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Abstract: Global warming and extreme weather have increased most people’s awareness of the
problem of environmental destruction. In the domain of sustainable development, environmental
governance has received considerable scholarly attention. However, protecting and improving the
environment requires not only substantial capital investment but also cooperation among stake-
holders. Therefore, based on the network structure of stakeholders, the best-worst method (BWM)
and modified Vlsekriterijumska Optimizacija I Kompromisno Resenje method were combined to
form an environmental co-governance assessment framework that can be used to evaluate the effects
of various policies and identify strategies for further improvement through data analysis (hence-
forth the BWM-mV model). This mechanism is not only useful for evaluating the effectiveness of
environmental governance policies but also for generating suggestions to enhance these policies.
Hence, the BWM-mV model is particularly suitable for local governments with limited resources
in time, money, or labor. Pingxiang City Government is currently subject to such limitations and
was therefore selected as the subject of an empirical case study. The results of this study revealed
that the aspects (i.e., criteria) the Pingxiang City Government should urgently improve on pertain
to a high-quality information communication platform (C;3) and smooth joint decision-making by
stakeholders (Cpy).

Keywords: environmental governance; collaboration of stakeholders; BWM-mV model; environmental
co-governance system; local governments with limited resources; budget or time

1. Introduction

Urban environmental pollution is a problem that has caused widespread concern in
recent years [1]. Industrial agglomeration is a primary contributor to urbanization [2], and
intense industrial development has caused many environmental problems in cities [3],
such as increased energy consumption [4], carbon emissions [5,6], and air pollution [7].
These problems pose numerous risks to public health [8]. The environmental problems
caused by urbanization and industrialization urgently require solutions [9,10]. Bennett
and Satterfield [11] suggested that in many environmental protection initiatives, the main
approach to solving environmental problems should be the establishment of a strong
local environmental governance system, and Cheng and Li [12] discussed the impact of
environmental governance policies on the industrial environment.

The government plays the role of the manager in an environmental governance system.
To ensure sustainable human activity in natural environments, the government enacts
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various management policies and regulations. However, although these policies and reg-
ulations can achieve ecological protection, they also affect the development of the local
economy and, in turn, the lives of residents. This one-way governance model usually
faces certain challenges when implemented. For example, companies producing pollut-
ing products may choose to move to other cities with weaker environmental supervision
rather than consider adopting an approach to co-existing with the local environment [13].
Lockwood et al. [14] advocated that a good governance model establishes a cooperative
relationship between governments and citizens in public affairs. Scholars have further
emphasized that this cooperative management relationship should not be limited to the
relationship between governments and citizens but should involve all stakeholders and
encourage these stakeholders to participate more actively in public affairs and govern-
ment decision-making [15,16]. To cope with the complexity of the environment and the
uncertainty of the future, a highly adaptable system that requires stakeholders to conduct
adequate exchanges must be established for environmental governance. Through complete
exchanges of information, stakeholders can seek out other stakeholders who share com-
mon interests to actively promote environmental protection [17-19]. Thus, forming a joint
governance model that involves a nation’s government, enterprises, and citizens is crucial
for protecting the environment and promoting environmental sustainability [20].

“Evaluation” not only benefits environmental governance but also has a significant im-
pact on environmental policy development, management processes, and improvements in
decision-making quality [21,22]. Cheng and Li [12] posited that environmental governance
assessment is the highest priority among tasks that promote a city’s sustainable develop-
ment. In this context, Bennett and Satterfield [11] developed an environmental governance
assessment framework and analytic method. This framework has four goals, namely that a
policy be “effective”, “equitable”, “responsive”, and “robust”, and these goals include 19
indicators. Gao et al. [22] combined the observation periods of three groups (governments,
enterprises, and the public) to analyze their interests and then proposed an environmental
governance evaluation framework. The framework has contributed to environmental
governance systems, but it pays more attention to the relationship among the interests of
a nation’s government, enterprises, and public in environmental governance and less to
how co-governance can be conducted. Moreover, governance processes should be based
on the concepts of transparency, participation, and shared accountability [23,24]. These
are not only the main attributes of environmental governance but also the legal rights of
stakeholders [25]. Therefore, this paper proposes that environmental governance must
be a process in which stakeholders participate, share responsibilities, and demonstrate a
willingness to assume relevant responsibilities when realizing common interests through
full information disclosure. Additionally, this paper introduces an evaluation indicator
framework called the environmental co-governance assessment framework (ECAF).

Urban environmental protection is a systematic and complex project [1] that often
requires substantial economic investment [26]. The development of the urban economy
restricts the level of environmental governance [27]. As the executors of environmental
governance, local governments are also naturally restricted by their economic level [28-30].
Therefore, cities lacking resources (i.e., resource-constrained cities) must accurately formu-
late improvement strategies when conducting environmental governance to make more
effective use of limited resources. More research is necessary to explore the methods of
environmental co-governance in local government when resources are heterogeneous.
Therefore, the purpose of this study is to develop a method, which can be applied to actual
cases, for providing improvement suggestions for resource-poor cities from the perspective
of environmental co-governance.

The BWM-mV model is a type of multiple-criteria decision-making (MCDM) method-
ology [31] that includes two components. The first is the best-worst method (BWM),
which can be used to determine the importance of each criterion. Decision makers can
determine the key to achieving a goal by referring to the weight of each criterion [32-35].
The second component is the modified Vlsekriterijumska Optimizacija I Kompromisno
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Resenje (VIKOR), an approach for determining the distance between each criterion and
the best state (aspiration level), which is referred to as the gap [36,37]. Decision makers
can identify room for improvement in each criterion according to its gap [38]. Scholars
formerly used this model to evaluate alternative criteria, but rarely used it for improving
the alternatives [39-42]. However, the most important feature of the modified VIKOR is
that it can reveal whether room for improvement remains for each criterion [43,44]. Thus,
this model should be used for not only the evaluation but also the improvement of alterna-
tive criteria. Moreover, an advantage of the BWM is that it can be used to quickly obtain
the criteria importance ranking with a certain degree of accuracy [45]. Decision-makers
can reexamine the rationality of resource use according to the importance and gap of
each criterion. This means the BWM-mV model can effectively provide suggestions for
improvements to decision makers who are under time and financial constraints.

Pingxiang City is a prefecture-level city in western Jiangxi Province, China. An
abundance of coal resources enabled this city to achieve modern industrial development
relatively early. However, since 2007, the coal resources of Pingxiang have been in a period
of exhaustion, and in 2008, the city was listed as one of the first resource-exhausted cities
in China. Given the problems faced by resource-based traditional industries, the economic
development of Pingxiang has also been greatly affected. The fiscal deficit is increasing
year by year. To redevelop the local economy, the government of Pingxiang transferred
high-pollution industries to the east. However, this development model has caused a crisis
in the urban environment, and decision-makers in China are aware that these crises will
have devastating consequences. Therefore, every local government must give thought
to environmental governance, and problems concerning environmental governance in
Pingxiang urgently require solutions. Therefore, Pingxiang was selected in this study as a
resource-constrained city to demonstrate the operation of an environmental governance
system based on the Environment Co-governance Assessment Framework (ECAF).

This study had three objectives: (1) construct an assessment framework for envi-
ronmental co-governance called the ECAF; (2) use the BWM-mV model to construct an
analytical mechanism for environmental co-governance that enables decision-makers to
more clearly grasp how aspects for improvement ought to be prioritized when resources
are limited; and (3) help cities with limited resources, such as Pingxiang City, to obtain
suggestions on how environmental governance can be improved. The remainder of this
paper is arranged as follows. The second section details the development of a preliminary
indicator framework for environmental co-governance through discussions of the rele-
vance of stakeholders and environmental governance. In addition, a preliminary indicator
framework for constructing the ECAF is examined. Subsequently, the method for using the
BWM-mV model in environmental co-governance is explained, and the operating process
of the model is described. The third section discusses the environmental governance of
Pingxiang City through a data analysis and offers suggestions for improvement. Finally,
the principal findings of this paper are summarized.

2. Environmental Co-Governance Framework and Process of BWM-mV Model

To construct a framework for environmental co-governance, this study proposes an
initial indicator framework that combines factors affecting environmental governance
obtained from the literatures. Additionally, a test was conducted to ensure the effective-
ness of the indicator framework, which consequently determined the effectiveness of the
environmental co-governance framework. At the end of this section, an explanation of the
process of applying the BWM-mV model is provided. This section comprises three subsec-
tions: Section 2.1 introduces the initial indicator framework of environment co-governance,
Section 2.2 summarizes the test conducted on this framework, and Section 2.3 details how
the BWM-mV model is applied. The contents of these subsections are outlined in Figure 1.
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Figure 1. Planning and purpose of this section.

2.1. Initial Framework of Environment Co-Governance

Many scholars have proposed theories on governance issues. Most of these theories
distinguish among government, corporate, and public stakeholders and posit that the
relationship among those stakeholders can be classified into three structural types [46].
The first is the top-down type, in which the government is perceived as the initiator of
problem-solving projects. Private firms and the public mainly adhere to government
requirements. Because this type is government-led, the results of planning and policy are
consistent, and a plan can be implemented relatively efficiently [47,48]. However, this
type is sometimes prone to the problem of inconsistency between the planning direction
and the needs of the public [49]. The second type is the bottom-up type [50]. This type
is mostly based on initiation by private firms or the public, and the government usually
plays the roles of collaborator and supervisor. This model can solve the problem of
inconsistency between a planning direction and the needs of the people [51]. This type is
mainly employed to encourage people to state their goals and then make plans accordingly,
and the government and private firms only play supporting roles. This type is more
efficient in practice, mainly due to sufficient communication and public support during
the planning period, which can effectively reduce the amount of time required for future
project implementation [52]. The third type is the network type, which has no fixed
initiator. With full information disclosure, stakeholders can fulfill “common interests”
through communication and collaboration [53,54]. The process includes the main concepts
of transparency, participation, and joint decision-making and responsibility [17-19].

An increasing amount of research has provided evidence suggestion that environ-
mental problems cannot be solved by a single organization alone and that cooperation
may be the more feasible approach [55]. Therefore, the aim of environmental governance
should be to effectively achieve the common interest in environmental protection. Under
information transparency, stakeholders participate in governance actions and share respon-
sibilities. Additionally, some evidence suggests that mutual trust among stakeholders can
help achieve the goal of environmental protection [56-58]. Delgado-Marquez et al. [59]
contended that trust is the foundation of stakeholder partnerships. Unlike the general
environmental governance model, the environmental co-governance system is based on
mutual trust among stakeholders. The approach we advocate is a pluralistic, free, open,
and flexible model. The model is based on trust and is goal oriented, allowing stake-
holders to conveniently, voluntarily, and proactively provide corrective information and
participate in environmental governance. Through the pursuit of common interests, it also
achieves environmental protection [60—-62]. Accordingly, the environmental governance
framework developed in this study is based on three dimensions, namely the correctness
and fluidity of public information (D1), effectiveness of and engagement in environmental
co-governance actions (D;), and the effect and binding force of environmental governance
mechanisms (D3).

Information acquisition is the basis for stakeholders to jointly address environmental
matters [63,64]. Information transparency refers to information sharing among stakehold-
ers [9,65]. For example, the government and citizens can ascertain the status of environmen-
tal pollution through environmental responsibility reports disclosed by private firms [66].
For this reason, establishing a mechanism of “restraint, reward, and care” is crucial for
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fostering an environment of mutual trust and willingness to communicate and encourage
stakeholders to proactively provide relevant information [67-70]. In addition, because the
information comes from different stakeholders, checking, summarizing, and re-organizing
the information is also critical for ensuring that the information is correct and complete [71].
The technical purpose of an information exchange platform is to allow stakeholders to
exchange information, and the platform’s operation performance is a critical factor affecting
information quality [72]. Therefore, the correctness and fluidity of public information (D)
refers to the proactive provision of relevant information in a timely and convenient manner
based on mutual trust among stakeholders. This information must be correct, reliable,
and complete. This dimension has three criteria, namely an atmosphere conducive to the
proactive provision of information (Cy1), correct and complete information (Cy3), and a
high-quality information communication platform (Ci3).

