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Abstract

This paper assesses the effects of carbon disclosure on both firm and worker outcomes. We
exploit a federal mandatory disclosure policy implemented in Canada in 2004, along with fed-
eral and provincial changes in reporting thresholds in later years, to define first-time reporting
firms within the year of each unanticipated reform as the treated group. Using administrative
firm-balance sheet data, we compare the outcomes of affected firms with those of never-treated
firms that are similar in size and age, and operate within the same industry and province. After
the reform, treated firms that disclose carbon emissions significantly increase their hiring and
capital investment relative to matched control firms. Subsequently, their total expenses and
revenue increase, with a moderate rise in profitability. Furthermore, by linking employee-level
information, we find that incumbent workers at treated firms experience a large increase in their
annual earnings and retention rates. Notably, treated firms increase debt financing and reduce
cash distributions to shareholders. The rise in employment and investment, financed through
increased borrowing, is concentrated among more financially constrained firms. Taken to-
gether, these results are consistent with a model predicting that disclosing carbon emissions
can lower the cost of capital by reducing information frictions. Our findings suggest that more
widespread carbon disclosure, mandated and enforced by the government, can bring net bene-
fits to disclosing firms, despite the associated regulatory and private costs.
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1 Introduction

Climate change and the associated environmental risks are among the most intensely debated top-
ics of current times. Prior research extensively explores the effectiveness of market-based emission
policies (e.g., Fowlie et al., 2012, 2016; Chen et al., 2024). To complement these policies, regula-
tors around the world have adopted various climate-related disclosure mandates (Greenstone et al.,
2023). However, potential costs and benefits of mandatory climate disclosures remain widely
debated, as highlighted in the Securities and Exchange Commission’s (SEC) recent rule-making

attempt, which sparked a flood of supporting and opposing comment letters. '

At the heart of the debate lies an important economic question of how mandating climate-
related disclosure would affect firms and their workers. On the one hand, sustainable investments
have become part of mainstream investing strategies, and investors may prefer investing in green
firms because of non-pecuniary motives (e.g., social or ethical) for holding green stocks or because
these stocks hedge against climate risk (e.g., Riedl and Smeets, 2017; Hartzmark and Sussman,
2019; Bauer et al., 2021; Giglio et al., 2025).> Accordingly, investors demand and value infor-
mation about climate risk (Ilhan et al., 2023). Disclosing such information may lower the cost of
capital by reducing information friction (e.g., Diamond and Verrecchia, 1991; Gao, 2010; Easley
and O’Hara, 2004; Lambert et al., 2007), increasing disclosing firms’ investment and hiring. On
the other hand, such disclosure can impose regulatory costs, and investors may perceive the infor-
mation as a negative signal and revise their assessment of the firm’s climate risk upward, which

can raise the cost of capital and reduce investment.

Despite the importance of assessing the effects of disclosure mandates on firms and workers,
empirically analyzing such effects has identification and data challenges. Exploiting exogenous
variation in disclosure across firms requires regulatory changes and a suitable control group. How-
ever, most disclosure regulations are uniformly mandated on comparable firms and rarely change
significantly over time (e.g., Minnis, 2011; Greenstone et al., 2006). Furthermore, we need de-
tailed firm balance-sheet data to find a comparable control group, but such firm-level information

is not easily accessible for unregulated (mostly private) firms.

We address these challenges and assess the effects of mandatory climate-related disclosure

'The SEC’s proposed rules in 2022, aimed at mandating climate-related disclosures, received a staggering 24,000
comment letters. While a group of supporters argued that it would provide investors with reliable information and
reduce the cost of capital, others opposed it due to concerns about compliance costs and the disclosure of proprietary
information (details). Although the final rule, adopted in 2024, was less strict than initially proposed, it still prompted
several lawsuits from state officials, business groups, and listed companies, leading the SEC to voluntarily stay the
climate disclosure rules pending judicial review (details).

%In 2020, U.S. sustainable investments totaled $17.1 trillion, representing nearly 33 percent of total U.S. assets
under professional management, according to the Forum for Sustainable and Responsible Investment (SIF, 2020)(SIF,
2020). This represents more than a 25-fold increase since 1995, with a compound annual rate of 14 percent.
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 https://www.sec.gov/files/rules/final/2024/33-11275.pdf
 https://www.sec.gov/files/rules/other/2024/33-11280.pdf).

on firms’ investment and performance as well as workers’ labor market outcomes. To do so, we
leverage a series of regulatory disclosure changes that affected different groups of firms over time
and use administrative matched employer-employee data (from tax records) covering the universe
of workers and firms in Canada from 2001 to 2021. Specifically, we exploit the Greenhouse Gas
Reporting Program (GHGRP), introduced in Canada in 2004, which required facilities emitting
100 kilotonnes (kt) or more of greenhouse gases (GHGs) in carbon dioxide (CO2) equivalent per
year to disclose their emissions. The reporting threshold was subsequently lowered to 50 kt in 2009
and 10 kt in 2017. We use these regulatory changes to identify treated firms as those with at least
one facility exceeding the reporting threshold, focusing on firms first affected within the first two
years of the policy change. For identification, we use a matched difference-in-differences design,
comparing treated firms to control firms of similar size and age, operating in the same province
and industry, but were always below the reporting threshold and, therefore, never disclosed carbon

emissions during our sample period.

We begin our analysis by examining the impact of GHG disclosure mandates on firms’ employ-
ment and capital investments. We find that treated firms increased their employment and capital
stock by 11.8 percent and 6.7 percent, respectively, after disclosing carbon emissions for the first
time, relative to matched control firms that never report their carbon emissions during our sample
period. Next, we evaluate firm performance and find that treated firms experienced slight im-
provements relative to control firms. Specifically, treated firms’ total revenue and total expenses
increased by 13.3 percent and 12.9 percent, respectively. We also observe a positive but statisti-
cally insignificant increase in profitability, as measured by returns on assets (ROA), with treated
firms experiencing a 1.2-percentage-point rise. Overall, our findings suggest that GHG disclosure

regulations contribute to firm growth and moderately enhanced performance.

Furthermore, we examine the effects of GHG disclosure regulations on worker-level outcomes.
Our findings show that mandatory GHG disclosure leads to higher earnings of 8.8 log points for
workers at treated firms, relative to matched workers at control firms. Additionally, the probability
of treated workers moving to another firm declined by 4.1 percentage points relative to control

workers, suggesting higher employee retention.

Our results are consistent with the idea that mandatory disclosure of GHG emissions influ-
ences firms’ investment decisions by affecting their cost of capital. GHG disclosure regulations
provide investors with comparable, high-quality information, reducing information asymmetry and
acquisition costs. As a result, mandatory disclosure can reduce the cost of capital. Prior theoretical
studies highlight this insight. Increased public disclosure of GHG emissions reduces the amount of
private information available to informed traders, thereby mitigating the information disadvantage

of uninformed investors and lowering adverse selection costs. This, in turn, can reduce a firm’s cost



of capital (e.g., Easley and O’Hara, 2004). Additionally, disclosure mitigates information asym-
metry between market makers and informed investors, reducing the extent to which large trades
reveal private information. This effect enhances market liquidity, increases demand from large
investors, and ultimately lowers the cost of capital (e.g., Diamond and Verrecchia, 1991). Fur-
thermore, higher-quality GHG information can decrease a firm’s assessed covariances with other
firms’ cash flows, reducing its cost of capital (e.g., Gao, 2010; Lambert et al., 2007). The reduced
cost of capital increases the net present value of investment projects, thereby increasing investment

opportunities for the firm and incentivizing greater capital investment and hiring.

To explore the cost-of-capital channel, we test two sets of predictions. The first set examines the
capital structures of treated firms. First, a reduced information asymmetry would improve access
to cheaper external financing, which we examine using debt financing. Second, as a lower cost of
capital expands investment opportunities, we expect a decline in cash distributions to shareholders,
leading to higher retained earnings. Third, we test the prediction developed by Diamond and
Verrecchia (1991), which suggests that disclosure lowers the cost of capital by attracting larger (i.e.,
institutional) investors. Our findings are consistent with these predictions. Specifically, treated
firms experienced a 9.2% increase in debt financing and a 12.2 cents increase in retained earnings
per dollar of total assets after the GHG disclosure regulation, relative to control firms. Additionally,

institutional ownership in treated firms rose by 3.4 percentage points following the regulation.

