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1. Introduction

With the deterioration of the environment and increasingly serious
environmental problems, stakeholders pay more and more attention to
the environmental responsibilities of firms (Lu et al., 2018; Pu et al.,
2019). To cope with climate change, the international community and
governments have taken a series of measures, for example, establishing
regulations (Han et al., 2017; Wang et al., 2019a; Zhang et al., 2019b)
and carbon emission trading systems (Dong et al., 2019; Yao et al.,
2019b). In response to the stock market's focus on sustainable develop-
ment, rating agencies (i.e., Morgan Stanley Capital International and
Thomson Reuters) and financial information providers (i.e., Bloomberg)
provided data on environmental society and governance (Yu et al.,
2018). These measures effectively regulate the pollution behavior of en-
terprises and the overall number of environmental accidents has exhib-
ited a significant downward trend from 2006 to 2015 (Cao et al., 2018).
Government efforts and environmental regulation directly and indirectly
influence haze pollution governance (Wang et al., 2016; Wang et al.,
2017;Wang et al., 2018; Zhang et al., 2019b). In addition, the level of car-
bon dioxide emissions also has declined significantly in recent years
(Chen et al., 2019c; Ru et al., 2019; Yang et al., 2019).

As an important source of pollution, enterprises need to increase the
intensity of environmental information disclosure to deal with pressure
(Gao et al., 2017; Lin et al., 2017; Shi et al., 2017). Environmental infor-
mation disclosure is generally defined as a method of describing firms'
environmental-related activities and information to users of financial
statements (Trumpp et al., 2015). According to the report of the Insti-
tute of Governance and Responsibility, the proportion of companies in
the S&P 500 index that adopt sustainability reporting increased from
53% in 2012 to 82% in 2017 (Yu et al., 2018). However, environmental
information is not often disclosed by Chinese enterprises. The survey
shows that only approximately one-third of listed companies disclose
environmental information (Zeng et al., 2012). The inadequate imple-
mentation of environmental information disclosure may be attributed
two reasons. One reason is that the legislative environment and en-
forcement capacity is weak and the regulatory mechanism is ineffective
(Zeng et al., 2012). Another reason is that firms are worried about the
cost and benefit issues of environmental information disclosure
(Matsumura et al., 2013). The cost of environmental information collec-
tion, management and disclosure may outweigh the benefit. Addition-
ally, information about process inefficiency and environmental
initiatives accessible to competitors may weaken firm competition
and financial performance and misleading information or errors in re-
ports can also significantly increase the litigation cost (Matsumura
et al., 2013). Therefore, it can be predicted that firmswould prefer to in-
crease environmental information disclosure when they are convinced
that the benefits of environmental information disclosure offset or
even exceed the associated costs.

Several studies have beenperformed to examine the factors that affect
firm environmental information disclosure. Zeng et al. (2012) suggested
that firms in environmentally sensitive industries and those with better
reputations exhibit an increased probability to disclose environmental in-
formation. Zhang (2017) documented that political connection has a pos-
itive effect on firm environmental information disclosure. Li et al. (2019)
provided evidence for a positive correlation between excess compensa-
tion of senior managers and environmental information disclosure.
Chen et al. (2019c) explored factors that influence carbon productivity
by focusing on samples in the transportation industry using an integrated
carbon productivity decomposition approach. Most of the literature fo-
cuses on institutional pressure from the government or other stake-
holders, and economic incentives for firms that implement
environmental practices are rarely explored (Cui and Song, 2019; Song
et al., 2019b; Wang et al., 2019b; Zhang et al., 2019b).

Findings from studies that explored the relationship between envi-
ronmental information disclosure and firm financial performance
seem to be mixed and inconsistent. Research within the voluntary
disclosure theory reported that environmental information disclosure
is positively associated with firm financial performance (Khlif et al.,
2015). These studies claimed that superior financial performers will at-
tempt to distinguish themselves from other firms by disclosing their fa-
vorable environmental information. Research on legitimacy theory
suggested that environmental information disclosure negatively affects
firm financial performance (Aragon-Correa et al., 2016). These studies
reported that firm environmental information disclosure is a reaction
to pressures from public stakeholders. To disclose favorable environ-
mental information and meet stakeholders' environmental require-
ments, firms need to improve environmental performance, which
leads to an increase in costs and reduces financial performance (Liu
and Zhang, 2017). Researchers also indicated that environmental infor-
mation disclosure has no relationship with financial performance (Qiu
et al., 2016). Therefore, it is necessary to explore the mechanism and
contingency factors of environmental information disclosure affecting
firm performance.

Several studies have investigated the inconsistent relationship be-
tween environmental information disclosure and firm financial perfor-
mance and indicated that the relationship among them is contingent
on some moderator and mediator variables. Moderator variables, such
as firm size (Dixon-Fowler et al., 2013), firm age (Wang and Bansal,
2012), innovation degree and shareholding structure (Hull and
Rothenberg, 2008), industry characteristics (Baird et al., 2012) and gen-
eral business environment (Flammer, 2013) were elaborated when ex-
ploring the relationship between environmental information disclosure
and firm financial performance. In term of mediator variables, Surroca
et al. (2010) suggested that innovation, human capital and culture
play more important roles in the relationship between environmental
information disclosure and firm financial performance. Innovation is
an important mediator variable, and many studies explore the effect
of innovation (Chen et al., 2019a; Jin et al., 2019; Song et al., 2019a;
Song et al., 2020). Environmental regulation by the government also
positively influences technology innovation (Song et al., 2019b). Enter-
prises used green technology innovations to implement environmental
strategies to reduce carbon emissions (Chen et al., 2019b; Yao et al.,
2019a) and consumers tend to buy green products, which improves fi-
nancial performance (Loncar et al., 2019). The emergence of new tech-
nologies, such as block chain and large-scale data, also brings new
challenges to the green operation ability of enterprises and sustainable
development (Pan et al., 2019; Song et al., 2019a).

