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How does social media drive
corporate carbon disclosure?
Evidence from China
Jing Shao and Zhiwei He*

School of Business, Qingdao University, Qingdao, China

As public concern over global warming increases, there is a growing

requirement for companies, as carbon emitters, to disclose (and work to

reduce) their carbon emissions. Previous literature has neglected the role

of social media as a source of legitimacy pressure to influence corporate

carbon disclosure. Based on legitimacy theory, this study analyzed the

impact of social media legitimacy pressure on corporate carbon disclosure

using data from 3,656 Chinese listed companies from 2009 to 2019. We

found that social media legitimacy pressure significantly enhances corporate

carbon disclosure. Additionally, this positive relationship is weakened by

substantive corporate internal carbon management measures (corporate

green innovation and environmental management systems). Accordingly, in

order to ensure consistent carbon management practices, companies should

focus their efforts on substantive carbon management measures along with

carbon disclosure.
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Introduction

Greenhouse gases are the leading cause of global climate change (Depoers et al.,
2016), and reducing emissions is the primary way to address global warming and is
the consensus of most countries. Either the Kyoto Protocol or the Paris Agreement
encourages countries to reduce greenhouse gas emissions. Generally, businesses are
a major source of greenhouse gas emissions, with nearly 90% of carbon dioxide
emissions coming from production and operation activities. Therefore, transparent and
objective disclosure of carbon information by enterprises is crucial for scientific emission
reduction and establishing a carbon trading market. The level of carbon disclosure
has improved in recent years; however, companies still have considerable discretion
regarding whether, what, and how much carbon information they disclose as corporate
carbon disclosure remains voluntary in the majority of countries around the world
(He et al., 2022). Numerous researchers have expressed concerns about the quality
of corporate carbon disclosure (Stanny, 2018), and some studies have even found no
significant improvement in the quality of carbon disclosure (Comyns and Figge, 2015).
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How to improve the quality of corporate carbon information
disclosure has become an essential stakeholder concern. With
the development of internet technology and the advent of the
digital economy, the monitoring and pressure facing companies
have become more dynamic and complex. The social media
created by the mobile internet is likely to become a vital
information medium for people to monitor the activities of
companies. It reduces the cost of monitoring by stakeholders
and helps to establish a practical regulatory framework to
improve the transparency of carbon information disclosure.

Existing literature on the determinants and motivations of
carbon disclosure can be categorized into external pressures
and internal characteristics. External pressures include
environmental regulations, regulatory, economic, business,
and financial market pressures [see reviews in Borghei (2021)
and He et al. (2022)]. Internal characteristics of firms include
corporate governance structures (e.g., board characteristics,
management shareholding), financial characteristics (e.g.,
profitability, leverage, opportunities to increase), and managers’
attitudes and philosophies toward environmental protection
[see reviews in Borghei (2021) and He et al. (2022)]. Regardless
of the findings on carbon disclosure, social media has not been
adequately discussed as an essential source of information
and external pressure. The current research on social media
and carbon information has focused on its impact on capital
markets. For example, Albarrak et al. (2019) found that posting
carbon information on Twitter reduced firms’ cost of equity.
In contrast, the role of traditional media in corporate carbon
disclosure is well understood, similar to that of social media
(Guenther et al., 2016; Li L. et al., 2017; Li et al., 2018), but
research has been limited to large companies or companies
in heavily polluting industries. Contrary to social media,
traditional media is “controlled by and for the elite” and may
limit or control access to stakeholders. Companies are also
adept at using traditional media to shape their reputations
and public relations. As a result, stakeholders are limited in
conveying their legitimate pressures through traditional media
(Lyon and Montgomery, 2013). Social media provide a more
accessible platform for stakeholders where content can be fully
controlled, stakeholders can communicate, and a network
effect of information can be created (Lyon and Montgomery,
2013), thus accelerating the dissemination of information and
alleviating information asymmetries (Blankespoor et al., 2014).
Given the unique attributes of social media, it is necessary to
explore whether social media as an information medium can
effectively monitor corporate carbon disclosure.

To address this issue, in this study, we highlighted the
monitoring role of social media, arguing that the legitimacy
pressure generated by social media comments is a crucial
driver of corporate carbon reduction and disclosure. Social
media has provided stakeholders with a forum to voice their
concerns, which are widely discussed and quickly disseminated
on social media platforms (Miller and Skinner, 2015), especially

negative comments (Zhang and Yang, 2021). As a result of
social media legitimacy pressures, corporate carbon disclosure
serves as an effective tool to respond to stakeholders’
environmental demands and compensate for legitimacy deficits
(Lee et al., 2016).

Furthermore, as carbon disclosure laws, regulations,
and regulatory mechanisms are still insufficient, companies
may manipulate corporate carbon disclosure (Li L. et al.,
2017). Carbon disclosure is more of a symbolic response
(Cho and Patten, 2007; Hrasky, 2012) when negative social
media comments threaten companies’ legitimacy status (most
companies’ carbon disclosure is insufficient). Therefore, it
is necessary for companies to undertake substantial carbon
management measures to close the expectation gap between
stakeholders and managers and to avoid decoupling in
carbon management measures (Herold and Lee, 2019). The
implementation of environmental management systems (EMS),
as well as the development of green technologies, are effective
and substantive carbon management measures for companies.
Substantial carbon management measures not only improve
carbon performance but also prevent companies from being
negatively impacted by social media legitimacy pressure.

To test our hypothesis, we examined the impact of social
media legitimacy pressure on corporate carbon disclosure using
data from 2009 to 2019 on stock forum comments on the
Chinese Eastmoney website. This stock forum is China’s most
popular and influential financial website for investors. Each
listed company has its own forum where investors can post and
exchange information as well as offer views on that company
(Fan et al., 2021). We find strong evidence that social media
legitimacy pressure significantly impacts corporate carbon
disclosure. First, it has been shown that social media legitimacy
pressures result in companies increasing carbon disclosure, with
negative social media comments being the primary source of
legitimacy pressures. Second, we observed that the positive
relationship between social media legitimacy pressure and
corporate carbon disclosure is weakened when firms have
excellent green innovation levels and corporate EMS. Third,
the legitimacy pressure conveyed by social media also impacts
the structure of corporate carbon disclosure, with companies
preferring to disclose non-financial carbon information over
financial carbon information. In fact, disclosing non-financial
carbon information can serve as a symbolic carbon management
measure for companies.

There are three main contributions we have tried to make.
First, we highlighted the critical role of social media legitimacy
pressures in corporate carbon disclosure. It differs from previous
studies that have examined the influence of mass media
or government regulation on corporate carbon disclosure.
Social media, especially in the modern age of intelligence,
have a broader stakeholder base and stronger network
information effect. Hence, they are superior at conveying
legitimacy pressures. Second, we explored the relationship
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between corporate carbon disclosure and substantive carbon
management measures in this study. We found that corporate
carbon disclosure is primarily a symbolic carbon management
measure for companies, while corporate green innovation and
EMS serve as substantive carbon management measures that
can reduce corporate social media legitimacy pressure to meet
stakeholder regulatory requirements. Third, this study showed
that social media could also be a powerful source of legitimacy
pressure for businesses, which can affect companies to improve
carbon information disclosure. Detailed evidence and insights
on carbon information disclosure are provided to policymakers
so they can improve the regulatory framework and develop
policies or regulations.

