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Abstract
This paper examines the impact of board characteristics on environmental accounting information disclosure for listed mining
companies in China. Board characteristics were categorized into board size, independence characteristics, diversity characteris-
tics, behavioral characteristics, and incentive characteristics. The study further extended to analyze the impact of board charac-
teristics on environmental disclosure before and after the promulgation of Environmental Information Disclosure Degree (EIDD).
Using multiple regression analysis with a sample of 34 listed mining companies from both Shanghai and Shenzhen Stock
Exchanges covering 2000–2018 period, we find a significant positive correlation between board size and Environmental
Accounting Disclosure Index (EADI). Also, board independence measured by independent directors and the separation of the
chief executive officer from board chairman revealed a positive and significant relationship with EADI. Similarly, behavioral
characteristics measured by board meeting were positively correlated with EADI at 1% significant level. In terms of diversity
characteristics, both females on board and foreign nationals revealed a negative and insignificant relationship with EADI, while
incentive characteristics saw an inconclusive correlation with EADI. Our findings are useful to top managers and regulators who
are interested in improving corporate governance practices and environmental information disclosure.
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Introduction

After China’s accession to the World Trade Organization
(WTO), its links with the world have become closer, and the
degree of openness has continued to deepen. China is current-
ly implementing the strategy of going global, and environ-
mental issues have become a key issue that constrains the
implementation of this strategy (Epstein 2018; Yang 2006).

With the rapid development of the social economy, the
demand for natural resources is increasing, and some enter-
prises are achieving economic goals regardless of the needs of

the ecological environment. The discharge of pollutants into
nature as a result of resource extraction has severely damaged
the natural environment, such as the atmospheric environment
(Zeng et al. 2010) and the water environment (Tietenberg and
Lewis 2016). The degree of damage caused by corporate ac-
tivities has exceeded the natural ability to repair. The mining
industry has long been criticized for its adverse environmental
impact in terms of waste management (Zhang andWen 2008),
inadequate rehabilitation, and the large greenhouse gas emis-
sion resulted from the extraction of inferior grades of ores
(Shen et al. 2015).

At present, the Chinese government has attached great im-
portance to the increasingly severe environmental challenges
caused by economic activities. During the 18th National
Congress of the Communist Party in China, emphases were
made on the construction of ecological civilization, the en-
hancement of green water and green hills, and insist on saving
resources and protecting the environment (Goron 2018).
Aside from the emphasis made on the importance of economic
and ecological environment, each year, companies that are
environmental friendly are selected and awarded.
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China’s announcement on the Disclosure of Corporate
Environmental Information was issued in 2003 (Mol et al.
2011). Subsequently, in 2006, the Interim Measures for
Public Participation in Environmental Impact Assessment
was issued. In 2008, the “Measures for the Disclosure of
Environmental Information” was issued, in which it was sug-
gested that Chinese enterprises could proactively disclose en-
vironmental information. According to Zeng et al. (2010),
environmental information disclosure was made as a require-
ment for companies to disclose in May 2008 when the first
law on environmental protection was promulgated.

The purpose of this study is to analyze the relationship
between board characteristics and environmental accounting
information disclosure before and after the introduction of
laws regarding environmental disclosures. This study tries to
fill the literature gap on environmental disclosure for the min-
ing industry in China. In analyzing the impact of board char-
acteristics on environmental disclosure, most of the previous
studies used some board characteristic variables such as size,
independent directors, CEO duality, gender diversity, and for-
eign nationals on board. Other studies that tried to broaden
board characteristic variables ended up in selecting bit and
pieces of board characteristic variables. None of the previous
studies used all the board characteristic variables for their
study. The novelty in this study is to broaden the scope and
consider all the board characteristics in examining the rela-
tionship between board characteristics and environmental dis-
closure as China continues to advance in green accounting
reforms of ensuring both economic development and ecolog-
ical safety.

Literature review and hypotheses

Environmental accounting information disclosure

The United Nations Sustainable Development Branch
(UN-SDB) refers to environmental accounting as the inte-
gration of science and accounting practices (Yakhou and
Dorweiler 2004). The increase in environmental pollution
has resulted in more studies in this field. However, there is
no consensus on the concept of environmental accounting.
Some researchers have described environmental account-
ing as both macro and micro perspectives (Staniskis and
Stasiskiene 2006; Brammer and Pavelin 2008; Iatridis
2013). Macroscopically, environmental accounting mainly
uses currency or other non-monetary units to record.
Microscopically, environmental accounting is mainly re-
corded using accounting records the interaction between
corporate activities and environmental issues. Accounting
information refers to the record that the enterprise provides
to stakeholders through financial statements or notes.
Therefore, environmental accounting information is the

provision of environmental accounting to all stakeholders
of the enterprise. The distinction between “environmental
accounting information” and “environmental information”
is not so vast. The term is often associated with some forms
of money that can be measured as well as some text to give
more details about the company’s activities to protect the
ecology.

Board characteristics

Board size

The size of the board of directors refers to the number of
directors on the company’s board of directors (De Andres
and Vallelado 2008). China’s “Company Law” provides for
public directors should be in the range of 3 to 19 members
(Wang 2006).

Independence characteristics

The independence of the board of directors refers to the basis
for objective management decisions, evaluation, and supervi-
sion of the board of directors (Chen and Jaggi 2000). It is
mainly reflected in the following: (1) The status of the position
of chairman of the board of directors and the chief executive
officer (CEO) not occupied by the same person, (2) Higher
proportion of independent directors on the board of directors,
and (3) More independent directors on sub-committee of the
board.

Diversity characteristics

Diversity characteristics mainly reflect on the gender, age
range, nationality, educational background, and expertise of
board members. Gender diversity is generally known as the
proportion of board directors that are female. Most studies
suggest that gender diversity has a positive impact on infor-
mation disclosure (Liao et al. 2015; Ben-Amar et al. 2017; Li
et al. 2017). Van Ness et al. (2010) argued that younger board
members are more innovative and have a higher ability to
process new ideas and influence information disclosure.
Several governance guidelines support the appointment of
different nationalities on the board of directors (Cheng and
Courtenay 2016; Naciti 2019). The appointment of foreign
directors improves the quality of the decision-making in the
board as well as information disclosure (Van der Walt and
Ingley 2003). Board members’ expertise can be viewed from
board members who have served board term for other compa-
nies (Gul and Leung 2004), and board members who have a
professional qualification (Hashim and Abdul Rahman 2011).

