uncertainty reduction and adverse 

selection, for the sample of European firms (ex. U.K.), irrespective of whether they are part of EU 

or not.  On the other hand, similar tests for firms in North America and Asia show no significant 

reduction in uncertainty nor in adverse selection. Hence, the results confirm the stronger spillover 

effects to countries with close geographic and economic proximity to the U.K. market. 

In Panels C and D, we further investigate the spillover effects with respect to firm-level 

return volatility, turnover, and institutional ownership. Based on the aggregate sample, we do not 

find significant spillover effects in terms of companies’ volatility or their turnover.  However, we 

find that firms located in Europe subject to disclosure shock observe higher volatility and higher 

turnover after the shock.  When it comes to ownership, somewhat surprisingly we do not find a 

significant divestment activity for companies located in Europe or Asia. Moreover, we find that as 

a result of the regulatory shock, companies in North America observe an increased institutional 

ownership, though for the highest emitters the positive effect is slightly dwarfed. It appears, as if 

some of the capital that flows out of the U.K. firms goes to firms located across the Atlantic. 
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As a final test, we undertake a duration analysis to determine whether an individual firm’s 

disclosure decision is affected by past disclosure decisions by its peers. Specifically, we estimate 

the hazard model that firm will disclose its emissions for the first time in year t as a function of 

the fraction of peer firms (PEER DISCLOSURE) that have already decided to disclose their 

emissions in previous years. The results are reported in Table 13. The coefficient of the PEER 

DISCLOSURE variable is highly significant and positive. Moreover, it is not entirely surprising 

that we find that the peer effect within the industry matters more. 

4. Conclusion 

We have shown that carbon disclosure has a material effect on firms’ cost of capital. Investors in 

firms that voluntarily disclose their emissions require a lower rate of return and generally the effect 

of more carbon disclosure is to reduce the perceived uncertainty investors face with respect to 

carbon transition risk.   

Yet, despite the mandated carbon disclosure in the U.K., despite the rise in the responsible 

investment movement, despite the exhortations of the TCFD, barely more than 12% of listed 

companies globally currently disclose their carbon emissions.  How can we reconcile the apparent 

benefits of carbon disclosure in terms of lowering the cost of capital with the still widespread 

reluctance of companies to disclose their emissions? Partly this may simply be due to inertia, but 

our findings also suggest that when firms are required to disclose their emissions, some of the 

worst performing firms actually see their cost of capital rise, as investors learn that they have above 

average emissions.  

If that is the reason why firms hold back, greater incentives need to be given to all the 

firms that still do not disclose their emissions to do so. Indeed, we show that there are immediate, 

significant, market-wide, spill-over benefits from the greater disclosure that an individual firm 

would not necessarily internalize in its disclosure decision.  

 There are many other benefits from greater disclosure that we are not capturing in this 

study. With more systematic disclosure asset managers will be in a better position to manage the 

carbon footprint of their portfolios, banks will be better able to assess their exposure to carbon 

transition risk, and carbon data providers will be able to estimate more accurately the direct carbon 

emissions of non-disclosing firms and the indirect emissions firms are exposed to in the supply 

chain or are generating through the use of their products. 
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Table 1: Summary Statistics (Annual Frequency) 
The sample period is 2005-2018. The distributions are based on annual frequency. Full corresponds to a full panel of firms. Disclosed is a subset of firms that 
directly report their emissions. Estimated is a subset of firms for which Trucost estimates emissions. GIC6 is the six-digit global industry classification. 

 
Panel A: Distribution of firms by disclosure method 

Date Disclosed Estimated %Reported 

2005 217 2,993 7.25% 
2006 300 3,202 9.37% 

2007 444 3,216 13.81% 

2008 474 3,235 14.65% 
2009 541 3,381 16.00% 

2010 779 3,273 23.80% 

2011 975 3,208 30.39% 
2012 1,048 3,179 32.97% 

2013 1,139 3,739 30.46% 

2014 1,345 3,940 34.14% 
2015 1,281 4,102 31.23% 

2016 1,625 10,205 15.92% 

2017 1,714 10,907 15.71% 
2018 1,346 8,446 15.94% 

 

Panel B: Frequency of Disclosure by top-10 Country (2005-2018) 

region # of obs. % of sample region # of obs. % of sample 
 Disclosed   Estimated  

US 2,829 21.39 US 13,471 20.11 
GB 1,873 14.16 JP 9,378 14 

JP 1,605 12.14 CN 6,400 9.55 

CA 553 4.18 KW 4,332 6.47 
FR 535 4.05 GB 4,313 6.44 

DE 531 4.02 TW 3,433 5.12 

AU 519 3.92 AU 2,873 4.29 
ZA 461 3.49 IN 2,704 4.04 

SE 386 2.92 HK 2,428 3.62 

KW 338 2.56 CA 1,710 2.55 
 

Panel C: Frequency of Disclosure by top-10 GIC6 Industry (2005-2018) 

GIC 6 # of obs. % of sample GIC 6 # of obs. % of sample 
 Disclosed  Estimated 

Metals & Mining (6) 143 4.80% Banks (46) 669 4.52% 
Oil & Gas (2) 136 4.57% Real Estate Management (71) 622 4.20% 

Banks (46) 135 4.53% Machinery (13) 560 3.78% 

Chemicals (3) 131 4.40% Chemicals (3) 515 3.48% 
Machinery (13) 100 3.36% Electronic Equipment (58) 514 3.47% 

Food Products (36) 97 3.26% Metals & Mining (6) 498 3.36% 

Insurance (52) 90 3.02% Oil & Gas (2) 464 3.13% 
Electronic Equipment (58) 89 2.99% Food Products (36) 437 2.95% 

REITS (70) 82 2.75% REITS (70) 407 2.75% 

Electric Utilities (65) 78 2.62% Semiconductors (59) 390 2.63% 
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Table 2: Summary Statistics (Monthly Frequency) 
This table reports summary statistics (averages, medians, and standard deviations) for the variables used in regressions. The sample period is 2005-2018. The data are 
sampled at monthly frequency. Full corresponds to a full panel of firms in the sample. Disclosed is a subset of firms that directly report their emissions. Estimated is a subset 
of firms for which Trucost estimates emissions. RET is the monthly stock return; Log(scope1), Log(scope2), Log(scope3) measures the natural logarithm of firm-level of 
scope 1(scope 2; scope 3) carbon emissions measured in tons of CO2e. Scope1chg (Scope2chg, Scope3chg) measures the percentage growth rate in carbon emissions of 
scope 1 (scope 2; scope 3) (winsorized at 2.5%); LOGSIZE is the natural logarithm of market capitalization (in $ million); B/M is the book value of equity divided by 
market value of equity; LEVERAGE is the book value of leverage defined as the book value of debt divided by the book value of assets;  MOM is the cumulative stock 
return over the one-year period; INVEST/A is the CAPEX divided by book value of assets; HHI is the Herfindahl index of the business segments of a company with 
weights proportional to revenues; LOGPPE is the natural logarithm of plant, property & equipment (in $ million); ROE is the return on equity; VOLAT is the monthly 
stock return volatility calculated over the one year period; VOLUME is the monthly dollar stock volume; MSCIi,t is an indicator variable equal to one if a stock i is part of 
MSCI World Index in year t, and zero otherwise. 
Variables  Full   Disclosed   Estimated  
 mean p50 sd mean p50 sd mean p50 sd 

