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Environmental pollution, resource waste, and ecological imbalance have raised global
concerns. Against this backdrop, green supply chain management (GSCM) becomes the
focus of corporate sustainable development. Based on the institutional theory, thus study
explores the influence of command-and-control environmental regulation (CCER) and
market-based environmental regulation (MBER) over GSCM, as well as the regulating
effect of environmental dynamism on the influence. A total of 191 valid responses were
obtained through a questionnaire survey. The analysis of these responses shows that:
CCER and MBER positive affect GSCM; environmental dynamism negatively regulates the
correlations of CCER and MBER with GSCM. Based on these findings, theoretical guides
and managerial implications were obtained for corporate GSCM.

Keywords: environmental regulation (ER), green supply chain management (GSCM), environmental dynamism,
regulating effect, hypothesis testing

1 INTRODUCTION

With the depletion of natural resources and the rise of environmental problems, environmental
protection has been regarded by many countries as a necessary step in economic development.
Through effective green supply chain management (GSCM), enterprises can obtain economic
benefits, gain more competitive advantages, and realize the sustainable development of social
economy (Bhatia and Gangwani, 2021). The theoretical and practical research on GSCM is in
progress, and complete theories or sound management systems are constantly being established. As a
novel management mode of supply chains, GSCM emphasizes on the integration of environmental
factors into different processes of supply chain management (Srivastava, 2007), and highlights the
overall “greening” of the supply chain by various stakeholders (e.g., producers, suppliers, logistics
operators, purchasers, users, and recyclers), aiming to realize economic, social, and environmental
benefits (Beamon, 1999).

Many environmental regulation (ER) measures have been rolled out around the world, including
administrative regulations, penalties against pollution, and pollution charges. These measures
promote the GSCM among enterprises to a certain extent (Tseng et al., 2019), but fall short of
the expected effect (Wang et al., 2019). Therefore, it is urgent to explore the mechanism of ER acting
on GSCM.

The academia holds three different views on the relationship between ER and GSCM. Firstly, ER
would promote corporate green development, and thus enhance corporate GSCM. Under a strict ER,
the enterprises would actively pursue green development, and benefit from the development mode.
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In this way, the cost of GSCM among enterprises would fall
(Abrell and Rausch, 2017). Secondly, ER does not significantly
promote GSCM. Mandatory ER may change the original
technical path of enterprises, bringing extra costs that affect
GSCM (Rubashkina et al., 2015). Thirdly, the relationship
between ER and GSCM is uncertain, and should be judged by
external environmental factors (Abdel-Baset et al., 2019). This
study introduces environmental dynamism as external
environmental factors. The reason is that when enterprises
conduct GSCM, they are often faced with the external
environment that is constantly changing. Whether the
enterprise can adapt to the complex and changeable external
environment has a pivotal impact on GSCM (Zhang et al., 2021).

Therefore, this study will explore the influence of ER on
GSCM, and examine the effect of environmental dynamism on
the relationship between ER and GSCM. Based on the research
results, some suggestions were presented for implementing
corporate GSCM.

2 THEORETICAL ANALYSIS AND
RESEARCH HYPOTHESES

The institutional theory explains how ER affects corporate
behavior (Zucker, 1987). ER provides enterprises with regular
expectations and rules. To acquire the necessary resources,
enterprises must operate according to these expectations and
rules (Meyer and Rowan, 1977). During the implementation of
GSCM, enterprises will consider the expectations and rules in ER,
evaluate the potential costs and benefits, and adjust the practice to
increase their legitimacy. When they comply with ER, enterprises
mainly face environmental pressures from the government and
the market (Yang et al., 2019). Driven by command-and-control
environmental regulation (CCER) and  market-based
environmental regulation (MBER), enterprises will pursue the
legitimacy in terms of both government and market, and
implement GSCM more vigorously.

2.1 Environmental Regulation and Green

Supply Chain Management
ER mainly manifests as CCER and MBER, both of which affect
corporate GSCM (Dechezleprétre and Sato, 2020).