Nevertheless, prior studies weremainly focused on firms' character-
istic variables and internal variables. Variables from the external stock
market where investors play vital roles as important stakeholders
have been seldom examined. Additionally, to our knowledge, minimal
research has explored the mediating effect of stock market variables
and investigated the mechanism through which environmental infor-
mation disclosure affects firm financial performance via stock market
characteristics. To narrow the research gap, the current study aims to
do the following. For listed firms, the stockmarket is an important chan-
nel to concentrate funds and investors' responses to firm stock, which
affects the firm's financial performance (Luo et al., 2015). Visibility
and liquidity are two important characteristics of listed firms (Luo
et al., 2015). The visibility of listed firms refers to the degree of exposure
to stakeholders; that is, more visible firms attract more public monitor-
ing and receive more rigorous government supervision (Wang, 2017).
Under strict monitoring and supervision, the principal-agent problem
could be alleviated andmanagers should bear the entrusted responsibil-
ity by investors. Hence, a firm's financial performance can be improved.
Liquidity represents the flexibility of stocks; that is, the liquidity of
stocks reflects the frequency of stock transactions (Norli et al., 2014).
More trading frequency reduces stock premiums and reduces capital
costs. For firms with better liquidity, lower capital costs lead to better
performance through affecting the firm's financing costs. Furthermore,
firms that disclose more environmental information could benefit
from increased popularity and exposure, and information asymmetry
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is mitigated. Further, investors might feel that the stocks are less risky
and tend to buy stocks, which increases stock liquidity. In other
words, environmental information disclosure could increase the visibil-
ity and liquidity of firms and ultimately affect firm financial perfor-
mance. Hence, liquidity and visibility should be taken into account
when exploring the mechanism by which environmental information
disclosure affects financial performance. Overall, based on the informa-
tion disclosure theory and asymmetry information theory, the current
study aims to explore the impact of environmental information disclo-
sure on firm financial performance, the underlying mechanism and
the mediating effects of liquidity and visibility.

This research provides four contributions to previous literature. First,
we focus on environmental information disclosure, which differs from
the environmental performance focus of the majority of studies. Envi-
ronmental information disclosuremay serve as a tool tomask the actual
environmental performance or reflect that the actual performance re-
mains a puzzle (Meng et al., 2019). The relationship between informa-
tion disclosure as a demonstration of strategic choice and firm
financial performance is worth exploring (Minutolo et al., 2019). Sec-
ond, this research mainly focused on exploring the mechanism of envi-
ronmental information disclosure on financial performance from a
capital market perspective, which was always omitted by previous
studies. By examining the mediating effects of visibility and liquidity,
the mechanism of environmental information disclosure on financial
performance was identified. Third, this study examined the influence
of environmental information disclosure on financial performance in
the Chinese context, while most previous studies were mainly con-
ducted in developed countries and regionswith perfect supervision sys-
tems and governance mechanisms (Li et al., 2017). Hence, research
conducted in China, a developing country that has different industrial
and socioeconomic fabrics, could be helpful in understanding themech-
anism of environmental information disclosure on financial perfor-
mance and illustrating the effect of environmental information
disclosure. In addition, as the largest developing country in the world,
China is one of the key international players in global environmental
governance and protection. Therefore, evidence and research findings
from the Chinese marketplace could provide useful implications for
other countries. Finally, research data were collected from Chinese
listed firms from 2013 to 2017. A much larger database spanning
5 years provides us the opportunity to investigate how the complete-
ness of the environmental information disclosed affects firm financial
performance by controlling the inherent difference across firms and
temporal shock over time. Panel data used in this study provide more
observations, alleviate collinearity problems among the explanatory
variables and prevent variable bias (Zeng et al., 2012).

The remaining sections of this paper are arranged as follows.
Section 2 briefly introduced environmental information disclosure,
reviewed related studies and proposed research hypotheses. Section 3
discussed the data and methodology. The empirical data analyses
were presented in Section 4. Section 5 discussed the research results
and highlighted research implications. Conclusions, limitations and fu-
ture research directions are provided in Section 6.

2. Theoretical background and hypotheses

2.1. Environmental information disclosure

As an essential component of corporate social responsibility (CSR),
firm environmental-related activities and information have been re-
quired to be disclosed to the public since the 1970s in developed coun-
tries (Beck et al., 2010; Buallay, 2019). Environmental problems have
attracted people's attention, which has affected consumer's shopping
behavior, changed consumer's willingness to buy green products and
increased the demand for environmental information disclosure (Song
et al., 2019a). Facing increasingly serious environmental problems,
firms have been required to disclose information about environmental
activities by the Chinese government. According to the Guide of Envi-
ronmental Information Disclosure of Listed Companies enacted by
Shanghai and Shenzhen stock exchanges in 2010, all listed firms should
implement responsibility of environmental disclosure and publish a CSR
report (including an environmental section) or independent environ-
mental report.

Previous scholars suggested that the listed firms have started to dis-
close a fewenvironment-related contents and elements in the annual or
CSR reports (Zeng et al., 2012). However, the extent and level of envi-
ronmental information disclosure remains low and unsatisfactory due
to various reasons, including non-mandatory information disclosure re-
quirements, inadequate public participation and insufficient govern-
ment supervision (Ane, 2012). Ane (2012) indicated that the
environmental information disclosure content is limited and incom-
plete. In addition, the disclosure pattern is single and the utility is low
in heavy pollution industries of China. In fact, many firms have not yet
realized the outcomes of disclosing environmental information, espe-
cially the possible influence of environmental information disclosure
on firm financial performance. When firms realize that environmental
information disclosure is positively associated with financial perfor-
mance, theywill be more likely to enhance the extent and degree of en-
vironmental information disclosure. Thus, exploring the mechanism by
which environmental information disclosure affects firm financial per-
formancemay remedy the deficiencies of relevant laws and regulations
and stimulate firms to spontaneously disclose environmental
information.

Furthermore, to encourage companies to undertake environmental
social responsibility and disclose environmental information, the new
Environmental Protection Law, which has been regarded as the most
rigorous law in Chinese history,was implemented in 2015. Additionally,
several market-based incentives, such as green credit, green insurance
and green loan, have been initiated to encourage firms to conduct envi-
ronmental disclosure (Liu et al., 2010). Therefore, it is necessary to ex-
plore the extent and degree of environmental information disclosure
of listed firms after the implementation of the new Environmental Pro-
tection Law.