Environ Sci Pollut Res



Behavioral characteristics

This feature usually includes the number of annual meetings,
the attendance rate of the meeting, and board stability (Gul
and Leung 2004). Aside from these aspects, Romano and
Nunamaker (2001) indicated that the ability of the board to
make a critical decision, such as replacing the incompetent
manager, is also part of behavioral characteristics.

Incentive characteristics

This feature refers to the status of the company’s incentive
mechanism for directors, mainly including annual remunera-
tion and shareholding proportions, bonuses, stock options,
and pension plans. Usually, only the first two items are
disclosed in listed companies in China (Goergen and
Renneboog 2011).

Board characteristics and environmental information
disclosure

According to stakeholder theory, an effective board of direc-
tors can supervise and control the management (Asay et al.
2018), minimize possible opportunistic behaviors (Naciti
2019), reduce information asymmetry (Husted and Sousa-
Filho 2019), and urge managers to perform management
duties and disclose the company’s information in a timely,
full, and accurate manner (Wang et al. 2012).

According to Jizi (2017), the small board has high produc-
tivity, more comfortable to respond to changing competitive
environments, and make quick decisions to improve company
performance. Through empirical tests, it is found that the size
of the board of directors is significantly positively correlated
with the disclosure of corporate environmental information
(Cucari et al. 2018).

Studies have shown that independent directors have played
a role in controlling the management’s interests against the
company for personal gain (Chen and Jaggi 2000; Naciti
2019). The greater the proportion of independent directors,
the higher the company’s voluntary disclosure of information.
Cucari et al. (2018) found that the number of independent
directors and the level of environmental information disclo-
sure are highly positive.

The expert committee of the board of directors also has an
impact on the quality of accounting information disclosure. In
most companies, the following expert committees are gener-
ally set up: executive committee, audit committee, environ-
mental committee, nominating committee, maintenance com-
mittee, and public policy committee (Zhang et al. 2007).
These committees help in the supervision of the activities of
the management. Researchers believe that the existence of
environmental and audit committee, which is dominated by
independent and professionals, helps in the accounting

information disclosure of the company (Bédard and
Gendron 2010). The establishment of the audit committee will
strengthen internal control, which is an effective regulatory
mechanism to improve information disclosure system (Kang
et al. 2007). Jizi (2017) found the independence and profes-
sional level of audit committee members and the quality of
accounting information are significantly positively correlated.

Board gender diversity is generally known as the propor-
tion of board directors that are female. Most studies suggest
that gender diversity has a positive impact on environmental
responsibility disclosure. Research of Husted and de Sousa-
Filho (2018) found that the proportion of independent direc-
tors on the board of directors and the proportion of female
directors both had a significant positive impact on the
company’s environmental information disclosure.

Several governance guidelines support the appointment of
different nationalities on the board of directors to reflect the
nationality diversity of their customers, employees, and stake-
holders. Companies with foreign directors tend to disclose
more information, including environmental information.
This is because the appointment of foreign directors improves
the quality of the decision-making on the board (Jizi 2017).

Also, the CEO and board chairman duality may reduce
disputes over rights and interests, and reduce agency
costs. In contrast, it weakens the supervisory role of the
board of directors and the situation of “self-monitoring
oneself.” CEO and board chairman duality results in the
disclosure of good news and reduces the level of environ-
mental accounting information disclosure (Kang et al.
2007).

Researchers generally believe that the quality of accounting
information disclosure often increases with a higher number
of board meetings. Empirical research of Andrikopoulos and
Kriklani (2013) found that the lesser board meetings, the
poorer the quality of accounting information. Empirical re-
search of Frias-Aceituno et al. (2013) found that the more
meetings the board held, the higher the transparency of infor-
mation disclosure. Research of Husted and de Sousa-Filho
(2018) shows that the number of board meetings and the qual-
ity of information disclosure are significantly positively
correlated.

Researchers generally believe that incentives can effective-
ly improve accounting information. Studies of Kang et al.
(2007) have shown that senior management holdings can in-
hibit accounting fraud to a certain extent. According to Frias-
Aceituno et al. (2013), using the information disclosure index
revealed that the high shareholding of independent directors
resulted in the transparency of information disclosure.

According to agency theory, a competent supervisory
board can reduce management’s opportunism and improve
the degree of information disclosure of the company. Hence,
board characteristics such as size, independence, diversity,
behavioral, and incentive characteristics are seen to have an
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impact on the disclosure of environmental accounting infor-
mation disclosure. This leads to the following assumptions:

H1 There is a negative correlation between board size and
environmental disclosure for listed mining companies in
China.

H2 Independence characteristics of the board have a positive
relationship with environmental information disclosure
for mining companies.

H3 There exists a positive correlation between diversity
characteristics and environmental disclosure for
Chinese listed mining companies.

H4 There is a positive relationship between behavioral char-
acteristics and environmental information disclosure.

H5 Positive correlation exists between incentive characteris-
tics and environmental information disclosure for listed
mining companies in China.

H6 There is a structural break on the impact of board char-
acteristics on environmental accounting information dis-
closure before and after the implementation of environ-
mental disclosure laws in 2008.

Methodology

Sampling and data collection

For this study, the research design adopted was secondary
data. This was considered appropriate because it was able to
provide the needed information for the measurement of vari-
ables, model, and testing of hypotheses. This was done
through scrutinizing annual report and open-access informa-
tion from the environmental protection agency to have infor-
mation on the variables selected for the study.

China was selected as a study area because of the impor-
tance the Chinese government attaches to environmental pro-
tection. With the high number of Chinese companies, the
study was narrowed to listed companies on the two stock
exchanges, namely, Shanghai Stock Exchange and Shenzhen
Stock Exchange. Listed companies have a prescribed way of
reporting. Hence, to get an unbiased conclusion, the study was
limited to only listed mining companies on the two stock
exchanges. There are forty-five listed mining companies on
the Shanghai Stock Exchange and twenty-one on the
Shenzhen Stock Exchange, making a total of sixty-six listed
companies. To avoid missing data, the study used companies
that had a complete dataset available on Ifind and CSMAR
databases. In effect, the actual sample used for the study was
thirty-four listed mining companies. The final sample had
twenty-two listed on Shanghai Stock Exchange and twelve
listed on Shenzhen Stock Exchange. Stata version 15.0 and
EViews version 13 were used in the statistical analysis of the

panel data extracted. The research covered 19 financial years
from January 1, 2000 to December 31, 2018.