Stakeholder participation can improve the level and effectiveness of environmental
governance [9,25]. Effective environmental governance actions ensure the effectiveness
of environmental governance policies and mechanisms while also increasing the atten-
tion and participation of all stakeholders [22,73]. First, although government policies
reflect directions of environmental protection development, allowing for the adjustment
and refinement of policies to ensure their suitability in local contexts is key under con-
stantly changing environmental and social conditions [11,74]. Encouraging companies
and members of the public to propose relevant plans from the perspective of user needs is
an appropriate approach for making such adjustments [75]. Thus, for the formation of a
diverse environmental governance mechanism, the initiators of governance actions should
be diverse; they can be a government entity, companies, or members of the public. Second,
because environmental joint governance actions should adopt a goal-oriented approach
and simultaneously use multiple governance mechanisms, confirming whether an imple-
mented project can achieve the goal of protecting or improving the ecological environment
is critical [11,76]. Third, to ensure the effectiveness of multiple environmental governance
mechanisms and environmental protection projects, a sound supervision mechanism must
be established [30,77]. This includes the confirmation of supervisors, the designation of
their responsibilities, and the formulation of supervisory policies and regulations, super-
visory methods, and improvement measures. Finally, stakeholder participation in the
decision-making process is a crucial aspect of environmental co-governance. To ensure
that joint decision-making by stakeholder’s progresses smoothly, an environment must
be established in which stakeholders can easily communicate and coordinate with each
other [30,78]. In general, the effectiveness of environmental co-governance actions has
a major influence on whether environmental protection goals are achieved. This dimen-
sion has four criteria, namely diversified environmental governance mechanisms (Cy1),
effective environmental protection projects (Cyz), robust co-management and monitoring
mechanisms (Cp3), and smooth joint decision-making by stakeholders (Cyy).

Because the environmental co-governance system has no clear initiator, a responsi-
bility constraint mechanism based on the concept of the pursuit of common interests is
required to ensure the successful completion of environmental protection tasks [23,79-81].
While pursuing common interests, stakeholders must also share the costs of environmental
protection and economic development [82-84]. Therefore, the establishment of such a
mechanism can promote fair treatment of stakeholders, which is a crucial foundation for
trust. The responsibility constraint mechanism includes three aspects: (a) ensuring the
availability of funds for protecting the ecosystem, (b) implementing a penalty system for
environmental damage, and (c) measuring environmental quality. The allocation and use of
funds are usually means by which the management unit controls the execution department
to achieve management goals. Government departments were formerly the most important
management entity [22]. Through budget allocation, a government department can im-
pose constraints on executive departments [85]. However, in the proposed environmental
co-governance system, the initiator is not necessarily the government; this role can also
be filled by an enterprise or community-based non-governmental organization. Thus,
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funds can be obtained through a variety of channels such as corporate social responsibility
or other methods such as crowdfunding [86,87]. When funds can be obtained through
more channels, more funds are thus available overall for use by representatives. This also
means that more resources are available for solving problems related to environmental
governance. For effective environmental governance, in addition to ensuring that funds
are sufficient, the use of funds must also be monitored to ensure that they are being
used appropriately [88,89]. Because environmental governance projects can have different
initiators, establishing a set of common benchmarks for judging violations is crucial for
minimizing environmental damage [90]. After a definition of environmental damage has
been established, relevant policies and regulations can be developed and a penalty system
can be formulated. Violators can be penalized using methods other than fines; the primary
aim of the penalty system is to have a direct deterrent effect on units prone to causing
environmental damage. Environmental quality is determined through comprehensive
evaluation of the state of the environment, the results of which provide a direct indication
of the effectiveness of environmental governance and highlight directions for improvement
and suggestions for projects to be implemented [17]. Therefore, this dimension has four cri-
teria, namely sufficient funds for environmental governance mechanisms (Cs;), allocation
of funds (C3y), a penalty scheme for causing environmental damage (Cs3), and satisfactory
environmental quality assessment results (C34). On the basis of relevant literature, this
study developed an evaluation framework for environmental co-governance, which is
introduced in Figure 2.

Stakeholder Relationship Structure
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Central i
Government
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Government
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Figure 2. Concept and framework of environmental co-governance.

2.2. Test of the Framework of Environmental Co-Governance

To ensure the effectiveness of the evaluation framework, the importance of its eval-
uation indicators needed to be tested. The test was divided into three phases, and a
semi-structured questionnaire design was adopted. The goal of the first phase was to
confirm whether the dimensions and criteria achieved the goal of environmental protection.
The second phase involved defining the criteria. For these two phases, data were collected
through an expert survey that employed a questionnaire with an open-ended question de-
sign as well as interviews to obtain a comprehensive understanding of experts” opinions. In
this study, 16 experts in the field of environmental governance were surveyed. Of these ex-
perts, nine were from the Pingxiang City Ecological Environment Bureau and were directly
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engaged in environmental governance, five were scholars, and two were executives of
highly polluting companies. The aim was that these experts from industry, academia, and
government would confirm the appropriateness of the names and definitions of indicators
and the size of the framework from their various perspectives.

After completion of the first two phases, the third phase involved confirming whether
each criterion was representative. For this phase, a closed-ended question design was
adopted for an expert survey. Experts were asked to judge the importance of each criterion
on a 5-point Likert scale where points 1-5 denote “very unimportant,” “not important,”
“of no notable importance,” “important,” and “very important,” respectively. The experts’
scores were averaged for each criterion to determine whether the criteria were represen-
tative. Scores of 3 and 4 were set as thresholds. Criteria with scores higher than 4 were
considered representative and were accepted, and those with scores less than 3 were con-
sidered unrepresentative and were rejected. A score of 3 or 4 was considered to indicate
that a consensus had not yet been reached on the criterion, and that the survey needed
to be conducted again. The results of the 16 expert questionnaires revealed that the two
criteria with the lowest scores were correct and complete information (C;2) and smooth
joint decision-making by stakeholders (Cp4), which both had scores of 4; the other criteria
attained scores higher than 4. Thus, the environmental co-governance framework was
considered to have passed the test. The framework includes 3 dimensions and 11 criteria,
as listed in Table 1.

Table 1. Environmental co-governance framework.

Dimensions

Criteria Descriptions

Atmosphere refers to the feeling generated by

Correctness and fluidity of
public information (D)

Effectiveness of and
engagement in environmental
co-governance actions (D,)

The effect and binding force of
environmental governance
mechanisms (D3)

Atmosphere conducive to the
proactive provision of information

(C11)

Correct and complete
information (Cqp)

High-quality information
communication platform (Cy3)

Diversified environmental
governance mechanisms (Cy1)

Effective environmental
protection projects (Cp)

Robust co-management and
monitoring mechanisms (Cp3)

Smooth joint decision-making by

stakeholders (Cpy)
Sufficient funds for

environmental governance
mechanisms (Cs1)

Allocated funds (Czp)

each stakeholder through the operation of a
mechanism that must be able to encourage
stakeholders to actively and willingly share
their information.

This criterion means that the information
provided by stakeholders must be correct and
complete in addition to being useful for
environmental protection.

This criterion refers to a platform that enables
stakeholders to exchange information in a timely
and convenient manner.

This criterion refers to related actions (e.g.,
policies, regulations, mechanisms, or projects)
proposed by different sponsors for environmental
protection or improvement.

This criterion reflects whether the
implemented project can achieve the purpose of
protecting or improving the
ecological environment.

This criterion refers to whether the
management model, regulations, and related
supervision mechanisms have clear specifications.

This criterion represents adequate
communication and coordination between
stakeholders, through which a mutual decision can
be reached.

This criterion refers to whether the available
funds are sulfficient for solving environmental
governance problems.

This criterion refers to the use of funds at
every stage of the project; confirming whether the
expected outcome of using allocated funds has
been met is crucial.




Int. J. Environ. Res. Public Health 2021, 18, 4969 8 of 30

Table 1. Cont.

Dimensions

Criteria Descriptions

A penalty system should be introduced with
the goal of preventing environmental damage. In
Penalty for causing addition to fines, other penalties should be
environmental damage (Cs3) employed to act as additional deterrents. Finally,
the penalties must be clearly stipulated in
relevant regulations.
This criterion refers to whether the results of
Satisfactory environmental checking and verifying the current state of the
quality assessment results (Cz4) environment are satisfactory from a
comprehensive perspective.

2.3. BWM-mV Model and Process of its Application

The combined best-worst method (BWM) and modified Vlsekriterijumska Opti-
mizacija I Kompromisno Resenje (VIKOR) method (called the BWM-mV model) is a hybrid
technique that has applications such as the evaluation of service quality in the aviation
industry [91], airport green performance [39], and the performance of cable company
suppliers [92]. In the aforementioned studies, this model was used to solve the problem
of evaluating and ranking alternatives among, for example, airlines, with respect to ser-
vice quality; airports, with respect to greenness; and suppliers, with respect to price and
quality. However, the focus of the modified VIKOR should be on providing suggestions
on which of many avenues of improvement should be pursued. That is, the core spirit
of this model is to achieve the “evaluation of alternatives and improvement suggestions
more accurately [43]”. The BWM is a technique for calculating indicator weights through
pairwise comparison. With this technique, decision-makers can understand the priority
issues that resource-constrained cities must master in the environmental co-governance
system. On this basis, the modified VIKOR method can be employed to ascertain the
gap between actual performance and aspired-to performance to alert decision-makers
to areas for improvement in a city’s current environmental governance system. Finally,
by combining the results of the two techniques, an “important but poor performance”
indicator can be found, and a path for improvement can be provided for the environmental
governance of resource-constrained cities, which was the principal goal of this study.

This means the BWM-mV model can effectively provide suggestions for improvements
to decision makers who are under time and financial constraints. The process of applying
the BWM-mV model is illustrated in Figure 3.
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Figure 3. Process of applying the BWM-mV model.
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The questionnaire was designed according to the environmental co-governance frame-
work, which contains two types of information. The first is the importance of each criterion,
which is determined by asking the interviewee to select the most important (Cg) and least
important criteria (Cyy) from all of the criteria. Next, each criterion is compared with the
most important criterion (Pg) and the least important criterion (Py) in pairs to obtain
a ratio. A scale of 1-9 was adopted for the questionnaire used in this step. The third
step was to use the BWM algorithm to identify the criterion with the highest importance
weight (w) under the minimum &L, Finally, ¢ is used to check the consistency. The test
value is referred to as the consistency index (CI) value. If the CI value does not meet the
specified threshold (0.1), then a problem exists with the raw data and the data need to be
evaluated. If the CI value does meet the threshold, then the weight value of the criterion
is considered reliable. In the next step, each individual weight is averaged to obtain the
group weight (wf). The second type of information is the degree of satisfaction of the
criteria, which reflects the current performance of the alternative criterion. The first step
is to survey the respondents to determine the performance of the alternatives for each
criterion. The questionnaire scale used in this step was 0-10, which is a ratio scale in which
0 points represents the most dissatisfactory and 10 points represents the most satisfactory.
Subsequently, the survey results of all respondents are aggregated to obtain the average
for evaluating group performance (fi;). The upper bound of the questionnaire represents
the aspiration level (fP"*4), and the lower bound represents the worst level (f*"*!). Group
performance is then normalized to calculate the distance between the performance of each
criterion and the aspiration level, referred to herein as the gap (ry;). After the gap of each
criterion is obtained, the group utility (S¢) is generated through integration of the weight.
The steps of the BWM-mV model are detailed in Appendix A.

After the data are calculated, they are visualized in two dimensions. The horizontal
axis is the gap, which represents the room for improvement of each criterion, and the
vertical axis is the importance weight, which represents the importance of each criterion.
The resulting graph, referred to as the importance-gap graph, is divided into four quadrants
based on these two axes. The criteria in the first quadrant have a higher importance and
a larger gap. Because of this larger gap, a performance level further from the aspiration
level indicates greater room for improvement for a given criterion. Therefore, when a
decision must be made with limited time and resources, the criteria in this quadrant should
be improved first. The criteria in the second quadrant have a high importance and small
gap (i.e., better performance). Therefore, the operation mode of these criteria should be
considered to ensure that these criteria maintain adequate performance. The criteria in
the third quadrant have a low importance and small gap; although these criteria have
adequate performance, their importance is relatively low. Therefore, decision makers can
reallocate resources by reviewing and improving resource use efficiency. The criteria in
the fourth quadrant have a low importance and a large gap. Because the importance and
gap of these criteria are relative conditions, these criteria are not necessarily insignificant
or poorly implemented; rather, decision makers must make more effective choices under
time and resource constraints. Therefore, these criteria are secondary rather than primary
considerations for decision makers when improving their alternative criteria.