In the second set of tests, we examine heterogeneity in firms’ responses based on financing
constraints. If GHG disclosure regulations impact investment by reducing the cost of capital,
our model predicts stronger effects among financially constrained firms. We proxy financing
constraints using the leverage ratio (total liabilities divided by total assets), measured prior to
disclosure regulation, based on the idea that firms with higher leverage may face a greater diffi-
culty in raising external capital. Our results show that more financially constrained firms exhibit
larger increases in employment and capital stock through increased borrowing compared to less-
constrained firms. Additionally, we find that these firms experience a larger increase in total rev-
enue following the disclosure regulation. Overall, these heterogeneous effects are consistent with

the cost-of-capital channel, suggesting that GHG disclosure mitigates financing constraints.

This paper makes three main contributions. First, this study contributes to the literature on
the effects of mandatory GHG disclosures on firm-level outcomes. Prior research examines the
impact of disclosure on firms’ incentives to reduce emissions (e.g., Jouvenot and Krueger, 2019;
Downar et al., 2021; Tomar, 2023; Yang et al., 2023), divestiture of polluting assets (Ecker and
Keeve, 2023), and greenwashing (Grewal et al., 2024). Overall, these studies find that disclosure
leads to reductions in emission levels. In addition, Jouvenot and Krueger (2019), Downar et al.

(2021), and Tomar (2023) explore some of the firm-level outcomes we examine; Jouvenot and



Krueger (2019) and Downar et al. (2021) investigate the 2013 reporting regulation change in the
United Kingdom, which influenced the dissemination and aggregation of existing emissions in-
formation, while Tomar (2023) examines the 2010 reporting regulation change in the US, which
targeted facilities with little to no publicly available emissions data prior to regulation. All three
studies exploit cross-country variation, leveraging a single regulatory change by comparing firms
in a country that implemented new disclosure requirements (the U.K. or the U.S.) with firms in
countries that did not introduce similar regulations. Similar to Tomar (2023), our study focuses on
regulatory changes that affected facilities with limited or no emissions information available before
the implementation of the regulation. We complement these studies by exploiting a credible re-
search design that leverages multiple regulatory changes. This approach allows us to study treated
and matched control firms within the same country, addressing the potential concern about the con-
current events that may confound cross-country comparisons. Thus, our findings contribute to the

ongoing debate on whether GHG disclosure mandates affect firms’ investment and performance.

Second, we contribute to the extensive literature examining the impact of information dis-
closure on the cost of capital, thereby affecting firm-level outcomes (for reviews, see Stein, 2003;
Roychowdhury et al., 2019). Survey evidence indicates that investors with social preferences incor-
porate firms’ ESG practices and GHG emission levels into their capital allocation and investment
decisions (e.g., Riedl and Smeets, 2017; Bauer et al., 2021; Ilhan et al., 2023). Furthermore, GHG
emission levels can influence investors’ pricing of carbon transition risk.® Our study provides new
evidence that mandatory GHG emissions disclosure lowers the cost of capital for disclosing firms
and influences their decision-making. Bolton and Kacperczyk (2021a) also examine the effect of
GHG disclosure on the cost of capital. We complement their work by examining the impacts of

this disclosure on firm-level real economic outcomes.

Third, we contribute to the literature by evaluating the impact of mandatory GHG disclosure
on worker outcomes. This disclosure can influence workers through two key channels. First,
through the demand channel, increased firm investment after mandatory disclosure can increase
labor demand, which can raise wages of workers at affected firms in the presence of imperfect labor
market competition. Second, information disclosure can influence labor supply through sorting,
as workers may choose firms based on their environmental performance. Colonnelli et al. (2025)

provide evidence from a field experiment in Brazil, showing that high-skilled workers prefer firms

3We note that prior research on the pricing of carbon transition risk presents mixed findings. Bolton and Kacper-
czyk (2021b, 2023) document a positive association between higher carbon emissions and stock returns both in the
United States and globally. In contrast, In et al. (2017), Duan et al. (2023), Lubos et al. (2022), and Zhang (2025) find
that green assets yield higher returns in both equity and bond markets. Additionally, Gorgen et al. (2020) and Aswani
et al. (2024) provide mixed evidence. Rather than examining the cross-sectional relationship between emission levels
and returns, our study focuses on the effects of shocks to the information about emission levels and their implications
for firm-level outcomes.



with higher ESG ratings. Similarly, Krueger et al. (2023) and Wang and Li (2025) examine how
the cross-firm variation in the ESG ratings of employers affect workers’ pay in Sweden and China,
respectively. We complement these studies by leveraging multiple disclosure regulation shocks
and a large sample of firms and workers. In addition, to our knowledge, we are the first to estimate

the effects of GHG emissions disclosure on worker-level outcomes.

This paper is organized as follows. Section 2 provides institutional details on the GHG re-
porting regulations. Section 3 describes our conceptual framework. Section 4 describes our data,
and Section 5 discusses our empirical strategy. Section 6 presents our main results, and Section 7

discusses potential mechanisms of our findings. Section 8 concludes.

2 Institutional Setting

This section provides institutional details regarding the greenhouse gas reporting program and

policy changes in Canada relevant to our empirical design.

2.1 The Greenhouse Gas Reporting Program

To develop a harmonized and efficient mandatory greenhouse gas reporting system, the federal
Greenhouse Gas Reporting Program was established in March 2004 by the Department of Envi-
ronment and Climate Change Canada (ECCC) under the authority of Section 46 of the Canadian
Environmental Protection Act. Starting in 2004, all facilities located in Canada emitting 100 kt or
more of GHGs in CO2 eq per calendar year were required to report their emissions to the ECCC.*
In July 2009, the ECCC announced that the GHG reporting threshold would be lowered to 50 kt
starting in 2009, and in December 2016 announced a further reduction to 10 kt starting in 2017.
The program also encourages facilities that do not meet the reporting threshold to report voluntar-
ily. Between 2004 and 2021, about 8 percent of facilities reporting under the GHGRP voluntarily
disclosed emissions, accounting for only 0.3 percent of the total emissions reported. The GHGRP
provides significant information about GHG emissions in Canada. For instance, 1,732 facilities
reported an aggregated amount of 285 million metric tonnes (MT) CO2 eq in 2021, representing

41 percent of Canada’s total GHG emissions.°

4The program defines a facility as an integrated facility, a pipeline transportation system, or offshore installation.
Specifically, an integrated facility includes “all buildings, equipment, structures, on-site transportation machinery, and
stationery items that are located on a single site, on multiple sites or between multiple sites that are owned or operated
by the same person or persons and that function as a single integrated site.” For more details, click the link here.

SFor more details, click the link here for the 2009 change and here for the 2016 change.

The total GHG emission was 698 MT CO2 eq in 2021. For more details, click the link here.


https://canadagazette.gc.ca/rp-pr/p1/2023/2023-01-28/html/sup1-eng.html
https://www.gazette.gc.ca/rp-pr/p1/2009/2009-07-11/pdf/g1-14328.pdf
https://gazette.gc.ca/rp-pr/p1/2016/2016-12-10/html/notice-avis-eng.html
https://www.canada.ca/en/environment-climate-change/services/environmental-indicators/greenhouse-gas-emissions.html

The program mandates that the company in charge of operating the facility as of December 31
of the calendar year (referred to in the program as the reporting company) must report the facility’s
GHG:s for the entire calendar year by June 1 of the following year to the GHGRP. The reporting
company is required to ensure the accuracy of its reports. Specifically, an authorized signing officer
of the reporting company (e.g., CEO or plant manager) must sign a “Statement of Certification” to
confirm that the information submitted is accurate and complete. In addition, the ECCC reviews
the reports to ensure completeness and compliance with the requirements and to identify potential
errors. Compliance with the Act is mandatory. Penalties for a first offense (e.g., providing false or
misleading information) include fines of up to 1 million Canadian dollars (CAD) or three years of

imprisonment for an individual who commits the offense and 6 million CAD for a corporation.’

The ECCC publishes data obtained from facility reports, which include information about the
facility’s name; unique ID; address; the reporting year, and the name; address; and business number
of both the reporting company and its parent company. Furthermore, the data contains information

on emission levels for 23 gases, broken down by the gas type, such as carbon dioxide (CO2).