Hypothesis development

Theoretical background

Legitimacy has been widely recognized as an essential factor
in corporate information disclosure (Li et al., 2018; Zhang and
Yang, 2021). In accordance with previous research, we also
analyze the impact of legitimacy pressure from social media on
corporate carbon disclosure using legitimacy theory. Suchman
(1995) defines corporate legitimacy as the general perception
that corporate behavior is considered desirable, appropriate
and rational within a socially constructed system of norms,
values, beliefs and definitions. A “social contract” between
business and society is the basis of legitimacy (Deegan and
Deegan, 2007), and this contract is dynamic rather than fixed
(Deegan and Blomquist, 2006). An organization’s legitimacy is
the most valuable capital, allowing it to access the resources
allocated by its stakeholders, gaining a competitive advantage,
and increasing its long-term value. In China, under a regime
of authoritarianism, it is even more important. Legitimacy
theory suggests that firms should operate within social values;
otherwise, they may breach the implicit contract between
them and society (Cho and Patten, 2007), undermining their
legitimacy (Luo, 2019). Stakeholders are ultimately responsible
for determining the legitimacy of a business, and their views
are reflected in the legitimization process. There is no doubt
that social media plays an indispensable role in the process
of public understanding and judging a business, as well as
forming an evaluation of its legitimacy. Thus, legitimacy theory
provides an appropriate framework for explaining corporate
carbon disclosure behavior and carbon management practices
when companies are under social media legitimacy pressure.

Social media and corporate legitimacy

The interactive nature of social media provides accessible
opportunities for stakeholders to process and disseminate

information (Kent and Taylor, 2016), and companies have
little control over the content posted by users, who may
even exert pressure on management directly. Therefore, the
legitimacy and prestige of a company will be undermined
when negative comments from social media are widely spread
through social media platforms, causing information contagion
and influencing the opinions of other stakeholders (Miller
and Skinner, 2015). Additionally, negative comments may also
increase the possibility of a company being investigated by
regulators and revealed to have been acting unethically, which
may further undermine the company’s legitimacy (Zhang and
Yang, 2021). The lack of legitimacy can result in limited
resource access, higher financing costs, and regulatory penalties.
Accordingly, it is essential for companies to bridge the gap
between corporate and social values and move back within the
boundaries of social appropriateness in order to minimize the
adverse effects of a lack of legitimacy (Gray et al., 1995).

Corporate social responsibility (CSR) is widely regarded as a
tool for enhancing and managing corporate legitimacy (Schultz
and Wehmeier, 2010; Rankin et al., 2011), which means carbon
disclosure, a component of CSR, can also be a powerful tool for
companies to manage social media legitimacy pressures (Cho
et al., 2006). With governments and the public increasingly
concerned about climate change, their awareness of carbon
emissions and expectations of companies to address climate
change are rising (Li and Ding, 2013). The legitimacy pressure
exerted by social media can drive companies to participate in
carbon disclosure actively. Carbon disclosure can be an effective
communication strategy between companies and the public. It
can improve a company’s reputation, change social perceptions,
and repair legitimacy deficits caused by negative comments.
Additionally, legitimacy pressures from competitors may also
force companies to provide additional carbon information to
gain stakeholders’ Satisfaction (Hofer et al., 2012). By doing
so, they can differentiate themselves from others who do less
well in carbon disclosure. Conversely, if firms are under less
pressure to be legitimate, they are subject to relatively little
external scrutiny. The only thing they need to do is maintain the
social legitimacy already granted to them by society (Ashforth
and Gibbs, 1990). Therefore, companies under less legitimacy
pressure from social media are likely to disclose less carbon
information than companies under high legitimacy pressure.
Thus, we propose the following hypothesis:

Hypothesis 1: There is a positive relationship between
the social media legitimacy pressures and the carbon
information disclosure.

There is a clear emotional bias in what is discussed
or evaluated on social media platforms. According to social
psychological research, the public is willing to spend more time
thinking or seeking causal information when confronted with
negative comments than with positive or neutral comments
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(Lange and Washburn, 2012; Kwahk and Kim, 2017). It can
be assumed that negative comments on social media will
increase the lack of legitimacy of companies to a greater
extent, which will ultimately make companies more inclined
to disclose carbon information publicly. Furthermore, in the
context of enhanced investor protection, negative comments on
social media spread more rapidly than positive comments (Lu
et al., 2013), bringing more regulatory and public attention to
companies and thus increasing the pressure on companies to
be legitimate. However, when an organization has more positive
than negative comments on social media platforms, it may be
less motivated to disclose its carbon footprint since it is seen as
more legitimate. Thus, we propose the following hypothesis:

Hypothesis 2a: There is a positive relationship between
the negative comments on social media and the carbon
information disclosure.
Hypothesis 2b: Positive comments on social media have no
significant impact on corporate carbon disclosure.

Moderating role of substantive carbon
management practices

Carbon disclosure often serves as an image management
tool for companies when they face legitimate pressures
(Cho and Patten, 2007). It should be noted, however, that
prolonged symbolic disclosure rather than substantive carbon
management activities may increase reputational risks and raise
stakeholder concerns about opportunistic corporate behavior.
In 2017, China FAW (First Automobile Works) Group disclosed
its green factory and green industry chain projects in its CSR
report. However, it was subsequently revealed that the company
had mishandled pollutants and exceeded carbon emission
standards. This opportunistic behavior was not only heavily
resisted by the public but also criticized and punished by the
regulators (Zhang and Yang, 2021). Likewise, the contradictory
behavior of the fast-food giant in promoting its positive
stories with farmers while negative events about McDonald’s
food poisoning and low labor standards appear on social
media created a hypocritical image for consumers (Lyon and
Montgomery, 2013). The results suggest that when companies
face legitimacy pressures, they may use the carbon disclosure
tool as a symbolic carbon management tool without engaging
in substantive carbon management. As a result, companies may
become decoupled from their carbon management practices or
suffer adverse economic consequences. Therefore, firms need a
mix of substantive and symbolic legitimacy strategies of varying
intensities to cope with legitimacy pressures or prevent the
decoupling of firm practices (Ashforth and Gibbs, 1990).

The effectiveness of social media legitimacy pressure, which
works as an informal external mechanism, depends on the

substantive response from within the firm. It does not directly
contribute to improving the carbon performance of firms (Li
et al., 2018). In this study, we examined two substantive carbon
measures, corporate green innovation and EMS, both of which
are internal formal responses to legitimacy pressures within
firms (Tachizawa and Wong, 2015).