3. Empirical Analysis of Pingxiang, China

Pingxiang is a resource-constrained city in China. The environmental policies enacted
by the central government require that urgent improvements be made to protect the
environment. Therefore, this study applied the environmental co-governance system to
help Pingxiang City Government solve this problem.

3.1. Resource-Constrained City: Pingxiang, Jiangxi Province, China

For a case study, we selected Pingxiang, which is a prefecture-level city located in
western Jiangxi Province, China. Pingxiang has two districts (Anyuan, Xiangdong) and
three counties (Luxi, Shangli, and Lianhua) (Figure 4). The establishment of Pingxiang
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was based on the presence of coal, but the diminishment of coal resources has caused
hardship for related industries and affected local economic development. According to
the Pingxiang City Statistical Yearbook 2018, Pingxiang’s fiscal deficit is growing year by
year (Table 2) while its six pillar industries (i.e., mining, petrochemicals, fireworks, cement,
electro-ceramics, and steel) continue to substantially contribute to pollution levels, causing
enormous damage to the urban environment. Therefore, Pingxiang is a typical city under
the dual pressure of: (1) having limited resources and (2) requiring improvements to reduce
levels of environmental pollution; thus, multi-stakeholder collaborative governance is
necessary for conserving resources and improving the urban environment. A more detailed
explanation of the actual situation, based on the index system of the ECAF, is provided

as follows.
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Figure 4. Geographical characteristics and location of Pingxiang, Jiangxi Province, China.

Table 2. Government revenue and expenditure of Pingxiang, 2007-2017.

Year Government Revenue Government Expenditure Balance
(Million Yuan) (Million Yuan) (Million Yuan)

2007 3307.73 3514.64 —206.91

2008 4133.27 5085.46 —952.19

2009 4693.53 6963.53 —2270.00
2010 6407.95 8669.77 —2261.82
2011 8692.43 10,871.43 —2179.00
2012 10,050.52 13,434.49 —3383.97
2013 10,979.73 14,960.07 —3980.34
2014 11,705.53 15,654.83 —3949.30
2015 13,048.32 18,492.70 —5444.38
2016 13,563.83 20,001.97 —6438.14
2017 14,616.21 22,493.77 —7877.56

The data were collected from the Pingxiang City Statistical Yearbook.

3.1.1. Atmosphere Conducive to the Proactive Provision of Information (C11)

Relevant policies and regulations can impose mandates on stakeholders, forcing
them to disclose environmental information. Pingxiang has also increased the publicity of
relevant policies to obtain more extensive environmental information. Community workers
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and volunteers have visited industrial parks, enterprises, and residential areas to publicize
environmental protection policies, explain relevant reward and punishment measures,
and encourage enterprises and residents to provide environmental information of their
own volition.

3.1.2. Correct and Complete Information (C17)

Pingxiang has formulated and implemented measures targeting government offi-
cials and enterprises and clearly stipulated consequences for tampering with, forging, or
concealing information related to the ecological environment. To ensure the correctness
of the environmental information provided by enterprises, the government has also ar-
ranged for a special investigative team to visit enterprises and confirm the correctness and
completeness of the information provided through field investigation.

3.1.3. High-Quality Information Communication Platform (C13)

Pingxiang currently has numerous environmental information communication plat-
forms. These include a government website, social networking platform, telephone hotline,
and petition mailbox. The primary function of the government website and social network-
ing platform is to publish environmental information in a timely manner. These platforms
also provide a basis for “online surveys”, “environmental consultation”, and “solicitation
of opinions” projects. Citizens can also make use of these functions to ask questions and
express their opinions on environmental issues. The hotline and petition mailbox were
established to enable citizens to file complaints regarding environmental problems. When
a complaint is received, the Pingxiang City Ecological Environment Bureau (PCEEB) fol-
lows up and addresses the concern in a timely manner, and the results of implementing
measures to resolve the relevant problem are provided to the individual who filed the
original complaint.

3.1.4. Diverse Environmental Governance Mechanisms (Cp1)

The government is the main sponsor of environmental actions, such as the introduction
of policies to guide the implementation of environmental protection measures. In addi-
tion, enterprises or industry associations often initiate various environmental protection
measures. For example, the Jiangxi Porcelain Chamber of Commerce has brought together
all of Pingxiang’s electroceramics enterprises for joint research and development, which
has not only promoted the upgrading of common electroceramics products to high-tension
electroceramics products but has also effectively reduced the amount of environmental
pollution emitted during the production process. Citizens rely heavily on volunteer groups
to launch environmental initiatives. Pingxiang has more than 200,000 registered volunteers
and conducts urban waste clean-up operations of increasingly large scale every week.

3.1.5. Effective Environmental Protection Projects (Cp))

Being able to confirm whether environmental protection projects can truly achieve
the goal of protecting or improving the condition of the ecological environment is crucial.
Therefore, a perfect project management system is vital for managing various stages of
projects to achieve comprehensive management before, during, and after implementation.
Evaluation of the effectiveness of projects in Pingxiang is mainly performed by an entrusted
third-party consulting firm. According to relevant regulations, a project with a total
investment of more than CN¥30 million must be put out for public bidding, and a project
with a total investment of less than CN¥30 million but with a single environmental project
of more than CN¥500,000 must also be put out for public bidding. Only one local company
currently holds an environmental project evaluation qualification. Therefore, the evaluation
of most projects must be performed by consulting companies outside of Pingxiang.
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3.1.6. Robust Co-Management and Monitoring Mechanisms (Cp3)

A part-time supervisory team has been established in Pingxiang. The panel is com-
posed of government workers, business managers, ordinary citizens, academics, and jour-
nalists. The team drafts an annual supervision plan, supervises implementation through
field investigation, conducts interviews to relay problems identified during oversight
actions, and proposes improvements. The results of improvement measures are also
reexamined to ensure that problems are resolved.

3.1.7. Smooth Joint Decision-Making by Stakeholders (Cy4)

Pingxiang employs a political consultative system. Members of the National Commit-
tee of the Chinese People’s Political Consultative Conference (CPPCC) come from all walks
of life and are selected through consultation and recommendation. Members of the CPPCC
must first have a broad understanding of the aspirations and demands of the public and
then make suggestions and recommendations to the government in the form of research
reports, proposals, and recommendations.

3.1.8. Sufficient Funds for Environmental Governance Mechanisms (C31)

Taxes and higher-level government grants are Pingxiang’s main sources of funding to
tackle environmental problems. In 2017, Pingxiang’s tax revenue was CN¥6684.03 million,
of which CN¥1238.83 million (18.53%) was from direct expenditure on environmental
protection. To raise more funds, environmental projects have taken flexible forms. For
example, the “Sponge City” project is based on the public—private partnership model. This
model broadens the available financing channels and attracts substantial private capital for
project investment. Additionally, the use of a variety of financial instruments (e.g., green
credit, green bonds, and green insurance) has further enriched environmental financing.

3.1.9. Allocated Funds (Cszy)

The use of funds for environmental projects is publicly disclosed on the government’s
environmental information platform. The audit department audits the use of funds on a
regular basis and deals with situations involving the illegal use of funds. The government
supervisory team also conducts investigations to monitor the use of environmental funds.
For example, in 2019, the PCEEB spent CN¥24 million on energy conservation and envi-
ronmental protection projects, and the implementation rate was approximately 98% of the
budget available at the beginning of the year.

3.1.10. Penalty for Causing Environmental Damage (Cs3)

Pingxiang City Government has implemented various punishment measures (e.g.,
production restrictions, production suspension and rectification, heavy fines, and closure)
to penalize enterprises for discharging wastewater, waste gas, and solid waste and emitting
noise pollution. In 2017, Pingxiang had 200 environmental violations on file, accounting
for 9.9% of the total number of cases in Jiangxi Province. In the same year, the city
government issued cumulative fines of CN¥52.54 million, but the actual amount received
was CN¥9.11 million. In addition to these punishment measures, the government website
also discloses the environmentally damaging behavior of enterprises. Pingxiang has also
enacted regulations regarding the city’s appearance and environmental hygiene, and
citizens who violate the regulations face penalties of up to CN¥2000.

3.1.11. Satisfactory Environmental Quality Assessment Results (Ca4)

Numerous environmental monitoring projects are currently underway in Pingxi-
ang, including 51 ambient air and waste gas monitoring projects; 86 surface water and
wastewater monitoring projects; 22 soil, water sediment, and solid waste monitoring
projects; 4 biological monitoring projects; and 6 noise and vibration monitoring projects.
The environmental quality of Pingxiang has recently improved considerably through the
strengthening of environmental governance and expansion of the scope of monitoring. For
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the four consecutive months from May to August 2020, Pingxiang was ranked first among
the cities in Jiangxi Province in terms of air quality. The water quality level of most bodies
of water has been maintained at “good” or above.

3.2. Data Collection and Analysis of the Results

Data collection was divided into two parts. For the first part, which was based on
the operating process of the BWM, 10 experts were invited to determine the best and
worst factors on the basis of their experience and expertise, as shown in Tables 3-5 (In this
process, the dimension part served as an example. The questionnaire design and collection
and analysis of the data are detailed in the Appendices B and C). The survey participants
were managers of government environmental departments and scholars in the field of
environmental research.

Table 3. Most and least important factors selected.

Expert No. 1 2 3 4 5 6 7 8 9 10
Most important D, Dy, D, Dy, D, D, Dy Dy Dy Dy
Least important D3 D3 Dl D3 D3 D3 Dl D3 D3 D3

Table 4. Obtained best-to-others vector.

Expert No. 1 Dy D3 Expert No. 6 Dy D3
D, 2 4 D, 2 3
Expert No. 2 Dy Ds Expert No. 7 D, Ds
D, 1 3 D, 3 2
Expert No. 3 Dy Dj Expert No. 8 D4 Ds
D, 3 3 D, 1 2
Expert No. 4 Dy D3 Expert No. 9 Dy D3
D, 1 4 D, 2 4
Expert No. 5 Dy D3 Expert No. 10 Dy D3
D, 2 4 D, 1 1

Table 5. Obtained others-to-worst vector.

Expert No. 1
Dy
D,
Expert No. 6
D,
Dy

D,
Dy

3 D, 3 D,
2 Ds 2 D4

D, 4
D; 3

Expert No. 2 Ds Expert No. 3 Dy Expert No. 4 Ds Expert No. 5 Ds
4
3

Expert No. 7 Dy Expert No. 8 D3 Expert No. 9 D3 Expert No. 10 D3

D,
Ds

3 D, 2 D, 4 D, 1
2 Dy 2 D 3 Dy 1

The questionnaire for the technical stage, which involved the application of the VIKOR
method, was completed by relevant stakeholders, including 15 environmental department
managers (EDMs), 23 business executives (BEs), and 50 citizens (see Table 6). The data
source for the performance value of each criterion was the judgment of the stakeholders. In
some cases, only certain stakeholders could ascertain whether certain criteria were satisfied;
thus, some items were only answered by these stakeholders. For example, citizens cannot
evaluate criteria Csz1, C3p, and Csz; BEs cannot evaluate criteria C3; and Cz4; and EDMs
cannot evaluate criteria C1g and Cyq;. In terms of average performance, the best performance
criterion was sufficient funds for environmental governance mechanisms (Cz;), followed
by correct and complete information (Cyy) and allocated funds (Cap).
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Table 6. Performance of stakeholders.

Criteria EDM BE Citizen Average
Atmosphere conducive to the proactive provision of information (Cy1) 7.500 5.944 5917 6.212
Correct and complete information (Cjp) 7.583 5.944 6.000 6.273
High-quality information communication platform (Cy3) 7.750 6.000 5.028 5.788
Diversified environmental governance mechanisms (C1) 7917 5.722 5.917 6.227
Effective environmental protection projects (Cpp) 7.667 6.611 3.944 5.348
Robust co-management and monitoring mechanisms (Cy3) 8.000 6.833 5.000 6.045
Smooth joint decision-making by stakeholders (Cpq4) 7.583 5.778 4.972 5.667
Sufficient funds for environmental governance mechanisms (Cs;) 6.667 - - 6.667
Allocated funds (Csp) 6.833 5.889 - 6.267
Penalty for causing environmental damage (C3z3) - 4.833 - 4.833
Satisfactory environmental quality assessment results (C34) - - 5.917 5.917

EDM = Environmental Department Manager; BE = Business Executive.