In addition to the federal GHGRP, several provinces in Canada have regulations requiring facil-
ities to monitor and report information on their GHG emissions to provincial governments. Most
provincial reporting thresholds were greater than or equal to the federal threshold. However, three
provinces had a reporting threshold below the federal threshold. Specifically, the reporting thresh-
old in Ontario was 25 kt starting in 2010 and decreased to 10 kt in 2016. Both British Columbia
and Quebec began publishing GHG emission data in 2012, with a reporting threshold of 10 kt.®

The announcement dates of federal and Ontario disclosure mandates were relatively close to
their implementation dates, reducing concerns about anticipation effects. The 2004 federal reg-
ulation was announced in March 2004, requiring firms to report their 2004 GHG emissions by
June 1, 2005. The announcement dates for the 2009 and 2017 federal-level reporting threshold
changes were July 2009 and December 2016, respectively. The Ontario GHG reporting mandate
was announced in December 2009 and became effective in 2010. In December 2015, the govern-
ment of Ontario announced a reduction in its reporting threshold, which took effect in 2016. The
GHG reporting mandates for British Columbia and Quebec were announced in December 2009
and November 2007, respectively. However, GHG datasets for these two provinces only became
available starting in 2012. Due to the long lag between the announcement date and the first year the
GHG dataset became publicly available, we drop treated firms in these two provinces to mitigate

concerns over the anticipation effects of the mandates.

7For more details, click the link here.

8British Columbia mandates facilities that emit 10 kt or more GHGs, in CO2 equivalent, per calendar year to
report their emissions starting in 2010. Quebec mandates facilities with that emit 10 kt or more GHGs, in CO2 eq, per
calendar year to report their emissions before 2012. However, the published data starts in 2012.


https://laws-lois.justice.gc.ca/eng/acts/C-15.31/page-26.html##h-66428

Panel A of Figure | summarizes the changes in reporting thresholds over time. Panel A of
Table Al in the Appendix A reports the number of facilities that reported their emission levels, the
number of unique first-time facility reporters, and the number of unique first-time firm reporters.
Note that the number of unique firms in this table represents firms from the GHG data that are

matched with our firm balance sheet data, which includes almost all firms from the GHG data.

3 Conceptual Framework

In this section, we provide a conceptual framework to derive predictions on how disclosing carbon
emissions may impact firms’ investments by affecting the cost of capital. We closely follow the
model by Gao (2010), which explores how the disclosure quality of a firm’s financial information

affects the cost of capital.

Consider an economy that has a continuum of investors and a finite number of risky assets
per investor. A representative firm discloses its private information, and upon disclosure, existing
and new investors trade the risky shares of the company in a competitive market. There exists a

risk-free asset as an outside investment option.

In the first period (t = 0), the firm discloses information about its carbon emissions as required
by the disclosure regulation. Investors’ prior belief about the environmental risk associated with the
firm’s emission level is characterized by a mean y and the firm’s innovation y;. Before disclosure,
investors perceive that y; ~ N(0, %) The disclosure of carbon emissions (D) provides all investors
with an unbiased estimator of y1: D = y; + v, where v ~ N(0, l%), v is independent of y; and
 measures the quality of disclosure. As f3 increases, the disclosure delivers better information to

investors about the firm’s climate risk.

In the second period (t = 1), the firm makes an additional investment I to maximize its expected
stock price. The net cash flow from I units of new investment takes a quadratic form: F = g(y, +
y1) + Iy1 — 3I%. The net cash flow F is stochastic if the firm has g units of existing investment
and makes [ units of new investment at f = 1. The first component (), + 1) is the cash flow
from the existing investment, while Iy; — §12 reflects the net cash flow from I. z is the adjustment
cost of I, reflecting the extent to which the disclosure quality affects [. After the firm chooses I,
current investors sell their entire shares to new investors and exit the market. Based on D and I,
new investors submit their demands for the firm’s stock, and market clearing condition yields the
stock price, which is the market valuation of F. In the final period (f = 2), the new investment [
pays off, the new investors receive returns by selling their shares, and the firm shuts down.

M-P

Importantly, cost of capital is defined as the expected return on the firm’s stock: E[R] = %=,



where M = E[F|D] is the expected cash flow, P = M — % is the stock price, T > 0 is the coefficient
of the risk tolerance for new investors, and V = Var[F|D] is the variance of cash flow. Cost
of capital can be also written as a function of the mean-variance ratio of the firm’s cash flow:
E[R] = ﬁ Note that the cost of capital decreases as the mean-variance ratio increases. Carbon
information can have two effects on the cost of capital, which Lambert et al. (2007) coined “direct”
and “indirect” effects. First, the direct effect is that higher-quality carbon information, i.e., higher
P, reduces the assessed variance of the firm’s cash flow. The indirect effect of GHG information is
to change the expected cash flow, as captured by the term M = E[F|D]. The greater the posterior
expectation about the cash flow, the lower the risk premium. The indirect effect on cost of capital

is ambiguous because carbon information could increase or decrease the posterior mean cash flow.

Intuitively, the model implies that disclosing carbon emissions would affect the firm’s cost of
capital through two channels. The first channel is that disclosing carbon emissions reduces infor-
mation frictions faced by new investors by allowing them to access otherwise private information.
This would increase the mean-variance ratio of the company’s net cash flow, which incorporates
its environmental risk. The second channel is that disclosing carbon emissions may either increase
or decrease the mean-variance ratio depending on how new investors perceive the firm’s emis-
sion level relative to its performance. For example, if the firm’s emission level turns out to be
lower than what new investors expected, conditional on its performance, this information leads to
a higher mean-variance ratio. By contrast, if the firm’s emission level turns out to be higher than
expected, relative to its performance, such information is perceived as a negative signal, leading to

a lower mean-variance ratio.

These insights can be extended to a market with multiple securities whose cash flows are cor-
related. Using the standard CAPM, cost of capital is E[R] = W, where C = Covu[F, M|D] is
the contribution of a firm’s cash flow to market risk, M is the payoff of the market portfolio, and
N is the number of investors. The direct effect is that higher-quality GHG information reduces the
firm’s assessed covariances with other firms’ cash flows, which is non-diversifiable (e.g., Lambert
etal.,2007). As discussed above, the indirect effect can be positive or negative. Overall, disclosing
carbon emissions may lead to either an increase or a reduction in the cost of capital and its subse-
quent investment behavior. We present investment results after the mandatory disclosure policy in

Section 6 and explore potential mechanisms behind these firm-level responses in Section 7.

4 Data and Outcome Variables

In this section, we describe our main datasets used for empirical analyses. The first key dataset

consists of disclosure information on GHG at the establishment level, which we aggregate at the
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firm level using unique business IDs. The second main dataset consists of employer-employee
matched data, which contains detailed firm balance-sheet information as well as worker-level in-
formation on their earnings, job histories, and demographics from tax records. We merge these

two datasets at the firm level using a unique firm ID.

4.1 Greenhouse Gas Emission Disclosure Data

We obtain our data from the ECCC which publishes facility-level GHG emissions data on Canada’s
Open Government webpage. We refer to this dataset as the GHG dataset, which includes GHG
emission levels. To ensure compliance with Statistics Canada’s guidelines, we converted the emis-
sion levels into bins, with each bin containing a minimum number of observations. This trans-
formation prevents the identification of individual firms after Statistics Canada merges the GHG
dataset with the Canadian Employer-Employee Dynamics Database (CEEDD). As a result, we do
not have access to precise emission levels but only to emission ranges (e.g., 10 kt—15 kt). In ad-
dition, the GHG dataset contains the facility’s name; unique ID; and address, and the name and
address of the company that owns and operates the facility as of December 31 of the calendar year
(“reporting company”’). Importantly, the dataset also includes the business number of the reporting
company, which can be used to merge GHG dataset with the CEEDD. The business number is a
nine-digit number the Canada Revenue Agency assigns to companies for tax-related purposes. To
maximize the number of high-quality merges, we manually verify the accuracy of business num-
bers and augmented the dataset by identifying and adding missing business numbers for reporting
firms. Specifically, approximately 90 percent of reporting companies in the GHG dataset include a
business number. To ensure accuracy, we verify each business number by cross-referencing it with

Canada’s Business Registries.’

Moreover, we obtain GHG emission data for facilities reporting under province-level regula-
tions from the respective provincial webpage. Specifically, we obtained GHG datasets for facilities
in Ontario from the Ontario Data Catalogue for facilities in British Columbia from the Government
of British Columbia webpage and for facilities in Quebec from the open data portal of the Quebec
government. Following the procedure described above, Statistics Canada merged these datasets
with the CEEDD.

9Specifically, we compare the company name listed in the GHG dataset with the name associated with the business
number in Canada’s Business Registries. If the names do not match or the business number is missing from the
GHG dataset, we conduct an additional search using the company name in Canada’s Business Registries to identify
and confirm the correct business number. Statistics Canada first used the reporting year and business number of the
reporting company from the GHG dataset to merge the GHG dataset with company-year observations in the CEEDD.
If no match is found, it then uses the company name, province, and city from the GHG dataset—and, if necessary, the
postal code—to identify the corresponding company in the CEEDD.