CCER, which is highly mandatory and certain, can affect
corporate GSCM. Normally, the goal setting, as well as policy
design, execution, and supervision of CCER need to be confirmed
by laws, and intervened by government departments. If the
GSCM of an enterprise fails to reach the environmental
standard required by the policy, ER departments can directly
impose fines, production restriction, and temporary production
ban on the enterprise, or order the enterprise to exit the market
(Du et al., 2021). Thus, CCER compresses the degree of freedom
of the enterprise, and increases the certainty of GSCM. In
addition, CCER is suitable for solving some serious and
sudden environmental problems. When urgent problems arise
in supply chain management, direct and forceful policies are
needed. There is no time for the regulator to indirectly control

Environmental Regulation and Supply Chain

corporate GSCM by market means like taxation, and pollution
right transaction. In this case, CCER policy is the primary and
even only choice. With forceful administrative orders, the ER
department can quickly improve corporate GSCM. Therefore, the
following hypothesis was presented:

H1. CCER Positively Affects GSCM

MBER also affects corporate GSCM. Rather than clarify
specific environmental standards, MBER changes corporate
GSCM via the market incentive mechanism. MBER can be
implemented at a low cost. The ER department would set the
tax rate as the marginal cost of pollution, thereby improving
corporate GSCM at a low cost (Li and Du, 2021). Besides, MBER
allows enterprises to operate flexibly with a high degree of
freedom, and to strike a balance between emission reduction
and development. Polluters vary in the ability to reduce
emissions. Therefore, different polluters choose to emit
different amounts of pollutants. On cost payment, MBER
policies require polluters to pay a fee proportional to the
amount of pollution. Thus, enterprises have a large room of
discretion, and implement GSCM flexibly (Pang et al., 2019).
Finally, MBER is usually continuous, and not easily changed
when local governors are replaced (Jiang et al., 2020). The
continuity allows enterprises to optimize GSCM robustly.
Therefore, the following hypothesis was presented:

H2. MBER Positively Affects GSCM

2.2 Regulatory Role of Environmental

Dynamism

The external environment is the condition for enterprises to
survive and development. It influences the corporate strategies or
business decisions. For enterprises, environmental dynamism
often stems from changes in customers, competitors, and the
market. The unpredictability and instability of environmental
dynamism hinder the corporate acquisition, integration, and use
of resources (Li and Zhu, 2020), and thereby affect the
relationship between ER and corporate GSCM.

Meanwhile, environmental dynamism changes the external
environment of enterprises. Then, CCER like environmental
standards cannot adapt to the changing environment, or
match the stakeholders of the green supply chain, such as
producers, suppliers, logistics operators, purchasers, users, and
recyclers. As a result, CCER has a weaker influence on GSCM
(Iraldo et al, 2011). Therefore, the following hypothesis was
presented:

H3. Environmental Dynamism Negatively Regulates the
Relationship Between CCER and GSCM

Due to environmental dynamism, the existing knowledge,
production technology, and products in corporate GSCM face
the risk of being eliminated, making it hard for enterprises to
adapt to MBER. Besides, when the external environment changes,
the market incentive mechanism can no longer act well on
corporate behavior, and thus impede corporate GSCM (Sarkis
etal., 2011). In addition, environmental dynamism will affect the
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FIGURE 1 | Our theoretical model.

stability of the supply chain itself, making it impossible for
enterprises to communicate effectively with market players
upstream and downstream of the supply chain, thus affecting
the implementation of GSCM. Therefore, the following
hypothesis was presented:

H4. Environmental Dynamism Negatively Regulates the
Relationship Between MBER and GSCM

To sum up, the theoretical model of this study is shown in
Figure 1.

3 METHODOLOGY

3.1 Data Collection
3.1.1 Sample Selection
The survey objects were selected by the following criteria:

1) The diversity of industries

Multiple industries related to GSCM were selected, including
the mechanical industry, electronics industry and energy
industry, etc. To obtain valid responses, the questionnaire was
distributed among middle and senior managers in enterprises,
who have been working in their enterprises for more than 2 years,
and know a lot about their enterprises and industries.

2) The diversity of age, size, and ownership of enterprises
This study mainly explores the relationship between ER and

GSCM. Therefore, samples of different ages, sizes, and
ownerships were selected.

Environmental Regulation and Supply Chain

3.1.2 Questionnaire Distribution and Recovery

The questionnaires were distributed both offline and online from
January to March, 2022. A total of 300 questionnaires were
distributed, and 213 responses were collected. The recovery
rate was 71.00%. Among the questionnaires, 191 were
responded validly, putting the effective recovery rate at
63.67%. The recovery means and statistics on the recovered
samples are given in Table 1.