The calculation results of the BWM-mV model are presented in Table 7. Of the
dimensions, effectiveness of and engagement in environmental co-governance actions (D;)
was the most important (0.504). The second most important was correctness and fluidity
of public information (D;), with a weight of 0.313, followed by the effect and binding
force of environmental governance mechanisms (D3), with a weight of 0.184. The criteria
were ranked as follows in descending order of importance: Cp1, Cps, Co3, C13, C11, C12,
C32, C33, Cp9, C34, and C31. The dimension with the largest gap was the effect and binding
force of environmental governance mechanisms (D3), followed by effectiveness of and
engagement in environmental co-governance actions (D;) and correctness and fluidity of
public information (D). The criteria were ranked as follows in descending order of gap
value: Cs3, Cp2, Co4, C13, Ca4, Co3, C11, Co1, C12, C32, and C3;.

Table 7. Calculation results of the BWM-mV model.

Local Global

Dimensions/Criteria Weights ~ Weights Performance Gap
Correctness and fluidity of public information (D¢) 0.313 6.072 0.393
Atmosphere conducive to the proactive provision of information (Cy) 0.355 0.111 6.212 0.379
Correct and complete information (Cy) 0.275 0.086 6.273 0.373
High-quality information communication platform (C;3) 0.371 0.116 5.788 0.421
Effectiveness of and engagement in environmental co-governance actions (D) 0.504 5.918 0.408
Diversified environmental governance mechanisms (Cp;) 0.338 0.170 6.227 0.377
Effective environmental protection projects (Cp2) 0.093 0.047 5.348 0.465
Robust co-management and monitoring mechanisms (Cp3) 0.242 0.122 6.045 0.396
Smooth joint decision-making by stakeholders (Cp4) 0.328 0.165 5.667 0.433
The effect and binding force of environmental governance mechanisms (D3) 0.183 5.813 0.419
Sufficient funds for environmental governance mechanisms (Cs;) 0.119 0.022 6.667 0.333
Allocated funds (Csp) 0.339 0.062 6.267 0.373
Penalty for causing environmental damage (Ca3) 0.288 0.053 4.833 0.517
Satisfactory environmental quality assessment results (C34) 0.253 0.046 5.917 0.408
Total performance 5.947

Total gap 0.405

A Cartesian coordinate system was obtained using the gap and global weight val-
ues as the X-axis and Y-axis, where the intersection represents the average value. The
results (see Table 8) are presented in four quadrants. High-quality information commu-
nication platform (C;3) and smooth joint decision-making by stakeholders (Cp4) belong
to the first quadrant. Atmosphere conducive to the proactive provision of information
(Cq11), diversified environmental governance mechanisms (Cp; ), and robust co-management
and monitoring mechanisms (Cp3) belong to the second quadrant. Correct and complete
information (Cyy), sufficient funds for environmental governance mechanisms (Cs1), and
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allocated funds (Csp) belong to the third quadrant. Effective environmental protection
projects (Cpp), penalty for causing environmental damage (Cs3), and satisfactory environ-
mental quality assessment results (Caz4) belong to the fourth quadrant.

Table 8. Importance-gap analysis of the criteria.

Dimensions/Criteria Gap Global Weights  Position Quadrant
Atmosphere conducive to the proactive provision of information (Cy1) 0.379 0.111 (—,+) II
Correct and complete information (Cj) 0.373 0.086 (—,—) 111
High-quality information Communication platform (Cy3) 0.421 0.116 (+,+) I
Diversified environmental governance mechanisms (Cp1) 0.377 0.170 (—,+) II
Effective environmental protection projects (Cp2) 0.465 0.047 + ) v
Robust co-management and monitoring mechanisms (Cp3) 0.396 0.122 (—,+) II
Smooth joint decision-making by stakeholders (Cp4) 0.433 0.165 (+,4) I
Sufficient funds for environmental governance mechanisms (Cs;) 0.333 0.022 (—,-) III
Allocated funds (Czp) 0.373 0.062 (=, ) 111
Penalty for causing environmental damage (Cs3) 0.517 0.053 (+, —) v
Satisfactory environmental quality assessment results (C34) 0.408 0.046 + -) v
Average of criteria gap 0.407

Average of criteria global weights 0.091

3.3. Discussion

In the importance-gap graph of the criteria, the criteria are distributed across different
quadrants, and each quadrant has different development strategies (see Figure 5). The
following discussion of improvement strategies is based on the criteria for each quadrant.

* Diversified environmental governance +  Smooth joint decision-making by stakeholders (C;,)
mechanisms (C,;) * High-quality information communication platform
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Figure 5. Importance-gap graph of the criteria.
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3.3.1. First Quadrant

The first quadrant contains two criteria, namely high-quality information communica-
tion platform (C13) and smooth joint decision-making by stakeholders (Cpq4).

Regarding the criterion of high-quality information communication platform (Cy3),
Pingxiang lacks a professional platform for smooth and effective communication between
stakeholders, despite it being a crucial criterion. Pingxiang’s existing platforms have some
problems, such as a lack of information integration, low levels of information exchange,
and low levels of specialization. Therefore, Pingxiang City Government should develop a
professional communication platform for environmental information as soon as possible.
This platform should integrate all environmental information and have multiple functions,
such as information disclosure, discussion of environmental matters, advice sharing, and
filing of complaints. When the platform has become operational, the government should
vigorously publicize and promote it to improve the utilization rate of the platform and
thereby enable stakeholders to conveniently exchange information.

Smooth joint decision-making by stakeholders (Cy4) is also hindered by the lack of an
adequate information communication platform. Although CPPCC members are responsible
for collecting citizens’ opinions and suggestions, the amount they collect is extremely
limited. Therefore, the development of a communication platform for environmental
information is highly important. A strong communication platform would enable more
people to participate in environmental decision-making and better enable them to express
their opinions and offer suggestions.

Therefore, Pingxiang’s first priority in terms of environmental governance should
be to integrate its decentralized systems and platforms as quickly as possible, building
a trust-based professional platform for stakeholders to share information, communicate,
make decisions, and supervise each other to achieve environmental protection. Being
able to mobilize existing resources is paramount for improving the effectiveness of the
platform. The platform should therefore be at a higher level in the original administrative
organization structure, which would also increase the willingness of stakeholders to trust
in and engage with the platform. Building trust helps in reaching a consensus and can
facilitate joint decision-making. Public disclosure and transparency of information are
crucial for forming a foundation for trust because it is critical that all stakeholders believe
that rules are in place for addressing problems. Pingxiang City Government should develop
a transparent and public platform for environmental governance, and this platform must
be at a high administrative level and ultimately ensure that all participating stakeholders
adhere to certain rules.

3.3.2. Second Quadrant

The second quadrant contains three criteria, namely atmosphere conducive to the
proactive provision of information (Cy;), diversified environmental governance mecha-
nisms (Cp1), and robust co-management and monitoring mechanisms (Cp3).

Regarding the criterion of an atmosphere conducive to the proactive provision of
information (C11), under the current information disclosure mechanism in Pingxiang, en-
terprises must disclose their own environmental information under the policies in place.
Additionally, this mechanism incudes a reward policy that encourages citizens to actively
provide environmental pollution information. Although this mechanism has achieved
some positive results, it still requires improvement. Enterprises occasionally still conceal
environmental information, and only a small group of citizens care about the environment.
Therefore, the government should focus on the establishment and improvement of the
care mechanism. The government can foster the interest of enterprises and citizens in
environmental matters by providing more environmental consultation, organizing more
popular science activities concerning environmental knowledge, and helping enterprises to
implement practical solutions to environmental problems. Such measures can enhance the
environmental awareness of enterprises and citizens, thereby alerting them to the impor-
tance of environmental information and increasing their willingness to offer information.
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Regarding the criterion of diversified environmental governance mechanisms (Cp1),
Pingxiang City Government is the main sponsor of environmental initiatives, and relevant
actions are occasionally organized by enterprises and citizens. However, a truly diverse
set of environmental governance mechanisms has not yet been established. Enterprises
and citizens may be more concerned with the legitimacy of their actions; consequently,
the environmental initiatives they organize are not only few in number but also weak
in impact. Therefore, Pingxiang should develop a policy for initiating environmental
action. This policy must be able to provide guidance for enterprises and citizens to initiate
environmental action while safeguarding the legitimacy of their actions.

Regarding the criterion of robust co-management and monitoring mechanisms (Cy3),
the measures taken by Pingxiang’s part-time supervisory team have been highly effective
and well covered by the media. However, addressing all environmental problems is impos-
sible due to the limited number of panel members. Therefore, more stakeholders should
be involved in mutual decision-making and mutual supervision. Informatization is one
approach that can help to meet this goal. Establishing an adequate professional platform
for sharing environmental information can not only help in meeting the criteria in the first
quadrant but also increase the convenience of participating in environmental supervision.

Because the criteria in the second quadrant have greater importance than those in
other quadrants, Pingxiang should ensure the proper functioning of the information disclo-
sure, action, and supervisory mechanisms. However, the criteria in the second quadrant
also indicate that the gap is relatively small. Therefore, the key to ensuring the proper func-
tioning of these mechanisms is to adjust the relevant internal resources and development
objectives of each criterion without reducing the input of existing resources. The ultimate
goal of these adjustments is to improve the efficiency of resource utilization. Therefore,
more resources should be used for establishing and improving a “care mechanism” to
promote interest in the environment, an environmental action initiation mechanism, and
an information-based supervision platform. A well-developed care mechanism would
make it easier for stakeholders to form partnerships based on mutual trust. This would
significantly reduce the amount of environmental information withheld, resulting in a
better atmosphere for the active provision of information. Such a care mechanism can
also promote the initiation of environmental actions by enterprises and citizens. Moreover,
because the action mechanism offers an institutional guarantee, enterprises and citizens
should be willing to initiate such environmental actions and should also have the oppor-
tunity to obtain corresponding benefits. This can change the status quo, which currently
depends mainly on the government’s initiation of environmental actions, and gradually
form a variety of environmental governance mechanisms. This care mechanism can also
prompt enterprises and citizens to participate in environmental supervision. Moreover, the
establishment of an information-based supervision platform would not only encourage
stakeholders to be more attentive but would also make it more convenient for them to
participate in environmental supervision.

3.3.3. Third Quadrant

The third quadrant contains three criteria, namely correct and complete information
(C1p), sufficient funds for environmental governance mechanisms (Cs;1), and allocated
funds (C32).

Regarding the criterion of correct and complete information (Cyy), Pingxiang City
Government has implemented strict measures to punish those responsible for falsifying
environmental information and has conducted environmental information investigations.
These measures make the gap for this criterion relatively small, but do not guarantee
that all information is correct and complete. To improve the accuracy and integrity of
information, Pingxiang requires a more convenient information exchange platform and
must enforce punishments more strictly.

Regarding the criterion of sufficient funds for environmental governance mechanisms
(Cs1), despite having limited financial resources, Pingxiang City Government still increased
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its investment in environmental governance, meaning that the gap for this criterion is rela-
tively small. This result actually depends on China’s assessment system for local officials.
China has included environmental indicators in its assessment of officials, resulting in a
substantial increase in environmental funding in all cities. Compared with other cities,
Pingxiang has a relatively small total amount of environmental investment. Therefore, in
the future, Pingxiang should raise funds more broadly for environmental protection.

Regarding the criterion of allocated funds (Cay), strict investigations and audit mea-
sures have increased Pingxiang’s implementation rate for environmental funds, meaning
that this criterion also has a relatively small gap. In the future, in addition to paying
attention to the implementation rate of funds, Pingxiang should pay more attention to the
effects of using funds. Therefore, the government should require the construction unit of
environmental projects to set clear objectives for each construction phase and evaluate the
achievement of these objectives.

Because of the positive impact of China’s assessment system for local officials, the
number of cases of falsification of environmental information in Pingxiang has decreased
significantly in the past period, and the investment in environmental governance has
increased year by year. However, the total amount of environmental funding remains low,
and the effectiveness of its use remains unclear. Therefore, Pingxiang City Government
should request that the construction unit of each project formulate detailed and clear
objectives for each construction phase and determine the effectiveness of the use of funds
on the basis of the actual achievement of the objectives. In the long run, Pingxiang must
also open up a wider range of funding channels to raise more money for environmental
protection. In general, the criteria in the third quadrant have relatively small gaps and are
of low importance. Therefore, the aforementioned improvements are not urgently required
and should be deferred to the next phase, in which they can be foci.

3.3.4. Fourth Quadrant

The fourth quadrant contains three criteria, namely effective environmental protection
projects (Cyp), penalty for causing environmental damage (Cs3), and satisfactory environ-
mental quality assessment results (Csy).