This research is based on voluntary disclosure theory, signaling the-
ory and asymmetry information theory (Lemma et al., 2019; Wang,
2017; Xie et al., 2019). According to these theories, better environmen-
tal performance firms prefer to disclosemore information to signal that
enterprises are actively fulfilling social responsibility to the product and
investmentmarket, leaving a good impression on consumers and inves-
tors to gain a competitive advantage. Given the reduction in the degree
of information asymmetry, the positive response of the product and in-
vestmentmarket tofirmdisclosuremakes it easier for enterprises to ob-
tain better performance. Thus, this study explores the impact of
investor's response to information disclosure on financial performance.

2.2. Environmental information disclosure and visibility

A visible firm is defined as having a large number of investors who
are aware the existence of the firm or a large investor base (Jeon et al.,
2015). The majority of previous studies have investigated the relation-
ship between visibility and environmental information disclosure and
assumed that a firm's visibility drives it to disclose environmental infor-
mation (Dawkins and Fraas, 2011; Lu and Abeysekera, 2014). This
stream of literature suggests that more visible firms are susceptible to
external scrutiny, and more information related to environmental is-
sues needs to be disclosed to meet the information demand of stake-
holders (Dawkins and Fraas, 2011).

However, prior literature failed to consider the reverse causation
from organizational visibility to environmental information disclosure
and primarily explored the effect of environmental information disclo-
sure on organizational visibility. According to voluntary disclosure the-
ory and signaling theory, firms with better environmental performance
prefer to disclose more information to distinguish them with poor
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environmental performance firms (Lemma et al., 2019). As a strategic
choice, environmental information disclosure releases the signal that
enterprises are actively fulfilling social responsibility to the product
and investment market, leaving a good impression on consumers and
investors to gain a competitive advantage. Analysts are more likely to
follow firms with a great level and better quality of information disclo-
sure, and analysts would prefer to deliver the information to investors
in an understandable language (Amores-Salvado et al., 2014). In emerg-
ing countries such as China,where the problemof information asymme-
try is serious, analysts play an important intermediary role between
investors and firms. When the relevant information is disclosed, ana-
lysts could use the information to reduce the information distance be-
tween firms and investors and increase organizational visibility. Thus,
when facing increasing demands for firms' environmental information,
environmental information disclosure first attracts analysts' concerns.
In other words, environmental information disclosure could improve
firm visibility. Hence, the following was proposed:

Hypothesis 1. Environmental information disclosure is positively re-
lated to visibility.
2.3. Visibility and firm financial performance

Visible firmsmore easily attract attention from various stakeholders
and are driven to engage in sustainability (Schreck and Raithel, 2018).
Higher visibility draws more attention from regulatory stakeholders to
judge whether the environmental information disclosure meets the
standards formulated by the government. The behavior of firms with
high visibility meets the expectations of stakeholders, which indicates
that firms obtain legitimacy and a high standard of firm citizenship.
Thus, they can more easily to access financial capital and preferential
political support after establishing relationships with multiple regula-
tory stakeholders (Zhao, 2012). Thus, firm financial performance can
be improved.

In addition, visible firms could attract more attention from investors
and create a clear prediction aboutfirmprospects.With the reduction of
information asymmetry, investors could better evaluate firm financial
performance and reduce the return on investment because the stock
risk premium is effectively cured. Previous studies also indicated that
organizational visibility could reduce the cost of equity, which can im-
prove the firm's financial performance (Yao and Liang, 2019). Further,
under higher levels of scrutiny from external stakeholders, visible
firms could reduce the cash flow to managers and controlling share-
holders,whichultimately decreases agency costs and increasesfinancial
performance. In addition, empirical evidence suggested that visibility
moderates the effect of green CSR on innovation (Wu et al., 2018).
When visible firms receive broad attention from stakeholders, they
have more channels to obtain knowledge and facilitate the translation
of green CSR into innovation using involuntary knowledge flows, subse-
quently improving firm financial performance (Wu et al., 2018). Given
the reduction in equity cost and agency cost and easy access to more fi-
nancial and political resources, visibility could improve firm financial
performance. Hence, the second hypothesis was proposed:

Hypothesis 2. Visibility is positively associated with firm financial
performance.
2.4. Environmental information disclosure and liquidity

According to information disclosure theory, the functioning of effi-
cient capital markets is based on firm information disclosure
(Armstrong et al., 2011). Previous studies demonstrated that asymmet-
ric information caused by insufficient information disclosure leads to
the problem of adverse selection (An et al., 2011).Whenmarketmakers
and other participants lack relevant trading information, they may
suffer losses and reduce willingness to trade (He et al., 2013). As the
market liquidity decreases, market transaction costs will increase,
which subsequently leads to the increase in firm equity capital cost. In-
formation disclosure is an effective method to decrease information
asymmetry. Therefore, firms that disclose more information can main-
tain market efficiency and increase liquidity.

From the perspective of legitimacy theory, firmswould prefer to dis-
close more environmental information to obtain legitimacy (Aragon-
Correa et al., 2016). Investors are more likely to purchase shares of
firms that disclosemore environmental information due to the small le-
gitimacy risk or high transparency of environmental information. The
increasing tradingdemand can improve afirm's stock liquidity. Previous
studies also indicated that information disclosuremitigates information
asymmetry and improves liquidity in the secondmarket (Goldstein and
Yang, 2017). Therefore, it was plausible to assume that environmental
information disclosure can improve liquidity.

Hypothesis 3. Environmental information disclosure is positively re-
lated to liquidity.
2.5. Liquidity and firm financial performance

Most previous studies agree that liquidity is positively associated
with firm financial performance. Liquidity promotes a firm's perfor-
mance by increasing monitoring and reducing agency costs. Investors
aremore likely to accumulate a large number of stocks when the liquid-
ity of the stock is better (Norli et al., 2014). As block stockholders, more
firm monitoring activities could reduce agency costs and stimulate
managers to promote firm financial performance. Facing tremendous
pressures and strong threats of institutional investors withdrawing
from the liquidity market, managers must work hard to improve finan-
cial performance, especially when their salaries are linked to the stock
price (Edmans and Manso, 2010).