Green innovation is characterized by the notion of
sustainability and the reduction of environmental burdens.
It is defined as innovation related to conserving resources
and energy and improving technologies or processes to
reduce environmental pollution (Saunila et al., 2018). Green
innovation is essential for firms to achieve economic growth and
environmental sustainability (Shao et al., 2021). It is a critical
factor in maintaining firm competitiveness and improving
the quality of life in society (Dangelico and Pujari, 2010).
Specifically, for the firm itself, green innovation effectively
improves resource efficiency and optimizes environmental
performance during the product life cycle (Chen et al.,
2006). It also helps ensure that the company complies with
environmental requirements and avoids regulatory penalties
(Chang, 2011). For society and external firms, green innovation
has a “double externality”: in addition to benefiting firms that
do not invest in green innovation by spreading knowledge
(Berrone et al., 2013), green innovation can also be a
quasi-public good that contributes to resource conservation,
environmental protection, and reducing waste emissions,
thus benefitting society (Li L. et al., 2017). Furthermore,
green innovation sends a positive signal that a company
is practicing carbon management, thus setting itself apart
from competitor companies and enhancing its image and
reputation (Barnett and Salomon, 2012). As a result, corporate
green innovation can enhance corporate legitimacy from
several perspectives.

When companies face social media legitimacy pressures,
their ability to innovate green can cushion the impact of
legitimacy pressures and thus minimize carbon-related risks. As
public and government interest in corporate carbon disclosures
increases and social media become more widely used, companies
are subject to increased regulatory pressures. The sustainable
nature of green innovation and its “double externality”
not only satisfy the dynamically changing expectations of
social legitimacy but also serve to bridge the gap between
corporate and social values. Furthermore, as a substantive
carbon management practice, green innovation is an effective
strategy for repairing the legitimacy deficit caused by negative
comments and easing regulatory pressure when the legitimacy
status is under threat. Thus, we propose the following
hypothesis:

Hypothesis 3: The positive relationship between the
social media legitimacy pressures and corporate carbon
disclosure is weaker for firms with a higher level of
green innovation.
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Similarly, corporate EMS are substantive carbon
management practices that assist companies in organizing
their internal processes, improving their environmental
performance, as well as gaining legitimacy by meeting
their environmental commitments to external stakeholders
(Aravind and Christmann, 2011). Corporate EMS provide
guidelines for corporate production, systematize and
standardize a range of internal organizational procedures,
and require managers to document production activities
and processes, making a company’s environmental impact
more transparent and manageable (King and Lenox, 2001).
Corporate EMS also contribute to reducing the preparation
costs of carbon information disclosure, including human
resources, time, and financial costs (Ott et al., 2017).
External stakeholders consider the establishment of EMS
as a signal of the company’s environmental commitment
to society, which helps to improve the company’s image
and gain trust and support among stakeholders, thus
increasing the company’s level of legitimacy (Boiral,
2007). External stakeholders view a company with an
EMS as more credible and trustworthy than those without
(Jiang and Bansal, 2003).

When companies face legitimacy pressures from social
media, an environmental management system not only
responds to increased regulatory demands and legitimacy
expectations from stakeholders, but also sends a positive
signal about a company’s carbon management practices. An
environmental management system means that companies
have standardized production processes, efficient production
technologies and stringent emission standards, all of which
effectively improve the relationship between companies and
the public and alleviate social media legitimacy pressures.
Based on the above discussion, we develop our third
hypothesis:

Hypothesis 4: The positive relationship between the
social media legitimacy pressures and corporate carbon
disclosure is weaker for firms with the establishment
of EMS.

Methodology

Sample and data source

For our research, we examined the impact of social
media on corporate carbon information disclosure by
using all Chinese companies listed on the Shanghai and
Shenzhen Stock Exchanges between 2009 and 2019. Listed
companies are the main subject of carbon information
disclosure and are the main target of public discussion
on social media platforms. In terms of the disclosure of
corporate carbon information, we mainly gathered it manually

FIGURE 1

Number of companies disclosing carbon information versus
those not disclosing carbon information.

from corporate social responsibility reports and corporate
sustainability reports. The social media sentiment tendency
data was obtained from the CNRDS database Eastmoney
stock forum comment data, which had already collected
and classified stock forum comments data daily, and we
consolidate daily stock forum commentary data into annual
data. In the Chinese securities market, which is dominated
by small and medium-sized investors, the Eastmoney
stock forum is the largest exchange platform in China.
Obtaining data from this platform makes our data source
more general. The rest of our data comes from the CSMAR
database, which is one of the largest sources of data on listed
companies in China.

Using the data extracted from the above sources, we
have collected an initial dataset of 35,532 observations from
all listed companies. Then, we selected the sample by the
following criteria (Liu et al., 2021). (a) Excluding all foreign
capital shares (listed in the Shanghai and Shenzhen B-share
markets); (b) Dropping observations that were specially treated
(ST); and (c) Deleting all observations with missing variables.
A total of 27,520 firm-year observations corresponding to
3,656 different companies were collected. Figure 1 shows
the annual trend of corporate carbon disclosure. As shown
in the graph, there has been a progressive increase in
corporate carbon disclosure, with 448 companies disclosing
carbon information in 2009 and 1,542 firms disclosing
carbon information in 2019. A possible explanation for this
graph might be that as government and public concern
about climate change increases, companies face increasing
regulatory pressure.

Measures of dependent variable

We used the corporate carbon information disclosure score
(CID) as the dependent variable in this study (Li L. et al.,
2017; Li et al., 2018). Following Aerts and Cormier (2009),
we used content analysis to assess the level of disclosure of
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carbon information by corporations. Specifically, we assessed
the level of corporate carbon information disclosure in nine
items (Table 1) by referring to the Carbon Disclosure Project
China Report and the characteristics of carbon disclosure
in companies’ CSR and sustainability reports. The level of
corporate carbon disclosure consists of the sum of the scores
of the nine items. In addition, for robustness checking,
two alternative measures of corporate carbon disclosure are
applied. The CIDlogit dummy variable is coded 1 if the
firm disclosed relevant carbon information in a specific
year, 0 otherwise. The LnCID is the logarithm of the
CID+ 1.

Measures of independent variable

Our independent variable is social media legitimacy
pressure, and we collected data on the sentiment tendency
of stock forum comments for each day of the Eastmoney
website from 2009 to 2019. The sentiment of the comments
is categorized as positive, neutral and negative. We used the
Janis-Fadner coefficient (J-F) to measure social media legitimacy
pressure (Legitimacy). This is a metric proposed by Janis and
Fadner for content analysis methods, followed by Aerts and
Cormier (2009), Li L. et al. (2017), Li et al. (2018), and others
have used this coefficient to quantify legitimacy pressure. It is
calculated as follows.

J − F =


(e2
−ec)
t2 if e > c

(ec−c2)
t2 if e < c

0 if e = c

(1)

Where: e represents the number of positive comments,
c represents the number of negative comments, and t is
the sum of e and c. J-F coefficients have values ranging
from −1 to 1. The more negative comments about a
company, the closer the J-F coefficient is to −1 and the
more legitimacy pressure the company faces. Moreover, in

TABLE 2 Descriptive statistics.

Variable Number Mean SD Min. Max.