Regarding the criterion of effective environmental protection projects (Cy2), environ-
mental projects in Pingxiang are mainly assessed by environmental impact assessment
(EIA) companies. An EIA company is entrusted by the construction unit of a given project
to examine the feasibility and effectiveness of the project and issue an EIA report. How-
ever, there are a large number of EIA companies in China, and the primary goal of these
companies is to make a profit. The respective interests of EIA companies and project
construction units make it easy for the two parties to “cooperate” with each other. In fact,
EIA companies must issue a “project feasibility” report to obtain a commission from the
project construction unit—this has become one of the industry’s unspoken rules. The reality
in Pingxiang is that these companies judge all environmental projects to have “project
feasibility,” which raises doubts regarding whether these projects will actually achieve
their environmental goals. This is also the direct cause of the low level of satisfaction for
this criterion. Therefore, Pingxiang should ensure the authenticity and accuracy of EIA
reports. The government should perform strict examinations of the reports issued by EIA
companies and, if necessary, arrange for a review team to conduct a thorough examination
of the project. Additionally, according to the results of the examinations, the government
should severely penalize EIA companies that produce false reports.

The main problem in Pingxiang regarding the criterion of penalties for causing en-
vironmental damage (Cs3) is the lack of enforcement of punishments for environmental
violations. Pingxiang has strict environmental regulations and high fines for harming the
environment, but the actual rate of fines paid is extremely low. This indicates that law
enforcement is not strong enough to truly deter environmental damage. Pingxiang should
therefore improve law enforcement. As a concrete measure, the government should expose
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enterprises and individuals who delay paying or refuse to pay fines and add the executives
of the related enterprises to the credit blacklists to achieve a real deterrent effect.

Regarding the criterion of satisfactory environmental quality assessment results (Czs),
Pingxiang’s ranking among the cities of Jiangxi Province in terms of environmental quality
has recently improved year by year. However, its ranking nationwide indicates that it is still
a long way from being regarded as a city with good environmental quality. In terms of air
quality, which is a primary concern for citizens, Pingxiang’s PM, 5 index has long remained
stable at approximately 80-100, which is still a long way from being considered “excellent”
(0-50). Therefore, Pingxiang should not be satisfied with its ranking within the province
but should rather take the best environmental quality as a benchmark for improvements.

Therefore, Pingxiang should also ensure the authenticity and accuracy of EIA reports.
Strict examinations of EIA reports and investigation and prosecution of EIA companies that
issue false reports would reduce the falsification behavior of EIA companies and further
improve the authenticity and accuracy of reports. This would help to truly distinguish
between “good” and “bad” environmental projects, and the evaluation results can be used
to implement incentives and penalties. Specific punishments include issuing a large fine
or blacklisting the individual managing the enterprise. Moreover, the government should
enhance law enforcement to improve the effects of punishments. In general, the criteria
in the fourth quadrant are of low importance. The aforementioned improvements are
therefore not urgently required and should be deferred to the next phase, in which they
can be foci.

In summary, with the concerted efforts of all stakeholders, environmental governance
in Pingxiang has achieved some success, but it still requires improvement. The key to
successful environmental governance in Pingxiang, as a resource-constrained city, lies in
the rational allocation and efficient use of resources. After a comprehensive analysis of the
importance and size of the gap of each criterion, this study concluded that improvements
should be divided into four stages. The first stage is to establish a public and transparent
environmental platform. The second stage is to maintain the effective operation of mecha-
nisms for environmental information disclosure, environmental actions, and supervision.
The third stage is to improve the supervision of environmental projects and enhance the
enforcement of penalties for causing environmental damage. The fourth stage is to im-
prove the efficiency of the use of environmental funds. Organizing the four phases would
contribute to a new realignment of resources and more efficient use of resources on the
basis of trust. The allocation of more resources to the establishment of an environmental
platform, which would give the city a higher ranking in environmental quality and enable
stakeholders to share information in an environment based on mutual trust, is urgently
required for Pingxiang. After the platform has been established, the environment of trust it
offers can facilitate the development of a caring mechanism. This should lead to the forma-
tion of partnerships between various stakeholders, who are more willing to participate in
and proactively initiate environmental actions and conscious environmental supervision.
This will enable more efficient use of resources as well as help in the third phase to improve
the provision of surplus resources. Further improvements in environmental governance
will lead to improved effectiveness of the stakeholder co-governance mechanism and better
use of resources. More resources can then be devoted to the fourth stage of improvement.
The fourth phase aims to improve the efficiency regarding how funds are spent; such
improvement can further enhance resource usage efficiency, thus realizing a virtuous cycle
and enabling Pingxiang to effectively achieve its environmental protection goals.

4. Conclusions

Protecting and improving the environment require not only a large amount of cap-
ital investment but also the cooperation of stakeholders. Therefore, the purpose of this
study was to provide effective improvement suggestions for cities with limited resources
from the perspective of environmental co-governance. Researchers conducting follow-up
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studies may discuss local environmental protection issues based on the operation mode of
this research.

This study makes three main contributions. The first is the development of an as-
sessment framework for environmental co-governance, consisting of 3 dimensions and
11 criteria. The second is the establishment of a mechanism for analyzing and visualizing
environmental co-governance. The third is the analysis of Pingxiang City and proposal
of areas for improvement. The results indicate that diverse environmental governance
mechanisms (Cy1) constitute the most critical criterion for effective environmental co-
governance, followed by smooth joint decision-making by stakeholders (Cp4) and robust
co-management and monitoring mechanisms (Cp3). The criteria are ranked as follows in
descending order of importance: C21, C24, C23, C13, Cll/ Cer C32, C33, C22, C34, and C31.
The first quadrant contains two criteria, namely high-quality information communication
platform (Cy3) and smooth joint decision-making by stakeholders (Cp4). The second quad-
rant contains three criteria, namely an atmosphere conducive to the proactive provision
of information (Cy1), diverse environmental governance mechanisms (Cp1), and robust
co-management and monitoring mechanisms (Cp3). The third quadrant contains three
criteria, namely correct and complete information (Cyy), sufficient funds for environmental
governance mechanisms (Cz1), and allocated funds (Csp). The fourth quadrant contains
three criteria, namely effective environmental protection projects (Cy2), penalty for causing
environmental damage (Cs3), and satisfactory environmental quality assessment results
(C34). In conclusion, the principal finding is that a high-quality information communication
platform (Cy3) and smooth joint decision-making by stakeholders (Cy4) require the most ur-
gent improvement by the Pingxiang City Government. A transparent and public platform
must be developed for environmental governance, and this platform must operate at a high
administrative level and ultimately ensure that all stakeholders adhere to certain rules.

Although the environmental co-governance system has many functions, this research
has two limitations. The first is the scope of planning. Co-governance is one type of
governance model based on a network structure. In cases with a broad scope of plan-
ning, co-governance may be combined with other governance models (e.g., top-down
or bottom-up modes). The second limitation is the administrative regions considered.
Because the focus of this indicator framework is on co-governance, collaboration across
administrative regions and local administrative organization class was not considered
during the development of the framework. Therefore, future research may expand this
indicator framework to include such collaboration.
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Appendix A. Operating Steps of Best Worst Method-Modified VIKOR Model

This model comprises two methods, namely the best worst method (BWM) and
modified VIKOR (mV) method. The BWM is a relatively new multi-criteria decision-
making method [32-34]. The calculation steps of the BWM are presented in Steps 1-5 [93],
and those of the mV model are presented in Steps 6 and 7 [43,44].

Step 1: A set of n assessment criteria are identified.

Step 2: According to personal preference, the assessor (expert) selects the most impor-
tant (Cp) and least important (Cyy) criteria among the set identified in Step 1.

Step 3: The assessor (expert) conducts pairwise comparisons between the best criterion
and other criteria (Pp) by determining preferences on a scale of 1 (“equally important”) to
9 (“extremely important”). The resulting vector is as follows:

PB = (pBllpBZ/~-'/an) (Al)

Step 4: The assessor (expert) conducts pairwise comparisons between the worst
criterion and the other criteria (Pyy) by determining preferences on a scale of 1 (equally
important) to 9 (extremely important). The resulting vector is as follows:

Py = (lez Paw, -+, in) (A2)

Step 5: To determine the optimal weights of the criteria w = (wj, w3, ..., w;;) and
&L*, the maximum absolute differences {‘wB - ijw]-‘and|wj = PjuWw }} are minimized

as follows:
minm]ax{ |wp — ppjwj|and |w; — pjwwe| }

s.t.
w] = 1, (A3)
j=1
wj > 0, forallj.
This problem is transferred to the following linear programming problem:

mingt
s.t.
|ws — pajwj| <&
|w] - p]’www| < ‘:L (Ad)
Y wi=1,
j=1

w; >0, forallj.

Solving this problem produces the optimal weights w and &-*. ¢&* € [0,1] is consid-
ered an indicator of consistency of the pairwise comparisons (i.e., values close to 0 are
highly consistent). The test value is the consistency index (CI) value. If the CI value does
not meet the specified threshold (0.1), then a problem exists in the raw data, which must
be evaluated. If the CI value meets the threshold, then the weight value of the criterion is
considered reliable.

Step 6: Steps 1-5 are repeated to obtain the local weight of each dimension and
criterion. Next, the local weight of each dimension is used to obtain the global weight of
each criterion, namely individual weight. Then, the individual weights are averaged to
obtain the group weight (w?).

Step 7: The aspiration level (the best value) is defined as f*P"* for the nth criterion
and the worst value is defined as f%°’* for all criteria.

For the linguistic/semantic questionnaire in this study, performance scores ranging
from 0 to 10 (very bad <~ 0,1, 2, ..., 9, 10 — very good) are used in natural language;
therefore, the highest score for the aspiration level is 10, and the score for the worst value
is 0. Hence, f*P'"*d = 10 is defined as the aspiration level, and f**"* = 0 is defined as the
worst value.
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Step 8: The mean group utility for the gap is defined, after which the priority improve-
ment strategy is established. These values can be calculated using Equation (A5):

S = Z wjrkj — Z wj(|faspired - fij/(lfuspired 7fworst|), (A5)
j=1

j=1

where s; denotes the normalized ratio (%) of distance to the aspiration level, which implies
the synthesized gap of the criteria. Here, w; indicates the importance of the criteria obtained
from the BWM.

Appendix B. Questionnaire for Best Worst Method-Modified VIKOR Model

The questionnaire for this model also contains two parts, namely best worst method
(BWM) and modified VIKOR (mV) components.

Appendix B.1. BWM Questionnaire

The purpose of this study is to explore the relationships among the main factors
influencing environmental co-governance systems in order to determine improvements for
such systems.

Please complete the survey as follows:

1.  Determine the most important and least important influencing factors.

Fill in the codes for the influencing factors.

3. Determine the preference of the most important factor over all the other factors using
a number between 1 and 9.

4. Determine the preference of all the other factors over the least important factor using
a number between 1 and 9.

I

Example: In the following tables, A is the most important factor, and C is the least
important factor. The preference for A to B is 2, the preference for A to C is 8, and the
preference for B to C is 5.

The least important factor
B|C C
The most important factor
218 A 8
A
B 5

Specify the importance of Correctness and fluidity of public information (D;), Effec-
tiveness of and engagement in environmental co-governance actions (D), and The effect
and binding force of environmental governance mechanisms (D3).

The least important factor

The most important factor

Specify the importance of Atmosphere conducive to the proactive provision of in-
formation (Cy1), Correct and complete information (Cj,), and High-quality information
communication platform (Cy3).

The least important factor

The most important factor
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Specify the importance of Diversified environmental governance mechanisms (Cy1),
Effective environmental protection projects (Cp;), Robust co-management and monitoring
mechanisms (Cp3), and Smooth joint decision-making by stakeholders (Cy4).

The least important factor

The most important factor

Specify the importance of Sufficient funds for environmental governance mecha-
nisms (C3;), Allocated funds (Cs;), Penalty for causing environmental damage (Cs3), and
Satisfactory environmental quality assessment results (Cs4).

The least important factor

The most important factor

Appendix B.2. Modified VIKOR Questionnaire

The purpose of this study is to identify areas for improvement and explore improve-
ment measures by evaluating individuals’ satisfaction with Pingxiang’s environmental
co-governance system.

Specify your level of satisfaction with the following factors by using a number between
0 and 10, with 0 indicating “most dissatisfied” and 10 indicating “most satisfied”.

Table A1. VIKOR questionnaire.