Model specification

In evaluating the impact of board characteristics on environ-
mental accounting information disclosure, the study adopted
and modified the model used by Khan (2013). The specific
model is given as follows:

EADIit ¼ β0 þ β1BSitþβ2IDRit þ β3CEODualit

þ β4FDit þ β5FNit

þ β6BMitþβ7ARitþβ8SPit þ β9SIZEit

þ β10LEVit þ β11ROEit þ ε ð1Þ

where

EADI Environmental Accounting Disclosure Index
BS board size
IDR independent directors ratio
CEODual CEO duality
FD female diversity
FN foreign nationals
BM board meetings
AR annual remuneration
SP shareholding proportion
SIZE company size
LEV degree of debt
ROE return on equity
β0 represent the fixed intercept element (constant)
ε error term
i sample company
t period (year)

Hypothesis 6 examines the relationship between board char-
acteristics and environmental accounting information disclo-
sure before and after the implementation of environmental
disclosure laws in 2008. Chou test was used to test the corre-
lation before environmental disclosure laws were enacted, and
after the laws were enacted. The specific model is given as
follows:

EADIit ¼ β0 þ β1BSitþβ2IDRit þ β3CEODualit

þ β4FDit þ β5FNit

þ β6BMitþβ7ARitþβ8SPit þ β9SIZEit

þ β10LEVit þ β11ROEit þ ε ð2Þ

where i= 2000, 2001, 2002, 2003, 2004, 2005, 2006, 2007,
and 2008. (RSS1)
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EADIit ¼ β0 þ β1BSitþβ2IDRit þ β3CEODualit

þ β4FDit þ β5FNit

þ β6BMitþβ7ARitþβ8SPit þ β9SIZEit

þ β10LEVit þ β11ROEit þ ε ð3Þ

where i = 2009, 2010, 2011, 2012, 2013, 2014, 2015, 2016,
2017, and 2018. (RSS2)

EADIit ¼ β0 þ β1BSitþβ2IDRit þ β3CEODualit

þ β4FDit þ β5FNit

þ β6BMitþβ7ARitþβ8SPit þ β9SIZEit

þ β10LEVit þ β11ROEit þ ε ð4Þ

where i = 2000, 2001, 2002, 2003, 2004,…………, 2017,
and 2018. (RSSR)

RSSU ¼ RSS1 þ RSS2

F−calculated ¼ RSSr−RSSu=Kð Þ
RSSU= n−2Kð Þ

Variables

Dependent variable

The study adopted and modified the environmental account-
ing information disclosure index EADI proposed by
Omnamasivaya and Prasad (2017). The variables of measure-
ment are based on the rules and regulations of the accounting
standards and disclosure guidelines formulated by the China
Securities Regulatory Commission, the Ministry of
Environmental Protection titled “Environmental Information
Disclosure Measures” by Order No. 35. (Trial ) ,
Environmental Information Disclosure Decree, and the char-
acteristics of China’s mining industry. In the EADI, score
entries are recorded and summed.

The themes for EADI are divided into environmental
financial information and environmental non-financial
information. Items 1 to 8 belong to environmental fi-
nancial information, and items 9 to 18 belong to envi-
ronmental non-financial information. For these 18 items
(refer from Table 1 below), the target scoring criteria
are as follows: 3 points for detailed disclosure or de-
scription, 1 point for fairly disclosure or description,
and 0 point for no descr ip t ion or disc losure .
Environmental Accounting Information Disclosure
Index (EADI) is then obtained by dividing the score

of the sample company by a total score of 54. The
calculation formula is given as follows:

EADIi ¼ ΣEADIi
ΣMEADIi

Where ∑EADIi represents the environmental accounting
information of the listed company, and ∑MEADIi represents
the highest score of all disclosures.

Table 1 provides details of the items included in EADI and
Table 2 provides details of the variables used in the study.

Findings and analysis

Descriptive statistics

From the descriptive statistics of the study variables in
Table 3, the average EADI of mining companies score is
0.5993 points, with a maximum of 0.82, a minimum of 0.32,
and median of 0.6680. This indicates that the overall level of
EADI is above average, which is a sign that most of the min-
ing companies disclose the adequate environmental informa-
tion of their business activities to their stakeholders.

In terms of explanatory variables, the mean, median, and
standard deviation of the board size are 9.8406, 9, and 2.3653,
respectively, indicating that the average board size of the sam-
ple company is about ten people, and the difference is notice-
able. With maximum and minimum values as 18 and 4 respec-
tively, indicating the board size is between the range of four
members and eighteen members.

For the proportion of independent directors, the study re-
corded a mean of 4.0341 and a standard deviation of 1.1352,
indicating that the proportion of independent directors in the
sample company’s board of directors does not constitute the
majority in the board room.

A dummy variable represented the variable CEODual. The
data collected indicate that, in some instances, the CEO of a
particular mining company was the same person occupying
the position of board chairman.

The average of female directors on board is 0.5542. With
maximum and minimum values 0 and 5, respectively. This
indicates that the majority of the companies under consider-
ation did not have more female representatives on the board of
directors.

The average and standard deviation of foreign nationals on
listed mining companies’ board are 1.5542 and 1.3696, re-
spectively, with a minimum of 0 and a maximum of 4.
Companies that had foreign nationals on their board were
mostly private multinational companies. This indicates that
the majority of listed mining companies have Chinese na-
tionals on the board.
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The minimum, maximum, and standard deviation of the
number of board meetings for the sample companies are 2,
32, and 3.4195, respectively, with an average board meeting
of 8.2399. This indicates, most of the sample companies met
about eight times within a year for board meetings.