10


https://open.canada.ca/data/en/dataset/a8ba14b7-7f23-462a-bdbb-83b0ef629823
https://data.ontario.ca/dataset/greenhouse-gas-emissions-reporting-by-facility/resource/0996bfd9-ed27-4f78-8ed1-9e024185f10a
https://www2.gov.bc.ca/gov/content/environment/climate-change/data/industrial-facility-ghg#bc-emission-report-summaries
https://www.donneesquebec.ca/recherche/dataset/registre-des-emissions-de-gaz-a-effet-de-serre/resource/b1553b23-fa2b-461e-b154-3f345f0d5b98

4.2 Employer-Employee Matched Data

For our analyses, we use the CEEDD, a matched employee-employer dataset that covers the uni-
verse of workers and companies in Canada from 2001 to 2021. This database is based on both
individual (T1) and corporate (T2) tax return records, merged with job-level information from T4
employee tax records and Record of Employment (ROE) data and firm-level information from the
National Accounts Longitudinal Micro-data File (NALMF). To prevent the disclosure of confiden-

tial information, Statistics Canada requires researchers to round estimates and observation counts.

The main outcome variables used in the firm-level analysis are employment, capital stock, total
revenue, total expenses, returns on assets, total liabilities, retained earnings (scaled by total assets),
and share of institutional shareholders. Employment is defined as the average number of employees
reported in the T4s. We use the reported book value of tangible assets, net of depreciation, as a
measure of capital stock. We compute the amount of depreciated tangible assets in each year based
on yearly changes in accumulated depreciation from their balance sheets. Total revenue and total
expenses are the sum of all revenue and expense amounts in a given year, respectively. Returns on
assets are defined as the company’s net income divided by total assets. Total liabilities are defined
as the sum of all current and long-term liabilities. We use the company’s retained earnings scaled

by total assets.

Furthermore, we link the above dataset to the ownership dataset, which contains information
about both individuals and corporate (institutional) ownership of their companies. The ownership
dataset derives from tax files T2 Schedule 50, which are required for private corporations with any
shareholder holding 10 percent or more of the corporation’s shares. We look at both individual and
institutional shareholders with direct ownership (excluding ownership via intermediary companies)
of the firms. For each owner, the dataset contains the number of incorporated businesses owned,
the identifier of these businesses, and shares owned by each individual and corporate owner in
percentage. We use this information to compute the share of institutional ownership of a given
firm each year.

At the worker level, the key outcome variable is annual earnings aggregated across all employ-
ers in a given year. While we include earnings across all employers, we associate workers with the
“dominant” employer from whom the employee receives the highest pay in the year. We define a
job transition as an indicator equal to one if a worker’s employer in a given year is different from

the employer from last year.

All outcome variables are winsorized at the fifth and ninety-fifth percentiles except for worker-
level earnings, which are winsorized at the first and ninety-ninth percentiles. Our results are robust

to different levels of winsorization.
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5 Empirical Strategy

This section describes our empirical design and provides descriptive statistics on our matched
sample. To define a treated firm, we take the following procedure. As described in Section 2, there
have been three federal-level policy changes regarding the carbon emission disclosure. Under
the first reform, implemented in 2004, we identify a firm as a treated firm if at least one of its
establishments emitted more than 100 kt GHG in 2004 and therefore appears in our emission
database. To increase our sample size, we also identify a firm as a treated firm if at least one
of its facilities emitted more than 100 kt GHG in 2005. However, we drop firms of which at
least one facility emitted more than 100 kt GHG in 2006, 2007, or 2008; these later-treated firms
would likely attenuate our difference-in-differences estimates due to the time gap between the first
reform year and when they reveal this information.'” More importantly, given the time gap since
the announcement date, these firms had some time to adjust their emission levels, making the
reform “less exogenous” to these treated firms. By contrast, both treated firms and their matched
control firms (below the threshold, as explained in the next subsection) in 2004 and 2005 had little
time to adjust their emission levels, supporting the idea that this reform was a shock to this set of

firms.

Under the second reform in 2009, we identify a firm as treated if at least one of its establish-
ments emitted more than 50 kt GHG in 2009 or in 2010. Among these treated firms, some also
become treated at the provincial level (in 2010, Ontario or in 2012, British Columbia or Quebec).
Furthermore, most of the firms treated in 2004 continue to report their emission level afterward.
For these firms that either become treated again at the provincial level or continue to report their
emission at the federal level, we focus on their first event of disclosing this information.!" Similar
to the 2004 reform, we drop firms of which at least one facility emitted more than 50 kt GHG from
2011 to 2016.

Finally, under the third reform in 2017, we identify a firm as a treated firm if at least one of its
establishments emitted more than 10 kt GHG in 2017 or in 2018. Again, we focus on the treated
firms that disclose carbon emissions for the first time, meaning that if a firm has reported its GHG
emissions before 2017, it is not considered as treated again in 2017 even if it emitted more than 10
kt GHG. Furthermore, we drop firms of which at least one facility emitted more than 10 kt GHG
in 2019, 2020, or 2021.

For the firms treated by the reform in 2010 Ontario (i.e., at least one facility in Ontario disclosed

carbon emissions for the first time in 2010), we include them as part of the treated group in the 2009

00ur results remain qualitatively similar even if we include this small number of firms as part of our treated firms.
""While exploiting these multiple treatments for a given firm over time may yield an interesting heterogeneity, we
do not find differential responses based on this distinction.
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federal reform. However, we drop firms treated by the reform in 2012 British Columbia or Quebec
or in 2016 Ontario because some of these firms were already treated by the 2009 federal reform.
Lastly, we drop a small share of firms whose facilities emitted below the regulation threshold, but

who voluntarily disclose this information.

To estimate the effects of carbon emission disclosure on firm-level outcomes, we implement a

matched difference-in-differences design by estimating a regression of the following form:

4
th = Z‘Bkﬂ(t]' Zt*+k)XTT€at]’+Tt+le+I/ljt (1)
k=—4

where th is an outcome variable for firm j at year t, Treat; is an indicator for a treated firm ],
1(t; = t" +k) indicates a policy change occurred k years in the past (or future) relative to the period
of the policy ¢, T; are year fixed effects that vary by the year of the policy, ¢; are firm fixed effects,
and u; is an error term. The standard errors are clustered at the firm level. We use control firms that
are always below the threshold and, therefore, never disclose their carbon emissions throughout
our sample period. To ensure that control firms are comparable to our treated firms, we match
them based on their sizes, industry, and province (described in detail in the next subsection). To
maximize our sample size and efficiency, we stack the three policy changes and estimate a single
difference-in-differences model, although running three separate regressions yields qualitatively
similar results in each of these cases. Furthermore, most of the treated firms and their matched
control firms are private companies in our analysis sample, so our results remain nearly unchanged

even if we focus our analyses exclusively on private firms.

To assess worker-level impacts, we estimate a similar matched difference-in-difference design

of the following form:

4
Yir = Z Bl(ti = ' + k) X Treatij + Ty + w; + )
k=—4
where y; is an outcome variable for incumbent worker i at year t, Treat;; is an indicator for a
worker 1 at treated firm j, w; are worker fixed effects, and all other variables are defined as in

Equation (1). The standard errors are two-way clustered at the worker and firm level.

The key identifying assumption is that outcomes for treated firms and workers and for control
firms and workers would have trended similarly in the absence of the policy change. A potential
concern is that outcomes of firms above the regulation threshold and, therefore, disclose carbon
emission may evolve differently relative to those of firms below the threshold and do not reveal this

information. One way to determine the direction of the potential bias is by comparing outcomes for
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treated firms and workers to the control firms and workers in the years prior to the policy change.
Parallel pre-trends in firm-level and worker-level outcomes help alleviate the aforementioned con-
cerns. While verifying parallel pre-trends is reassuring for a causal interpretation, contemporane-
ous shocks that occur with the reform could still bias our results. For example, firms affected by
the policy may be concentrated in a particular industry (i.e., energy) and an industry-specific shock
could coincide with the reform and differentially affect treated firms relative to control firms. To
absorb any industry- or province-specific shock that may coincide with the policy, we include 4-
digit industry dummies interacted with year dummies as well as province by year fixed effects as
control variables. Furthermore, we match control firms within the same industry and province and
exploit within-industry and within-province variation in treatment. We describe how we match our

treated firms with control firms in the next subsection.