3.2 Variable Measurement

The independent variables are CCER and MBER. The CCER was
measured by the following indices in the locality of the enterprise:
proportion of environmental penalty cases in population, proportion
of environmental pollution in GDP, execution rate of environmental
risk assessment, and proportion of environmental personnel in
population. The MBER was measured by the following indices in
the locality of the enterprise: proportion of pollution charge in gross
domestic product (GDP), proportion of vehicle and vessel tax in
GDP, and proportion of resource tax in GDP (Du et al., 2021). Then,
each index was normalized by the range method, and averaged for
further calculation.

The dependent variable is GSCM, which was rated against Zhu
and Sarkis (2004) 7-point Likert scale, involving 19 items. The
regulatory variable is environmental dynamism. Drawing on Shen
(2010) measuring method for environmental dynamism, the sales
income of the enterprise in the t-1-th year, t-2-th year, t-3-th year, and
t-4-th year were taken as the dependent variables, and 5, 4, 3,2, and 1
were taken as independent variables for regression. Then, the
standard deviation of the regression coefficients was divided by
the mean sales income of the enterprise in the recent 5 years,
yielding the value of environmental dynamism.

Among the enterprises conducting GSCM, the differences in
scale, age, and ownership of enterprises are relatively large, which
may affect the research conclusions, so they are selected as control
variables. The enterprise size was measured by the log of the
number of employees; the enterprise age was measured by the
operating years since the establishment of the enterprises; the
enterprise ownership was a dummy variable: the value was 2 for
state-owned enterprises (or state-controlled enterprises), and 1
for private enterprises (or private-controlled enterprises).

4 DATA ANALYSIS AND RESULTS

4.1 Reliability and Validity Analysis

4.1.1 Reliability Analysis

The Cronbach’s alpha of the GSCM scale was tested on SPSS 22.0.
The results in Table 2 show that the Cronbach’s alphas of all

TABLE 1 | Recovery means and statistics on the recovered samples.

Online distribution

Number of distributed questionnaires 200
Number of recovered responses 159
Number of valid responses 133

Effective recovery rate 66.5%

Offline distribution Total
100 300
54 213
58 191
58.00% 63.67%
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TABLE 2 | Reliability analysis results.

Variable Item CITC Cronbach’s alpha if

items deleted

Cronbach’s alpha

GSCM GS1 0.645 0.809 0.832
GS2 0.666 0.796
GS3 0.657 0.796
GS4 0.638 0.806
GS5 0.622 0.794
GS6 0.647 0.787
GS7 0.631 0.782
GS8 0.657 0.797
GS9 0.628 0.792

GS10 0.637 0.806
GS11 0.671 0.793
G812 0.669 0.795
GS13 0.696 0.805
GS14 0.696 0.782
GS15 0.643 0.784
GS16 0.621 0.801
GS17 0.621 0.791
GS18 0.647 0.793
GS19 0.626 0.783

variables were greater than 0.7. Besides, the corrected item-total
correlations (CITCs) of all items were greater than the threshold
of 0.5, a sign of strong correlation between the items. To sum up,
the variables in the scale are reliable and consistent.

4.1.2 Validity Analysis and Factor Analysis

To further test the validity of the scale, this paper carries out
confirmatory factor analysis on Mplus8.3. As shown in Table 3,
the standardized factor loadings of all items were greater than 0.7,
the consistency ratios (CRs) of all variables were greater than 0.8,
and the average variance explained (AVE) of each variable was
larger than 0.6. Both exploratory and confirmatory factor
analyses were passed, indicating that the selected variables and
the corresponding items have a good convergent validity.

The discriminant validity was verified by observing whether
the arithmetic root of AVE is greater than the absolute value of
the correlation coefficient between variables. If yes, then the scale
has a good discriminant validity (Fornell and Larcker, 1981). As
shown in Table 5, the square root of AVE on the diagonal of the
variables was 0.795, which is far greater than the correlation
coefficients  (0.200-0.477). Thus, the scale has a good
discriminant validity.

4.2 Descriptive Statistics and Correlation
Analysis

According to the sample data, most enterprises were established
more than three decades ago. On enterprise size, most samples
are large and medium enterprises. On ownership, state-owned
enterprises take up most of the samples. Table 4 gives the
descriptive statistics of the samples.

To further test and preliminarily judge the data quality, this
study analyzes the basic statistical data on each item. The
skewness and kurtosis of the items were descriptively
analyzed on SPSS 22.0. The results show that the absolute

Environmental Regulation and Supply Chain

TABLE 3 | Validity analysis results (N = 191).