The average annual remuneration is 2,974,692, with mini-
mum and maximum values of share proportion as 0 and

3.67E+ 07, respectively. The minimum and maximum values
of shareholding proportion for board members were 0 and
3.27E+ 08, respectively. This indicates that the remuneration
package for listed mining companies’ board of directors is
very encouraging.

The dependent and explanatory variables recorded a com-
bination of negative and positive skewed values. The

Table 1 Summary of items and scoring for EADI

S/no. Category of disclosure Description

1 Environmental financial information Environmental protection investment and R&D expenditures

2 Provision for depreciation of environmental protection facilities

3 Environmental protection fees, sewage charges, and resource taxes

4 Disposal of industrial waste by the enterprise

5 Environmental protection grants and subsidies

6 Environmental protection administrative punishment

7 Environmental liability

8 The total amount of resources consumed yearly

9 Environmental non-financial information Environmental protection concepts, guidelines, and objectives

10 Honorary title or award for environmental protection

11 ISO environmental system certification

12 Environmental protection department of the enterprise

13 Participates in or organizes environmental protection activities

14 Fulfillment of social responsibility

15 Detailed data on pollution reduction

16 Pay great attention to environmental risk

17 Waste reuse technology and system

18 Environmental protection department to fulfill its environmental obligations

Table 2 Independent and control variables

Type of variable Board characteristics Name of variable Symbol Description

Independent Board size Board size BS Total number of board of directors

Independence characteristics Independent directors IDR Total number of independent directors on the board

CEO duality CEODual If the general manager and the chairman are two-in-one,
we assign 0. If the manager and the chairman are
separated from each other, we assign 1.

Diversity characteristics Female diversity FD Number of female directors on the board

Foreign nationals FN Foreign national is calculated as the total number of
foreigners on the board

Behavioral characteristics Board meetings BM The board meeting is calculated by the number of times
the board had meetings either regular or emergency
meetings.

Incentive characteristics Annual remuneration AR Annual remuneration is the sum of compensation paid to
all directors within the year

Shareholding proportion SP The shareholding proportion is the total number of shares
held by the board of directors.

Control Company size SIZE Logarithm the total assets at the end of the period

Degree of debt LEV The total liabilities at the end of the year

Profitability ROE Equity net interest rate divided by the net assets at the end
of the year
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dependent variable recorded fairly skewed value, which was
less than − 0.5. For the explanatory variables, IDR, and
CEODual recorded highly negative skewed values while the
other variables recorded highly positively skewed values. In
effect, the data are either fairly or highly skewed. This implies
that the tail region may act as an outlier for the statistical
model, which may adversely affect the outcome of the model.
Hence, the researchers robust the estimationmodels so that the
findings will be unbiased and statistically accurate.

With the exception of the dependent variable, all the other
variables recorded kurtosis value above 3 which indicates that
they produce more outliers than the normal distribution. EADI
recorded a platykurtic value of 1.4414 which indicates that the
distribution produces fewer and less extreme outliers than the
normal distribution.

VIF values for all the three panels are relatively small. This
indicates that there is no multicollinearity among the study
variables.

Correlation analysis

The Pearson product-moment correlation coefficient tech-
nique of data analysis was used to explore the correlation
between the explained and the explanatory variables, and from
the results shown in Table 4 indicate a mixture of weak and
medium correlation among the variables. With the exception
of CEODual and SIZE, all the other variables recorded a low
correlation with the dependent variable. Despite the weak and
medium correlation, IDR, CEODual, BM, AR, and SIZE are
statistically significantly positively correlated with environ-
mental information disclosure. The correlation matrix further
confirms that there is no issue of multicollinearity since all the
values were below 0.8.

Reliability test

Since the study adopted a modified model for the analysis,
some reliability tests were conducted to ensure that the find-
ings from the study are unbiased, and the right estimation
techniques were adopted for the analyses.

Cross-sectional dependency

The impact of cross-sectional dependence in estimation natu-
rally depends on a variety of factors, such as the magnitude of
the correlations across cross-sections and the nature of cross-
sectional dependence itself. (Phillips and SUL 2003) show
that if there is sufficient cross-sectional dependence in the
data, and this is ignored in the estimation, the decrease in
estimation efficiency can become so large. Following
(Pesaran 2007) cross-sectional dependence test for a balanced
panel, the following results were obtained.

From the cross-sectional dependence test in Table 5 above,
all the test recorded probability value, which was above 0.1,
indicating the test was not significant at the 10% level. Since
all the tests recorded an insignificant relationship, we con-
clude that there is no cross-sectional dependency for the study
variables. Hence, we reject Ho and accept Ha. This suggests
that there is no cross-sectional dependency on the study
variables.

Unit root

Since the study ruled out the existence of cross-sectional de-
pendence among the study variables, the study then used Im,
Pesaran, and Shin W-stat unit root test to test the stability with
a null hypothesis that the unit root is present.

Table 3 Descriptive statistics

Variables Obs Mean Median SD Variance Min Max Skewness Kurtosis VIF

EADI 646 0.5993 0.6680 0.1353 0.0183 0.32 0.82 − 0.2805 1.4414

BS 646 9.8406 9 2.3653 5.5947 4 18 1.2170 4.4093 1.06

IDR 646 4.0341 4 1.1352 1.2888 1 7 − 0.9958 4.9981 1.45

CEODual 646 1.8019 2 0.3989 0.1591 1 2 − 1.5146 3.2939 1.38

FD 646 1.5542 1 0.9010 0.8118 0 5 1.6325 4.8218 1.08

FN 646 2.0093 1.5 1.3696 1.8759 0 8 1.5450 5.1462 1.04

BM 646 8.2399 8 3.4195 11.6927 2 32 1.821391 9.2090 1.06

AR 646 2,974,692 2,080,600 3,267,249 1.07E+ 13 0 3.67E+ 07 4.175697 37.345 1.47

SP 646 5,927,828 1 3.84E+ 07 1.48E+ 15 0 3.27E+ 08 7.058656 53.427 1.05

SIZE 646 1.22E+ 10 4.05E+ 09 2.24E+ 10 5.04E+ 20 5.30E+ 07 2.04E+ 11 4.110881 25.316 1.89

LEV 646 7.19E+ 09 1.71E+ 09 1.52E+ 10 2.30E+ 20 1.88E+ 07 1.19E+ 11 3.929857 20.995 1.62

ROE 646 12.23418 8.65 12.45584 155.1479 0.01 97.43 2.395768 11.965 1.03
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From the test results in Table 6 above, the variables record-
ed a mixture of significant and insignificant values at the level.
At I (0), all the variables except FD, SIZE, and ROE were
statistically significant. Hence, there was a need to move to
the first difference level. After the first differencing, the null
hypothesis for the existence of a unit root in the study vari-
ables is rejected. Implying that the variables are integrated at
the order I (1), which indicates that all the variables were
statistically significant at 1% level after the first difference.