In addition, liquidity has a positive impact on firm financial perfor-
mance through informative price and performance-sensitive manage-
rial compensation (Fang et al., 2009). Liquidity affects corporate
performance by influencing the response of the capital market and cor-
porate governance. Companies with high stock liquidity participate in
extreme tax avoidance and the impact of stock liquidity on tax avoid-
ance is of economic significance (Chen et al., 2019). Li et al. (2012)
showed that liquidity enhances corporate governance and improves
firm valuation. Thus, the following was hypothesized:

Hypothesis 4. Liquidity is positively associated with firm financial
performance.
2.6. Environmental information disclosure and firm financial performance

Environmental information disclosure affects firm financial perfor-
mance in many ways. According to information disclosure theory,
firms with more information disclosure have better stock liquidity,
which further reduces transaction and capital costs and increases finan-
cial performance (Bidhari et al., 2013). Investors would prefer to pur-
chase the stocks with more credible information disclosure to reduce
thepotential risks. Therefore, the necessary rate of return on investment
required by investors is decreased, and the cost of capital is reduced,
which subsequently leads to the increase in financial performance.
Based on the same logic, as the content and degree of environmental in-
formation disclosure increase, stock liquidity will also increase, which
subsequently improves financial performance.

Firms can increase their visibility by disclosing more environmental
information. For visible firms, investors are more likely to buy their
stocks and increase trading volume, and the customers are more likely
to patronize and buy products or services from these firms that go
green (Song et al., 2019a). Other firms are willing to cooperate with
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the firms that perform in an environmentally responsible manner. All
these responses fromoutside stakeholders lead to superior sales and ul-
timately improve firm financial performance. Moreover, visible firms
more easily attract attention and strict supervision from external stake-
holders,which subsequently reduces agency costs through cash flow ef-
fects and increases firm financial performance. Thus, environmental
information disclosure positively influences visibility, which subse-
quently leads to increased financial performance. Therefore, the follow-
ing hypotheses can be proposed:

Hypothesis 5. Environmental information disclosure is positively cor-
related with firm financial performance via visibility and liquidity.

Hypothesis 5a. Visibility mediates the relationship between environ-
mental information disclosure and firm financial performance.

Hypothesis 5b. Liquidity mediates the relationship between environ-
mental information disclosure and firm financial performance.

The research framework is presented in Fig. 1.
3. Research methodology

3.1. Data collection and the sample

The research sample was obtained from Chinese Stock “A” markets
(Shanghai Stock Exchange and Shenzhen Stock Exchange). Most prior
studies, which have explored themotivation of environmental informa-
tion disclosure or examined the impact of environmental information
disclosure onfinancial performance, often selectedmanufacturing listed
firms as the research samples (Liu and Zhang, 2017; Zhang, 2017). This
sample was chosen because manufacturing firms cause more environ-
mental problems than any other industries and should be responsible
for environmental pollution (Zhang, 2017). Hence, the current research
also selected manufacturing firms from Chinese Stock “A” markets as
the research samples. We also included other industries in the sample
to examine whether the relationship exists in wider industry scope.

Environmental information disclosure data were gathered from an-
nual reports, separate CSR reports, sustainability reports and environ-
mental reports of listed firms through content analysis. Data on firms'
liquidity and visibility and other financial data were collected from the
China Stock Market and Accounting Research database (CSMAR). The
time range of the datawas from2013 to 2017. Firms that have been spe-
cially treated (markedwith ST,*ST, or PT)were deleted from the sample
to avoid the abnormal data of financial performance and environmental
information disclosure. Additionally, firms with incomplete data on re-
search variableswere also removed from the sample. Finally, the sample
included 289 listed firms, and 1054 firm-year observations were
obtained.
Fig. 1. Theoretical rese
3.2. Measures

3.2.1. Dependent variable
Return on equity (ROE) was used to gauge firm financial perfor-

mance, and return on assets (ROA) was used to implement robustness
tests. ROE represents the effective use of the total equity and is also an
indicator of the profit generated in each unit of investment in equity
(Villalonga et al., 2019). ROA and ROE are frequently used to evaluate
firm financial performance (Villalonga et al., 2019). Further, ROA and
ROE are also widely used to measure financial performance in studies
related to CSR and environmental information disclosure (Wang et al.,
2015). Hence, ROA and ROE were used to measure financial perfor-
mance in the current research.
3.2.2. Independent and mediating variables

3.2.2.1. Environmental information disclosure (EID). According to existing
studies, EID ismeasured byfirm's environmental disclosure content and
degree (Beck et al., 2010). Early scholars measure the level of EID by
using the total number of sentences related to environmental informa-
tion in annual report or even the number of words (Gray et al., 2001). In
recent years, an information disclosure scoring method based on con-
tent analysis has frequently been employed in EID research (Liu and
Zhang, 2017; Zou et al., 2019).

EID could be divided into two categories: voluntary and compulsory.
Mandatory EID is based on national legal regulations, which vary across
countries (Gray et al., 2001). The Shanghai Stock Exchange formulated
the Guidelines for Environmental Information Disclosure of Listed Com-
panies, which encouraged listed firms to reveal environmental informa-
tion associated with investment and finance, in 2008. The Ministry of
Ecology and Environment (MEP) has released the Guidelines for Envi-
ronmental Information Disclosure of Listed Companies in 2010. Based
on the regulations of MEP, Shanghai Stock Exchange regulations and
other literature (Dias et al., 2017; Katmon et al., 2017; Zhang, 2017), a
13-item list to measure the content and level of EID was constructed.

We quantified the level of EID using an indexing technique that clas-
sified environmental information as monetary or quantitative-related
and non-monetary or qualitative-related information (Katmon et al.,
2017). Each indicator is rated on a 4-point scale between 0 and 3 (0 in-
dicates no environmental information, 1 means only general environ-
mental information is disclosed, 2 means specific but not non-
monetary or qualitative environmental information is disclosed and 3
indicates monetary or quantitative environmental information is
disclosed).The EID data were gathered manually from annual reports
of listed firms, corporate social responsibility reports and sustainable
development reports. We summed the annual scores of each firm for
all items and obtained the scores of each sample. The total score of EID
arch framework.



Table 1
Variable definitions.