5.1 Matched Samples

Before performing a matching procedure between treated firms and potential control firms, we
make the following restrictions. First, we drop a small share of firms that have missing observations
for the key variables used for matching, such as employment, total revenue, total payroll, and firm
age, measured one year prior to the reform. We then match each firm one year prior to reform
to a control firm in the same province and 4-digit NAICS industry. A firm is a potential control
firm for a treated firm j if: (1) the firm is always below the reporting threshold (and therefore
never discloses carbon emission) during our sample period, and (2) the firm is in the same decile
bin of employment, total revenue, total payroll, and firm age one year prior to the reform of firm
j.'> Of all the possible counterfactual firms for a given treated firm, we choose the firm with the
closest propensity score (one-to-one matching within a caliper), which is estimated by predicting
treatment using a linear probability model with a quadratic function in employment, total revenue,
total payroll, and firm age in year [t — 1]. This matching strategy is similar to a number of recent
papers implementing a dynamic difference-in-differences design (Goldschmidt and Schmieder,
2017; Smith et al., 2019). The matching strategy finds a control firm in about 70 percent of all
treated firms. Choosing one counterfactual control firm per treated firm in a given year ensures
that the treated and control groups are comparable on the matched variables. We construct an

unbalanced panel of firms that extends 4 years prior to and 4 years after the reform.

To construct the worker-level sample, we extract all workers who were continuously employed

12While this specification yields parallel pre-trends on the key outcomes, which are important for our identification
strategy, our main results remain qualitatively similar when we use different bin sizes or other related firm character-
istics for matching. For example, we can make the matching criteria more restrictive so that the treated and control
groups look even more comparable; we still find similar results with a smaller sample size. Results based on other
variation in matching can be provided upon request.
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in the matched firms during the entire pre-event period (4 years). This tenure restriction is chosen to
obtain a sample of workers with attachment to the treated firms and is similar to tenure restrictions
used in the mass layoff literature (Jacobson et al., 1993; von Wachter et al., 2009; Lachowska et al.,
2020). Additionally, we restrict workers to have at least 4,000 CAD in annual earnings and drop
multiple job holders to ensure that we study full-time workers with stable income and attached
to their firms (Card et al., 2013; Sorkin, 2018), given that we do not observe work hours in our
data. For each worker in a treated firm, we choose a worker in any of the matched control firms in
the same 4-digit industry, province, worker age (five-year) bin, gender, and within-sector earnings
(ventile) bin. If more than one match is found, we choose the worker with the closest propensity
score to the treated worker (one-to-one matching within a caliper), where the propensity score
is estimated by predicting treatment using a linear probability model with a quadratic function
in worker age and earnings. To compute earnings in the worker-level data, we aggregate annual
earnings across all employers if a worker is employed at more than one firm in a given year (due

to job transitions).

Since we use a matched control group that is never treated, the specifications above do not
suffer from the identification issues that arise in conventional event-study designs (Borusyak et al.,
2021) with staggered timing (Goodman-Bacon, 2021). Identification here comes from differences

in always-treated and never-treated units over time, not from units coming in and out of treatment.

5.2 Descriptive Statistics

We close this section with descriptive statistics of our analysis sample. Panel A of Table 1 shows
the averages for key variables across firms, comparing treated firms to the set of matched control
firms one year before the event. On average, treated firms are comparable to their control firms,
in terms of employment, capital stock, total revenue, and expenses. Importantly, as we show in
Section 6, treated firms and their control firms share parallel pre-trends on these variables, implying
that they exhibited similar patterns not only in terms of employment and capital stock, but also with
regards to sales and profitability, prior to the reform. The dominant sectors are mining, oil and gas

extraction, and manufacturing (about 85 percent of our firm sample).

Panel C of Table 1 shows average worker characteristics in our analysis sample one year before
the event. Annual earnings are 66,651 CAD and 67,322 CAD among workers at treated firms and
workers at the matched control firms, respectively. Therefore, annual earnings of treated workers
are comparable to those of control workers on average. The age and gender compositions are

similar between treated workers and their matched control workers.
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6 Results

This section reports estimation results from the difference-in-differences models in Section 4 and

presents additional tests supporting the interpretations of the results.

6.1 Employment and Capital

We first examine the impacts of the carbon disclosure policy on firms’ investment in employment
and capital. Figure 2 plots estimates of f; from equation (1) on employment and capital stock.
Panels (a) and (b) show that treated firms followed a similar pattern as control firms before the
policy change for each of these outcomes. After the reform, we observe significant increases
in these outcomes for treated firms relative to control firms, suggesting that disclosing carbon

emissions led treated firms to increase demand for both labor and capital.

Table 2 presents the difference-in-differences estimates on these firm-level outcomes. Columns
(1) and (2) show that treated firms’ employment and capital stock increased by 11.8 percent and
6.7 percent, respectively, suggesting a large and significant response in the demand for labor and
capital. Overall, these results show that disclosing carbon emissions led these firms to hire more

workers and increase investment in capital, relative to matched control firms, after the reform.

6.2 Sales, Expenses, and Profitability

Next, we examine whether the increased investment led to higher sales and profitability for the
treated firms. Figure 3 plots estimates of f; from equation (1) on total revenue, total expenses,
and returns on assets. Panels (a) — (c) show that treated firms followed a similar pattern as control
firms before the reform for each of these outcomes. After the policy change, we find significant
increases in these outcomes for treated firms, suggesting that disclosing carbon emissions led these

firms to increase total expenses, but experience a rise in sales and profitability.

Table 3 presents the difference-in-differences estimates on these firm-level outcomes. Columns
(1) and (2) show that treated firms’ total revenue and expenses increased by 13.3 percent and 12.9
percent per year, respectively, after the reform. Furthermore, returns on assets increased by 1.2
percentage points (about 3.3 percent increase), suggesting that firms became moderately more
productive after the reform. In Section 6, we explore potential mechanisms behind the increases
in firms’ investment, sales, and profitability after disclosing carbon emissions due to the policy

change.
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6.3 Worker-level Earnings and Job Transitions

Our firm-level results highlight that disclosing carbon emissions after the federal regulation led to
positive outcomes for the affected firms. Before we explore potential mechanisms behind these
responses, we examine whether the increased labor demand also led to higher wages for the work-
ers at treated firms. To estimate how the carbon disclosure policy affects worker earnings, we use
employee-level data to track the same workers over time and control for changes in worker com-
positions within firms. In Figure 4, we plot [S’k estimated from equation (2) on workers’ annual
earnings in logarithm. As the figure shows, earnings of treated workers trended similarly with
those of control workers in the years prior to the policy change, but increased significantly after
the reform. Column (1) of Table 4 shows that workers’ annual earnings at treated firms increased
by 8.8 percent on average relative to those of workers at control firms after the reform. Column
(2) of Table 4 shows that the probability of moving to another firm decreased by 4.1 percentage
points, for treated workers relative to control workers, meaning that the retention rate increased. In
the next section, we explore potential mechanisms behind these firm- and worker-level results and

provide economic interpretations of our findings.

7 Economic Interpretations and Potential Mechanisms

In this section, we examine potential mechanisms behind increases in investment, sales, and prof-

itability of firms affected by the carbon disclosure policy.

7.1 Information Friction and Cost of Capital Channel

As described in Section 3, mandatory disclosure of GHG emissions can lead to higher corporate
investment of disclosing firms by lowering the information frictions and thereby lowering the cost
of capital. The model suggests that disclosing this information can also increase the cost of capital
if it contains a net negative signal (i.e., higher than expected emission level relative to firm per-
formance). Given that it is difficult to measure investors’ expectation regarding individual firms’
environmental risks, it is challenging to measure which firms would face a higher cost of capital
after disclosing carbon emissions. Instead, if we find that an average firm increases investment
after disclosing carbon emissions, we can infer that the disclosure led to a net reduction in the cost

of capital by reducing information frictions for a given quality of the signal on average.

On the other hand, one empirically testable prediction from the model is that we would ex-

pect to see increases in external financing, changes in the composition of shareholders, and cash
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distributions to shareholders of affected firms. Specifically, to the extent that higher-quality in-
formation reduces information frictions and increases corporate investment, we would expect the
firm to more easily raise capital at a lower cost which leads to an increase in debt financing (via
corporate bond issuance or borrowing from banks) and reduces the internal cash distributions to
shareholders. We use retained earnings (scaled by total assets) to measure distributions to share-
holders. Since retained earnings are the cumulative net income minus the cumulative distributions
to shareholders, an increase in retained earnings captures a reduction in distributions to sharehold-
ers, relative to the firm’s profit. We also examine the share of institutional shareholders since the
rise in institutional ownership indicates increased stock liquidity and lower cost of capital (e.g.,
Diamond and Verrecchia, 1991). Figure 5 and Table 5 show that total liabilities and the share of
institutional ownership increased by 9.2 log points and 3.4 percentage points (about 5 percent) for
treated firms relative to control firms on average after disclosing carbon emissions. Furthermore,
retained earnings increased by 12.2 cents per dollar of total assets (about 21 percent increase) after
the reform. These results are consistent with the predictions from the model that disclosing carbon
emissions can result in an overall reduction in the cost of capital, leading treated firms to increase

their debts and share of institutional owners and reduce cash distributions to shareholders.