Cointegration

From the Kao residual cointegration test in Table 7 results,
ADF recorded probability, which was less than 0.01, which
indicates a 1% significant level. Hence, we reject Ho and
accept Ha, which indicates there is cointegration among the
variables. This implies that there is a long-term relationship
between the integrated variables.

Heteroskedasticity test

The findings from the Breusch-Pagan/Cook-Weisberg test for
heteroskedasticity in Table 8 revealed that the data had ele-
ments of heteroskedasticity. This can be seen from the highly
significant probability > χ2 value, which was less than 0.01.
This indicates that the variance of the error term is not con-
stant. Hence, we reject the null hypothesis and accept the
alternative hypothesis since the null hypothesis assumes that

the variance of the error term is constant. Since the variance of
the error term is not constant, estimation models that are ro-
bust to conditional heteroskedasticity were used for the mul-
tiple regression analysis.

Serial/autocorrelation

Contrary to the findings of heteroskedasticity, the serial corre-
lation test in Table 9 recorded insignificant probability > F
values, which indicates that the idiosyncratic errors, which
could cause the standard errors to be biased and the estimates
to be less efficient were not present. Even though there is
evidence of heteroskedasticity, since cluster () implies robust,
Wooldridge’s test for serial correlation is also robust to condi-
tional heteroskedasticity. This implies that the variables are
not moving in the same direction. Hence, we reject the null
hypothesis and accept the alternative hypothesis.

Multiple regression analysis

To examine the relationship between board characteristics and
environmental accounting information disclosure, the study
used multiple regression models to show the exact relation-
ships. Since there was an element of heteroskedasticity as well
as the presence of highly skewed data, the model was robust
so that the results will not be biased and statistically inaccu-
rate. From models 1 to 5, the study analyzed the statistical
relationship among the five board characteristics, namely,
the board size, independence characteristics, diversity charac-
teristics, behavioral characteristics, and incentive characteris-
tics, respectively. In model 6, all the characteristics were com-
bined to perform the regression analysis. To further test for the
robustness of the results, stepwise regression was used in
model 7. The study used fully-modified OLS (FMOLS) from
models 1 to 6. The results of the multiple regression analysis
are shown in Table 10 below.

Table 4 Correlation analysis

EADI BS IDR CEODual FD FN BM AR SP SIZE LEV ROE

EADI 1.000
BS 0.039 1.000
IDR 0.405*** − 0.049 1.000
CEODual 0.626*** 0.016 0.432*** 1.000
FD − 0.133*** 0.141*** − 0.005 − 0.027 1.000
FN − 0.016 0.073* − 0.036 0.029 − 0.004 1.000
BM 0.199*** 0.078** 0.101*** 0.143*** − 0.063 0.013 1.000
AR 0.454*** 0.013 0.462*** 0.368*** − 0.023 0.047 0.137*** 1.000
SP − 0.135*** 0.028 0.013 − 0.099*** 0.166*** − 0.007 − 0.003 0.026 1.000
SIZE 0.600*** − 0.116*** 0.295*** 0.336*** − 0.083*** − 0.006** 0.131*** 0.406*** − 0.019 1.000
LEV 0.566 − 0.104 0.279 0.323 − 0.063 − 0.056 0.152 0.378*** − 0.017 0.649*** 1.000
ROE − 0.093*** − 0.035*** 0.044 − 0.071*** 0.115 − 0.015 − 0.034*** − 0.017 − 0.030 − 0.009 0.005 1.000

***, **, and * indicate significant levels at 1%, 5%, and 10%, respectively

Table 5 Cross-sectional dependency test

Test Statistic Prob.

Breusch-Pagan LM 3712.6460 0.3984

Pesaran scaled LM 94.0895 0.3752

Pesaran CD 53.0375 0.2109
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As can be seen from models 1 to 7, the R-squared of the
regression models is high, indicating the degree of fitting of
the model to the sample data. That is, more than half of the
variation on how the independent variables affect the depen-
dent variable is well explained by the models. The p value of
the F statistic for all the models is less than 0.00, indicating
that the regression model is statistically significant at the 1%
level. Therefore, it is considered that the regression effect of
the empirical model is better, and multiple regression analysis
can be performed.Model 6 fits very well for the analysis since
it recorded a high value for the R-squared.

The size of the board recorded a positive and 1% signifi-
cant correlation with environmental information disclosure for
individual characteristics analysis. That is, when board size is
increased by one unit, it results in 0.0727 increase in the en-
vironmental information disclosure and vice versa. Similarly,
when all the board characteristics were combined, BS is pos-
itively correlated with EADI at a 1% significance level.
Hence, our first hypothesis is rejected because we assumed
there is a negative relationship between board size and EADI,
but our findings revealed otherwise.

For the independence characteristics of the board, both IDR
and CEODual recorded a positive and significant relationship
with EADI. This implies that, when the independent director
on the board is increased by one unit, it reflects in 0.0491
change in EADI. Similarly, when there is a separation of pow-
ers between the CEO and board chairman, it improves EADI

by 0.2844, which is statistically significant at 1% level. Both
IDR and CEODual again recorded a positive and significant
relationship with EADI when all the board characteristics
were combined. Hence, our second hypothesis is accepted.
That is, independence characteristics of the board have a pos-
itive correlation with EADI.

In terms of diversity characteristics, both foreign na-
tionals (FN) and females on the board (FD) recorded a
negative and insignificant relationship with EADI for the
individual and combined regression. This implies that,
when women are appointed to serve on the board, it
reduces environmental information disclosure of the
company. Also, having foreign nationals on the board
reduces the EADI of the listed mining companies in
China. From the above analysis, our third hypothesis is
rejected because diversity characteristics are not positive-
ly correlated with EADI for listed mining companies.