Variables Names Symbols Definitions

Dependent variable Financial performance ROE It measured as net income to equity
Independent
variable

Environmental information
disclosure

EID Standardized score of EID quality

Mediating variables Visibility Analyst coverage NOA The number of analysts making recommendations for a stock and reports
NOR The number of reports related to the target firms

Institutional
shareholders

INST The percentage of outstanding shares held by institutional investors

Liquidity Amihud AMI Amihud indicator
Zeros ZEROS The percentage of trading days with zero returns in the fiscal year

Control variables

Industry IND It takes the value of 1 if the firm belongs to environmentally sensitive industries and 0 otherwise

Firm size
EMPL The number of employees
EQUITY The book value of equity

Financial leverage LEVEL It is measured by the ratio of firm's year-end asset-liability
Ownership structure HLD It takes the value of 1 for state-owned firms and 0 for others
The quality of financial report BIG4 It takes the value of 1 if the financial report is audited by one of the big four audit firms and 0 otherwise

Table 2
Results of descriptive analysis.

Variables Mean S.D. Min Max Skewness Kurtosis

EID 14.622 6.093 0.000 32.000 0.081 2.548
ROE 0.085 0.055 −0.058 0.293 0.531 3.130
NOA 9.509 8.971 0.000 48.000 1.126 3.978
NOR 20.469 23.193 0.000 134.000 1.745 6.532
INST 4.638 3.963 0.000 21.520 1.246 4.693
AMI 0.020 0.016 0.001 0.092 1.437 5.018
ZEROS 0.028 0.022 0.000 0.130 1.312 4.861
IND 0.315 0.465 0.000 1.000 0.797 1.635
EMPL 13,852.730 28,039.020 40.000 291,149.000 5.434 40.420
EQUITY 1.01E+10 1.67E+10 4.90E+08 1.64E+11 4.635 31.737
LEVEL 0.512 0.190 0.037 0.940 −0.203 2.356
HLD 0.624 0.485 0.000 1.000 −0.513 1.263
BIG4 0.157 0.364 0.000 1.000 1.890 4.573
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for firm i in year t is noted as follows:

EIDit ¼ ∑n
j¼1SCIDijt

where SCIDijt is the score of the jth component of EID for firm i in year t,
and EIDit is the total score of firm i in year t, in which j= 1,2,…,13 and
t = 2013,2014, …,2017. Higher score indicates great degree of EID.

3.2.2.2. Visibility.Visibility was a latent variable that cannot bemeasured
directly, and scholars often used other observable variables to measure
it. Early research adopted firm size to measure visibility, while later
scholars found that firm size captures more information than visibility
itself (Puck et al., 2013). Thus, it was inappropriate to use firm size to
measure visibility. According to the definition of visibility and based
on recent studies (Schreck and Raithel, 2018), the current study used
analyst coverage and institutional ownership (INST) to measure
visibility.

Institutions prefer more visible stocks because they are more liquid
and less risky (Hassan, 2018). According to the stock exchange rules, in-
stitutions holding N5% of the shares are required to disclose this infor-
mation in the interim report. The change of institutional shareholders'
share and the proportion of shareholdings will attract more attention
from the other investors, especially individual investors. Therefore, in-
stitutional ownership could reflect visibility.

We measured analyst coverage using the number of analysts (NOA)
and the number of reports related to the target firms (NOR). Regarding
information intermediaries, analysts first collect and analyze informa-
tion and then produce and distribute reports to audience. Recommen-
dations of analysts in the report affect investor's expectations and act
as a proxy for a market's belief. Analysts increase the demand for com-
mon shares through reporting information of firms they followed, in-
corporating them into industrial reports, or comparing them with
larger firms in their industries, further increasing the visibility of
firms. Prior literature provided evidence that small firms enhance
their visibility by hiring professionals related to investors to recommend
their stocks to analysts (Bushee and Miller, 2012).

3.2.2.3. Liquidity.We used two equity market indicators from CRMAR to
gauge liquidity. The first indicator is the Amihud indicator constructed
by Amihud (2002), which is extensively used in studies related to li-
quidity and information disclosure (Egginton and McBrayer, 2019).
The second is Zeros, which is an indicator that measures the percentage
of trading days with zero returns in the fiscal year (Atanasova and Li,
2018). The Zeros indicator was also usedwidely in the literature related
to stock liquidity (Atanasova and Li, 2018; Brogaard et al., 2017). Lower
Amihud and Zeros values indicated a higher level of equity liquidity.
3.2.3. Control variables
To eliminate possible confounding effects, the current study consid-

ered a wider range of control variables, which have been generally used
in prior studies and have confirmed effects on firm financial perfor-
mance, including firm size (Zeng et al., 2012), financial leverage, indus-
try, ownership structure and the quality of financial report (Big
4) (Hassan, 2018).

Large firms have more resources and greater competitive advan-
tages in the market and more easily achieve better performance
(Bernard et al., 2019). Large firms receive more attention from the pub-
lic, and pressures to implement EID and achieve better financial perfor-
mance are greater. Firm size is judged by the quantity of staff and the
book value of equity.

Financial leverage is a symbol of financial risk in firms and affects the
decision-making of important stakeholders (Xu et al., 2016). Firms are
vulnerable to financial burdens. Firms with high financial leverage are
more prone to lose market shares, which could reduce profitability, fi-
nancial performance and market value. Financial leverage is gauged by
the proportion of a firm's year-end asset-liability (Xu et al., 2016).

Industry has been suggested as a factor that affects environmental
and financial performance (Lucato et al., 2017). Firms in heavy polluting
industries are facing more institutional pressures and should increase
investments in environmental protection. Previous studies showed
that industry differentiationmoderates the relationship between corpo-
rate social responsibility and financial performance (Baird et al., 2012).
Industry type is a dummy variable that takes the value of 1 if an enter-
prise belongs to environmentally sensitive industries and 0 otherwise.
The classification of environmentally sensitive industries referenced
the regulations of the National Environmental Protection Bureau and
was adjusted based on Industry Classification Guidance of Listed



Table 3
Pearson's correlation matrix.