Criteria Satisfaction Level (0-10)

Atmosphere conducive to the proactive provision of information (Cy1)
Correct and complete information (Cjy)
High-quality information communication platform (Ci3)
Diversified environmental governance mechanisms (Cy1)
Effective environmental protection projects (Cp2)

Robust co-management and monitoring mechanisms (Cp3)
Smooth joint decision-making by stakeholders (Cy4)
Sufficient funds for environmental governance mechanisms (C3;)
Allocated funds (Csp)

Penalty for causing environmental damage (Cs3)
Satisfactory environmental quality assessment results (Cay)

Appendix C. Best Worst Method Survey and Calculation Results

The Best Worst Method (BWM) results consist of two parts, namely survey and
calculation results.

Appendix C.1. Survey Results for All Criteria in Each Dimension

In accordance with the BWM operating process, 10 experts were invited to determine
the best and worst factors on the basis of their experience and expertise. The survey
participants consisted of management personnel from relevant government agencies and
scholars of environmental research. Because the survey results for each dimension are
presented in the main body of the paper, only the survey results for the criteria are presented
in Appendix C.1.
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The survey results for the criteria in the dimension of Correctness and fluidity of
public information (D;) are presented in Tables A2-A4.

Table A2. Most and least important factors selected for dimension D;.

Expert No. 1 2 3 4 5 6 7 8 9 10
Most important Ci3 Cis C11 Ci3 Ci3 Ci3 Ci3 C11 Ci3 C11
Least important C1ip Cio C1o C12 C11 C12 C11 C12 C11 C13

Table A3. Best-to-others vector for dimension D;.

Expert No. 1 Cn1 Ca Expert No. 6 Cnn Cr2
Ci3 2 3 Ci3 1 2
Expert No. 2 C11 Cra Expert No. 7 Cnn Ci2
Cis 1 3 Cy3 2 1
Expert No. 3 Cip Ci3 Expert No. 8 Cip Ci3
Ci1 2 2 Ci1 3 2
Expert No. 4 Cnn Ca Expert No. 9 Cnn Cr2
Cis 1 1 Ci3 2 1
Expert No. 5 Cn1 Cra Expert No. 10 Cr2 Ci3
Cis 3 1 C11 2 3

Table A4. Others-to-worst vector for dimension D;.

Expert No. 1 Cr2 Expert No. 2 Cr2 Expert No. 3 Ci2 Expert No. 4 Ci2 Expert No. 5 C11

Ci3 3 Ci3 3 C13 1 Ci3 1 Ci3 3
Expert No. 6 C2 Expert No. 7 Cn Expert No. 8 Cr2 Expert No. 9 C11 Expert No. 10 Ci3

C11 2 Cio 2 C11 3 Cio 2 Cu 3

Ci3 2 Ci3 2 Ci3 2 Ci3 2 C2 2

The survey results for the criteria in the dimension of Effectiveness of and engagement
in environmental co-governance actions (D,) are presented in Tables A5-A7.

Table A5. Most and least important factors selected for dimension D;.

Expert No. 1 2 3 4 5 6 7 8 9 10
Most important Co Cx Coy Cyn Co Coy Co Cos Coy Cps
Least important C22 sz sz C22 sz sz sz C22 sz C22

Table A6. Best-to-others vector for dimension D,.

Expert No. 1 Ca Cys Coy Expert No. 6 Cn Coo Cys
Cn 6 4 2 Coy 2 4 2
Expert No. 2 Co Cos Coy Expert No. 7 Coo Cos Coyq
Cx 5 3 2 Co 4 1 2
Expert No. 3 C21 C22 C23 Expert No. 8 C21 sz C24
Coa 2 4 3 Cos 2 4 3
Expert No. 4 Co Cos Coy Expert No. 9 Cn Co Cy3
Cx 4 3 1 Coy 1 3 2
Expert No. 5 Coo Cos Coy Expert No. 10 Co Coo Coy

Co1 5 2 1 Cos 2 3 1
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Table A7. Others-to-worst vector for dimension D5.

Expert No. 1 Co Expert No. 2 Co Expert No. 3 Co Expert No. 4 Co Expert No. 5 Cop
Cn 6 Cx 5 Cx 3 Cx 4 Cx 5
Co3 3 Cos 2 Cos 2 Cos 2 Coxs 4
Coq 4 Coq 3 Coq 4 Coq 4 Coq 5
Expert No. 6 Cx» Expert No. 7 Cx» Expert No. 8 Cx» Expert No. 9 Cx» Expert No. 10 Cx»
Co3 2 Co3 4 Co3 4 Co3 2 Co3 3
The survey results for the criteria in the dimension of The effect and binding force of
environmental governance mechanisms (D3) are presented in Tables A8—-A10.
Table A8. Most and least important factors selected for dimension Dj3.
Expert No. 1 2 3 4 5 6 7 8 9 10
Most important Csp Cso Cs Css Cs3 Cso Csp Csq Csp Csq
Least important C31 C31 C34 C34 C31 C31 C31 C31 C31 C31
Table A9. Best-to-others vector for dimension Dj.
Expert No. 1 Ca1 Css Cay Expert No. 6 Ca1 Cs3 Cay
Csy 4 3 1 Csy 6 4 3
Expert No. 2 Cs Css Csq Expert No. 7 Cs Css Csq
Cs 5 2 4 Csp 3 1 2
Expert No. 3 Cs1 Css Csq Expert No. 8 Csn Cso Css
Cs 2 1 3 Csy 4 2 3
Expert No. 4 C3 Cs Csy Expert No. 9 Cs1 Css Csy
Css 3 3 4 Csy 3 1 1
Expert No. 5 Cs Cso Csq Expert No. 10 Cs Cso Css
Cs3 4 2 3 Caq 3 2 3
Table A10. Others-to-worst vector for dimension Dj.
Expert No. 1 Cs1 Expert No. 2 C31 Expert No. 3 Csy Expert No. 4 Csy Expert No. 5 C3
Cs 4 Cs2 5 Ca1 2 Ca1 3 Ca 3
Cs3 2 Cs3 4 Ca 3 Ca 3 Cs3 4
Csq 4 Csq 2 Cs3 3 Cs3 4 Csq 2
Expert No. 6 Cs Expert No. 7 Cs1 Expert No. 8 Cs1 Expert No. 9 Cs1 Expert No. 10 Cs1
Cs 6 Cs 3 Ca 3 Ca 3 Ca 2
Cs3 2 Cs3 3 Cs3 2 Cs3 3 Cs3 1
Csq 4 Csq 2 Caq 4 Caq 3 Caq 3

Appendix C.2. BWM Calculation Results

In accordance with the BWM calculation steps and survey results, we calculated the
weight of each factor. First, the weight of each factor was calculated according to the survey
results obtained from each expert. Second, the average weight of each factor was calculated.
Finally, the CI value was calculated.

Table A11 presents the calculation results for each dimension. Tables A12-A14 display
the calculation results for the criteria. The CI values of all results met the threshold;
therefore, the weight values were considered reliable.
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Table A11. Weights of each dimension.
Dimensions E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 AVG
Correctness and fluidity of
public information (D) 0313 038 0167 0412 0313 0292 0200 0400 0313 0.333 0.313
Effectiveness of and
engagement in environmental
co-governance actions (D) 0.563 0462 0600 0471 0563 0542 0550 0400 0563 0.333 0.504
The effect and binding force
of environmental governance
mechanisms (D3) 0125 0154 0233 0118 0125 0.167 0250 0200 0.125 0.333 0.183
& 0.063  0.077 0.1 0.059  0.063  0.042 0.05 0 0.063 0
Table A12. Weights of criteria for dimension D .
Criteria El E2 E3 E4 E5 E6 E7 E8 E9 E10 AVG
Atmosphere conducive to the
proactive provision of
information (Cy1) 0292 038 0500 0333 0154 0400 0200 0.542 0200 0.542 0.355
Correct and complete
information (Cy7) 0.167 0.154 0250 0333 038 0200 0400 0.167 0400 0.292 0275
High-quality information
communication platform
(C13) 0.542 0462 0250 0333 0462 0400 0400 0.292 0400 0.167 0.371
g 0.042  0.077 0 0 0.077 0 0 0.042 0 0.042
Table A13. Weights of criteria for dimension D.
Criteria E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 AVG
Diversified environmental
governance mechanisms (C;) 0500 0485 0259 0386 0365 0222 0360 0259 0351 0.189 0.338
Effective environmental
protection projects (Cp2) 0.071 0092 0103 0.08 0.063 0111 0.080 0.103 0.108 0.108 0.093
Robust co-management and
monitoring mechanisms (Cp3)  0.143 0169  0.172  0.140 0206 0222 0360 0466 0.189 0.351 0.242
Smooth joint decision-making
by stakeholders (Cp4) 0286 0254 0466 038 0365 0444 0200 0.172 0351 0351 0.328
&l 0.071 0.023 0.052 0035 0.048 0.000 0.040 0.052 0.027 0.027
Table A14. Weights of criteria for dimension Dj3.
Criteria E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 AVG
Sufficient funds for
environmental governance
mechanisms (Cs1) 0.088 0.08 0189 0200 0.103 0.076 0.108 0.103 0.100 0.140 0.119
Allocated funds (Csp) 0386 0495 0351 0200 0.259 0550 0351 0259 0300 0.244 0.339
Penalty for causing
environmental damage (Cs3) 0140 0280 0351 0500 0466 0160 0351 0172 0300 0.163 0.288
Satisfactory environmental
quality assessment results (C34) 0.386  0.140  0.108 0.100 0.172 0214 0.189 0466 0300 0453 0.253
g 0.035 0.065 0.027 0.100 0.052 0.092 0.027 0.052 0.000 0.035




Int. J. Environ. Res. Public Health 2021, 18, 4969 27 of 30

References

1. Fang, Z.; Gao, X,; Sun, C. Do financial development, urbanization and trade affect environmental quality? Evidence from China.
J. Clean Prod. 2020, 259, 120892. [CrossRef]

2. Zhu, Y; Xia, Y. Industrial agglomeration and environmental pollution: Evidence from China under new urbanization. Energy
Environ. 2019, 30, 1010-1026. [CrossRef]

3. Zhang,J.; Kang, L, Li, H.; Ballesteros-Pérez, P.; Skitmore, M.; Zuo, J. The impact of environmental regulations on urban Green
innovation efficiency: The case of Xi’an. Sustain. Cities Soc. 2020, 57, 102123. [CrossRef]

4. Du, G, Lin, W, Sun, C.; Zhang, D. Residential electricity consumption after the reform of tiered pricing for household electricity
in China. Appl. Energy 2015, 157, 276-283. [CrossRef]

5. Pata, UK. The effect of urbanization and industrialization on carbon emissions in Turkey: Evidence from ARDL bounds testing
procedure. Environ. Sci. Pollut. Res. 2018, 25, 7740-7747. [CrossRef]

6. Sohag, K.; Mamun, M.A; Uddin, G.S.; Ahmed, A.M. Sectoral output, energy use, and CO, emission in middle-income countries.
Environ. Sci. Pollut. Res. 2017, 24, 9754-9764. [CrossRef] [PubMed]

7.  Gao,G.; Zeng, X.; An, C.; Yu, L. A sustainable industry-environment model for the identification of urban environmental risk to
confront air pollution in Beijing, China. Sustainability 2018, 10, 962. [CrossRef]

8.  Salgado, M.; Madureira, J.; Mendes, A.S.; Torres, A.; Teixeira, ].P.; Oliveira, M.D. Environmental determinants of population
health in urban settings: A systematic review. BMC Public Health 2020, 20, 853. [CrossRef]

9.  Gunderson, R. Global environmental governance should be participatory: Five problems of scale. Int. Sociol. 2018, 33, 715-737.
[CrossRef]

10. Liu, X;; Sun, T.; Feng, Q. Dynamic spatial spillover effect of urbanization on environmental pollution in China considering the
inertia characteristics of environmental pollution. Sustain. Cities Soc. 2020, 53, 101903. [CrossRef]

11. Bennett, N.J.; Satterfield, T. Environmental governance: A practical framework to guide design, evaluation, and analysis. Conserv.
Lett. 2018, 11, €12600. [CrossRef]

12.  Cheng, R.; Li, W. Evaluating environmental sustainability of an urban industrial plan under the three-line environmental
governance policy in China. J. Environ. Manag. 2019, 251, 109545. [CrossRef] [PubMed]

13. Copeland, B.R.; Taylor, M.S. Trade, growth, and the environment. J. Econ. Lit. 2004, 42, 7-71. [CrossRef]

14. Lockwood, M.; Davidson, J.; Curtis, A.; Stratford, E.; Griffith, R. Governance principles for natural resource management. Soc.
Nat. Resour. 2010, 23, 986-1001. [CrossRef]

15. Martinelli, A. Markets, governments, communities and global governance. Int. Sociol. 2003, 18, 291-323. [CrossRef]

16. Nanz, P; Steffek, J. Global governance, participation and the public sphere. Gov. Oppos. 2004, 39, 314-335. [CrossRef]

17.  Bennett, N.J. Using perceptions as evidence to improve conservation and environmental management. Conserv. Biol. 2016,
30, 582-592. [CrossRef] [PubMed]

18. Folke, C.; Hahn, T,; Olsson, P.; Norberg, ]. Adaptive governance of social-ecological systems. Annu. Rev. Environ. Resour. 2005,
30, 441-473. [CrossRef]

19. Plummer, R.; Armitage, D.R.; de Loé, R.C. Adaptive co-management and its relationship to environmental governance. Ecol. Soc.
2013, 18, 21. [CrossRef]

20. Ju,].;Liu, L,; Feng, Y. Citizen-centered big data analysis-driven governance intelligence framework for smart cities. Telecommun.
Policy 2018, 42, 881-896. [CrossRef]

21. Armitage, D.; Berkes, F; Doubleday, N. Adaptive Co-Management: Collaboration, Learning, and Multi-Level Governance; UBC Press:
Vancouver, BC, USA, 2010.