RET % 1.07 0.04 10.13 0.85 0.10 8.67 1.11 0.04 10.41 

Log(scope1) 10.32 10.14 2.95 11.66 11.46 3.07 10.04 9.91 2.85 
Log(scope2) 10.18 10.24 2.26 11.53 11.61 2.17 9.90 9.97 2.18 

Log(scope3) 11.97 12.03 2.21 13.41 13.50 1.90 11.67 11.73 2.15 

Scope1chg % 9.78 3.33 41.41 5.06 -0.56 43.53 10.91 4.49 40.80 
Scope2chg % 15.05 5.76 47.93 11.74 -0.08 54.70 15.84 7.36 46.13 

Scope3chg % 8.72 5.31 25.50 4.77 2.78 20.51 9.66 6.10 26.47 

Log(size) 11.29 9.71 5.38 11.36 9.92 4.93 11.28 9.66 5.47 
B/M 0.56 0.43 0.51 0.58 0.48 0.48 0.56 0.42 0.52 

Leverage 0.23 0.21 0.18 0.25 0.24 0.16 0.22 0.20 0.18 

Momentum 0.15 0.09 0.45 0.13 0.10 0.36 0.16 0.09 0.47 
Invest/A 0.05 0.04 0.05 0.05 0.04 0.04 0.05 0.03 0.05 

HHI 0.14 0.09 0.16 0.14 0.08 0.16 0.14 0.09 0.16 

Log(PPE) 7.77 7.70 3.31 8.50 8.29 3.00 7.62 7.55 3.35 
ROE 11.20 10.88 15.91 12.26 11.44 14.93 10.98 10.76 16.10 

Volatility 0.09 0.08 0.06 0.08 0.07 0.04 0.09 0.08 0.06 

Volume 73.23 16.99 141.89 84.43 31.30 140.64 70.91 14.43 142.04 
MSCI 0.34 0.00 0.47 0.61 1.00 0.49 0.28 0.00 0.45 
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Table 3: Predictors of Disclosure 
The sample period is 2005-2018. The dependent variable is Disclosure defined as an indicator variable equal to one if a firm directly discloses its emissions, and zero if the 
emissions are estimated by Trucost. All regressions include country and year/month fixed effects. All control variables are defined in Table 2. Standard errors are clustered at 
the firm and year dimensions. ***, **, * denote statistical significance at 1%, 5%, and 10% levels. 

Variable: Disclosure (1) (2) (3) (4) (5) (6) 
Log(scope1) 0.007*** -0.007** -0.036***    

 (0.002) (0.002) (0.005)    
Scope1chg    -0.017** -0.017** -0.001 

    (0.007) (0.007) (0.003) 
Log(size) 0.051*** 0.059*** 0.029*** 0.052*** 0.059*** 0.026*** 

 (0.004) (0.005) (0.004) (0.004) (0.005) (0.005) 
B/M 0.027*** 0.042*** 0.015** 0.029*** 0.041*** 0.013** 

 (0.007) (0.009) (0.006) (0.007) (0.009) (0.005) 
ROE -0.049*** -0.034* 0.014 -0.047** -0.043** 0.007 

 (0.015) (0.017) (0.016) (0.018) (0.019) (0.019) 
Leverage -0.001 0.028* 0.032 0.003 0.024 0.024 

 (0.016) (0.015) (0.025) (0.019) (0.018) (0.029) 
Invest/A -0.086* -0.175*** 0.007 -0.050 -0.165** 0.064 

 (0.047) (0.054) (0.052) (0.057) (0.062) (0.062) 
HHI 0.028* 0.050** 0.023 0.046** 0.047** 0.021 

 (0.014) (0.017) (0.025) (0.016) (0.020) (0.028) 
Log(PPE) 0.017*** 0.017*** 0.003 0.024*** 0.015*** -0.003 

 (0.002) (0.002) (0.003) (0.003) (0.002) (0.004) 
MSCI 0.088*** 0.090*** 0.011 0.085*** 0.085*** 0.010 

 (0.021) (0.021) (0.007) (0.021) (0.021) (0.007) 
Constant -0.634*** -0.607*** 0.179** -0.639*** -0.657*** -0.096 

 (0.041) (0.045) (0.068) (0.049) (0.056) (0.067) 
Country Fixed Effects Y Y N Y Y N 
Year-mo. Fixed Effects Y Y Y Y Y Y 
Industry Fixed Effects N Y N N Y N 
Firm Fixed Effects N N Y N N Y 
Observations 891,859 891,837 891,828 771,286 771,274 771,271 
R-squared 0.235 0.263 0.582 0.230 0.263 0.592 
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Table 4: Disclosure and Carbon Premia 
The sample period is 2005-2018. The dependent variable is stock Return.  All regressions include country and year/month fixed effects. All control variables are defined in 
Table 2 and Table 3. Standard errors are clustered at the firm and year dimensions. ***, **, * denote statistical significance at 1%, 5%, and 10% levels. 

Variable: Return (1) (2) (3) (4) (5) (6) 
Log(scope1) 0.030 0.100*** 0.154***    

 (0.023) (0.023) (0.048)    
Scope1chg    0.619*** 0.635*** 0.719*** 

    (0.132) (0.130) (0.121) 
Disclosure 0.381 0.428* 0.716** 0.194*** 0.179*** 0.197** 

 (0.235) (0.203) (0.304) (0.055) (0.050) (0.080) 
Disclosure*Log(scope1) -0.021 -0.025 -0.046*    

 (0.020) (0.017) (0.025)    
Disclosure*Scope1chg    -0.562*** -0.545*** -0.535*** 

    (0.134) (0.124) (0.097) 
Log(size) -0.153*** -0.226*** -2.566*** -0.167*** -0.196*** -2.543*** 

 (0.042) (0.044) (0.370) (0.044) (0.041) (0.354) 
B/M 0.511** 0.613** 0.504* 0.534** 0.675** 0.566** 

 (0.217) (0.214) (0.263) (0.218) (0.222) (0.259) 
Leverage -0.416** -0.458** -1.107** -0.426** -0.405** -1.036** 

 (0.177) (0.155) (0.435) (0.176) (0.163) (0.421) 
Momentum 0.828** 0.824** 0.527 0.784** 0.771** 0.478 

 (0.322) (0.325) (0.447) (0.317) (0.321) (0.440) 
Invest/A -0.774 -0.543 0.695 -0.976 -0.956 0.410 

 (1.063) (1.051) (1.713) (1.112) (1.036) (1.743) 
HHI 0.207 0.288 -0.262 0.260* 0.308 -0.261 

 (0.124) (0.398) (0.494) (0.120) (0.399) (0.495) 
Log(PPE) -0.007 0.010 -0.188** 0.027 0.057*** -0.136 

 (0.019) (0.017) (0.086) (0.022) (0.016) (0.088) 
ROE 1.372*** 1.324*** 1.502** 1.484*** 1.449*** 1.587** 

 (0.418) (0.408) (0.612) (0.439) (0.432) (0.617) 
Volatility -0.240 -0.053 -0.813 -0.376 -0.213 -0.800 