CID 27,520 0.690 1.068 0 8

Legitimacy 27,520 0.083 0.081 −0.040 0.274

GreenInv 27,520 0.435 0.881 0 7.342

EMS 27,520 0.249 0.433 0 1

Indep 27,520 0.374 0.055 0.091 0.800

Dual 27,520 0.270 0.444 0 1

Size 27,520 22.064 1.319 19.199 27.048

ROA 27,520 0.043 0.065 −0.285 0.228

Lev 27,520 0.427 0.215 0.050 1

Growth 27,520 0.177 0.500 −0.662 3.894

Cashflow 27,520 0.044 0.073 −0.201 0.248

TobinQ 27,520 2.084 1.399 0.868 9.884

Top1 27,520 0.349 0.149 0.085 0.743

SOE 27,520 0.377 0.485 0 1

Heavy_polluting 27,520 0.279 0.448 0 1

order to test hypotheses H2a and H2b, we consider the
logarithm of the number of negative media posts as well as
the number of positive comments (NLegitimacy/PLegitimacy) as
independent variables.

In order to test hypotheses 3 and 4, we used the logarithm
of the sum of green utility patents and green invention
patents as a measure of green innovation (GreenInv). Further,
we selected whether the company had implemented the
IS014001 environmental management system and whether it
had established a “three simultaneous” system to capture
its environmental management system (EMS). The EMS is
a dummy variable that is coded as 1 if the company has
adopted the IS014001 environmental management system or
set up the “three simultaneous” system, and 0 otherwise.
Comparatively to the international standard environmental
management system of IS014001, the “three simultaneous”
system is a unique environmental management system in
China. It is emphasized that environmental protection measures
must be implemented simultaneously with the project, from

TABLE 1 Specifications of carbon information disclosure.

Disclosure items Score Instructions

Low-carbon development goals or plans 0, 1 Undisclosed is 0, disclosed is 1

Low-carbon advocacy and training 0, 1 Undisclosed is 0, disclosed is 1

Government subsidies or incentives for carbon reduction 0, 1 Undisclosed is 0, disclosed is 1

Response to national low carbon policies 0, 1 Undisclosed is 0, disclosed is 1

Investment in carbon reduction technology, funding 0, 1, 2 Undisclosed is 0, qualitative disclosure is 1, quantitative disclosure is 2

Government recognition of carbon reduction 0, 1 Undisclosed is 0, disclosed is 1

Carbon emission reductions 0, 1, 2 Undisclosed is 0, qualitative disclosure is 1, quantitative disclosure is 2

Greenhouse gas emissions 0, 1, 2 Undisclosed is 0, qualitative disclosure is 1, quantitative disclosure is 2

IS014001 environmental management system certification 0, 1 Undisclosed is 0, disclosed is 1
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design to construction through completion to commissioning
(Li D. et al., 2017).

Measures of control variable

In order to control for the potential impacts of corporate
carbon disclosure, we selected control variables at the level
of the top management team (TMT), as well as at the firm
and industry levels. At the TMT level, corporate governance
plays a significant role in influencing corporate carbon
disclosure (Choi et al., 2013). Liao et al. (2015) also find that
independent directors are likely to favor more transparent
carbon disclosure since they have different backgrounds and
have no financial interest in the company. Therefore, we
controlled the independent directors’ ratio (Indep) and whether
the chairman and CEO were the same people (Dual). We
measured Indep by the number of independent directors as a
proportion of the total. In addition, Dual was coded as 1 if the
chairman and CEO were the same people and 0 otherwise.

In addition, we have considered a set of firm characteristics
that may influence firms’ disclosure of carbon information.
Firmsize was measured as the natural logarithm of total
assets, because larger firms may experience more pressure
from stakeholders (Berrone and Gomez-Mejia, 2009). ROA
was measured by the ratio of total net profit to total assets,

and Lev was measured by the ratio of total liabilities to
total assets. Growth was measured as the growth rate of
a firm’s operating income. Because these factors are closely
related to corporate profitability, higher profitability increases
the financial resources available to companies to invest in
carbon reduction and disclosure (Ott et al., 2017). Cashflow
was measured as the ratio of net cash flow from operating
activities to total assets. TobinQ was measured by the ratio
of the sum of the market value of equity and the book
value of liabilities to total assets (Liu et al., 2022). Top1
was measured by the proportion of shares held by the
first largest shareholder. SOE was measured by whether the
ultimate ownership of the firm is owned by the state (Li
L. et al., 2017; Li et al., 2018). At the industry level,
we measured Heavy_polluting by whether a firm belongs
to the heavy pollution industry (Luo, 2019). Finally, we
controlled for year, industry, and province effects to capture
changes in CID over time, industry, and province. A detailed
definition for each variable used in this study is provided
in Appendix A.

Estimation model

To test our Hypothesis 1, Hypothesis 2a, and Hypothesis
2b, we constructed the following test models. The models

TABLE 3 Pearson correlation matrix.

Variables (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

CID 1

Legitimacy −0.012** 1

GreenInv 0.201*** 0.069*** 1

EMS 0.510*** −0.00300 0.157*** 1

Indep −0.015*** 0.017*** 0.012** −0.010* 1

Dual −0.088*** 0.014*** 0.00800 −0.012** 0.109*** 1

Size 0.323*** 0.067*** 0.218*** 0.082*** 0.00500 −0.184*** 1

ROA 0.00600 0.170*** 0.052*** 0.047*** −0.023*** 0.059*** −0.022*** 1

Lev 0.119*** −0.070*** 0.056*** −0.023*** −0.012** −0.161*** 0.460*** −0.393*** 1

Growth −0.052*** 0.069*** −0.018*** −0.040*** 0.00700 0.021*** −0.102*** −0.00100 −0.003 1

Cashflow 0.090*** 0.060*** 0.036*** 0.066*** −0.014** −0.00800 0.046*** 0.341*** −0.165*** −0.062*** 1

TobinQ −0.142*** 0.056*** −0.086*** −0.080*** 0.041*** 0.058*** −0.427*** 0.074*** −0.180*** 0.161*** 0.060***

Top1 0.069*** 0.037*** 0.027*** 0.025*** 0.043*** −0.043*** 0.178*** 0.138*** 0.017*** −0.026*** 0.096***

SOE 0.159*** −0.00200 0.012** 0.012** −0.061*** −0.301*** 0.339*** −0.099*** 0.279*** −0.043*** 0.00400

Heavy_polluting 0.181*** 0.00400 −0.033*** 0.131*** −0.046*** −0.051*** 0.027*** −0.016*** 0.015*** −0.022*** 0.084***

(12) (13) (14) (15)

TobinQ 1

Top1 −0.132*** 1

SOE −0.126*** 0.213*** 1

Heavy_polluting −0.066*** 0.058*** 0.074*** 1

N = 27,520; ***p < 0.01, **p < 0.05, *p < 0.1.

Frontiers in Ecology and Evolution 07 frontiersin.org

https://doi.org/10.3389/fevo.2022.971077
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/


fevo-10-971077 July 30, 2022 Time: 14:53 # 8

Shao and He 10.3389/fevo.2022.971077

were estimated using least squares regression (OLS),
controlling for year, industry, and province fixed effects
(Li L. et al., 2017).