Moreover, another testable prediction from the model is that we would see larger responses
among firms that were more financially constrained prior to the reform. To proxy firms’ financial
constraints, we use firms’ leverage ratio (total liabilities divided by total assets) and cut firms
based on the median value of the ratio measured in the year before the reform. We define firms
as constrained if they have high debts relative to their total assets (above the median) before the
reform. Figure 6 and Table 6 show these estimates separately for less-constrained firms (below
the median) and more-constrained firms (above the median). We find much larger and statistically
significant increases in employment and capital stock among more-constrained firms relative to
less-constrained firms, financed by larger increases in total liabilities on average. Subsequently,
we find larger increases in their total revenue among more-constrained firms after the reform.
These heterogeneous responses based on the pre-reform measure of financial constraints suggest
that lowering the cost of capital via reducing information frictions is likely the key mechanism

behind our firm-level results.

7.2  Why Do Firms Not Voluntarily Disclose GHG Emissions?

Bolton et al. (2021, p.1) note, ”The overwhelming majority of listed companies around the world
still does not disclose their carbon emissions, and even fewer privately held companies do so.” Our

results so far are consistent with the idea that disclosing GHG emissions lowers the cost of capital
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and brings net positive outcomes for the affected firms on average. A natural question is why firms
do not voluntarily disclose this information. We next discuss three key reasons why firms may not

provide voluntary GHG disclosure.

First, one argument for disclosure regulations is their comparability benefits. Firms disclosing
under the same regulation provide more comparable reports, making it easier and less costly for
investors and other stakeholders to collect and interpret information and to compare firms (Leuz
and Wysocki, 2016). The greater comparability reduces costs for investors to collect and process
information, thereby reducing the cost of capital (e.g., Hail et al., 2010). The ECCC states that
the goal of the federal GHG Reporting Program introduced in 2004 is to develop “a harmonized
and efficient” reporting system. Similarly, the SEC’s climate-related disclosure rule states: “The
Commission proposed the climate-related disclosure rules in order to elicit more consistent, com-
parable, and reliable information for investors to enable them to make informed assessments of the
impact of climate-related risks” (SEC, 2024, p.36). The SEC also notes that although some firms
voluntarily provide climate-related information, their “disclosures currently vary considerably in
terms of coverage, location, and presentation across companies, making it difficult for investors
to navigate through different information sources and filings to identify, compare, and analyze
climate-related information” (SEC, 2024, p.626). In addition to requiring more consistent and
comparable reporting, GHG disclosure regulations require firms to adopt a common methodology
to measure their GHG emission levels. In the absence of disclosure regulations, coordinating and
agreeing on a common set of rules for measuring and disclosing GHG emissions is highly costly

for firms, even if all firms are willing to provide this information voluntarily.

Second, when firms are uncertain about investor preferences and reactions, they reduce vol-
untary disclosure in equilibrium (Bond and Zeng, 2022). Mandatory GHG disclosure enables
investors to compare and rank firms based on their GHG emissions. It also allows firms to as-
sess their GHG performance relative to their peers (Tomar, 2023). To the extent that investors
compare a firm’s GHG emissions relative to its peers, mandatory disclosure reduces firms’ uncer-
tainty about investor preferences and responses to GHG disclosure. In the absence of disclosure

regulation, such uncertainty may lead firms to lower their voluntary disclosure.

Third, disclosures can have direct and proprietary costs. GHG disclosures impose significant
direct costs (i.e., compliance costs) on firms. Such costs include the costs related to developing or
maintaining systems for tracking, measuring, and aggregating GHG emissions as well as the costs
related to preparing and presenting the resulting disclosures (reporting costs). More importantly,
disclosure can lead to substantial managerial opportunity costs. Since a large portion of these costs
are fixed, GHG disclosures can be particularly burdensome for smaller firms. Furthermore, GHG

disclosure can reveal commercially sensitive or proprietary information to competitors, which can
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put firms at a competitive disadvantage (Bhattacharya and Ritter, 1983; Verrecchia, 1983). Specif-
ically, as discussed in Section 2, the GHG Reporting Program requires firms to disclose detailed
information about the location of their facility as well as detailed information on GHG emission
levels for 23 gases, broken down by gas type. Such information can reveal the location of a firm’s
operations, its production level in each location, and its emission efficiency. Such information,
combined the firm’s financial reporting such as sales and profitability, can help competitors iden-
tify profitable investment opportunities, which can, in turn, affect entry and competitors’ output
at the expense of the disclosing company. In addition, competitors might clean insights into the
disclosing firm’s manufacturing processes from the breakdown of gases composing a company’s

emissions.'?

7.3 Other Potential Mechanisms

While our results seem most consistent with the information friction and the cost-of-capital chan-
nel, another mechanism that potentially explains the increase in real investment. After mandatory
GHG disclosure is implemented, affected firms may have greater incentives to invest in cleaner
technology (e.g., solar panels or more energy-efficient machines) to increase demand and reduce
potential pressure from investors with social preferences for more sustainable firms (e.g., Riedl
and Smeets, 2017; Bauer et al., 2021; Ilhan et al., 2023; Aghamolla and An, 2024). This response
will be stronger especially among firms that cannot scale back their production to reduce aggregate
GHG emissions. To test this potential channel, we plan to examine whether treated firms increased
their investment in green technology using a dataset on investment across different asset classes.'*
Note that this mechanism does not necessarily contradict the cost-of-capital channel and, in fact,
can be complementary. For example, disclosing GHG emissions can lower the cost of capital,

which can encourage firms to invest in tangible assets, including green assets.

8 Conclusion

In this paper, we study the effects of mandatory GHG disclosure on firms’ investment, employment,
and capital structure, as well as their workers’ labor market outcomes. Specifically, we leverage a
series of regulatory disclosure changes that affected different groups of firms over time in Canada,

and the administrative matched employer-employee data to identify firms that were above the re-

3A survey of the Retail Industry Leaders Association’s members shows their concern with the SEC’s climate-
related disclosure because reporting GHG on gas-by-gas basis can allow competitors to glean insights into the firm’s
operational and manufacturing processes. For more details, click the link here.

14This dataset will be available in May 2025.
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porting threshold and mandated to report their GHG emissions for the first time (treated firms).
These firms are matched with control firms of the same size and age bins, province, and industry,
which were always below the reporting threshold and, therefore, never disclosed carbon emissions

during our sample period.

Using a matched difference-in-differences design, we find that treated firms significantly in-
crease employment and capital stock after the reform relative to control firms. Subquently, treated
firms exhibit larger sales and a moderate increase in profitability. Furthermore, incumbent workers
at treated firms earn higher earnings after the disclosure policy compared to matched employees at
control firms. Additionally, treated employees are less likely to move to another firm, suggesting

higher retention.

Overall, our results suggest that mandatory disclosure of GHG emissions impacts corporate
investment by providing investors with relevant information for assessing disclosing firms’ climate
risk, thereby reducing information asymmetry and lowering the firm’s cost of capital. To further
explore this cost-of-capital mechanism, we develop and test two sets of predictions. First, we find
that treated firms experience an increase in debt financing, retained earnings, and institutional in-
vestor ownership, suggesting that reduced information asymmetry facilitates external financing,
attracts larger investors, and motivates firm managers to retain more earnings rather than distribut-
ing them to shareholders. Second, we show that these effects are concentrated among more finan-
cially constrained firms, as they increase their employment and capital stock through higher debt
financing compared to less constrained firms. Overall, these results are consistent with the idea

that disclosing carbon emissions can lower the cost of capital by reducing information frictions.

Prior research exploring the impact of mandatory GHG disclosure on firm-level outcomes pri-
marily relies on cross-country variation, comparing firms in a country that implemented new dis-
closure requirements with firms in countries that did not (e.g., Jouvenot and Krueger, 2019; Dow-
nar et al., 2021; Tomar, 2023). We complement these studies by leveraging multiple regulatory
changes that allow us to examine firms within the same country, addressing potential concerns

about concurrent events that may confound cross-country comparisons.