Behavioral characteristics, which were measured by the
board meeting (BM), recorded a positive and statistically sig-
nificant relationship with EADI at a 10% level. This indicates
that, when the number of board meetings increases by one
unit, it results in 0.0521 change in the EADI. We accept our
fourth hypothesis, which says that the behavioral characteris-
tic of the board is positively correlated with EADI.

For remuneration characteristics, annual remuneration
(AR) had a positive and 1% significance level with EADI.
That is, a unit increase in the AR for board members resulted
in a 0.0506 change in EADI. However, the shareholding pro-
portion (SP) recorded a negative and significant relationship
with EADI. This indicates that, when board members are giv-
ing more of shareholding proportion, it decreases EADI. Our
findings revealed an inconclusive correlation between EADI
and incentive characteristics. This is because AR is positive

Table 6 Im, Pesaran, and Shin
W-stat unit root test Level 1st difference

Variables Intercept Intercept and trend Intercept Intercept and trend

EADI 2.6953 3.4981 − 13.6720*** − 10.3054***
BS − 1.1268 − 2.4178*** − 11.9287*** − 8.1522***
IDR − 97.1452*** − 81.3783*** − 11.5246*** − 28.9281***
CEODual − 3.1391*** 1.0739 − 8.3124*** − 6.6753***
FD − 0.7064 0.6265 − 8.5134*** − 5.3849***
FN − 2.4584*** 0.2548 − 9.3233*** − 6.0415***
BM − 5.2142*** − 3.8730*** − 18.4304*** − 15.0077***
AR − 6.2535*** − 4.6340*** − 15.9427*** − 12.2982***
SP − 2.7308*** − 1.6039** − 9.0173*** − 5.5904***
SIZE 1.5469 3.1944 − 5.7125*** − 4.3290***
LEV 0.8758 3.7831 − 5.8048*** − 4.4498***
ROE − 5.4103*** − 3.5558*** − 13.8892*** − 9.9558***

***, **, and * indicate significant levels at 1%, 5%, and 10%, respectively

Table 7 Cointegration
test Test t statistic Prob.

ADF − 4.0868 0
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and significantly correlated with EADI, while SP is negative
and significantly correlated with EADI.

The stepwise estimation model was used to check the ro-
bustness of the results in model 7. It can be seen from Table 10
that the coefficient of the size of the board of directors, sepa-
ration of powers of CEO and board chairman (CEODual), and
annual remuneration for board members (AR) are statistically
significantly positive at the 1% level. The coefficient of the
independent board directors (IDR) and board meetings (BM)
are positive and statistically significant at 5% level. Similar to
model 6, foreign nationals on board (FN) and female directors
(FD) recorded a negative and insignificant relationship with
EADI. Lastly, the shareholding proportion recorded a negative
and highly significant relationship with EADI at a 1% level.

Chow test

This study used the Chow test to determine whether board
characteristics have any positive impact on environmental dis-
closure for listed mining companies in China before and after
the promulgation of Environmental Information Disclosure
Degree (EIDD) in 2008.

The F calculated was 306.6531and F critical was 2.20 at
10%. That is, at 10%, F calculated is higher than F critical.
Hence, we reject Ho and accept Ha. This implies that the
coefficients in two linear regressions on different data sets
are equal. That is, there is a structural break. This confirms
our second hypothesis, which states that there is a structural
break on the impact of board characteristics on environmental
accounting information disclosure before and after the imple-
mentation of environmental disclosure laws in 2008.

Hence, our last hypothesis is affirmed. That is, there is a
structural break in the relationship between EADI and board
characteristics before and after the promulgation of EIDD in
May 2008.

Granger causality

Using the Pairwise Granger (none) causality test among the
study variables, we recorded bi-directional, no causality, and

uni-directional causality among the variables. The results of
the test, as displayed in Table 11, were given a lag of 2.

The results from Table 11 show that there is a bi-directional
causality for BS and EADI, IDR and EADI, CEODual and
EADI, AR and EADI, AR and IDR, AR and CEODual,
CEODual and IDR, and finally, FN and IDR. This implies
that BS causes EADI and vice versa. Similarly, IDR causes
EADI and vice versa, CEODual causes EADI and vice versa,
AR causes EADI and the opposite is true. Also, AR causes
IDR and vice versa, AR causes CEODual and vice versa,
CEODual causes IDR and vice versa, and FN causes IDR
and vice versa. That is, an increase in one variable will result
in an increase in the other variable. Hence, we reject the null
hypothesis of no causality and accept the alternative hypoth-
esis of the presence of Granger causality. This goes to say that
there is a long-run relationship among those variables.

Uni-directional causality was seen for EADI and FD,
EADI and BM, BS and FN, IDR and BM, SP and IDR, FD
and SP, BM and FN, BM and AR, BM and SP, and finally AR
and SP. This implies that EADI causes FD, but FD does not
cause EADI. Also, EADI causes BM, BS causes FN, IDR
causes BM, SP causes IDR, FD causes SP, BM causes FN,
BM causes AR, BM causes AR, BM causes SP, and finally,
AR causes SP. This causality is just one way; hence, the re-
verse is not possible.

The study revealed no causality exists between FN and
EADI, SP and EADI, IDR and BS, CEODual and BS, FD
and BS, BM and BS, AR and BS, SP and BS, FD and IDR,
FD and CEODual, FN and CEODual, BM and CEODual, SP
and CEODual, FN and FD, BM and FD, AR and FD, AR and
FN, and finally SP and FN. This implies that, for the above
variables, one does not cause the other and vice versa. That is,
an increase or decrease in one of the variables will not have
any consequences on the other. Hence, we accept the null
hypothesis of no causality. That is, there is no long-run rela-
tionship among the variables.

Discussion

The level of corporate environmental information disclosure is
not only forced by external institutional factors but also silent-
ly guided by internal factors. This article starts from the inter-
nal perspective of the mining companies and explores the
impact of board characteristics on environmental information
disclosure. This paper takes the listed mining companies from
the Shanghai Stock Exchange and Shenzhen Stock Exchange
to examine the impact of board characteristics on environmen-
tal information disclosure from 2000 to 2018.