CIDit = β0 + β1 × Legitimacyit/NLegitimacyit/PLegitimacyit

+

∑
βi × Controlsit + εit (2)

Where CID is the dependent variable and CIDit refers
to firm i’s carbon disclosure score in year t. Legitimacy,
NLegitimacy, and PLegitimacy are independent variables.
Legitimacyit describes the social media legitimacy pressure faced
by firm i in year t. Controls are a set of control variables.

To test for moderating effects Hypothesis 3 and
Hypothesis 4, we estimated the following regression

TABLE 4 Estimates for carbon information disclosure.

Variables DV: CID

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7

Legitimacy −0.174**
(0.071)

−0.250***
(0.077)

−0.258***
(0.080)

−0.313***
(0.084)

NLegitimacy 0.017**
(0.007)

PLegitimacy 0.013
(0.008)

Legitimacy× GreenInv 0.170**
(0.070)

0.150**
(0.071)

Legitimacy× EMS 0.326**
(0.143)

0.280*
(0.145)

GreenInv 0.072***
(0.006)

0.073***
(0.006)

0.072***
(0.006)

0.072***
(0.006)

0.056***
(0.009)

0.072***
(0.006)

0.058***
(0.009)

EMS 1.151***
(0.012)

1.151***
(0.012)

1.151***
(0.012)

1.151***
(0.012)

1.150***
(0.012)

1.124***
(0.017)

1.127***
(0.017)

Indep −0.123
(0.094)

−0.119
(0.094)

−0.126
(0.094)

−0.127
(0.094)

−0.119
(0.094)

−0.119
(0.094)

−0.119
(0.094)

Dual −0.041***
(0.012)

−0.041***
(0.012)

−0.041***
(0.012)

−0.041***
(0.012)

−0.041***
(0.012)

−0.041***
(0.012)

−0.041***
(0.012)

Size 0.208***
(0.006)

0.209***
(0.006)

0.203***
(0.006)

0.204***
(0.006)

0.209***
(0.006)

0.209***
(0.006)

0.209***
(0.006)

ROA −0.328***
(0.093)

−0.298***
(0.094)

−0.301***
(0.094)

−0.316***
(0.094)

−0.298***
(0.094)

−0.297***
(0.094)

−0.297***
(0.094)

Lev 0.010
(0.032)

0.007
(0.032)

0.011
(0.032)

0.012
(0.032)

0.005
(0.032)

0.006
(0.032)

0.005
(0.032)

Growth −0.019*
(0.010)

−0.018*
(0.010)

−0.019*
(0.010)

−0.019*
(0.010)

−0.018*
(0.010)

−0.018*
(0.010)

−0.018*
(0.010)

Cashflow 0.438***
(0.077)

0.436***
(0.077)

0.440***
(0.077)

0.440***
(0.077)

0.434***
(0.077)

0.433***
(0.077)

0.432***
(0.077)

TobinQ 0.015***
(0.004)

0.015***
(0.004)

0.013***
(0.004)

0.014***
(0.005)

0.015***
(0.004)

0.015***
(0.004)

0.015***
(0.004)

Top1 −0.109***
(0.036)

−0.109***
(0.036)

−0.098***
(0.037)

−0.101***
(0.037)

−0.109***
(0.036)

−0.109***
(0.036)

−0.110***
(0.036)

SOE 0.130***
(0.013)

0.130***
(0.013)

0.128***
(0.013)

0.129***
(0.013)

0.130***
(0.013)

0.129***
(0.013)

0.130***
(0.013)

Heavy_polluting 0.201***
(0.014)

0.203***
(0.014)

0.201***
(0.014)

0.200***
(0.014)

0.204***
(0.014)

0.203***
(0.014)

0.203***
(0.014)

Constant −4.350***
(0.133)

−4.357***
(0.133)

−4.379***
(0.134)

−4.371***
(0.134)

−4.352***
(0.133)

−4.351***
(0.133)

−4.347***
(0.133)

Year effect YES YES YES YES YES YES YES

Industry effect YES YES YES YES YES YES YES

Province effect YES YES YES YES YES YES YES

Observations 27,453 27,453 27,453 27,453 27,453 27,453 27,453

R2 0.392 0.392 0.392 0.392 0.393 0.393 0.393

Standard errors are in parentheses; ***p < 0.01, **p < 0.05, *p < 0.1.
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models, including the moderating variables and their
interaction terms.

CIDit = β0 + β1 × Legitimacyit + β2 × Legitimacyit

× GreenInvit + β3 × Legitimacyit × EMSit

+

∑
βi × controlsit + εit (3)

Results

Descriptive statistics and correlation
matrix

Table 2 summarizes the results of descriptive statistics for all
variables. Accordingly, the mean value of the dependent variable
carbon information disclosure (CID) is 0.69, indicating that
the corporate carbon information disclosure level is not high.
The results are similar to other relevant studies on corporate
carbon information disclosure (Li L. et al., 2017). The mean
values of GreenInv and EMS are 0.435 and 0.249, respectively,
suggesting that most companies do not have substantial carbon
management practices.

The Pearson correlation coefficient between variables is
shown in Table 3. In line with expectations, social media

legitimacy pressure (Legitimacy), reflected by the J-F coefficient,
is positively correlated with corporate carbon information
disclosure (CID). The higher the J-F coefficient, the lower
the legitimacy pressure faced by the firm. The correlation
coefficients between CID and the other variables are low.
Additionally, we calculated the variance inflation factor (VIF)
for each variable. We found that the maximum value was 1.88
and the mean value was 1.23, which is much smaller than
the acceptable level, indicating that multicollinearity is not
a serious issue.

Multivariate regression tests

According to the research hypotheses, a multiple regression
analysis of the relationship between social media legitimacy
pressures and corporate carbon disclosure was performed.
These results are presented in Table 4. Model 1 is the baseline
model with control variables only. Legitimacy, a measure of
social media legitimacy pressure, has been added to Model 2 to
test Hypothesis 1. The results show that social media legitimacy
pressure (the lower the Legitimacy, the higher the legitimacy
pressure) has a positive and significant effect on corporate
carbon disclosure at the 5% level (β = −0.174, ρ < 0.05).
This strongly supports Hypothesis 1 and confirms that social

TABLE 5 Estimates for FCID and NFCID.