 (3.428) (3.142) (3.599) (3.428) (3.149) (3.594) 
Constant 1.877** 1.769** 29.875*** 2.023*** 2.012*** 30.711*** 

 (0.655) (0.643) (3.666) (0.618) (0.615) (3.836) 
Country Fixed Effects Y Y N Y Y N 
Year-mo. Fixed Effects Y Y Y Y Y Y 
Industry Fixed Effects N Y N N Y N 
Firm/Discl Fixed Effects N N Y N N Y 
Observations 751,238 751,226 751,199 751,106 751,094 751,067 
R-squared 0.150 0.152 0.177 0.151 0.152 0.178 
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Table 5: Disclosure and Carbon Premia by Continent 
The sample period is 2005-2018. The dependent variable is stock Return.  All regressions include country and year/month fixed effects. All control variables, omitted for 
brevity, are defined in Table 2 and Table 3. Panel A includes firms headquartered in North America, Panel B firms in Europe, and Panel C firms in Asia. Standard errors 
are clustered at the firm and year dimensions. ***, **, * denote statistical significance at 1%, 5%, and 10% levels. 
 

Panel A: North America 
Variable: Return (1) (2) (3) (4) (5) (6) 
Log(scope1) 0.041 0.134*** 0.270***    

 (0.025) (0.024) (0.082)    
Scope1chg    0.921*** 0.953*** 1.071*** 

    (0.127) (0.125) (0.138) 
Disclosure 0.435 0.533** 0.715 0.147 0.119 0.054 

 (0.293) (0.216) (0.525) (0.100) (0.089) (0.110) 
Disclosure*Log(scope1) -0.031 -0.040* -0.055    

 (0.026) (0.020) (0.039)    
Disclosure*Scope1chg    -0.752*** -0.730*** -0.818*** 

    (0.156) (0.146) (0.224) 
Controls Y Y Y Y Y Y 
Industry Fixed Effects N Y N N Y N 
Firm/Discl Fixed Effects N N Y N N Y 
Observations 167,658 167,646 167,638 167,610 167,598 167,590 
R-squared 0.203 0.206 0.234 0.203 0.207 0.235 

 

Panel B: Europe 
Variable: Return (1) (2) (3) (4) (5) (6) 
Log(scope1) 0.036 0.068** 0.007    

 (0.023) (0.027) (0.049)    
Scope1chg    0.359*** 0.367*** 0.526*** 

    (0.105) (0.102) (0.092) 
Disclosure 0.139 0.170 0.435 0.116** 0.097* 0.220* 

 (0.252) (0.265) (0.366) (0.051) (0.053) (0.103) 
Disclosure*Log(scope1) -0.004 -0.008 -0.021    

 (0.024) (0.024) (0.033)    
Disclosure*Scope1chg    -0.230* -0.188* -0.251* 

    (0.106) (0.098) (0.139) 
Controls Y Y Y Y Y Y 
Industry Fixed Effects N Y N N Y N 
Firm/Discl Fixed Effects N N Y N N Y 
Observations 171,825 171,825 171,822 171,777 171,777 171,774 
R-squared 0.189 0.191 0.209 0.189 0.191 0.210 

 

Panel C: Asia 
Variable: Return (1) (2) (3) (4) (5) (6) 
Log(scope1) 0.025 0.114*** 0.186*    

 (0.024) (0.035) (0.096)    
Scope1chg    0.707*** 0.711*** 0.713*** 

    (0.199) (0.184) (0.167) 
Disclosure 0.469 0.471 0.901* 0.212** 0.221** 0.112 

 (0.324) (0.295) (0.443) (0.089) (0.083) (0.093) 
Disclosure*Log(scope1) -0.027 -0.025 -0.066    

 (0.025) (0.023) (0.039)    
Disclosure*Scope1chg    -0.834*** -0.825*** -0.765*** 

    (0.223) (0.211) (0.222) 
Controls Y Y Y Y Y Y 
Industry Fixed Effects N Y N N Y N 
Firm/Discl Fixed Effects N N Y N N Y 
Observations 340,430 340,430 340,415 340,418 340,418 340,403 
R-squared 0.161 0.163 0.191 0.162 0.164 0.192 
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Table 6: Disclosure and Carbon Premia excl. Salient Industries 
The sample period is 2005-2018. The dependent variable is stock Return.  The sample excludes firms in oil & gas, utilities, and auto industries. All regressions include 
country and year/month fixed effects. All control variables, omitted for brevity, are defined in Table 2 and Table 3.  Standard errors are clustered at the firm and year 
dimensions. ***, **, * denote statistical significance at 1%, 5%, and 10% levels. 

Variable: Return (1) (2) (3) (4) (5) (6) 
Log(scope1) 0.045 0.102*** 0.164**    

 (0.025) (0.025) (0.058)    
Scope1chg    0.653*** 0.659*** 0.715*** 

    (0.147) (0.140) (0.130) 
Disclosure 0.345 0.446* 0.584* 0.202*** 0.182*** 0.234** 

 (0.226) (0.218) (0.304) (0.062) (0.055) (0.088) 
Disclosure*Log(scope1) -0.018 -0.027 -0.032    

 (0.021) (0.020) (0.027)    
Disclosure*Scope1chg    -0.596*** -0.573*** -0.523*** 

    (0.141) (0.125) (0.104) 
Controls Y Y Y Y Y Y 
Country Fixed Effects Y Y N Y Y N 
Year-mo. Fixed Effects Y Y Y Y Y Y 
Industry Fixed Effects N Y N N Y N 
Firm/Discl Fixed Effects N N Y N N Y 
Observations 674,764 674,752 674,725 674,644 674,632 674,605 
R-squared 0.153 0.154 0.181 0.153 0.155 0.181 

 
Table 7: Do Firms Adjust Emissions after Disclosure? 

The sample period is 2005-2018. The dependent variable is a percentage change in firm level scope 1 emissions.  DC100 is an 
indicator variable equal to one in the period in which a firm changed its disclosure practice into self-reporting. The variable is 
multiplied by 100. All regressions include country and year/month fixed effects. All control variables are defined in Table 2 and 
Table 3.  Standard errors are clustered at the firm and year dimensions. ***, **, * denote statistical significance at 1%, 5%, and 
10% levels. 

Variable (Scope1chg) (1) (2) (3) 
DC100 0.007 0.179 0.311 

 (1.515) (1.334) (1.372) 
Log(size) -0.005*** -0.010*** 0.002 

 (0.001) (0.002) (0.005) 
B/M -0.046* -0.066** -0.045 

 (0.023) (0.024) (0.050) 
ROE -0.113*** -0.097*** -0.084 

 (0.027) (0.029) (0.075) 
Leverage 0.024 0.003 -0.328** 

 (0.053) (0.046) (0.121) 
Invest/A 0.729*** 0.626*** 0.130 

 (0.152) (0.129) (0.497) 
HHI -0.078** 0.184* 0.296 

 (0.029) (0.103) (0.176) 
Log(PPE) 0.004 0.001 -0.036 

 (0.003) (0.004) (0.022) 
MSCI -0.004 -0.012 0.049 

 (0.017) (0.019) (0.050) 
Constant 0.089** 0.149*** 0.371* 

 (0.029) (0.028) (0.183) 
Country Fixed Effects Y Y N 
Year-mo. Fixed Effects Y Y Y 
Industry Fixed Effects N Y N 
Firm Fixed Effects N N Y 
Observations 6,795 6,772 6,486 
R-squared 0.029 0.088 0.388 
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Table 8: Disclosure and Carbon Premia (Placebo Test) 
The sample period is 2005-2018. The dependent variable is stock Return.  All regressions include country and year/month fixed effects. All control variables, omitted for 
brevity, are defined in Table 2 and Table 3.  Standard errors are clustered at the firm and year dimensions. ***, **, * denote statistical significance at 1%, 5%, and 10% 
levels. 