Our paper also relates to the extensive literature examining the impact of information disclosure
on the cost of capital and corporate investment by providing new evidence on the effects of GHG
emissions disclosure. Investors may prefer to invest in low-emission stocks either because they
derive utility from holding such stocks or because these stocks hedge climate risk. Our results
indicate that disclosing carbon emissions not only benefits investors in their capital allocation and
hedging decisions but also facilitates growth by reducing the cost of capital. Overall, our findings
imply that carbon disclosure, mandated and enforced by the government, may bring net benefits to

disclosing firms, despite the associated regulatory and private costs.
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Figure 1: Changes in Reporting Threshold over time and Policy Variation

(a) Changes in GHG Reporting Threshold Over Time
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Notes: Panel A presents the reporting threshold for the federal Greenhouse Gas Reporting Program (GHGRP) and for
provincial regulations when the provincial threshold is lower than the federal threshold. Panel B illustrates our
approach to identifying treated firms. Specifically, we define treated firms as those with at least one facility that
exceeds the reporting threshold during the year the mandate is implemented and the subsequent year. The red
segments in the figure indicate periods when new emission thresholds were introduced under federal or provincial
greenhouse gas (GHG) reporting requirements. However, we focus only on firms that are treated for the first time.
That is, if a firm was already subject to disclosure requirements in an earlier regulatory change (e.g., treated in 2004)
and later exceeds a lower emissions threshold in a subsequent regulatory change (e.g., 2009), it is not considered
newly treated in that later period. Additionally, we exclude firms in years marked in blue, as these later-treated firms
would likely attenuate our difference-in-differences estimates due to the time gap between the policy change year and
when they disclose their emissions. BC stands for British Columbia.
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Figure 2: Firms’ Employment and Capital Stock
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Notes: These figures present event-study estimates of the impact of GHG emission disclosure mandates on
employment and tangible assets. Employment is measured as the average number of employees reported in employee
tax records and Record of Employment data. The reported book value of tangible assets, net of accumulated
depreciation, serves as our measure of capital stock. The dashed vertical lines represent 95 percent confidence
intervals, with standard errors clustered at the firm level. We stack several policy changes and estimate a single
difference-in-differences model (more detail in Section 4). The policy change is implemented in year 0, and the
coefficient is normalized to zero in year -1.
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Figure 3: Firms’ Revenue and Profitability
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Notes: These figures present event-study estimates of the impact of GHG emission disclosure mandates on total
revenue, total expenses, and return on assets. Total revenues represent the sum of all revenue sources in a given year,
and total expenses reflect the sum of all expenses incurred within the same period. Return on assets (ROA) is
calculated as net income divided by total assets. The dashed vertical lines represent 95 percent confidence intervals,
with standard errors clustered at the firm level. We stack several policy changes and estimate a single
difference-in-differences model (more detail in Section 4). The policy change is implemented in year 0, and the
coefficient is normalized to zero in year -1.
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Figure 4: Worker-level Outcomes
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Notes: These figures present event-study estimates of the impact of GHG emission disclosure mandates on
worker-level outcomes, including annual earnings and job transitions. Worker annual earnings are aggregated across
all employers in a given year. Job transition is defined as an indicator variable equal to one if a worker’s employer in
a given year differs from their employer in the previous year. The dashed vertical lines represent 95 percent
confidence intervals, with standard errors clustered at the firm and worker levels. We stack several policy changes and
estimate a single difference-in-differences model (more detail in Section 4). The policy change is implemented in
year 0, and the coefficient is normalized to zero in year -1.
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Figure 5: Firms’ Capital Structure
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Notes: These figures present event-study estimates of the impact of GHG emission disclosure mandates on total
liabilities, retained earnings scaled by total assets, and share of institutional ownership. Total liabilities are defined as
the sum of all current and long-term liabilities. The share of institutional ownership represents the percentage of a
firm’s equity held by institutional investors in a given year. The dashed vertical lines represent 95 percent confidence
intervals, with standard errors clustered at the firm level. We stack several policy changes and estimate a single
difference-in-differences model (more detail in Section 4). The policy change is implemented in year 0, and the
coefficient is normalized to zero in year -1.
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Figure 6: By Financial Constraints Based on Pre-reform Leverage Ratio
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outcomes, separately for less-financially constrained firms (navy lines) and more-financially constrained firms
(orange lines). Firm-level outcomes include employment, tangible assets, total revenues, and total liabilties. We
define less- (more-) financially constrained firms as those with below- (above-) median pre-reform measure of

leverage ratio. The leverage ratio is defined as total liabilities divided by total assets. Employment is measured as the

average number of employees reported in employee tax records and Record of Employment data. The reported book
value of tangible assets, net of accumulated depreciation, serves as our measure of capital stock. Total revenues
represent the sum of all revenue sources in a given year. Total liabilities are defined as the sum of all current and
long-term liabilities. The dashed vertical lines represent 95 percent confidence intervals, with standard errors
clustered at the firm level. We stack several policy changes and estimate a single difference-in-differences model

(more detail in Section 4). The policy change is implemented in year 0, and the coefficient is normalized to zero in
year -1.
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Table 1: Descriptive Statistics on Firms and Workers (at f = —1)

(D (2)
Treated Control

Panel A: Descriptive Stats on Firms

Employment 30.217 27.779
Total Payroll (in thousands) 1092.804 1050.855
Tangible Assets (in thousands) 1687.075 1513.027
Total Revenue (in thousands) 2580.133  2535.103
Total Expenses (in thousands) 2327.900 2295.204
Total Liabilities (in thousands) 2336.136  2049.281
Return on Assets 0.03 0.053
Share of Institutional Owners 0.473 0.444
Number of Firms 240 240

Panel B: Sector Composition

Agriculture, Forestry, Fishing and Hunting 0.077 0.074
Mining, Quarrying, and Oil and Gas Extraction 0.322 0.322
Manufacturing 0.442 0.446
Transportation and Warehousing 0.030 0.029
Professional, Scientific, and Technical Services 0.009 0.008
Educational Services 0.069 0.066
Health Care and Social Assistance 0.017 0.021
Other Services 0.034 0.034

Panel C: Descriptive Stats on Workers

Earnings 66,651.02 67,322.38
Male 0.833 0.834
Age 44.93 45.21

Notes: This table reports descriptive statistics on firms and workers, measured one year prior to the policy reform.
Panel A reports firm characteristics, including employment, average payrolls, total assets, tangible assets, total
revenue, total expenses, total liabilities, retained earnings, dividends, return on assets, and share of institutional
ownership. Panel B reports firm composition across sectors. Panel C reports worker characteristics, including worker
earnings, age, and gender. Columns (1) and (2) report these statistics for treated and control firms, respectively.
Employment is the average number of employees. Average payroll is the average worker earnings at a given firm.
Total assets reflect the book value of all current, tangible, intangible, and other long-term assets. The reported book
value of tangible assets, net of accumulated depreciation, serves as our measure of capital stock. Total revenues
represent the sum of all revenue sources, and total expenses reflect the sum of all expenses. Total liabilities are
defined as the sum of all current and long-term liabilities. Retained earnings are defined as retained earnings scaled
by total assets. Dividend payouts are the dividend payments to shareholders on their stock holdings. Return on assets
(ROA) is net income divided by total assets. The share of institutional ownership represents the percentage of equity
held by institutional investors. Worker annual earnings are aggregated across all employers in a given year. Job
transition is defined as an indicator variable equal to one if a worker’s employer in a given year differs from their
employer in the previous year.
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Table 2: Difference-in-differences Estimates on Firms’ Employment and Investment

(1 (2)
Log(Employment) Log(Tangible Assets)
Treat X Post 0.1181%*%* 0.0671%*
(0.0322) (0.0384)
Adj. R Squared 0.595 0.698
Mean at t=-1 (treated) 30.217 1,687.08
Number of Observations 7,065 6,890

Notes: This table presents difference-in-differences estimates of the impact of GHG emission disclosure mandates on
employment and tangible assets. Treated firms are defined as those with at least one facility that exceeds the reporting
threshold during the year the mandate is implemented and the following year. Matched control firms are identified
based on the following criteria. A firm is considered a potential control for a treated firm j if: (1) it remains below the
reporting threshold throughout the sample period and thus never discloses GHG emissions, and (2) it operates in the
same province, belongs to the same four-digit NAICS industry, and falls within the same decile bin of employment,
total revenue, total assets, and age one year prior to the regulatory change affecting firm j. Post is an indicator
variable equal to one for the year of the policy change and all subsequent years. Employment is the average number
of employees. The reported book value of tangible assets, net of accumulated depreciation, serves as our measure of
capital stock. All models include firm, industry-by-year, and province-by-year fixed effects. The standard errors are

clustered at the firm level.
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Table 3: Difference-in-differences Estimates on Firms’ Revenue and Profitability