Variables DV: FCID DV: NFCID DV: FCID DV: NFCID
Model 1 Model 2 Model 3 Model 4

Legitimacy 0.003 (0.033) −0.171*** (0.065)

NLegitimacy −0.004 (0.003) 0.021*** (0.007)

GreenInv 0.004 (0.003) 0.071*** (0.006) 0.004 (0.003) 0.070*** (0.006)

EMS 0.025*** (0.006) 1.942*** (0.011) 0.025*** (0.006) 1.943*** (0.011)

Indep −0.151*** (0.043) 0.011 (0.087) −0.150*** (0.043) 0.003 (0.087)

Dual −0.028*** (0.006) −0.018 (0.011) −0.028*** (0.006) −0.018 (0.011)

Size 0.020*** (0.003) 0.169*** (0.005) 0.021*** (0.003) 0.162*** (0.006)

ROA −0.114*** (0.044) −0.173** (0.087) −0.120*** (0.044) −0.170* (0.087)

Lev 0.089*** (0.015) −0.074** (0.030) 0.089*** (0.015) −0.069** (0.030)

Growth −0.007 (0.005) −0.013 (0.010) −0.007 (0.005) −0.014 (0.010)

Cashflow 0.152*** (0.036) 0.292*** (0.071) 0.151*** (0.036) 0.296*** (0.071)

TobinQ −0.016*** (0.002) 0.027*** (0.004) −0.016*** (0.002) 0.024*** (0.004)

Top1 −0.087*** (0.017) −0.014 (0.034) −0.090*** (0.017) −0.001 (0.034)

SOE 0.021*** (0.006) 0.101*** (0.012) 0.021*** (0.006) 0.100*** (0.012)

Heavy_polluting 0.098*** (0.007) 0.094*** (0.013) 0.098*** (0.007) 0.092*** (0.013)

Constant −0.287*** (0.062) −3.599*** (0.123) −0.280*** (0.062) −3.628*** (0.124)

Year effect YES YES YES YES

Industry effect YES YES YES YES

Province effect YES YES YES YES

Observations 27,465 27,453 27,465 27,453

R2 0.080 0.589 0.081 0.589

Standard errors are in parentheses; ***p < 0.01, **p < 0.05, *p < 0.1.
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media can effectively monitor corporate carbon information
disclosures. The results in Table 4 allow us to calculate the
economic significance of social media legitimacy pressure on
corporate carbon disclosure, with a 100% increase in legitimacy
pressure on companies increasing their carbon disclosure score
by approximately 17.4%.

Models 3 and 4 examined the impact of negative and
positive social media comments on corporate carbon disclosure,
respectively. In model 3, NLegitimacy is positive and significant
(β = −0.017, ρ < 0.05), but PLegitimacy is not significant
(ρ > 0.1). This suggests that negative social media comments
are the primary reason for the lack of corporate legitimacy
and that companies are more likely to disclose carbon data
under pressure from negative comments. However, positive

evaluations do not encourage companies to disclose carbon
information actively, thus confirming our expectation in
Hypothesis 2a and Hypothesis 2b.

The results of the moderating effects are reported in
Models 5 and 6. In Model 5, we added the interaction
terms of Legitimacy and GreenInv to test the moderating
effect of corporate green innovation. There is a positive
and significant coefficient (β = 0.326, ρ < 0.05), which
indicates that corporate green innovation (GreenInv) negatively
moderates the relationship between social media legitimacy
pressure and carbon disclosure, thus providing support for
Hypothesis 3. Similarly, the coefficient of the interaction
term between Legitimacy and EMS is positive and significant
in Model 6 (β = 0.280, ρ < 0.1), suggesting that EMS also

TABLE 6 Robustness check using alternative dependent variables.

Variables DV: LnCID DV: CIDlogit DV: NFCID

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8

Legitimacy −0.076**
(0.032)

−0.115***
(0.035)

−0.114***
(0.036)

−0.067**
(0.032)

−0.098***
(0.035)

−0.084**
(0.036)

−0.222***
(0.072)

−0.283***
(0.074)

Legitimacy× GreenInv 0.086***
(0.032)

0.069**
(0.032)

0.112*
(0.065)

Legitimacy× EMS 0.144**
(0.064)

0.065 (0.064) 0.433***
(0.132)

GreenInv 0.026***
(0.003)

0.018***
(0.004)

0.026***
(0.003)

0.012***
(0.003)

0.005 (0.004) 0.012***
(0.003)

0.060***
(0.009)

0.071***
(0.006)

EMS 0.608***
(0.006)

0.608***
(0.006)

0.596***
(0.008)

0.625***
(0.006)

0.625***
(0.006)

0.620***
(0.008)

1.942***
(0.011)

1.906***
(0.016)

Indep −0.035
(0.042)

−0.035
(0.042)

−0.035
(0.042)

−0.013
(0.042)

−0.013
(0.042)

−0.013
(0.042)

0.011 (0.087) 0.011 (0.087)

Dual −0.022***
(0.005)

−0.022***
(0.005)

−0.022***
(0.005)

−0.021***
(0.005)

−0.021***
(0.005)

−0.021***
(0.005)

−0.018
(0.011)

−0.017
(0.011)

Size 0.087***
(0.003)

0.087***
(0.003)

0.087***
(0.003)

0.056***
(0.003)

0.056***
(0.003)

0.056***
(0.003)

0.169***
(0.005)

0.169***
(0.005)

ROA −0.120***
(0.042)

−0.120***
(0.042)

−0.119***
(0.042)

−0.038
(0.042)

−0.037
(0.042)

−0.037
(0.042)

−0.173**
(0.087)

−0.171**
(0.087)

Lev 0.009 (0.014) 0.008 (0.014) 0.009 (0.014) 0.020 (0.014) 0.019 (0.014) 0.019 (0.014) −0.075**
(0.030)

−0.076**
(0.030)

Growth −0.009*
(0.005)

−0.009*
(0.005)

−0.009*
(0.005)

−0.007
(0.005)

−0.007
(0.005)

−0.007
(0.005)

−0.013
(0.010)

−0.013
(0.010)

Cashflow 0.186***
(0.035)

0.185***
(0.035)

0.185***
(0.035)

0.118***
(0.035)

0.117***
(0.035)

0.118***
(0.035)

0.290***
(0.071)

0.288***
(0.071)

TobinQ 0.003 (0.002) 0.003 (0.002) 0.003 (0.002) −0.005***
(0.002)

−0.005***
(0.002)

−0.005***
(0.002)

0.026***
(0.004)

0.026***
(0.004)

Top1 −0.038**
(0.016)

−0.038**
(0.016)

−0.038**
(0.016)

−0.015
(0.016)

−0.015
(0.016)

−0.015
(0.016)

−0.015
(0.034)

−0.015
(0.034)

SOE 0.062***
(0.006)

0.062***
(0.006)

0.062***
(0.006)

0.050***
(0.006)

0.050***
(0.006)

0.050***
(0.006)

0.101***
(0.012)

0.101***
(0.012)

Heavy_polluting 0.091***
(0.006)

0.091***
(0.006)

0.090***
(0.006)

0.069***
(0.006)

0.069***
(0.006)

0.069***
(0.006)

0.095***
(0.013)

0.094***
(0.013)

Constant −1.767***
(0.060)

−1.764***
(0.060)

−1.764***
(0.060)

−1.038***
(0.060)

−1.036***
(0.060)

−1.037***
(0.060)

−3.596***
(0.123)

−3.591***
(0.123)

Year effect YES YES YES YES YES YES YES YES

Industry effect YES YES YES YES YES YES YES YES

Province effect YES YES YES YES YES YES YES YES

Observations 27,453 27,453 27,453 27,453 27,453 27,453 27,453 27,453

R2 0.441 0.441 0.441 0.417 0.417 0.417 0.589 0.589

Standard errors are in parentheses; ***p < 0.01, **p < 0.05, *p < 0.1.
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TABLE 7 Robustness check using alternative independent variables.