Variable ltem Factor loadings CR AVE
GSCM GS1 0.818 0.873 0.632
GS2 0.773
GS3 0.719
GS4 0.822
GS5 0.742
GS6 0.782
GS7 0.775
GS8 0.718
GS9 0.734
GS10 0.769
GS11 0.694
GS12 0.727
GS13 0.708
GS14 0.696
GS15 0.815
GS16 0.762
GS17 0.759
GS18 0.769
GS19 0.762

skewness and absolute kurtosis of the variables were smaller
than 2 and 5, respectively. It can be preliminarily concluded that
the research samples are of high quality, and the sample data
have the basic statistical features required for empirical analysis,
laying the basis for subsequent statistical testing and regression
analysis.

Table 5 shows the correlations between CCER, MBER,
environmental dynamism, GSCM, and other variables. The
statistics indicate a strong correlation between most variables,
that is, the relevant data are suitable for subsequent regression
analysis.

4.3 Multiple Regression Analysis

To ensure the stability and reliability of the multiple regression
model, the multicollinearity, serial correlation, and
heteroscedasticity of the model were tested before the
regression analysis. Firstly, the multicollinearity was tested:
The variance inflation factors (VIFs) of different regression
models fell between 1.002 and 1.040 (VIF<10), excluding the
possibility of serious multicollinearity. Next, serial correlation
was tested. The Durbin Watson (DW) statistics of all models
ranged between 1.652 and 1.934. This is smaller than the critical
range of 1<DW<3. Thus, there is no problem with serial
correlation.  Finally, standardized predicted values and
standardized residuals (ZPRED and ZRESID) were taken as Y
and X variables, respectively, to plot the standardized residual
scatterplot of each model. The test results show that all
scatterplots were disorderly, ie., the heteroscedasticity does
not exist.

4.3.1 Regression Analysis on Direct Relationship

ER (CCER and MBER) have direct effects on GSCM. Table 6
shows the regression analysis results on the direct relationship
between ER and GSCM.
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TABLE 4 | Sample descriptions.
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Index Index feature Sample size Percentage (%) Cumulative percentage (%)
Enterprise scale <50 people 14 7.33 7.33

50-100 people 32 16.75 24.08

100-500 people 41 21.47 45.55

>500 people 104 54.45 100.00
Enterprise age <5 years 6 3.14 3.14

5-15 years 26 13.61 16.75

15-30 years 72 37.70 54.45

>30 years 87 45.55 100.00
Ownership State-owned enterprise 138 72.25 72.25

Private enterprise 53 27.75 100.00
TABLE 5 | Correlation analysis results.

Enterprise size Enterprise age Ownership CCER MBER Environmental dynamism GSCM

Enterprise size —
Enterprise age 0.054 —
Ownership 0.078 -0.019
CCER -0.09 0.050 0.006 —
MBER -0.054 0.019 -0.002 0.376™ —
Environmental dynamism 0.020 0.023 0.044 -0.204* -0.200* —
GSCM -0.11 -0.017 -0.055 0.477* 0.475** -0.121* 0.795
Mean 3.25 3.27 1.79 5.22 5.37 1.91 5.22
Standard deviation 0.96 0.74 0.45 1.72 1.48 0.43 1.46

Note: 1) *p < 0.05, *p < 0.01, **p < 0.001, and N = 191, 2) The diagonal reports the square roots of AVE., The diagonal elements of control variables and measured data are filled with-for

the lack of AVE, for these variables and data.

TABLE 6 | Regression analysis results on the direct relationship between ER and GSCM.

Dependent variable

Control variables Enterprise size
Enterprise age
Ownership
CCER

MBER

F

RQ

AR?

Independent variables

Note: *p < 0.05, *p < 0.01, **p < 0.001, and N = 191.

As shown in Table 6, the results of Models 1 and 2 indicate
that CCER positively affects GSCM, i.e., H1 is valid; the results of
Models 1 and 3 indicate that MBER positively affects GSCM,
i.e., H2 is valid.

4.3.2 Regression Analysis on Regulating Effect
The environmental dynamism regulates the relationship between
ER and GSCM. Table 7 shows the regression analysis results on
the regulating effect.

As shown in Table 7, the results of Model 1 indicates that
environmental dynamism has a significant negative regulating
effect on the influence of CCER over GSCM, i.e., H3 is valid;

GSCM
Model 1 Model 2 Model 3
-0.160 -0.093 -0.034
-0.023 -0.072 -0.042
-0.156 -0.179 -0.018

— 0.398"*

- — 0.483***
1.520 24170 25.448
0.014 0.237 0.246

0.222*** 0.236™*

the results of Model 2 indicates that environmental dynamism
has a significant negative regulating effect on the influence of
MBER over GSCM, i.e., H4 is valid.