Variable: Return (1) (2) (3) (4) (5) (6) 
Log(scope3) 0.106*** 0.227*** 0.623**    

 (0.034) (0.052) (0.208)    
Scope3chg    1.437*** 1.457*** 1.700*** 

    (0.291) (0.299) (0.248) 
Disclosure -0.007 -0.025 0.110 0.210*** 0.195*** 0.188* 

 (0.292) (0.258) (0.570) (0.064) (0.060) (0.088) 
Disclosure*Log(scope3) 0.009 0.008 0.004    

 (0.023) (0.020) (0.041)    
Disclosure*Scope3chg    -0.632*** -0.613*** -0.417** 

    (0.204) (0.193) (0.191) 
Controls Y Y Y Y Y Y 
Country Fixed Effects Y Y N Y Y N 
Year-mo. Fixed Effects Y Y Y Y Y Y 
Industry Fixed Effects N Y N N Y N 
Firm/Discl Fixed Effects N N Y N N Y 
Observations 751,218 751,206 751,179 751,230 751,218 751,191 
R-squared 0.151 0.152 0.178 0.151 0.153 0.178 
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Table 9: Disclosure and Carbon Premia: ESG Scores 
The sample period is 2005-2018. The dependent variable in Panel A is Disclosure. The dependent variable in Panel B is stock Return.  Environmental Score, Social Score, and Governance 
Score are MSCI aggregate ESG scores. All regressions include country and year/month fixed effects. All control variables, omitted for brevity, are defined in Table 2 and Table 
3. Standard errors are clustered at the firm and year dimensions. ***, **, * denote statistical significance at 1%, 5%, and 10% levels. 

 

Panel A: Predicting Disclosure 
Variable: Disclosure (1) (2) (3) (4) (5) (6) 

Log(scope1) 0.011*** -0.012** -0.046***    

 (0.002) (0.005) (0.007)    
Scope1chg 0.024*** 0.028*** 0.006*** 0.024*** 0.028*** 0.007*** 

 (0.002) (0.002) (0.002) (0.002) (0.003) (0.002) 

Environmental Score 0.012*** 0.011*** -0.002 0.012*** 0.012*** -0.003 
 (0.003) (0.003) (0.002) (0.003) (0.003) (0.002) 

Social Score 0.009*** 0.007*** -0.003* 0.009*** 0.007*** -0.003* 

 (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) 
Governance Score 0.058*** 0.070*** 0.037*** 0.056*** 0.064*** 0.031*** 

 (0.006) (0.008) (0.009) (0.007) (0.007) (0.009) 
Controls Y Y Y Y Y Y 
Country Fixed Effects Y Y N Y Y N 
Year-mo. Fixed Effects Y Y Y Y Y Y 
Industry Fixed Effects N Y N N Y N 
Firm Fixed Effects N N Y N N Y 
Observations 355,168 355,146 355,070 340,301 340,289 340,222 
R-squared 0.229 0.285 0.638 0.219 0.279 0.630 

 

Panel B: Disclosure and Carbon Premia 
Variable: Return (1) (2) (3) (4) (5) (6) 
Log(scope1) 0.017 0.069*** 0.104**    

 (0.022) (0.019) (0.036)    
Scope1chg    0.349*** 0.354*** 0.407*** 

    (0.086) (0.090) (0.097) 
Disclosure 0.358* 0.396** 0.365 0.091 0.084* 0.034 

 (0.185) (0.156) (0.276) (0.057) (0.041) (0.057) 
Disclosure*Log(scope1) -0.025 -0.029* -0.028    

 (0.015) (0.014) (0.024)    
Disclosure*Scope1chg    -0.319*** -0.303*** -0.286*** 

    (0.092) (0.094) (0.084) 
Environmental Score 0.045 0.025 0.046* 0.046 0.026 0.046* 

 (0.029) (0.019) (0.022) (0.030) (0.019) (0.021) 
Social Score -0.000 -0.002 -0.032 0.001 -0.001 -0.033 

 (0.018) (0.020) (0.033) (0.018) (0.020) (0.033) 
Governance Score 0.024 0.023 0.020 0.025 0.023 0.021 

 (0.023) (0.020) (0.026) (0.022) (0.020) (0.026) 
Controls Y Y Y Y Y Y 
Country Fixed Effects Y Y N Y Y N 
Year-mo. Fixed Effects Y Y Y Y Y Y 
Industry Fixed Effects N Y N N Y N 
Firm/Discl Fixed Effects N N Y N N Y 
Observations 336,334 336,322 336,248 336,253 336,241 336,167 
R-squared 0.166 0.168 0.201 0.166 0.168 0.201 
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Table 10: Disclosure and Institutional Ownership 
The sample period is 2005-2018. The dependent variable is stock-level institutional ownership share. All regressions include country and year/month fixed effects. All 
control variables, omitted for brevity, are defined in Table 2 and Table 3.  Standard errors are clustered at the firm and year dimensions. ***, **, * denote statistical 
significance at 1%, 5%, and 10% levels. 

Variable: Inst Ownership (1) (2) (3) (4) (5) (6) 
Log(scope1) 0.222 0.509** -0.152    

 (0.182) (0.208) (0.088)    
Scope1chg    -0.224 -0.174 0.031 

    (0.204) (0.151) (0.105) 
Disclosure 13.106*** 10.345*** 3.121*** 1.521* 1.528** 0.630 

 (1.741) (1.684) (0.743) (0.785) (0.694) (0.465) 
Disclosure*Log(scope1) -1.008*** -0.768*** -0.220***    

 (0.112) (0.108) (0.061)    
Disclosure*Scope1chg    0.125 0.232 -0.146 

    (0.392) (0.363) (0.265) 
Log(size) 1.849* 2.069** 2.141*** 1.894* 2.375** 2.106*** 

 (0.885) (0.825) (0.259) (0.913) (0.860) (0.256) 
Priceinv -2.216*** -2.219*** -2.672*** -2.244*** -2.228*** -2.665*** 

 (0.323) (0.339) (0.765) (0.323) (0.345) (0.767) 
Momentum 0.391 0.596** 0.011 0.430 0.590** 0.023 

 (0.271) (0.263) (0.221) (0.278) (0.248) (0.194) 
B/M -0.778 0.537 0.384 -0.791 0.832 0.351 

 (1.212) (1.025) (0.660) (1.198) (1.027) (0.660) 
Volatility 5.056 -4.004 -1.889 4.829 -4.428 -1.876 