The evaluation results of listed companies in the mining
industry revealed that all the listed mining companies
disclosed information about environmental protection invest-
ment and R&D expenditures, disposal of industrial waste by
the enterprise, ISO environmental system certification,

Table 9 Serial correlation

F(1, 25) Prob > F

Auto correlation test 688.847 0.327

Table8 Heteroskedastic-
ity test χ2 (1) Prob > χ2

Hetero test 15.73 0.000
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environmental protection department of the enterprise, and
fulfillment of social responsibility. The majority of the com-
panies also disclosed information related to energy-saving and
emission-reduction, cyclic utilization, and pollution abate-
ment. Notwithstanding disclosing some information about
the environment, almost half of the sample never disclosed
information related to disposal of industrial waste by the en-
terprise and environmental protection administrative
punishment.

The size of the board of directors and the level of environ-
mental information disclosure had a positive correlation. The
findings deny the need for board size to be smaller. The find-
ings are consistent with the findings of Donnelly andMulcahy
(2008), who argued that companies reduced the information
asymmetry between its managers and other stakeholders by
having a large board size. Our findings are contrary to the
findings of Meyer and de Wet 2013, which concluded that
the board of limited size is expected to be more performing
than bigger ones due to better communication and decision-
making, thus improving performance.

Studies have shown that independent directors have played
a role in controlling the management’s interests against the
company for personal gain. Hence, the greater the proportion
of independent directors, the higher the company’s voluntary
disclosure of information. Our studies affirmed the findings of
Cucari et al. (2018), who found that the number of indepen-
dent directors and the level of environmental information dis-
closure are highly positively correlated. The separation of
board chairman from CEO is seen to have a very high signif-
icant relationship with EADI. One of the essential functions of
the board of directors is to monitor the top management’s
actions, but a problem may arise when the same person holds

the chief executive officer and chairperson positions. Unlike
agency theory, which shows that significant conflicts may
arise from the action of duality, stewardship theory supports
the idea of the two positions held by one person. Our findings
support agency theory so that one person does not occupy the
two positions together.

Diversity characteristics of the board are centered on gen-
der diversity and nationality diversity. Most studies suggest
that gender diversity has a positive impact on environmental
responsibility disclosure. Contrary to the findings of Husted
and de Sousa-Filho (2018), our study revealed a reverse rela-
tionship between gender diversity and EADI. Even though
most corporate governance policies advocate for gender diver-
sity in the boardroom, however, female board members for
listed mining companies are seen to have a negative and in-
significant correlation with environmental information
disclosure.

Similarly, foreign nationals recorded insignificant and ad-
verse relationship with EADI. This explains why the majority
of the sample companies only appointed Chinese nationals
and dominated by males in their boardroom.

In terms of behavioral characteristics of the board, board
meetings show a positive and significant relationship with
EADI. That is, accounting information disclosure increases
with a higher number of board meetings. Our findings are
consistent with the findings of Andrikopoulos and Kriklani
(2013), who found that the lesser board meetings, the poorer
the quality of accounting information. Generally, the more
meetings the board held, the higher the transparency of infor-
mation disclosure.

Incentive characteristics considered under the study were
shareholding proportion and annual remuneration of board

Table 10 Multiple regression analysis

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

BS 0.0727*** 0.2001*** 0.09771***

IDR 0.0491* 0.0073** 0.037187**

CEODual 0.2844*** 0.2186*** 0.24191***

FD − 0.0236 − 0.0249 − 0.03926
FN − 0.0174 − 0.0100 − 0.01792
BM 0.0521* 0.0165** 0.034781**

AR 0.0506*** 0.0655*** 0.012077***

SP − 0.0066*** − 0.0024*** − 0.0033***
SIZE 0.2261 0.1540*** 0.2938*** 0.2191*** 0.1780*** 0.1620** 0.074342***

LEV − 0.0550** − 0.0577** − 0.0972** − 0.0505** − 0.0444* − 0.0708 − 0.01016
ROE −0.0048 − 0.0019 0.0078 − 0.0077 − 0.0116 0.0125 − 0.00946*
R-squared 0.5463 0.6888 0.5821 0.5502 0.5754 0.7508 0.6071

F statistics 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Obs 646 646 646 646 646 646 646

***, **, and * indicate significant levels at 1%, 5%, and 10%, respectively
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members. Our studies revealed that shareholding proportion
for board members has a negative and statistically significant
relationship with EADI at a 1% level. Our findings affirm the
findings of Kang et al. (2007). On the contrary, annual remu-
neration for board members has shown a positive and statisti-
cally significant relationship with EADI at 1% level. The find-
ings are consistent with the findings of Jizi (2017), who sug-
gested that executive incentives significantly affect the

performance and disclosure of vital information for listed
companies.

For our structural break analysis, since the F calculated was
higher than the F statistics, it indicates the presence of struc-
tural break. This affirms our last hypothesis of the study, and it
is consistent with the findings of Lin (2010) who revealed that
there was a structural break when information disclosure law
was promulgated in 2008.

Conclusion and recommendations

Conclusion

This paper used panel data from 2000 to 2018 to analyze the
impact of board characteristics on environmental accounting
information disclosure for listed mining companies in China.
The period chosen for the study reflects the long-term change
trend of various variables. In other to uncover reliable and
valid findings, more proficient panel estimation methods were
employed. From the results, the studied data was not cross-
sectionally dependent. The study further conducted the IPS
unit root test, which revealed that the variables are integrated
at the order I (1). Also, the Kao residual cointegration test
results revealed that there is a long-term relationship between
the integrated variables. The Breusch-Pagan/Cook-Weisberg
test for heteroskedasticity test revealed that the data had ele-
ments of heteroskedasticity. Hence, estimation models that are
robust to conditional heteroskedasticity were used for the mul-
tiple regression analysis to ensure a valid conclusion from the
study. There was no confirmation of the serial correlation
among the residuals of the model.