Variables DV: CID

Model 1 Model 2 Model 3 Model 4

NLegitimacy 0.017** (0.007) −0.006 (0.008) −0.001 (0.008) −0.018** (0.008)

NLegitimacy× GreenInv −0.051*** (0.006) −0.047*** (0.007)

NLegitimacy× EMS −0.073*** (0.014) −0.057*** (0.014)

GreenInv 0.072*** (0.006) −0.311*** (0.048) 0.071*** (0.006) −0.282*** (0.049)

EMS 1.151*** (0.012) 1.150*** (0.012) 0.624*** (0.103) 0.740*** (0.104)

Indep −0.126 (0.094) −0.149 (0.094) −0.132 (0.094) −0.151 (0.094)

Dual −0.041*** (0.012) −0.043*** (0.012) −0.041*** (0.012) −0.042*** (0.012)

Size 0.203*** (0.006) 0.199*** (0.006) 0.202*** (0.006) 0.199*** (0.006)

ROA −0.301*** (0.094) −0.290*** (0.094) −0.304*** (0.094) −0.293*** (0.094)

Lev 0.011 (0.032) 0.021 (0.032) 0.014 (0.032) 0.023 (0.032)

Growth −0.019* (0.010) −0.019* (0.010) −0.019* (0.010) −0.019* (0.010)

Cashflow 0.440*** (0.077) 0.433*** (0.077) 0.438*** (0.077) 0.432*** (0.077)

TobinQ 0.013*** (0.004) 0.013*** (0.004) 0.013*** (0.004) 0.013*** (0.004)

Top1 −0.098*** (0.037) −0.093** (0.037) −0.098*** (0.037) −0.094** (0.037)

SOE 0.128*** (0.013) 0.127*** (0.013) 0.129*** (0.013) 0.127*** (0.013)

Heavy_polluting 0.201*** (0.014) 0.200*** (0.014) 0.201*** (0.014) 0.200*** (0.014)

Constant −4.379*** (0.134) −4.120*** (0.138) −4.228*** (0.137) −4.022*** (0.140)

Year effect YES YES YES YES

Industry effect YES YES YES YES

Province effect YES YES YES YES

Observations 27,453 27,453 27,453 27,453

R2 0.392 0.394 0.393 0.394

Standard errors are in parentheses; ***p < 0.01, **p < 0.05, *p < 0.1.

negatively moderates the relationship between legitimacy
pressure and carbon disclosure. Collectively, these results
suggest that substantive carbon management practices within
firms (green innovation or EMS) can increase the level of
legitimacy of firms and alleviate legitimacy pressures due to
negative social media comments.

Supplementary analyses

Corporate carbon information disclosure can be divided
into two categories: financial carbon information disclosure
(FCID) and non-financial carbon information disclosure
(NFCID) (Li L. et al., 2017). The main difference between
them is whether they are measured in monetary terms.
Following Li L. et al. (2017), the scores of “government subsidies
or incentives for carbon emission reduction” as well as
“investments in carbon emission reduction technologies and
funds” are utilized to assess the FCID of enterprises. The
remaining seven items were used as NFCID.

To test the structural impact of social media legitimacy
pressure on corporate carbon information disclosure, we further
examined the relationship between social media legitimacy
pressure (Legitimacy/NLegitimacy) and financial or non-
financial carbon information (FCID/NFCID). Table 5 reports
the regression results. Models 1 and 3 report the impact of social

media legitimacy pressures on corporate FCID, whereas Models
2 and 4 report the impact of social media legitimacy pressures
on corporate NFCID. Both Legitimacy and NLegitimacy are
insignificant in Model 1 and Model 3, but both Legitimacy
and NLegitimacy in Model 2 and Model 4 are significant at
the 1% level (β = −0.172, ρ < 0.01; β = 0.021, ρ < 0.01). This
suggests that under the pressure of social media legitimacy, firms
are more inclined to disclose non-financial carbon information
rather than financial carbon information. This finding is in line
with the study by Li L. et al. (2017).

Robustness check

We tested the robustness of our results through a set of
robustness checks. First, we adopted an alternative measure of
the dependent variable. Referring to Li et al. (2018), we used the
natural logarithm of a firm’s carbon disclosure score (LnCID),
whether or not carbon information is disclosed (CIDlogit), and
NFCID as dependent variables for robustness tests. All results
are reported in Table 6. For the dependent variable LnCID,
Model 1–Model 3 show that the coefficients on Legitimacy,
Legitimacy × GreenInv and Legitimacy × EMS are significant
(β = −0.076, ρ < 0.05; β = 0.086, ρ < 0.01 and β = 0.144, ρ <

0.05). Similarly, in Model 4–Model 8, the results are similar
to those of previous analyses, except for the non-significant
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TABLE 8 Robustness check using Tobit model.

Variables DV: CID

Model 1 Model 2 Model 3 Model 4

Legitimacy −0.174** (0.071) −0.250*** (0.077) −0.258*** (0.080) −0.313*** (0.084)

Legitimacy× GreenInv 0.170** (0.070) 0.150** (0.071)

Legitimacy× EMS 0.326** (0.143) 0.280* (0.144)

GreenInv 0.073*** (0.006) 0.056*** (0.009) 0.072*** (0.006) 0.058*** (0.009)

EMS 1.151*** (0.012) 1.150*** (0.012) 1.124*** (0.017) 1.127*** (0.017)

Indep −0.119 (0.094) −0.119 (0.094) −0.119 (0.094) −0.119 (0.094)

Dual −0.041*** (0.012) −0.041*** (0.012) −0.041*** (0.012) −0.041*** (0.012)

Size 0.209*** (0.006) 0.209*** (0.006) 0.209*** (0.006) 0.209*** (0.006)

ROA −0.298*** (0.094) −0.298*** (0.094) −0.297*** (0.094) −0.297*** (0.094)

Lev 0.007 (0.032) 0.005 (0.032) 0.006 (0.032) 0.005 (0.032)

Growth −0.018* (0.010) −0.018* (0.010) −0.018* (0.010) −0.018* (0.010)

Cashflow 0.436*** (0.077) 0.434*** (0.077) 0.433*** (0.077) 0.432*** (0.077)

TobinQ 0.015*** (0.004) 0.015*** (0.004) 0.015*** (0.004) 0.015*** (0.004)

Top1 −0.109*** (0.036) −0.109*** (0.036) −0.109*** (0.036) −0.110*** (0.036)

SOE 0.130*** (0.013) 0.130*** (0.013) 0.129*** (0.013) 0.130*** (0.013)

Heavy_polluting 0.203*** (0.014) 0.204*** (0.014) 0.203*** (0.014) 0.203*** (0.014)

Constant −4.357*** (0.133) −4.352*** (0.133) −4.351*** (0.133) −4.347*** (0.133)

Year effect YES YES YES YES

Industry effect YES YES YES YES

Province effect YES YES YES YES

Observations 27,453 27,453 27,453 27,453

Pseudo R2 0.168 0.168 0.168 0.168

Standard errors are in parentheses; ***p < 0.01, **p < 0.05, *p < 0.1.

moderating effect of corporate EMS in Model 5. These results
are consistent with the main findings in Table 4, suggesting the
robustness of our results.