 (6.519) (6.061) (3.390) (6.734) (6.127) (3.407) 
Volume -0.004** -0.004* 0.001 -0.004** -0.003 0.001 

 (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) 
MSCI 3.831*** 3.648*** 1.583* 3.762*** 3.684*** 1.554* 

 (1.131) (1.142) (0.791) (1.120) (1.151) (0.788) 
Constant 6.020 0.453 7.239** 7.854 2.061 6.057* 

 (12.298) (11.972) (3.304) (12.217) (11.661) (3.361) 
Industry Fixed Effects N Y N N Y N 
Firm/Discl Fixed Effects N N Y N N Y 
Observations 702,306 702,306 702,279 702,210 702,210 702,183 
R-squared 0.731 0.749 0.919 0.730 0.748 0.919 

 
Table 11: Disclosure and U.K. Mandatory Disclosure Law 

The sample is U.K. firms. The dependent variable in Panel A is Disclosure, in Panel B Return, in Panel C stock-level volatility of returns (calculated 
using daily data within a month) and stock turnover defined as stock volume divided by the number of shares outstanding, in Panel D institutional 
ownership, and in Panel E Environmental Score, Social Score, and Governance Score, respectively. GBshock is an indicator variable equal to one in the 
period 2013/11-2014/10, and zero in the period 2012/11-2013/10. All regressions include country and year/month fixed effects. All control 
variables, omitted for brevity, are defined in Table 2 and Table 3.  Standard errors are clustered at the firm and year dimensions. ***, **, * denote 
statistical significance at 1%, 5%, and 10% levels. 

 
Panel A: Disclosure Effects 

Variable (Disclosure) (1) (2) (3) 
GBshock 0.189*** 0.193*** 0.189*** 

 (0.040) (0.041) (0.043) 
Log(scope1) 0.001 -0.037 -0.112** 

 (0.009) (0.022) (0.048) 
Controls Y Y Y 
Industry Fixed Effects N Y N 
Firm Fixed Effects N N Y 
Observations 4,951 4,951 4,951 
R-squared 0.081 0.298 0.477 
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Panel B: Carbon Premium Effects 
Variable (Return) (1) (2) (3) (4) 
Log(scope1) 0.104 -0.007   

 (0.120) (0.425)   
Scope1chg   0.062 0.069 

   (0.185) (0.130) 
Treatment 0.846  -0.101  

 (0.787)  (0.359)  
Treatment*Log(scope1) -0.106 0.333   

 (0.086) (0.404)   
Treatment*Scope1chg   -0.384 -0.688 

   (0.591) (0.492) 
GBshock*Log(scope1) -0.087 -0.109   

 (0.116) (0.121)   
GBshock*Scope1chg   -0.642 -0.861* 

   (0.452) (0.420) 
Treatment*GBshock -2.952** -2.935** -0.800 -0.770 

 (1.322) (1.386) (0.568) (0.509) 
Treatment*GBshock*Log(scope1) 0.234 0.245*   

 (0.140) (0.138)   
Treatment*GBshock*Scope1chg   1.288 1.313 

   (0.757) (0.888) 
Controls Y Y Y Y 
Industry Fixed Effects Y N Y N 
Firm Fixed Effects N Y N Y 
Observations 4,951 4,951 4,949 4,949 
R-squared 0.183 0.193 0.183 0.192 

 
Panel C: Firm-level Uncertainty and Stock Turnover 

 (1) (2) (3) (4) (5) (6) (7) (8) 
Variables Volatility Turnover 
Log(scope1) 0.003*  0.002  0.002**  0.003*  

 (0.002)  (0.003)  (0.001)  (0.002)  
Scope1chg  -0.001  -0.001  0.001  0.003 

  (0.002)  (0.003)  (0.002)  (0.002) 
Treatment -0.005 -0.001   0.017 0.001   

 (0.018) (0.006)   (0.011) (0.006)   
Treatment* Log(scope1) 0.001  -0.006  -0.002  -0.004*  

 (0.002)  (0.004)  (0.001)  (0.002)  
Treatment*Scope1chg  0.013  0.001  -0.003  -0.004 

  (0.008)  (0.008)  (0.009)  (0.008) 
GBshock* Log(scope1) -0.001  -0.001  -0.001  -0.001  

 (0.001)  (0.001)  (0.001)  (0.001)  
GBshock*Scope1chg  0.005*  0.006*  -0.001  -0.002 

  (0.003)  (0.003)  (0.003)  (0.002) 
Treatment*GBshock -0.014 -0.001 -0.019 -0.002 -0.011 -0.003 -0.014 -0.002 

 (0.019) (0.007) (0.020) (0.007) (0.010) (0.005) (0.010) (0.005) 
Treatment*GBshock* 0.001  0.002  0.001  0.001  
Log(scope1) (0.002)  (0.002)  (0.001)  (0.001)  
Treatment*GBshock*  -0.026**  -0.008  0.005  0.006 
Scope1chg  (0.011)  (0.013)  (0.010)  (0.010) 
Controls Y Y Y Y Y Y Y Y 
Industry FE  Y Y N N Y Y N N 
Firm FE N N Y Y N N Y Y 
Observations 4,951 4,949 4,951 4,949 4,927 4,925 4,927 4,925 
R-squared 0.626 0.623 0.760 0.760 0.353 0.350 0.490 0.489 
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Panel D: Institutional Ownership 
Variable: Institutional Ownership (1) (2) (3) (4) 
Log(scope1) 0.139  -0.208  

 (0.767)  (0.463)  
Scope1chg  0.185  0.066 

  (1.077)  (0.402) 
Treatment -2.079 -7.309*   

 (12.457) (3.635)   
Treatment*Log(scope1) -0.635  0.311  

 (1.177)  (0.605)  
Treatment*Scope1chg  -4.604  0.174 

  (3.189)  (1.574) 
GBshock*Log(scope1) -0.055  -0.078  

 (0.107)  (0.095)  
GBshock*Scope1chg  0.351  0.104 

  (1.169)  (0.427) 
Treatment*GBshock 1.227 -0.340 2.476 0.440 

 (3.237) (0.741) (2.980) (0.870) 
Treatment*GBshock*Log(scope1) -0.157  -0.239  

 (0.341)  (0.294)  
Treatment*GBshock*Scope1chg  2.337  -0.127 
  (4.230)  (1.989) 
Controls Y Y Y Y 
Industry Fixed Effects Y Y N N 
Firm Fixed Effects N N Y Y 
Observations 4,349 4,349 4,349 4,349 
R-squared 0.692 0.693 0.952 0.952 

 
Panel E: ESG Scores 

Variable (Return) (1) (2) (3) (4) (5) (6) 
 Environmental Score Social Score Governance Score 
Log(scope1) -0.169 0.089 0.357** 0.245* 0.050 -0.388* 

 (0.183) (0.127) (0.172) (0.124) (0.172) (0.213) 
Treatment -3.318  0.193  0.743  

 (2.194)  (1.690)  (2.021)  
Treatment*Log(scope1) 0.274 0.045 -0.087 -0.507*** -0.063 0.052 