The board characteristics were divided into five categories,
namely, board size, independence characteristics, diversity
characteristics, behavioral characteristics, and incentive char-
acteristics. The FMOLS and stepwise regression analysis af-
firmed that the size of the board of directors has a significant
positive correlation with corporate environmental information
disclosure, indicating that environmental information disclo-
sure for listed mining companies improves with the expansion
of the board of directors. Similarly, the independence charac-
teristics of the board revealed that both the proportion of in-
dependent directors and the separation of the position of chief
executive officer and the chairman of the board of directors
had a positive and significant relationship with EADI. Also,
the behavioral characteristics of the board revealed a positive
and significant relationship between the number of board
meetings and the level of environmental information disclo-
sure. In terms of diversity characteristics of the board, both
female directors and foreign nationals on the board recorded a
negative correlation with EADI. Incentive characteristics of
the board had an inconclusive relationship with EADI.

Table 11 Granger causality test

Null hypothesis F statistic Null hypothesis F statistic

BS ≠ EADI 2.79302* BM ≠ IDR 1.30641

EADI ≠BS 2.82534* IDR ≠BM 3.94371**

IDR ≠ EADI 21.6744*** AR ≠ IDR 2.34671*

EADI ≠ IDR 3.1965* IDR ≠AR 2.74653*

CEODual ≠ EADI 19.6305*** SP ≠ IDR 4.90531***

EADI ≠CEODX 4.83479*** IDR ≠ SP 0.03744

FD ≠ EADI 1.33556 FD ≠CEODual 0.22457

EADI ≠ FD 3.69814** CEODual ≠ FD 0.51529

FN ≠ EADI 0.28813 FN ≠CEODual 0.16473

EADI ≠ FN 0.45095 CEODual ≠ FN 0.42058

BM ≠ EADI 0.80682 BM ≠CEODual 1.61884

EADI ≠ BM 3.70889** CEODual ≠BM 0.99056

AR ≠ EADI 4.11834** AR ≠CEODual 6.81963***

EADI ≠AR 20.7935*** CEODual ≠AR 3.83919**

SP ≠ EADI 1.10715 SP ≠CEODual 0.25344

EADI ≠ SP 0.28168 CEODual ≠ SP 0.5033

IDR ≠BS 0.76813 FN ≠ FD 1.08032

BS ≠ IDR 1.98933 FD ≠ FN 0.15635

CEODual ≠BS 0.46639 BM ≠ FD 1.31245

BS ≠CEODual 0.89104 FD ≠BM 1.30887

FD ≠BS 0.83238 AR ≠ FD 0.84934

BS ≠ FD 1.5116 FD ≠AR 1.32635

FN ≠BS 0.35275 SP ≠ FD 2.09893

BS ≠ FN 2.55422* FD ≠ SP 3.40498**

BM ≠BS 0.4055 BM ≠ FN 2.64818*

BS ≠BM 0.11265 FN ≠BM 0.06265

AR ≠BS 1.28553 AR ≠ FN 0.60822

BS ≠AR 1.41513 FN ≠AR 1.22829

SP ≠BS 0.38362 SP ≠ FN 1.14811

BS ≠ SP 0.24302 FN ≠ SP 0.73139

CEODual ≠ IDR 17.0431*** AR ≠BM 2.22781

IDR ≠CEODual 14.8023*** BM ≠AR 6.39007***

FD ≠ IDR 0.81869 SP ≠BM 2.18969

IDR ≠ FD 0.31874 BM ≠ SP 3.74226**

FN ≠ IDR 4.67870*** SP ≠AR 0.82563

IDR ≠ FN 2.68671* AR ≠ SP 2.87730*

***, **, and * indicate significant levels at 1%, 5%, and 10%,
respectively

≠ means does not granger cause
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The pairwise Granger test was finally employed to examine
the causalities amid the series, and from the results, we record-
ed bi-directional, no causality, and uni-directional causality
among the variables.

Recommendations

Based on these findings, the study recommends that manage-
ment should increase awareness of environmental protection
and environmental information disclosure to ensure stake-
holder information needs, focusing on fulfilling environmen-
tal responsibilities and improving the quality of corporate en-
vironmental information disclosure. Even though independent
directors passed the one-third requirement of the Chinese
Security Regulation Commission, strengthening the indepen-
dence of the board of directors by increasing the number of
independent directors to be more than half will ensure effi-
ciency and higher information disclosure. Few companies had
one person occupying the two positions. Regulatory bodies
should enforce corporate governance guidelines which recom-
mend the separation of the two positions being held by one
person.

Most corporate governance guidelines promote the intro-
duction of more female directors and foreign nationals to en-
sure board diversification and improve board efficiency. The
Chinese mining industry is an exception to this. Hence, we
recommend that the board of directors for the mining industry
should be dominated by males to ensure efficiency and pro-
mote disclosure of information, including environmental ac-
counting information to all stakeholders. Similarly, board
members for Chinese listed mining companies should be
dominated by Chinese nationals to improve environmental
information disclosure. Lastly, since shareholding proportion
revealed a reverse correlation with EADI, companies should
focus on the annual remuneration of board members rather
than shareholding proportion.

Limitation and future studies

Since there is no uniformed and standardized way for the
evaluation of environmental information disclosure and envi-
ronmental performance in China, the study based on previous
studies and proposed an index to measure environmental in-
formation disclosure (EADI). The scoring method in the index
is purely subjective. These indexes might not be comprehen-
sive due to the selection of items used in measuring the index.
Using a different index is likely to produce a different out-
come. Hence, future studies can look into building a compre-
hensive index to measure environmental disclosure and envi-
ronmental performance for listed companies in China.

Also, the study only focused on listed mining companies
for the sample. Some mining companies were not considered
because they are not listed. Adding both listed and unlisted

mining companies might give a different relationship between
environmental information disclosure and environmental per-
formance. Similarly, not all the listed mining companies were
selected due to the availability of data. Further studies can
include non-listed companies and also have an industry anal-
ysis of all heavy polluting industries without limiting the sam-
ple size to only listed companies.

Diversity characteristics such as age range, educational
background, and expertise of the boards were omitted from
the study because there is no uniform way of measuring these
characteristics. Similarly, board stability and the attendance
rate to board meetings were omitted. Further studies can pro-
pose a standard way of measuring these board characteristics
and include these variables in the analysis, which might result
in a different correlation with EADI.

Funding information This study was funded by the National Natural
Science Foundation of China (no. 71973054).
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