Variables EID ROE NOA NOR INST AMI ZEROS IND EMPL EQUITY LEVEL HLD BIG4

EID 1
ROE 0.185** 1
NOA 0.179** 0.475*** 1
NOR 0.159** 0.474*** 0.944*** 1
INST −0.020 0.171*** 0.283*** 0.277*** 1
AMI −0.186** −0.227*** −0.332*** −0.310*** −0.122** 1
ZEROS −0.085** −0.131*** −0.171*** −0.163*** −0.096** 0.223** 1
IND 0.116*** −0.008 −0.019 −0.052* 0.047 0.047 −0.027 1
EMPL 0.239** 0.125*** 0.276*** 0.277*** −0.006 −0.259** 0.009 −0.109** 1
EQUITY 0.248** 0.217*** 0.324*** 0.341*** 0.015 −0.315** 0.068** −0.022 0.711** 1
LEVEL −0.036 0.0490 0.011 0.023 −0.005 0.026 0.245** −0.164** 0.205** 0.165** 1
HLD 0.016 −0.125*** −0.102*** −0.107*** −0.192** −0.043 −0.009 −0.014 0.079** 0.157** 0.0150 1
BIG4 0.270** 0.169*** 0.158*** 0.161*** −0.087** −0.153** −0.011 −0.005 0.402** 0.491** 0.079* 0.178* 1
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Companies issued. The following are environmentally sensitive indus-
tries: mining, food and beverages, textiles, paper making and printing,
water production and supply, construction, medicine and biological
products, chemistry and plastics, metal and nonmetal mining, electric
power, petroleum and coal gas.

Chinese firms can be distinguished into state firms and private
firms. Different ownership causes various responses to government
regulation of EID (Zeng et al., 2012). Previous studies indicated that
state-owned firms obtain more support to implement EID, and EID
behavior is more likely to translate into performance (Zeng et al.,
2012). Ownership structure takes the value of 1 for state-owned
firms and 0 for others.

Financial reporting quality influences firm financial performance
(Aldamen et al., 2012). Big 4 is used to measure the financial report
quality. The value is 1 if the firm financial report is audited by one of
the big four accounting firms, and 0 otherwise.

Definitions, abbreviations and descriptions of major variables are
presented in Table 1.

4. Results

4.1. Descriptive analysis

Table 2 presents the results of descriptive analysis of 1054 firm-year
observations. The results indicate that the average value of EID for all
observations was 14.622, and the percentage of firms with disclosure
Table 4
The effects of EID, visibility and liquidity on ROE.

Variables ROE

Model1 Model2 Model3 Model4

1. Control variables
IND −0.006 −0.017 0.002 −0.005
EMPL −0.056* −0.069** −0.086** −0.093**
EQUITY 0.158*** 0.152*** 0.073* 0.070*
LEVEL 0.010 0.016 0.040 0.042*
HLD −0.103*** −0.100*** −0.065** −0.063**
BIG4 0.068* 0.052 0.065* 0.055

2. Independent variable
EID 0.097*** 0.064**

3. Mediating variables
NOA 0.122* 0.111*
NOR 0.141** 0.148**
INST 0.024 0.0282
AMI −0.080** −0.076**
ZEROS −0.065** −0.060**
Constant 0.029 0.050 0.037 0.051
Year Yes Yes Yes Yes
R-squared 0.092 0.109 0.273 0.281
Observations 1054 1054 1054 1054

Note: *** p b 0.001, ** p b 0.05, * p b 0.01.
scores less than10 points was 26%, indicating that the level of EID in
China is not high. This finding is consistent with previous studies that
suggested that the extent of EID in China is insufficient (Meng et al.,
2019). The average firm in the sample is followed by 10 financial ana-
lysts, and 20 analysis reports are published a year. The average propor-
tion of institutional ownership is 4.638%, the average number of
employees is 13,853, and the financial leverage rate is 51.2%. Approxi-
mately 31.5% firms belong to heavy pollution industries, and only
15.7% firms are audited by Big 4.

Pearson's correlation coefficients are reported in Table 3. The data
demonstrate that firms that disclose more environmental information
have more analyst coverage (NOA and NOR), and their financial perfor-
mance (ROE) is considerably improved. Firms with more visibility
(NOA, NOR and INST) and liquidity (AMI and ZEROS) always perform
better (ROE). Nonetheless, these outcomes only show the pair wise cor-
relations between variables, and multiple regression analysis may pro-
duce different results. Table 3 also demonstrates that the correlation
coefficients among independent, mediating and control variables are
b0.70, indicating that the multicollinearity problem is not serious
(Zeng et al., 2012).

4.2. Regression analysis

Table 4 provides the results of themultiple regression analysis. Only
control variables and dependent variables are employed in Model 1.An
explanatory variable (EID)was added to test themain effect inModel 2.
The results indicate that EID is positively related to ROE (β = 0.097,
p b 0.001), which supports H5. Model 3 presented the effects of mediat-
ing variables on the dependent variable. The results demonstrate that
NOA (β=0.122, p b 0.01) and NOR (β=0.141, p b 0.05) are positively
related to ROE, while INST has no remarkable effect on ROE (β=0.024,
p N 0.01). Hence, H2 was partially supported. AMI (β = −0.080,
p b 0.05) and ZEROS (β = −0.060, p b 0.05) are negatively related to
ROE, which supports H4.1

Models 5 to 7 examined the effect of EID on visibility. The effects of
EID on NOA (β=0.107, p b 0.05) and NOR (β=0.081, p b 0.01) are sig-
nificant, while the effect on INST (β=−0.024, p N 0.1) is not significant.
Thus, H1 was partially supported. Models 8 and 9 examined the effect
EID on liquidity. The effect of EID on AMI (β = −0.066, p b 0.05) and
ZEROS (β = −0.075, p b 0.05) are significant, thus supporting H3.
(See Table 5.)

4.3. Mediating effect analysis

To test themediating effects of visibility and liquidity, we conducted
a Sobel-Goodman test (Table 6). The results indicated that NOA (b =
0.0004, z = 3.1160, p b 0.01), NOR (b = 0.0003, z = 2.4990, p b 0.05),
1 The lower the AMI and ZERO values are, the higher the liquidity value.



Table 7
Bootstrap test for mediating effect analysis.

Mediator Observed coefficient S.E. Z-value LL 95% CI UL 95%CI

NOA 0.029 0.009 3.080 0.013 0.049
NOR 0.023 0.009 2.470 0.007 0.043
INST −0.002 0.004 −0.550 −0.010 0.005
AMI 0.013 0.004 3.610 0.007 0.021
ZEROS 0.008 0.003 2.370 0.002 0.016

Note: LL = lower limit, UL = upper limit and CI = confidence interval.