 (0.201) (0.156) (0.164) (0.142) (0.160) (0.240) 
GBshock*Log(scope1) 0.007 -0.001 -0.053 -0.048 0.041 0.043 

 (0.039) (0.030) (0.050) (0.050) (0.045) (0.044) 
Treatment*GBshock -0.817 -0.959 0.134 0.165 0.077 0.885 

 (0.856) (0.833) (0.707) (0.628) (1.081) (1.012) 
Treatment*GBshock*Log(scope1) 0.066 0.072 0.023 -0.001 0.009 -0.075 

 (0.070) (0.073) (0.063) (0.062) (0.117) (0.110) 
Controls Y Y Y Y Y Y 
Industry Fixed Effects Y N Y N Y N 
Firm Fixed Effects N Y N Y N Y 
Observations 3,130 3,124 3,130 3,124 3,130 3,124 
R-squared 0.690 0.928 0.672 0.878 0.634 0.835 
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Table 12: Disclosure Spillovers and U.K. Mandatory Disclosure Law 
The dependent variable in Panel A is Disclosure, in Panel B Return, in Panel C stock-level volatility of returns (calculated using daily data within a month) and stock 
turnover defined as stock volume divided by the number of shares outstanding, and in Panel D institutional ownership. GBshock is an indicator variable equal to 
one in the period 2013/11-2014/10, and zero in the period 2012/11-2013/10. All regressions include country and year/month fixed effects. All control variables, 
omitted for brevity, are defined in Table 2 and Table 3.  Standard errors are clustered at the firm and year dimensions. ***, **, * denote statistical significance at 
1%, 5%, and 10% levels. 

Panel A: Disclosure Effects 
Variable (Disclosure) (1) (2) (3) (4) (5) (6) (7) (8) 

 Full Sample (ex. UK) 
Europe 
(ex. UK) 

EU     
(ex. UK) 

Non-EU North 
America Asia 

GBshock 0.030*** 0.029*** 0.030*** 0.057*** 0.050*** 0.086*** 0.026** 0.020*** 

 (0.005) (0.005) (0.006) (0.015) (0.015) (0.030) (0.009) (0.006) 
Log(scope1) 0.003 -0.018*** -0.029** -0.052 -0.028 -0.180*** -0.035 -0.043* 

 (0.003) (0.005) (0.012) (0.036) (0.037) (0.040) (0.022) (0.021) 
Controls Y Y Y Y Y Y Y Y 
Industry Fixed Effects N Y N N N N N N 
Firm Fixed Effects N N Y Y Y Y Y Y 
Observations 85,271 85,271 85,271 13,775 11,559 2,216 23,637 37,274 
R-squared 0.229 0.305 0.857 0.854 0.852 0.868 0.850 0.867 

 

Panel B: Carbon Premium Effects 
Variable (Return) (1) (2) (3) (4) 
Log(scope1) 0.026 -0.005   

 (0.037) (0.177)   
Scope1chg   0.061 0.075 

   (0.136) (0.176) 
Treatment -0.082  0.083  

 (0.539)  (0.115)  
Treatment*Log(scope1) 0.016 0.230   

 (0.049) (0.275)   
Treatment*Scope1chg   0.529** 0.727** 

   (0.247) (0.311) 
GBshock*Log(scope1) 0.005 -0.001   

 (0.055) (0.059)   
GBshock*Scope1chg   0.150 0.018 

   (0.202) (0.271) 
Treatment*GBshock -0.704 -0.550 -0.322* -0.327* 

 (0.809) (0.804) (0.158) (0.159) 
Treatment*GBshock*Log(scope1) 0.035 0.018   

 (0.069) (0.068)   
Treatment*GBshock*Scope1chg   -0.037 -0.442 

   (0.419) (0.473) 
Controls Y Y Y Y 
Firm Fixed Effects N Y N Y 
Observations 83,738 83,738 83,672 83,672 
R-squared 0.336 0.358 0.336 0.358 
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Panel B1: Carbon Premium Effects (Europe ex. UK) 
Variable (Return) (1) (2) (3) (4) 
Log(scope1) 0.071 0.264   

 (0.104) (0.344)   
Scope1chg   0.557** 0.849** 

   (0.239) (0.363) 
Treatment 1.344*  0.225  

 (0.757)  (0.237)  
Treatment*Log(scope1) -0.117* 1.963   

 (0.068) (1.294)   
Treatment*Scope1chg   0.053 0.110 

   (0.660) (1.018) 
GBshock*Log(scope1) 0.023 -0.016   

 (0.148) (0.149)   
GBshock*Scope1chg   -0.343 -0.728 

   (0.513) (0.602) 
Treatment*GBshock -3.713** -4.064*** -0.784* -0.678 

 (1.499) (1.400) (0.417) (0.415) 
Treatment*GBshock*Log(scope1) 0.300** 0.340**   

 (0.135) (0.128)   
Treatment*GBshock*Scope1chg   0.683 0.664 

   (1.170) (1.285) 
Controls Y Y Y Y 
Firm Fixed Effects N Y N Y 
Observations 11,588 11,588 11,578 11,578 
R-squared 0.473 0.495 0.473 0.493 
     

Panel B12: Carbon Premium Effects (Europe cross-section) 
Variable (Return) (1) (2) (3) (4) (5) (6) (7) (8) 
 EU (ex. UK) Non-EU 
Log(scope1) 0.067 0.658*   0.259 0.021   

 (0.101) (0.376)   (0.273) (0.455)   
Scope1chg   0.384 0.410   1.278* 1.897** 

   (0.301) (0.464)   (0.681) (0.703) 
Treatment 1.013 0.000 0.078 0.000 0.875 0.000 0.500 0.000 

 (0.668) (0.000) (0.277) (0.000) (0.740) (0.000) (0.420) (0.000) 
Treatment*Log(scope1) -0.103 1.496   -0.030 2.275   

 (0.064) (1.261)   (0.065) (2.685)   
Treatment*Scope1chg   0.357 0.644   -1.383 -3.583 

   (0.808) (1.171)   (1.256) (2.483) 
GBshock*Log(scope1) 0.096 0.046   -0.628* -0.564*   

 (0.153) (0.152)   (0.336) (0.329)   
GBshock*Scope1chg   -0.042 -0.224   -1.926 -3.065** 

   (0.498) (0.650)   (1.658) (1.392) 
Treatment*GBshock -2.898* -3.135** -0.610 -0.615 -2.480 -4.075** -0.530 -0.359 

 (1.477) (1.473) (0.509) (0.512) (1.883) (1.916) (0.849) (0.845) 
Treatment*GBshock*Log(scope1) 0.247* 0.265*   0.186 0.368*   

 (0.134) (0.136)   (0.196) (0.202)   
Treatment*GBshock*Scope1chg   0.459 0.032   3.265 5.913 

   (1.251) (1.424)   (3.040) (3.768) 
Controls Y Y Y Y Y Y Y Y 
Firm Fixed Effects N Y N Y N Y N Y 
Observations 9,378 9,378 9,368 9,368 1,262 1,262 1,262 1,262 
R-squared 0.494 0.513 0.494 0.512 0.592 0.604 0.590 0.602 
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Panel B2: Carbon Premium Effects (North America) 
Variable (Return) (1) (2) (3) (4) 
Log(scope1) 0.032 -0.383   