22.  Gao, X;; Shi, C.; Zhai, K. An evaluation of environmental governance in urban China based on a hesitant fuzzy linguistic analytic
network process. Int. |. Environ. Res. Public Health 2018, 15, 2456. [CrossRef] [PubMed]

23. Mazzarino, ].M.; Turatti, L.; Petter, S.T. Environmental governance: Media approach on the United Nations programme for the
environment. Environ. Dev. 2020, 33, 100502. [CrossRef]

24. Schulz, C.; Martin-Ortega, J.; Glenk, K.; Ioris, A.A.R. The value base of water governance: A multi-disciplinary perspective. Ecol.
Econ. 2017, 131, 241-249. [CrossRef]

25. Falaleeva, M.; Rauschmayer, F. Evaluating environmental governance in a Belarusian World Bank biodiversity project. Environ.
Conserv. 2013, 40, 147-156. [CrossRef]

26. Ruzzenenti, F; Joseph, A.; Ticci, E.; Vozzella, P.; Gabbi, G. Interactions between financial and environmental networks in OECD
countries. PLoS ONE 2015, 10, e0136767. [CrossRef] [PubMed]

27. Amiri, F. Carbon dioxide emissions, output, and energy consumption categories in Algeria. Environ. Sci. Pollut. Res. 2017, 24,
14567-14578. [CrossRef]

28. Li, Z. The impact of public participation on local government’s environmental governance: An analysis of provincial data
2003-2013. Chin. Public Adm. 2017, 8, 102-108.

29. Wang, R.; Wijen, F; Heugens, PP.M.A.R. Government’s green grip: Multifaceted state influence on corporate environmental
actions in China. Strateg. Manag. J. 2018, 39, 403-428. [CrossRef]

30. Wu, L,;Ma, T; Bian, Y;; Li, S.; Yi, Z. Improvement of regional environmental quality: Government environmental governance and

public participation. Sci. Total Environ. 2020, 717, 137256. [CrossRef]


http://doi.org/10.1016/j.jclepro.2020.120892
http://doi.org/10.1177/0958305X18802784
http://doi.org/10.1016/j.scs.2020.102123
http://doi.org/10.1016/j.apenergy.2015.08.003
http://doi.org/10.1007/s11356-017-1088-6
http://doi.org/10.1007/s11356-017-8599-z
http://www.ncbi.nlm.nih.gov/pubmed/28251538
http://doi.org/10.3390/su10040962
http://doi.org/10.1186/s12889-020-08905-0
http://doi.org/10.1177/0268580918792786
http://doi.org/10.1016/j.scs.2019.101903
http://doi.org/10.1111/conl.12600
http://doi.org/10.1016/j.jenvman.2019.109545
http://www.ncbi.nlm.nih.gov/pubmed/31574375
http://doi.org/10.1257/.42.1.7
http://doi.org/10.1080/08941920802178214
http://doi.org/10.1177/0268580903018002001
http://doi.org/10.1111/j.1477-7053.2004.00125.x
http://doi.org/10.1111/cobi.12681
http://www.ncbi.nlm.nih.gov/pubmed/26801337
http://doi.org/10.1146/annurev.energy.30.050504.144511
http://doi.org/10.5751/ES-05383-180121
http://doi.org/10.1016/j.telpol.2018.01.003
http://doi.org/10.3390/ijerph15112456
http://www.ncbi.nlm.nih.gov/pubmed/30400368
http://doi.org/10.1016/j.envdev.2020.100502
http://doi.org/10.1016/j.ecolecon.2016.09.009
http://doi.org/10.1017/S0376892913000027
http://doi.org/10.1371/journal.pone.0136767
http://www.ncbi.nlm.nih.gov/pubmed/26375393
http://doi.org/10.1007/s11356-017-8984-7
http://doi.org/10.1002/smj.2714
http://doi.org/10.1016/j.scitotenv.2020.137265

Int. J. Environ. Res. Public Health 2021, 18, 4969 28 of 30

31.

32.
33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.
49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Liu, Y,; Li, EY,; Wang, Y;; Yu, X,; Yuan, J.; Wang, Y. Assessing the environmental impact caused by power grid projects in high
altitude areas based on BWM and Vague sets techniques. Sustainability 2018, 10, 1768. [CrossRef]

Rezaei, ]. Best-worst multi-criteria decision-making method. Omega 2015, 53, 49-57. [CrossRef]

Rezaei, ]J. Best-worst multi-criteria decision-making method: Some properties and a linear model. Omega 2016, 64, 126-130.
[CrossRef]

Rezaei, J.; Wang, ].; Tavasszy, L. Linking supplier development to supplier segmentation using best worst method. Expert Syst.
Appl. 2015, 42, 9152-9164. [CrossRef]

Rezaei, ].; Nispeling, T.; Sarkis, J.; Tavasszy, L. A supplier selection life cycle approach integrating traditional and environmental
criteria using the best worst method. J. Clean Prod. 2016, 135, 577-588. [CrossRef]

Lu, LY;; Kuo, T,; Lin, T.S.; Tzeng, G.H.; Huang, S.L. Multicriteria decision analysis to develop effective sustainable development
strategies for enhancing competitive advantages: Case of the TFT-LCD industry in Taiwan. Sustainability 2016, 8, 646. [CrossRef]
Zhu, B.W.; Zhang, ].R.; Tzeng, G.H.; Huang, S.L.; Xiong, L. Public open space development for elderly people by using the
DANP-V model to establish continuous improvement strategies towards a sustainable and healthy aging society. Sustainability
2017, 9, 420. [CrossRef]

Xiong, L.; Teng, C.L.; Zhu, BW.,; Tzeng, G.H.; Huang, S.L. Using the D-DANP-mV model to explore the continuous system
improvement strategy for sustainable development of creative communities. Int. J. Environ. Res. Public Health 2017, 14, 1309.
[CrossRef]

Kumar, A.; Alora, A.; Gupta, H. Evaluating green performance of the airports using hybrid BWM and VIKOR methodology. Tour.
Manag. 2020, 76, 103941. [CrossRef]

Cheraghalipour, A.; Paydar, M.M.; Hajiaghaei-Keshteli, M. Applying a hybrid BWM-VIKOR approach to supplier selection: A
case study in the Iranian agricultural implements industry. Int. ]. Appl. Decis. Sci. 2018, 11, 274-301. [CrossRef]

Garg, C.P; Sharma, A. Sustainable outsourcing partner selection and evaluation using an integrated BWM-VIKOR framework.
Environ. Dev. Sustain. 2020, 22, 1529-1557. [CrossRef]

Parhizgarsharif, A.; Lork, A.; Telvari, A. A hybrid approach based on the BWM-VIKOR and GRA for ranking facility location in
construction site layout for Mehr project in Tehran. Decis. Sci. Lett. 2019, 8, 233-248. [CrossRef]

Lin, PJ.; Shiue, Y.C,; Tzeng, G.H.; Huang, S.L. Developing a sustainable long-term ageing health care system using the DANP-mV
model: Empirical case of Taiwan. Int. J. Environ. Res. Public Health 2019, 16, 1349. [CrossRef] [PubMed]

Qu, G.B; Zhao, T.Y.; Zhu, B.W,; Tzeng, G.H.; Huang, S.L. Use of a modified DANP-mV model to improve quality of life in rural
residents: The empirical case of Xingshisi Village, China. Int. |. Environ. Res. Public Health 2019, 16, 153. [CrossRef]
Mohammadi, M.; Rezaei, J. Bayesian best-worst method: A probabilistic group decision making model. Omega 2020, 96, 102075.
[CrossRef]

Duan, X,; Dai, S.; Yang, R.; Duan, Z.; Tang, Y. Environmental collaborative governance degree of government, corporation and
public. Sustainability 2020, 12, 1138. [CrossRef]

Li, HL,; Zhu, X.H.; Chen, J.Y,; Jiang, ET. Environmental regulations, environmental governance efficiency and the green
transformation of China’s iron and steel enterprises. Ecol. Econ. 2019, 165, 106397. [CrossRef]

Mol, A.PJ.; Carter, N.T. China’s environmental governance in transition. Environ. Polit. 2006, 15, 149-170. [CrossRef]

Du, W,; Li, M. Assessing the impact of environmental regulation on pollution abatement and collaborative emissions reduction:
Micro-evidence from Chinese industrial enterprises. Environ. Impact Assess. Rev. 2020, 82, 106382. [CrossRef]

Talen, E. Bottom-up GIS: A new tool for individual and group expression in participatory planning. J. Am. Plan. Assoc. 2000, 66,
279-294. [CrossRef]

Rogers, D. Monitory democracy as citizen-driven participatory planning: The urban politics of Redwatch in Sydney. Urban Policy
Res. 2016, 34, 225-239. [CrossRef]

Cheyne, C. Changing urban governance in New Zealand: Public participation and democratic legitimacy in local authority
planning and decision-making 1989-2014. Urban Policy Res. 2015, 33, 416—432. [CrossRef]

Fisher, ].; Stutzman, H.; Vedoveto, M.; Delgado, D.; Rivero, R.; Dariquebe, W.Q.; Contreras, L.S.; Souto, T.; Harden, A.; Rhee, S.
Collaborative governance and conflict management: Lessons learned and good practices from a case study in the Amazon Basin.
Soc. Nat. Resour. 2020, 33, 538-553. [CrossRef]

Newig, J.; Fritsch, O. Environmental governance: Participatory, multi-level-and effective? Environ. Policy Gov. 2009, 19, 197-214.
[CrossRef]

Bodin, O. Collaborative environmental governance: Achieving collective action in social-ecological systems. Science 2017, 357,
eaan1114. [CrossRef] [PubMed]

Jager, N.W.; Newig, J.; Challies, E.; Kochskdmper, E. Pathways to implementation: Evidence on how participation in environmen-
tal governance impacts on environmental outcomes. J. Publ. Adm. Res. Theory 2020, 30, 383-399. [CrossRef]

Koebele, E.A. Cross-coalition coordination in collaborative environmental governance processes. Policy Stud. J. 2020, 48, 727-753.
[CrossRef]

Koontz, T.M.; Jager, N.W.; Newig, ]. Assessing collaborative conservation: A case survey of output, outcome, and impact measures
used in the empirical literature. Soc. Nat. Resour. 2020, 33, 442—461. [CrossRef]

Delgado-Marquez, B.L.; Aragén-Correa, ].A.; Cordén-Pozo, E.; Pedauga, L.E. Trust when financial implications are not the aim:
The integration of sustainability into management education. J. Bus. Econ. Manag. 2016, 17, 1172-1188. [CrossRef]


http://doi.org/10.3390/su10061768
http://doi.org/10.1016/j.omega.2014.11.009
http://doi.org/10.1016/j.omega.2015.12.001
http://doi.org/10.1016/j.eswa.2015.07.073
http://doi.org/10.1016/j.jclepro.2016.06.125
http://doi.org/10.3390/su8070646
http://doi.org/10.3390/su9030420
http://doi.org/10.3390/ijerph14111309
http://doi.org/10.1016/j.tourman.2019.06.016
http://doi.org/10.1504/IJADS.2018.092796
http://doi.org/10.1007/s10668-018-0261-5
http://doi.org/10.5267/j.dsl.2019.3.001
http://doi.org/10.3390/ijerph16081349
http://www.ncbi.nlm.nih.gov/pubmed/30991706
http://doi.org/10.3390/ijerph16010153
http://doi.org/10.1016/j.omega.2019.06.001
http://doi.org/10.3390/su12031138
http://doi.org/10.1016/j.ecolecon.2019.106397
http://doi.org/10.1080/09644010600562765
http://doi.org/10.1016/j.eiar.2020.106382
http://doi.org/10.1080/01944360008976107
http://doi.org/10.1080/08111146.2015.1077804
http://doi.org/10.1080/08111146.2014.994740
http://doi.org/10.1080/08941920.2019.1620389
http://doi.org/10.1002/eet.509
http://doi.org/10.1126/science.aan1114
http://www.ncbi.nlm.nih.gov/pubmed/28818915
http://doi.org/10.1093/jopart/muz034
http://doi.org/10.1111/psj.12306
http://doi.org/10.1080/08941920.2019.1583397
http://doi.org/10.3846/16111699.2015.1046400

Int. J. Environ. Res. Public Health 2021, 18, 4969 29 of 30

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.
77.
78.
79.
80.
81.
82.
83.
84.
85.