Table 5
The effects of EID on visibility and liquidity.

Variables NOA NOR INST AMI ZEROS

Model5 Model6 Model7 Model8 Model9

1. Control variables
IND −0.023 −0.049 0.038 0.036 0.012
EMPL 0.069 0.039 −0.015 −0.071* −0.091**
EQUITY 0.273*** 0.294*** 0.087 −0.178*** 0.134**
LEVEL −0.044 −0.037 0.001 0.055* 0.193***
HLD −0.135*** −0.136*** −0.143*** −0.010 −0.018
BIG4 −0.007 −0.006 −0.074* 0.011 −0.026

2. Independent variable
EID 0.107** 0.081* −0.024 −0.066** −0.075**
Constant 0.144** 0.054 −0.107* 0.378*** −0.103*
Year Yes Yes Yes Yes Yes
R-squared 0.178 0.171 0.057 0.263 0.226
Observations 1054 1054 1054 1054 1054

Note: *** p b 0.001, ** p b 0.05, * p b 0.01.
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AMI (b = 0.0002, z = 3.0950, p b 0.01) and ZEROS (b = 0.0001, z =
2.2210, p b 0.05) are significant and partially mediate the effect of EID
on ROE, while INST (b = 0.0000, z = 2.4990, p N 0.1) is not significant.

Moreover, bootstrap test analysis was also performed to examine
the mediating effect. Table 7 presents the multi mediator model results
with 1000 bootstrapped samples. Bootstrap test confirmed that NOA
(SE = 0.009, CI = [0.013,0.049]), NOR (SE = 0.009, CI =
[0.007,0.043]), AMI (SE = 0.004, CI = [0.007,0.021]) and ZEROS
(SE=0.008, CI= [0.002,0.016]) playmediating roles in the relationship
between EID and ROE, while INST (SE = 0.004, CI = [−0.010,0.005])
has no mediating effect. Therefore, H5a was partially supported, and
H5b was fully supported.
4.4. Robustness test

4.4.1. Endogeneity
The two-stage least squares method was used to address the

endogeneity problem. EID with one lag period (LEID), which is used as
an instrumental variable, was used to estimate the two-stage least
squares model. It is generally agreed that firm financial performance
in the current period would not be affected by the lag EID, while the
lag EID would affect the current period EID because EID is traditionally
considered as a variable with inertia. The Hausman specification test in-
dicated that the endogenous problems are not serious, and it is effective
to use the ordinary least squares method (OLS) rather than the instru-
mental variables method (IV).
Table 6
The results of Sobel-Goodman test analysis.

Variables Test Coef Std Err Z P N Z

NOA
Sobel 0.0004 0.0001 3.1160 0.0018
Goodman-1(Aroian) 0.0004 0.0001 3.1100 0.0019
Goodman-2 0.0004 0.0001 3.1230 0.0018

NOR
Sobel 0.0003 0.0001 2.4990 0.0124
Goodman-1(Aroian) 0.0003 0.0001 2.4940 0.0126
Goodman-2 0.0003 0.0001 2.5050 0.0122

INST
Sobel 0.0000 0.0000 −0.5902 0.5550
Goodman-1(Aroian) 0.0000 0.0000 −0.5795 0.5623
Goodman-2 0.0000 0.0000 −0.6016 0.5474

AMI
Sobel 0.0002 0.0001 3.0950 0.0020
Goodman-1(Aroian) 0.0002 0.0001 3.0610 0.0022
Goodman-2 0.0002 0.0001 3.1310 0.0017

ZEROS
Sobel 0.0001 0.0000 2.2210 0.0263
Goodman-1(Aroian) 0.0001 0.0000 2.1870 0.0287
Goodman-2 0.0001 0.0000 2.2560 0.0241
4.4.2. Alternative measure of firm financial performance
To ensure the benchmark results were not affected by other indica-

tors tomeasure corporatefinancial performance, this study used ROA to
measure financial performance and then conducted the estimation fol-
lowing a prior study (Qiu et al., 2016). Results indicated that the re-
search findings were robust.2

4.4.3. Further testing
Analysts act as a bridge between firms and investors. Analysts de-

liver environmental information that is disclosed by firms to investors.
Then, investors' stock trading affect liquidity and further affect firm fi-
nancial performance. A prior study also indicated that more attention
from retail investors could improve stock liquidity (Ding and Hou,
2015). Therefore, we considered that liquidity may mediate the rela-
tionship between visibility and financial performance. Hence, Sobel-
Goodman and bootstrap tests were conducted to test this hypothesis.
The results indicated that a mediating effect exists.3

5. Discussions and practical implications

5.1. Discussion of the research results

This research explored the effect of environmental information dis-
closure onfinancial performance. In addition,we also examined theme-
diating effects of visibility and liquidity. The results revealed that
environmental information disclosure has a positive relation with fi-
nancial performance. This result is consistent with voluntary disclosure
theory, and firms disclose more environmental information to obtain
economic benefits rather than to respond to institutional pressure
(Minutolo et al., 2019). This finding is consistent with prior studies
(Hassan, 2018; Lemma et al., 2019; Xie et al., 2019) that revel a higher
degree of environment information disclosure is associated with better
firm performance; these results are contrary to the research findings of
Qiu et al. (2016) and Liu and Zhang (2017), who suggested that there is
no or a negative correlation between environmental information disclo-
sure and financial performance. Some possible reasons for the current
research findings can be explained as follows. First, by disclosing envi-
ronmental information, firms could gain many intangible benefits,
such as better brands, increased sales in the product market and lower
financing costs in the stockmarket, whichwould improve financial per-
formance (Ye and Zhang, 2011). Second, many visible and direct bene-
fits, such as government subsidies and tax deduction related to
environmental protection, can also improve financial performance
(Meng et al., 2019).