 (0.076) (0.237)   
Scope1chg   -0.130 -0.272 

   (0.349) (0.468) 
Treatment -0.393  0.109  

 (0.788)  (0.150)  
Treatment*Log(scope1) 0.046 0.604   

 (0.066) (0.650)   
Treatment*Scope1chg   0.250 0.680 

   (0.752) (0.601) 
GBshock*Log(scope1) -0.005 0.045   

 (0.112) (0.133)   
GBshock*Scope1chg   -0.042 -0.090 

   (0.480) (0.538) 
Treatment*GBshock 0.233 0.747 -0.369 -0.391 

 (1.039) (1.075) (0.282) (0.303) 
Treatment*GBshock*Log(scope1) -0.053 -0.102   

 (0.087) (0.089)   
Treatment*GBshock*Scope1chg   0.431 0.199 

   (1.018) (0.882) 
Controls Y Y Y Y 
Firm Fixed Effects N Y N Y 
Observations 20,992 20,992 20,982 20,982 
R-squared 0.433 0.454 0.433 0.454 
     

Panel B3: Carbon Premium Effects (Asia) 
Variable (Return) (1) (2) (3) (4) 
Log(scope1) 0.025 0.399*   

 (0.065) (0.230)   
Scope1chg   -0.055 -0.089 

   (0.236) (0.360) 
Treatment 0.057  0.035  

 (0.550)  (0.233)  
Treatment*Log(scope1) 0.001 -0.498   

 (0.053) (0.393)   
Treatment*Scope1chg   0.826*** 0.807 

   (0.231) (0.491) 
GBshock*Log(scope1) -0.049 -0.072   

 (0.086) (0.089)   
GBshock*Scope1chg   0.217 0.627 

   (0.252) (0.409) 
Treatment*GBshock -1.891 -1.788 -0.291 -0.335 

 (1.115) (1.163) (0.315) (0.329) 
Treatment*GBshock*Log(scope1) 0.133 0.116   

 (0.091) (0.095)   
Treatment*GBshock*Scope1chg   -0.403 -1.314* 

   (0.404) (0.656) 
Controls Y Y Y Y 
Firm Fixed Effects N Y N Y 
Observations 35,477 35,477 35,459 35,459 
R-squared 0.377 0.395 0.377 0.395 
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Panel C: Firm-level Uncertainty and Stock Turnover 
 (1) (2) (3) (4) (5) (6) (7) (8) 
Variables Volatility Turnover 
Log(scope1) -0.021  -0.128*  0.311**  0.218  

 (0.051)  (0.071)  (0.130)  (0.202)  
Scope1chg  -0.432*  -0.199*  -0.097  -0.047 

  (0.210)  (0.114)  (0.479)  (0.189) 
Treatment 0.210 -0.135   1.095 -1.117***   

 (0.483) (0.125)   (1.244) (0.363)   
Treatment* Log(scope1) -0.025  0.024  -0.194*  -0.287  

 (0.040)  (0.122)  (0.113)  (0.276)  
Treatment*Scope1chg  0.859**  0.169  0.360  0.082 

  (0.327)  (0.197)  (0.802)  (0.573) 
GBshock* Log(scope1) -0.008  -0.028  -0.074  -0.097  

 (0.033)  (0.033)  (0.067)  (0.068)  
GBshock*Scope1chg  0.114  0.079  -0.228  0.531 

  (0.224)  (0.144)  (0.628)  (0.371) 
Treatment*GBshock 0.402 0.178* 0.400 0.196* -0.591 0.282 -0.707 0.223 

 (0.342) (0.087) (0.368) (0.095) (0.788) (0.227) (0.873) (0.247) 
Treatment*GBshock* -0.024  -0.020  0.073  0.075  
Log(scope1) (0.030)  (0.032)  (0.074)  (0.081)  
Treatment*GBshock*  -0.545  -0.045  -0.399  -0.443 
Scope1chg  (0.376)  (0.249)  (0.940)  (0.688) 
Controls Y Y Y Y Y Y Y Y 
Industry FE  Y Y N N Y Y N N 
Firm FE N N Y Y N N Y Y 
Observations 83,738 83,672 83,738 83,672 60,409 60,359 60,409 60,359 
R-squared 0.453 0.454 0.827 0.828 0.349 0.348 0.728 0.728 

 
Panel C1: Firm-level Uncertainty and Stock Turnover (Europe) 

 (1) (2) (3) (4) (5) (6) (7) (8) 
Variables Volatility Turnover 
Log(scope1) 0.001  -0.249  0.248  -0.122  

 (0.123)  (0.175)  (0.179)  (0.130)  
Scope1chg  -0.552  -0.138  0.554  0.129 

  (0.573)  (0.345)  (0.674)  (0.237) 
Treatment -0.081 -0.193 0.000 0.000 -2.474 -0.820 0.000 0.000 

 (1.241) (0.356) (0.000) (0.000) (1.661) (0.578) (0.000) (0.000) 
Treatment* Log(scope1) -0.004  -0.068  0.153  0.173  

 (0.105)  (0.307)  (0.144)  (0.410)  
Treatment*Scope1chg  0.323  0.442  -0.683  -0.213 

  (0.895)  (0.592)  (1.140)  (0.465) 
GBshock* Log(scope1) 0.064  0.053  -0.033  -0.082  

 (0.074)  (0.074)  (0.074)  (0.074)  
GBshock*Scope1chg  -0.338  -0.144  -1.582*  -0.055 

  (0.611)  (0.454)  (0.805)  (0.406) 
Treatment*GBshock 2.748*** 0.074 1.781** 0.100 1.332** 0.735*** 0.856 0.563* 

 (0.916) (0.210) (0.829) (0.225) (0.635) (0.210) (0.782) (0.297) 
Treatment*GBshock* -0.263***  -0.160**  -0.059  -0.036  
Log(scope1) (0.087)  (0.074)  (0.059)  (0.071)  
Treatment*GBshock*  0.025  -0.158  2.125  0.291 
Scope1chg  (1.045)  (0.713)  (1.642)  (0.793) 
Controls Y Y Y Y Y Y Y Y 
Industry FE  Y Y N N Y Y N N 
Firm FE N N Y Y N N Y Y 
Observations 11,588 11,578 11,588 11,578 11,327 11,317 11,327 11,317 
R-squared 0.624 0.624 0.888 0.888 0.516 0.515 0.807 0.807 
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Panel D: Institutional Ownership 
Variable: Institutional Ownership (1) (2) (3) (4) 
Log(scope1) -0.355*  0.163  