In addition, the simple slope test and slope difference
test of bootstrapping were adopted to verify the robustness
of the regulating effect of environmental dynamism (Hayes,
2017). As shown in Table 8, the paths from CCER and
MBER to GSCM indicate that the high regulation group
has a greater effect than the low regulation group and
the cross group. Thus, environmental dynamism
negatively regulates these paths, which again validates H3
and H4.
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TABLE 7 | Regression analysis results on the regulating effect on the relationship between ER and GSCM.

Dependent variable GSCM
Model 1 Model 2
Control variables Enterprise size -0.036 -0.064
Enterprise age -0.026 -0.024
Ownership -0.083 -0.079
Main effects CCER 0.529**
MBER 0.475"**
Environmental dynamism -0.015 -0.108
Two-dimensional interactive effects CCER*environmental dynamism -0.151*
MBER*environmental dynamism —0.185"*
F 25.401 30.428
R? 0.330 0.371
AR? 0.017** 0.046"**
Note: *p < 0.05, *p < 0.01, **p < 0.001, and N = 191.
TABLE 8 | Regulating effect test resullts.
Path Regulation level Effect Standard error p
CCER—GSCM Low regulation group -0.3264*** 0.0728 0.0000
Cross group -0.4558"* 0.0506 0.0000
High regulation group —0.5843"* 0.0717 0.0000
MBER—GSCM Low regulation group -0.3008*** 0.0643 0.0000
Cross group —0.4553" 0.0481 0.0000
High regulation group -0.6103"* 0.0633 0.0000

Note: *p < 0.05, *p < 0.01, **p < 0.001, and N = 191.

5 CONCLUSION AND DISCUSSION

5.1 Conclusion

This study analyzes the direct influence of ER on corporate
GSCM, and the regulating effect of environmental dynamism
on the influence. The results show that: 1) CCER positively affects
GSCM; 2) MBER positively affects GSCM; 3) environmental
dynamism negatively regulates the relationship between CCER
and GSCM,; 4) environmental dynamism negatively regulates the
relationship between MBER and GSCM.

5.2 Theoretical Contributions

The previous literature disagrees on how ER influences GSCM. From
a new perspective, this study analyzes the influence of CCER and
MBER over GSCM, and considers the regulating effect of
environmental dynamism. Two theoretical contributions were
made: 1) This study constructs a theoretical framework for the
influence of ER on GSCM under the regulating effect of external
environmental factors making up for the deficiency of previous
studies on the relationship between ER and GSCM; 2) CCER and
MBER jointly affect GSCM, which enriches the application of the
institutional theory in GSCM; 3) The previous literature ignores the
regulating effect of environmental dynamism. This study discovers
that environmental dynamism regulates the relationship between
different types of ER and GSCM, providing a solution to the
inconsistent views on the influence of ER over GSCM.

5.3 Managerial Implications
1) With the growing environmental awareness in the society,

enterprises will be very passive in the commercial
environment, if they only consider the government policies
and other social environmental requirements. Enterprises
should timely adjust the GSCM mode, and pay equal
attention to environmental policies of the government, and
the environmental appeals of market players.

2) Enterprises must track the changes of external
environment. If the changes are small, it is easy to rely
on ER to implement GSCM. If the changes are large, ER
can hardly affect GSCM. Then, enterprises should
standardize internal management, and implement
GSCM according to standards and requirements,
ensuring the normal production and operation.

3) While formulating environmental policies, relevant
government departments should also pay attention to
the market situation and make the policy orientation
consistent with the demands of all market players. In
this way, enterprises can further ensure the performance
of GSCM.

5.4 Limitations and Future Directions

1) Our samples come from various industries. To control the
possible effect of industrial differences, the future work could
treat industry type as a control variable, or collect the data
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from a specific industry, aiming to further verify and promote
the research findings.

2) The role of environmental dynamism is considered in this
study. In future, other regulating variables could be taken
into account. From the perspective of internal factors,
there is dynamic capability, corporate social
responsibility and so on. From the perspective of
external factors of enterprises, there is environmental
uncertainty, institutional distance and so on.

3) This study analyzes the direct influence of CCER and
MBER on corporate GSCM. The future work could
study the influence of their interaction on GSCM.
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