86.
87.

88.

89.

90.

Boadi, E.A.; He, Z.; Bosompem, J.; Say, J.; Boadi, E.K. Let the talk count: Attributes of stakeholder engagement, trust, perceive
environmental protection and CSR. SAGE Open 2019, 9, 1-15.

Wynveen, C.J.; Sutton, 5.G. Engaging the public in climate change-related pro-environmental behaviors to protect coral reefs: The
role of public trust in the management agency. Mar. Pol. 2015, 53, 131-140. [CrossRef]

Yeh, W.C.; Tseng, M.H.; Lee, C.C.; Yu, C. The impact of relationship trust, environmental protection awareness, and regenerative
innovation on environmental performance: A case study of the industrial waste industry. Sustainability 2020, 12, 2818. [CrossRef]
Euler, J.; Heldt, S. From information to participation and self-organization: Visions for European river basin management. Sci.
Total Environ. 2018, 621, 905-914. [CrossRef]

Latinopoulos, D.; Mentis, C.; Bithas, K. The impact of a public information campaign on preferences for marine environmental
protection: The case of plastic waste. Mar. Pollut. Bull. 2018, 131, 151-162. [CrossRef] [PubMed]

Asilsoy, B.; Oktay, D. Exploring environmental behavior as the major determinant of ecological citizenship. Sustain. Cities Soc.
2018, 39, 765-771. [CrossRef]

Wilson, B.; Dunn, A.; Phillips, C.; DeSanti, R.; Lovenberg, J.; Parfitt, T.; Peace, J.; Rudolph, M. The corporate role in the
environmental protection enterprise. Environ. Law Rep. News Anal. 2018, 48, 10103-10115.

Gupta, A ; Boas, I; Oosterveer, P. Transparency in global sustainability governance: To what effect? J. Environ. Pol. Plan. 2020, 22,
84-97. [CrossRef]

He, M.; Devine, L.; Zhuang, J. Perspectives on cybersecurity information sharing among multiple stakeholders using a decision-
theoretic approach. Risk Anal. 2018, 38, 215-225. [CrossRef]

Leszczyna, R.; Wallis, T.; Wrébel, M.R. Developing novel solutions to realise the European energy—Information sharing &
analysis centre. Decis. Support. Syst. 2019, 122, 113067.

Shi, C.; Guo, F; Shi, Q. Ranking effect in air pollution governance: Evidence from Chinese cities. J. Environ. Manag. 2019, 251,
109600. [CrossRef] [PubMed]

Surdeanu, M.; Ciaramita, M.; Zaragoza, H. Learning to rank answers on large online QA collections. In Proceedings of the
ACL-08: HLT, Association for Computational Linguistics, Cambridge, MA, USA, 15-20 June 2008; pp. 719-727.

Eysenbach, G.; Powell, J.; Kuss, O.; Sa, E.R. Empirical studies assessing the quality of health information for consumers on the
world wide web: A systematic review. J. Am. Med. Assoc. 2002, 287, 2691-2700. [CrossRef]

Brockington, D.; Igoe, J.; Schmidt-Soltau, K. Conservation, human rights, and poverty reduction. Conserv. Biol. 2006, 20, 250-252.
[CrossRef] [PubMed]

Epstein, G.; Pittman, ]J.; Alexander, S.M.; Berdej, S.; Dyck, T.; Kreitmair, U.; Rathwell, K.J.; Villamayor-Tomas, S.; Vogt, J.; Armitage,
D. Institutional fit and the sustainability of social-ecological systems. Curr. Opin. Environ. Sustain. 2015, 14, 34—40. [CrossRef]
Gaymer, C.; Stadel, A.V.; Ban, N.C.; Carcamo, P.F; Ierna, J.; Lieberknecht, L.M. Merging top-down and bottom-up approaches in
marine protected areas planning: Experiences from around the globe. Aquat. Conserv. Mar. Freshw. Ecosyst. 2014, 24, 128-144.
[CrossRef]

Manzini, F; Islas, J.; Macias, P. Model for evaluating the environmental sustainability of energy projects. Technol. Forecast. Soc.
Chang. 2011, 78, 931-944. [CrossRef]

Tan, Y.; Geng, Y. Coupling coordination measurement of environmental governance: Case of China. Environ. Ecol. Stat. 2020,
27,253-272. [CrossRef]

Verma, P.; Raghubanshi, A.S. Urban sustainability indicators: Challenges and opportunities. Ecol. Indic. 2018, 93, 282-291.
[CrossRef]

Lemos, M.C.; Agrawal, A. Environmental governance. Ann. Rev. Environ. Resour. 2006, 31, 297-325. [CrossRef]

McGrath, S.T.; Whitty, S.J. Accountability and responsibility defined. Int. |. Manag. Proj. Bus. 2018, 11, 687-707. [CrossRef]
Nebasifu, A.A.; Atong, N.M. Paradoxical gaps in resilient environmental governance. Environ. Rev. 2020, 28, 109-114. [CrossRef]
Bennett, N.; Lemelin, R.H.; Koster, R.; Budke, I. A capital assets framework for appraising and building capacity for tourism
development in aboriginal protected area gateway communities. Tour. Manag. 2012, 33, 752-766. [CrossRef]

Pascual, U.; Phelps, J.; Garmendia, E.; Brown, K.; Corbera, E.; Martin, A.; Gomez-Baggethun, E.; Muradian, R. Social equity
matters in payments for ecosystem services. Bioscience 2014, 64, 1027-1036. [CrossRef]

Zafra-Calvo, N.; Pascual, U.; Brockington, D.; Coolsaet, B.; Cortes-Vazquez, J.A.; Gross-Camp, N.; Palomo, I.; Burgess, N.D.
Towards an indicator system to assess equitable management in protected areas. Biol. Conserv. 2017, 211, 134-141. [CrossRef]
Hajkowicz, S. Cutting the cake: Supporting environmental fund allocation decisions. J. Environ. Manag. 2009, 90, 2737-2745.
[CrossRef]

Echols, A.; Front, A.; Cummins, J. Broadening conservation funding. Wildl. Soc. Bull. 2019, 43, 372-381. [CrossRef]

Tang, S.Y.; Li, PH.; Fryxell, G.E.; Lo, C.W.H. Enterprise-level motivations, regulatory pressures, and corporate environmental
management in Guangzhou, China. Environ. Manag. 2015, 56, 777-790. [CrossRef]

Lapatinas, A.; Litina, A.; Sartzetakis, E.S. Environmental projects in the presence of corruption. Int. Tax Public Financ. 2019,
26,103-144. [CrossRef]

Sezer, S.; Kocasoy, G.; Aruoba, C. How vital is the “lack of funding” in effective environmental management in Turkey? Waste
Manag. 2003, 23, 455-461. [CrossRef]

Heinma, K.; Poder, T. Effectiveness of environmental impact assessment system in Estonia. Environ. Impact Assess. Rev. 2010,
30, 272-277. [CrossRef]


http://doi.org/10.1016/j.marpol.2014.10.030
http://doi.org/10.3390/su12072818
http://doi.org/10.1016/j.scitotenv.2017.11.072
http://doi.org/10.1016/j.marpolbul.2018.04.002
http://www.ncbi.nlm.nih.gov/pubmed/29886931
http://doi.org/10.1016/j.scs.2018.02.036
http://doi.org/10.1080/1523908X.2020.1709281
http://doi.org/10.1111/risa.12878
http://doi.org/10.1016/j.jenvman.2019.109600
http://www.ncbi.nlm.nih.gov/pubmed/31581044
http://doi.org/10.1001/jama.287.20.2691
http://doi.org/10.1111/j.1523-1739.2006.00335.x
http://www.ncbi.nlm.nih.gov/pubmed/16909680
http://doi.org/10.1016/j.cosust.2015.03.005
http://doi.org/10.1002/aqc.2508
http://doi.org/10.1016/j.techfore.2011.01.012
http://doi.org/10.1007/s10651-020-00444-6
http://doi.org/10.1016/j.ecolind.2018.05.007
http://doi.org/10.1146/annurev.energy.31.042605.135621
http://doi.org/10.1108/IJMPB-06-2017-0058
http://doi.org/10.1139/er-2019-0028
http://doi.org/10.1016/j.tourman.2011.08.009
http://doi.org/10.1093/biosci/biu146
http://doi.org/10.1016/j.biocon.2017.05.014
http://doi.org/10.1016/j.jenvman.2009.03.002
http://doi.org/10.1002/wsb.1003
http://doi.org/10.1007/s00267-015-0527-8
http://doi.org/10.1007/s10797-018-9503-6
http://doi.org/10.1016/S0956-053X(03)00091-6
http://doi.org/10.1016/j.eiar.2009.10.001

Int. J. Environ. Res. Public Health 2021, 18, 4969 30 of 30

91.

92.

93.

Gupta, H. Evaluating service quality of airline industry using hybrid best worst method and VIKOR. |. Air Transp. Manag. 2018,
68, 35-47. [CrossRef]

Kannan, D.; Mina, H.; Nosrati-Abarghooee, S.; Khosrojerdi, G. Sustainable circular supplier selection: A novel hybrid approach.
Sci. Total Environ. 2020, 722, 137936. [CrossRef]

Rezaei, J.; Kothadiya, O.; Tavasszy, L.; Kroesen, M. Quality assessment of airline baggage handling systems using SERVQUAL
and BWM. Tour. Manag. 2018, 66, 85-93. [CrossRef]


http://doi.org/10.1016/j.jairtraman.2017.06.001
http://doi.org/10.1016/j.scitotenv.2020.137936
http://doi.org/10.1016/j.tourman.2017.11.009

	Introduction 
	Environmental Co-Governance Framework and Process of BWM-mV Model 
	Initial Framework of Environment Co-Governance 
	Test of the Framework of Environmental Co-Governance 
	BWM-mV Model and Process of its Application 

	Empirical Analysis of Pingxiang, China 
	Resource-Constrained City: Pingxiang, Jiangxi Province, China 
	Atmosphere Conducive to the Proactive Provision of Information (C11) 
	Correct and Complete Information (C12) 
	High-Quality Information Communication Platform (C13) 
	Diverse Environmental Governance Mechanisms (C21) 
	Effective Environmental Protection Projects (C22) 
	Robust Co-Management and Monitoring Mechanisms (C23) 
	Smooth Joint Decision-Making by Stakeholders (C24) 
	Sufficient Funds for Environmental Governance Mechanisms (C31) 
	Allocated Funds (C32) 
	Penalty for Causing Environmental Damage (C33) 
	Satisfactory Environmental Quality Assessment Results (C34) 

	Data Collection and Analysis of the Results 
	Discussion 
	First Quadrant 
	Second Quadrant 
	Third Quadrant 
	Fourth Quadrant 


	Conclusions 
	Operating Steps of Best Worst Method–Modified VIKOR Model 
	Questionnaire for Best Worst Method–Modified VIKOR Model 
	BWM Questionnaire 
	Modified VIKOR Questionnaire 

	Best Worst Method Survey and Calculation Results 
	Survey Results for All Criteria in Each Dimension 
	BWM Calculation Results 

	References