(1) (2) (3)
Log(Total Revenue) Log(Total Expenses) Return on Assets

Treat X Post 0.1328%** 0.1296%** 0.0121
(0.0635) (0.0526) (0.0151)
Adj. R Squared 0.489 0.662 0.390
Mean at t=-1 (treated) 2,580.13 2,327.90 0.031
Number of Observations 6,525 6,670 7,265

Notes: This table presents difference-in-differences estimates of the impact of GHG emission disclosure mandates on
total revenue, total expenses, and return on assets. Treated firms are defined as those with at least one facility that
exceeds the reporting threshold during the year the mandate is implemented and the following year. Matched control
firms are identified based on the following criteria. A firm is considered a potential control for a treated firm j if: (1)
it remains below the reporting threshold throughout the sample period and thus never discloses GHG emissions, and
(2) it operates in the same province, belongs to the same four-digit NAICS industry, and falls within the same decile
bin of employment, total revenue, total assets, and age one year prior to the regulatory change affecting firm j. Post is
an indicator variable equal to one for the year of the policy change and all subsequent years. Total revenues represent
the sum of all revenue sources in a given year, and total expenses reflect the sum of all expenses incurred within the
same period. Return on assets (ROA) is calculated as net income divided by total assets. All models include firm,
industry-by-year, and province-by-year fixed effects. The standard errors are clustered at the firm level.
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Table 4: Difference-in-differences Estimates on Worker-level Outcomes

(1) (2)
Log(Annual Earnings) Job Transitions
Treat X Post 0.0880** -0.0411
(0.0381) (0.0343)
Adj. R Squared 0.454 0.203
Mean at t = -1 (treated) 66,651.02 0
Number of Observations 563,560 567,740

Notes: This table presents difference-in-differences estimates of the impact of GHG emission disclosure mandates on
worker-level outcomes, including annual earnings and job transitions. Treated firms are defined as those with at least
one facility that exceeds the reporting threshold during the year the mandate is implemented and the following year.
Matched control firms are identified based on the following criteria. A firm is considered a potential control for a
treated firm j if: (1) it remains below the reporting threshold throughout the sample period and thus never discloses
GHG emissions, and (2) it operates in the same province, belongs to the same four-digit NAICS industry, and falls
within the same decile bin of employment, total revenue, total assets, and age one year prior to the regulatory change
affecting firm j. Post is an indicator variable equal to one for the year of the policy change and all subsequent years.
Worker annual earnings are aggregated across all employers in a given year. Job transition is defined as an indicator
variable equal to one if a worker’s employer in a given year differs from their employer in the previous year. All
models include worker, industry-by-year, and province-by-year fixed effects. The standard errors are clustered at the
firm and worker levels.
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Table 5: Difference-in-differences Estimates on Firms’ Capital Structure

1 (2) (3)
Log(Total Liabilities) Retained Earnings / Total Assets Share of Institutional Ownership
Treat X Post 0.0917** 0.1219* 0.0337
(0.0410) (0.0740) (0.0255)
Adj. R Squared 0.574 0.582 0.728
Mean at t=0 (treated) 2336.136 0.021 0.473
Number of Observations 7,230 7,255 7,335

Notes: This table presents difference-in-differences estimates of the impact of GHG emission disclosure mandates on
total liabilities, retained earnings scaled by total assets, and share of institutional ownership. Treated firms are defined
as those with at least one facility that exceeds the reporting threshold during the year the mandate is implemented and
the following year. Matched control firms are identified based on the following criteria. A firm is considered a
potential control for a treated firm j if: (1) it remains below the reporting threshold throughout the sample period and
thus never discloses GHG emissions, and (2) it operates in the same province, belongs to the same four-digit NAICS
industry, and falls within the same decile bin of employment, total revenue, total assets, and age one year prior to the
regulatory change affecting firm j. Post is an indicator variable equal to one for the year of the policy change and all
subsequent years. Total liabilities are defined as the sum of all current and long-term liabilities. The share of
institutional ownership represents the percentage of a firm’s equity held by institutional investors in a given year. All
models include firm, industry-by-year, and province-by-year fixed effects. The standard errors are clustered at the
firm level.
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Table 6: By Financial Constraints based on Pre-Reform Leverage Ratio

Log(Employment) Log(Tangible Assets) Log(Total Revenue) Log(Total Liabilities)

Treat X Post X Less Constrained 0.0562 -0.0173 -0.0245 0.0516
(0.0443) (0.0388) (0.0645) (0.0404)
Treat X Post X More Constrained 0.1782%%#%* 0.1689%%#* 0.3418%* 0.1544%*
(0.0461) (0.0589) (0.1421) (0.0762)
Adj. R Squared (Less Constrained) 0.545 0.670 0.310 0.546
Number of Observations (Less Constrained) 3,405 3,280 3,365 3,465
Adj. R Squared (More Constrained) 0.620 0.748 0.670 0.598
Number of Observations (More Constrained) 3,345 3,290 3,280 3,460

Notes: This table presents difference-in-differences estimates of the impact of GHG emission disclosure mandates on
firm-level outcomes, separately for less-financially constrained firms and more-financially constrained firms.
Firm-level outcomes include employment, tangible assets, total assets, and total liabilities. We define less- (more-)
financially constrained firms as those with below- (above-) median pre-reform measure of leverage ratio. The
leverage ratio is defined as total liabilities divided by total assets. Treated firms are defined as those with at least one
facility that exceeds the reporting threshold during the year the mandate is implemented and the following year.
Matched control firms are identified based on the following criteria. A firm is considered a potential control for a
treated firm j if: (1) it remains below the reporting threshold throughout the sample period and thus never discloses
GHG emissions, and (2) it operates in the same province, belongs to the same four-digit NAICS industry, and falls
within the same decile bin of employment, total revenue, total assets, and age one year prior to the regulatory change
affecting firm j. Post is an indicator variable equal to one for the year of the policy change and all subsequent years.
Employment is measured as the average number of employees reported in employee tax records and Record of
Employment data. The reported book value of tangible assets, net of accumulated depreciation, serves as our measure
of capital stock. Total revenues represent the sum of all revenue sources in a given year. Return on assets (ROA) is
calculated as net income divided by total assets. All models include firm, industry-by-year, and province-by-year
fixed effects. The standard errors are clustered at the firm level.
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Appendix A

Table Al: GHG Dataset Appendix

Panel A: Annual Breakdown of GHG Datasets

Year # of reporting facilities # first-time facilities # first-time firms

2004 326 326 157
2005 337 28 22
2006 345 27 30
2007 351 19 21
2008 348 15 22
2009 537 180 80
2010 573 85 61
2011 581 39 47
2012 849 293 126
2013 879 104 34
2014 907 102 30
2015 903 83 41
2016 1,058 205 109
2017 1,699 1,022 178
2018 1,759 240 52
2019 1,763 176 41
2020 1,737 124 41
2021 1,732 75 43
Total 16,684 3,143 1,135
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Panel B: Sample Selection

Treatment # of first-time # of voluntary # of mandatory # of firms
Period firms first-time first-time with balance-sheet
reporters reporters reporters infoatt=-1

2004-2005 179 12 167 117
2009-2010 141 20 121 65
2017-2018 230 20 210 175

Total 550 52 498 357
# unique treated firms eligible for matching 357
# of treated firms in our sample 240
Match rate 0.672

Notes: This table summarizes our original GHG emission datasets under federal and provincial disclosure mandates
(Panel A) and our sample selection steps (Panel B). Panel A reports the number of facilities reporting their GHG
emissions (# of reporting facilities), the number of unique first-time facility reporters (# of first-time facilities), and
the number of unique first-time firm reporters (# of first-time firms) by year. The number of first-time firm reporters is
smaller than the number of first-time facility reporters because a firm can have more than one facility. Our treatment
years are 2004, 2005, 2009, 2010, 2017, and 2018, as discussed in Section 4 and Figure 1. Panel B presents the steps
we take to create our final sample. Specifically, we drop voluntary reports and firms without balance sheet
information for the year before the regulation change, as we need this information for our matching procedure.

Finally, we drop treated firms for which we could not identify a properly matched control firm.
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