 (0.181)  (0.167)  
Scope1chg  -2.145**  -0.029 

  (0.964)  (0.167) 
Treatment -6.487*** -0.369   

 (1.884) (0.530)   
Treatment*Log(scope1) 0.528***  -0.277  

 (0.154)  (0.203)  
Treatment*Scope1chg  0.557  -0.179 

  (1.087)  (0.226) 
GBshock*Log(scope1) 0.096  0.023  

 (0.068)  (0.047)  
GBshock*Scope1chg  2.716**  0.123 

  (1.222)  (0.250) 
Treatment*GBshock 1.229** 0.038 0.910 0.121 

 (0.505) (0.066) (0.567) (0.163) 
Treatment*GBshock*Log(scope1) -0.092**  -0.071  

 (0.038)  (0.045)  
Treatment*GBshock*Scope1chg  -0.155  -0.138 
  (1.282)  (0.358) 
Controls Y Y Y Y 
Industry Fixed Effects Y Y N N 
Firm Fixed Effects N N Y Y 
Observations 79,438 79,380 79,437 79,379 
R-squared 0.855 0.855 0.994 0.994 

 
Panel D1: Institutional Ownership (Europe ex. UK) 

Variable: Institutional Ownership (1) (2) (3) (4) 
Log(scope1) 0.310  -0.048  

 (0.405)  (0.534)  
Scope1chg  -2.895  0.466 

  (2.036)  (0.375) 
Treatment -5.140 2.211   

 (4.536) (1.347)   
Treatment*Log(scope1) 0.752*  -0.008  

 (0.380)  (0.742)  
Treatment*Scope1chg  4.022  0.425 

  (2.926)  (0.595) 
GBshock*Log(scope1) -0.773***  -0.299**  

 (0.193)  (0.131)  
GBshock*Scope1chg  -0.636  -1.422** 

  (2.254)  (0.654) 
Treatment*GBshock -1.438 -0.626* 0.231 -0.608 

 (1.266) (0.364) (1.552) (0.442) 
Treatment*GBshock*Log(scope1) -0.005  -0.116  

 (0.116)  (0.132)  
Treatment*GBshock*Scope1chg  0.995  0.095 
  (3.292)  (0.899) 
Controls Y Y Y Y 
Industry Fixed Effects Y Y N N 
Firm Fixed Effects N N Y Y 
Observations 10,972 10,966 10,971 10,965 
R-squared 0.555 0.554 0.971 0.971 
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Panel D2: Institutional Ownership (North America) 
Variable: Institutional Ownership (1) (2) (3) (4) 
Log(scope1) -0.758  -0.258  

 (0.573)  (0.385)  
Scope1chg  -5.173*  -0.438 

  (2.951)  (0.508) 
Treatment -14.517** 0.394   

 (5.749) (1.389)   
Treatment*Log(scope1) 1.253**  0.186  

 (0.488)  (0.580)  
Treatment*Scope1chg  -1.926  0.604 

  (3.749)  (0.749) 
GBshock*Log(scope1) 0.323**  0.225*  

 (0.126)  (0.122)  
GBshock*Scope1chg  5.907*  1.178 

  (3.359)  (0.830) 
Treatment*GBshock 2.697*** -1.065*** 3.996*** 0.538 

 (0.952) (0.366) (1.354) (0.371) 
Treatment*GBshock*Log(scope1) -0.257***  -0.308***  

 (0.074)  (0.109)  
Treatment*GBshock*Scope1chg  4.027  -1.369 
  (4.043)  (1.170) 
Controls Y Y Y Y 
Industry Fixed Effects Y Y N N 
Firm Fixed Effects N N Y Y 
Observations 19,361 19,355 19,361 19,355 
R-squared 0.544 0.543 0.984 0.984 

 
Panel D3: Institutional Ownership (Asia) 

Variable: Institutional Ownership (1) (2) (3) (4) 
Log(scope1) 0.097  0.234  

 (0.230)  (0.175)  
Scope1chg  1.022  0.276 

  (0.692)  (0.189) 
Treatment -4.689** -1.816***   

 (2.005) (0.564)   
Treatment*Log(scope1) 0.229  -0.256  

 (0.153)  (0.228)  
Treatment*Scope1chg  -1.921**  -0.516* 

  (0.840)  (0.263) 
GBshock*Log(scope1) -0.048  0.009  

 (0.033)  (0.057)  
GBshock*Scope1chg  -0.460  -0.026 

  (1.008)  (0.261) 
Treatment*GBshock -0.300 0.094 0.018 0.100 

 (0.188) (0.063) (0.569) (0.150) 
Treatment*GBshock*Log(scope1) 0.039**  0.009  

 (0.019)  (0.044)  
Treatment*GBshock*Scope1chg  1.998  0.281 
  (1.229)  (0.368) 
Controls Y Y Y Y 
Industry Fixed Effects Y Y N N 
Firm Fixed Effects N N Y Y 
Observations 34,489 34,471 34,489 34,471 
R-squared 0.349 0.348 0.968 0.968 
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Table 13: Peer Effects: Hazard Analysis 
The sample period is 2005-2018. The dependent variable is Disclosure defined as an indicator variable equal to one if a firm directly discloses its 
emissions, and zero if the emissions are estimated by Trucost. Peer disclosure is a percentage of firms disclosing emissions within a firm’s GIC6 
industry.  We estimate the regression using proportional hazard model. All regressions include country and year/month fixed effects. All control 
variables, omitted for brevity, are defined in Table 2, Table 3, and Table 9. Standard errors are clustered at the firm and year dimensions. ***, **, * 
denote statistical significance at 1%, 5%, and 10% levels. 

Variable: Disclosure (1) (2) (3) (4) 
Peer disclosure 4.365*** 4.040*** 6.756*** 7.069*** 

 (0.151) (0.214) (0.293) (0.412) 
Log(scope1) -0.064** -0.054** -0.207*** -0.240*** 

 (0.027) (0.024) (0.027) (0.036) 
Scope1chg -0.104 -0.191 -0.021 -0.028 

 (0.125) (0.187) (0.118) (0.158) 
Log(size) 0.269*** 0.194*** 0.469*** 0.488*** 

 (0.051) (0.054) (0.069) (0.074) 
B/M 0.070 0.184 0.318*** 0.471*** 

 (0.097) (0.116) (0.111) (0.130) 
ROE -0.011 0.314 0.024 0.246 

 (0.173) (0.231) (0.179) (0.235) 
Leverage 0.047 -0.068 0.293 0.181 

 (0.155) (0.213) (0.197) (0.294) 
Invest/A -0.247 0.451 -0.808 0.371 

 (0.574) (0.755) (0.565) (0.917) 
HHI -0.667*** -0.466** -1.720*** -0.969* 

 (0.182) (0.236) (0.386) (0.524) 
Log(PPE) 0.135*** 0.113** 0.165** 0.129* 

 (0.047) (0.052) (0.068) (0.072) 
MSCI 0.305*** 0.272*** 0.293*** 0.196* 

 (0.057) (0.092) (0.057) (0.102) 
Environmental Score  0.104***  0.112*** 
  (0.016)  (0.016) 
Social Score  0.037**  0.056*** 
  (0.018)  (0.019) 
Governance Score  0.076***  0.062*** 

  (0.018)  (0.018) 
Industry Fixed Effect N N Y Y 
Observations 562,782 189,748 562,782 189,748 
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Figure 1: Return Pre-Trends (U.K. Shock). The sample is all U.K firms. The sample period is 2012/11-2014/10. 
The picture depicts the difference in average monthly returns (solid line), along with two-standard errors bounds 
(dashed lines), between firms that do not disclose emissions directly prior 2013/10 shock and firms that disclose 
emissions in both periods. 
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