Furthermore, this research adopted three indicators (number of an-
alysts, number of reports and institutional ownership) to measure visi-
bility. However, they played different roles in the relationship between
environmental information disclosure and financial performance. Spe-
cifically, the number of analysts and the number of reports mediate
the relationship between environmental information disclosure and fi-
nancial performance. Valuable information is especially important for
2 Results are not presented but are available upon request.
3 Results are not shown but are provided upon request.
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investors in this information explosion era. Analysts act as a bridge be-
tweenfirms and investors. The analysts collected and analyzed the valu-
able environmental information disclosed by firms and incorporated
this information into industrial research reports, which were distrib-
uted to investors and subsequently affected their decision-making
(Wang, 2017). The findings of further tests also provided evidence for
this conclusion. Furthermore, these reports also affected the capital
cost, valuation and market evaluation of firms, and they ultimately af-
fected the firm financial performance. Hence, the number of analysts
and the number of reports mediate the impact of environmental infor-
mation disclosure on financial performance. However, institutional
ownership has nomediating effect between environmental information
disclosure and financial performance. One of the possible reasons may
be that institutional shareholding is more strategic rather than focusing
on short-term profitability. The increase in environmental information
disclosure in a short time does not attract the attention of institutional
investors; however, environmental information disclosure is conducive
to the realization of corporate value in the long run (Liu and Zhang,
2017). Moreover, the proportion of institutional shareholding is gener-
ally large, and increases and decreases in institutional shareholding
need to be announced, which is not conducive to the flexible change
in the proportion of institutional shareholding with the change in envi-
ronmental information disclosure.

In addition, this research also suggested that liquidity mediates the
relationship between environmental information disclosure and finan-
cial performance. The improvement of liquidity associated with the in-
creased disclosure of environmental information reduces information
asymmetry and eventually makes financial markets more equitable
(Egginton andMcBrayer, 2019). In an equitable stock market, investors
would prefer to accumulate liquid stock and increase firm scrutiny. The
reduction of trade costwith less information asymmetry and thedecline
in principal-agent cost with more scrutiny ultimately improves firm fi-
nancial performance.

Further tests showed that liquidity mediates the relationship be-
tween analyst coverage and financial performance. This finding was
consistent with Luo et al. (2015) and revealed that analysts' behaviors
affect investors' decision-making. Investors preferred to purchase
stocks with more analyst coverage, which subsequently increased li-
quidity and then affected financial performance. In other words, the ef-
fect of analysts on financial performance partly occurs through liquidity,
and analysts play an important role in reducing information asymmetry
between investors and firms.

5.2. Practical implications

The results have several realistic implications for supervisory institu-
tion. First, the results indicated that more environmental information
disclosure could lead to better financial performance. Prior research in-
dicated that individual efforts are weak and need to build a joint gover-
nance system (Zhang et al., 2019a). Therefore, regulators should
consider designing amechanism to stimulate firms to disclosemore en-
vironmental information and achieve a win-win situation for all stake-
holders. For example, they can perfect market mechanisms to
encourage analysts to follow firms, which disclosuremore environmen-
tal information. Second, as a communication tool between companies
and stakeholders, environmental information disclosure reduces infor-
mation asymmetry and capital cost (Yu et al., 2018). It is also important
that governments or non-governmental organizations establish a plat-
form to collect these reports. These reports provided by the platform
should be available to the public, consumers, investors, researchers
and other stakeholders. Stakeholders could supervise firms' environ-
mental practices and reduce agency problems. These measures will
help to establish a virtuous circle between environmental information
disclosure and firm financial performance.

This research also provided implications for managers. Managers
need to realize the importance of disclosing more environmental
information if they want to achieve better financial performance.
These findings help executives to achieve sustainable development
andmake important cost-benefit trade-offs in disclosing environmental
information (Lemma et al., 2019). Given that the average level of envi-
ronmental information disclosure is lower in Chinese manufacturing
firms,firms havemore room to improve the extent of environmental in-
formation disclosure and enhance financial performance. In addition, it
is worth noting that as a management tool, an environmental informa-
tion disclosure strategy can be used to improve visibility and liquidity.
Managers could meet financial analysts and present them with the
disclosed environmental information to improve visibility and financial
performance. Finally, managers could provide effective and adequate
communication with analysts and release information to investors,
which would promote the trade of stocks and ultimately reduce finan-
cial costs. Then,managers will be able to capitalize on amore liquid sec-
ondary market to achieve better financial performance (Egginton and
McBrayer, 2019).
6. Conclusions, limitations and future research directions

As environmental problems become increasingly serious, more
stakeholders are concerned about the influence of business activities
on the environment and the level of corporate environmental responsi-
bility fulfillment. This research examined the impact of environmental
information discourse on firm financial performance and explored the
mediating effects of visibility and liquidity using a sample of 1054
firm-year observations from 2013 to 2017. The ordinary least
squares method was employed to address the relationship, and the
Sobel-Goodman test and bootstrap test were used to examine the
mediating effects. The results indicated that environmental informa-
tion discourse has a significant and positive effect on financial per-
formance after considering control variables. Further, this research
examined the mediating effects of visibility (number of analysts,
number of reports and institutional ownership) and liquidity. The
findings indicated that the number of analysts, the number of reports
and liquidity mediate the relationship between environmental infor-
mation discourse and financial performance, while institutional
ownership has no mediating effect. The current research highlighted
the significance of environmental information discourse, enriched
our understanding about how environmental information discourse
affects financial performance and provided practical implications for
regulators and mangers.

Although the current research is interesting and meaningful, it has
certain limitations. First, the channels throughwhich environmental in-
formation disclosure affects firm financial performance are varied, and
we only considered two mediating variables from the capital market
perspective. Future studies could explore the mediating effects of
more variables; for example, prior research explored how going green
promotes innovation, and consumers tend to buy green products,
which improve financial performance (Loncar et al., 2019). Second,
this research is based in China. The results may have practical implica-
tions for developing countries but may not be applicable to other devel-
oped countries. In other countries with different cultural atmospheres
and economic systems, the interpretation of these results should be per-
formed carefully, and further tests are needed in the future. Finally, the
sample of this research ismainly obtained from large listedfirms. Future
studies could expand this research byusing samples from small andme-
dium firms. In addition, other proxies for environmental information
disclosure, visibility and liquidity could be applied to small andmedium
firms since these firmsmay not publish environmental reports, and the
currentmeasurements of visibility and liquidity are inappropriate, espe-
cially for non-listed small and medium companies. It would be mean-
ingful to replicate this study using large-scale data as well as other
proxies for variables to assess the consistency of these results in subse-
quent studies.
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