Second, we used an alternative measure of the independent
variable. Previously, we discovered that social media legitimacy
pressures are primarily a result of negative comments on
social media platforms. Therefore, we try to examine the
moderating effect of corporate green innovation (GreenInv) and
EMS by utilizing NLegitimacy as an independent variable. All
results are reported in Table 7. In model 1, the coefficient on
NLegitimacy is positive and significant (β = 0.017, ρ < 0.05). In
models 2 and 3, the coefficients for GreenInv × NLegitimacy
and GreenInv × EMS are negative and significant (β =
−0.051, ρ < 0.01; and β = −0.073, ρ < 0.01). These results
are consistent with our previous, suggesting that our results
are robust.

Third, most Chinese companies do not disclose their carbon
emissions; that is, they have a carbon information disclosure
score of 0 (CID = 0). Thus, the dependent variable is truncated
at 0. In our study, they account for 59.17%. We, therefore,
considered a robustness test using the Tobit model. All the
results are reported in Table 8. From the reported results, all
the findings remain consistent with the previous analysis, which
further indicates the robustness of our results.

Discussion and conclusion

As countries in the world continually implement measures
to address climate and environmental change, corporate
carbon information disclosure is becoming increasingly
important to stakeholders. Social media offers the public a
convenient and effective platform to voice their concerns
about climate change. As a result, we examined the impact
of social media legitimacy pressure on corporate carbon
disclosures, using the largest listed Chinese stock exchange
platform as a data source. We provide strong evidence that
social media legitimacy pressure has a significant positive
impact on corporate carbon disclosures. Furthermore, we
find that substantive carbon management measures have
a moderating effect on corporate legitimacy pressure, and
corporate green innovation and EMS alleviate the legitimacy
pressure faced by enterprises.

Theoretical contributions

This study makes two main contributions to the existing
literature. First, using social media as a means of generating
corporate legitimacy pressure, we validated the effectiveness
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of social media monitoring of corporate carbon disclosure,
which contributes to the application of legitimacy theory
to information disclosure. Earlier literature has concentrated
on institutional pressure from the government (Luo, 2019),
mass media (Li L. et al., 2017; Li et al., 2018), and most
studies have focused on heavily polluting industries or large
companies. However, our study sample includes a significant
number of small and medium-sized enterprises as well as
businesses located in non-heavy polluting industries. Using a
more comprehensive sample, we found that legitimacy pressure
not only enhanced corporate disclosure but also impacted the
structure of corporate disclosure. Second, we contribute to the
carbon management literature by considering corporate carbon
disclosure as a symbolic carbon management measure and
emphasizing the interaction between symbolic and substantive
carbon management measures. We find that both symbolic
and substantive carbon management measures alleviate the
legitimacy pressure on companies.

Practical implications

More practically, in the context of the carbon-neutral,
carbon-cycling era, this study provides evidence and insights
for policymakers to formulate regulatory policies better.
First, corporate carbon disclosure is a response strategy
to threats to corporate legitimacy. However, it is likely to
be a symbolic management measure. Governments need to
establish appropriate regulations to make it mandatory that
companies disclose substantive carbon management practices
in order to prevent companies from trying to “bleach”
themselves by using such low-cost measures. Second, our
research has proved the appropriateness of social media as
a strong regulator of corporate carbon disclosure. Social
media is a potent regulator of corporate carbon disclosure.
In other words, when companies disclose additional carbon
information on their social media platforms voluntarily,
this will increase their credibility and differentiate them
from companies in the same industry that make low-quality
disclosures. Consequently, it is crucial that companies use
substantive carbon management practices to improve their
carbon performance. Third, although both substantive and
symbolic carbon management measures can effectively alleviate
the legitimacy pressure of social media, if companies engage
in only symbolic carbon management behaviors rather than
substantive carbon management behaviors for a long time.
This will inevitably lead to decoupling companies’ carbon
management practices and consequent stakeholder penalties.
Therefore, it is necessary for companies to maintain consistency
between carbon disclosure and carbon management activities.

Limitations and directions for future
research

Our study has several limitations. Firstly, due to data
availability, only nine carbon information disclosure items
were selected in this article to calculate enterprises’ carbon
information disclosure score, and this measurement method
may not be authoritative. When the quality of corporate carbon
information disclosures is further enhanced, additional carbon
information disclosure items will have to be selected to calculate
the corporate carbon information disclosure scores. Second,
although the stock forum has the characteristics of social
media, it is still different from popular social media such as
Facebook and Twitter. A further investigation needs to be
conducted into whether stakeholders expressing their legitimacy
expectations on social media platforms such as Facebook and
Twitter enhance corporate carbon disclosure.
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APPENDIX A Variable definition.

Variable Definition Data source

CID The total score of firm carbon disclosure items CSR report

Legitimacy The Janis-Fadner coefficient calculated by the social media comments (Eq. 1) CNRDS database

GreenInv The natural logarithm of the amount of one firm’s green utility patents and green invention patents CNRDS database

EMS A dummy variable equals 1 if the firm adopted the IS014001 environmental management system or set up
the “three simultaneous” system and 0 otherwise

CSMAR database

Indep The percentage of independent directors to the total number of directors CSMAR database

Dual A dummy variable equals 1 if the chairman and CEO were the same people and 0 otherwise CSMAR database

Size The natural logarithm of total assets CSMAR database

ROA The ratio of total net profit to total assets CSMAR database

Lev The ratio of total debt to total assets CSMAR database

Growth The growth rate of a firm’s operating income CSMAR database

Cashflow The ratio of net cash flow from operating activities to total assets CSMAR database

TobinQ The ratio of the sum of the market value of equity and the book value of liabilities to total assets CSMAR database

Top1 The percentage of shares held by the first largest shareholder CSMAR database

SOE A dummy variable equals 1 if the ultimate ownership of the firm is owned by the state and 0 otherwise CSMAR database

Heavy_polluting A dummy variable equals 1 if the firm belongs to the heavy pollution industry and 0 otherwise CSMAR database

Frontiers in Ecology and Evolution 16 frontiersin.org

https://doi.org/10.3389/fevo.2022.971077
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/

	How does social media drive corporate carbon disclosure? Evidence from China
	Introduction
	Hypothesis development
	Theoretical background
	Social media and corporate legitimacy
	Moderating role of substantive carbon management practices

	Methodology
	Sample and data source
	Measures of dependent variable
	Measures of independent variable
	Measures of control variable
	Estimation model

	Results
	Descriptive statistics and correlation matrix
	Multivariate regression tests
	Supplementary analyses
	Robustness check

	Discussion and conclusion
	Theoretical contributions
	Practical implications
	Limitations and directions for future research

	Data availability statement
	Author contributions
	Conflict of interest
	Publisher's note
	References

	Zhiwei He

