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Abstract: The risk assessment of environmental conflicts has been an integral part of measuring
the operability of projects as well as the happiness of the affected population. With the current
situation of environmental crises, environmental conflict has an effect on society. In order to maintain
the stable development of society, we used the fuzzy comprehensive evaluation method and the
analytic hierarchy process to study the risk of a population being affected by a project producing
environmental pollution. Furthermore, we provided an approach that had the potential to quantify
as well as give a risk assessment of the environmental impact. The results classified 0.397, 0.202,
and 0.295 as medium, relatively high, and highest risk, respectively. We deemed that the conflict
mode between people, government, and enterprise is actually the confrontation between benefit
gainers and benefit losers to a great extent. In subtle ways, this conflict mode has several roles.
The solution of environmental conflicts lies in how the roles of government and enterprises change
and how the interests of the public are considered. Environmental risks can be safely mitigated
without violence by managing relationships between people, governments and businesses.

Keywords: environmental conflict; analytic hierarchy process (AHP); fuzzy comprehensive evaluation
method (FCE); risk assessment; environmental conflict resolution (ECR)

1. Introduction

Since the 1980s, environmental transformation has attracted special attention in the emergence of
sustainable development paradigms [1]. Inhibiting factors of sustainable development include the
haphazard sprawl of built-environment, land-use conflicts, natural resource depletion, environmental
pollution, ecological destruction, and public health impacts [2]. In particular, Asian countries—led
by China—have the most serious environmental problems. With the rapid development of China’
economy, many kinds of projects have become consecutively established and have more or less
polluted the surrounding environment, causing a kind of impact called environmental conflict.
Environmental conflict occurs when conflicts between human activities and geographic circumstances
are generated in different areas, ways, and forms in a shifting society [3]. So far, environmental
conflicts have been increasing rapidly each year by 20% [4]. They often accompany the engineering
and development of programs and projects, as evidenced by studies related to social environmental
conflicts on hydropower [5], Natura 2000 sites [6], and environmental resource management in coastal
metropolitan areas [7]. Against this background, traditional mechanisms for environmental conflict
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resolution (ECR), such as using the juridical system, are increasingly considered to be insufficient to
meet this challenge.

So far, environmental conflict resolution has been mostly carried out using qualitative approaches
based on public participation, such as those shown by Sun, Zhu, and Chan, who compared related
analyses in Shanghai and Hong Kong to measure the implementation of public participation [8], or by
Li and his partners [9], who revealed the knowledge of the application of conflict based on government
response. In addition, there are also quantitative methods for ECR. For instance, Li used a quantitative
approach to determine weights based on indicators of the project [10]. Meanwhile, some scholars
proposed a combination of qualitative and quantitative methods for the assessment of environmental
impact, as evidenced by the study of Li and Chen [11], who put forward a combined method (analytic
hierarchy process and Borda) and well-presented evaluation results of an atmospheric environment.
Although the combination of qualitative and quantitative methods is generalized, its potential as a
research method for environmental conflict is rarely taken into account. In this paper, we apply a
method that combines analytic hierarchy process (AHP) and fuzzy comprehensive evaluation (FCE) to
study environmental conflict risk assessment, as a reinforcement of the conventional qualitative and
quantitative methods.

AHP supports the weight of qualitative indicators and the rationality of the subjective factors,
as identified by Feng, Zhu, and Sun [12], who analyzed the suitability of coastal reclamation.
Analytic hierarchy process is beneficial to the initial stage of environmental conflict resolution because
its environmental conflict factor correlation can be quantified to strengthen the guiding role of the
index. Moreover, it is important that the fuzzy comprehensive evaluation method should be taken
according to the principle of factor standard and fully summarize the positive or negative effect of
the indicator information, as reflected by the study of Pu [13]. Another study showed that FCE is a
crucial step in the assessment of the risk of environmental conflicts. It not only solved the problem of
the fuzzy concept but also combined with AHP to form a complete set of evaluation systems [14,15].
However, few studies have applied this method to evaluate environmental conflict as the core concept.
In addition, better technology and practices of addressing environmental conflict can be borrowed
from foreign countries [16–18]. Moreover, China’s waste incineration power generation has entered the
golden age of industrial development. It has also represented a stage of environmental accumulation,
thus this problem will be concentrated [19]. Therefore, exploring how environmental conflict caused
by waste incineration is addressed is a research area that has not been fully developed in the literature.

This paper established the index system and a combined AHP and FCE model, which is based
on the relationship between the risk index and risk factors, according to qualitative and quantitative
mathematical analyses. The AHP and FCE models are used to evaluate the degree of risk for waste
incineration environmental conflicts. Its purpose is to answer the following questions: How should
environmental conflicts be judged? How can environmental conflicts be managed through the selected
indicators? Given that the subject of environmental conflict is public, subjective factors are particularly
focused on the survey of public attitudes.

2. Methods

2.1. Selection of Risk Factors

The identification of risk factors of environmental conflict is the initial stage of risk assessment
and the basis of the whole risk assessment stage [20]. It is related to the reliability and authenticity of
the evaluation stage. In the early phase, environmental conflicts are the environmental problems of
individual group events. Various factors in the complex social background evolved into multi-factor
environmental group events. Therefore, environmental conflicts must be placed in the real social
stability system. According to a social risk stability study of Li and Zhao, there are six categories in a
social risk warning index system [21]: subsistence security, economic support, social distribution, social
control, and social psychology. Li and Zhao noted that subsistence security and economic support were
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the majority and this represented the lifeblood of controlling social stability in the risk system. Once the
social stability structure is broken, the scope of this influence will gradually expand. As Barrow noted,
people cannot feel the impact of social instability until it really exists [22]. The environmental conflict
should draw on the social risk stability early warning index system in the selection of risk factors.
The social psychological indicators can map other system indexes from objective reality and emotional
levels. As evidenced by Iojă, environmental conflict is a subjective social process [4]. Therefore, social
psychology is divided into subjective factors and objective factors to select environmental conflict
risk factors.

In terms of subjective factors, the subject of environmental conflict plays a big part. Moreover, the
promotion of public environmental awareness has a direct impact on environmental conflict and can be
attributed to the social impact of past environmental events [19]. The public has the right to know about
the treatment of facilities and the supervision of incinerators. However, many government departments
are reluctant to disclose real information [23]. In the end, the public can only judge the environment
around them by the actual conditions that they have experienced, whether they are satisfied with the
government departments and local enterprises or not. This is related to the risk of environmental
conflict. Objectively speaking, the occurrence of environmental conflict is positively related to the
national GDP. Namely, the number of environmental conflicts has increased with the increase of
the gross regional product (GRP) over the past 10 years. The number of environmental conflicts is
positively correlated with industrial emissions and industrial solid emissions. This indicates that the
more emissions of industrial waste gas and solid objects, and the more environmental conflict arise [24].
So, the risk factors of environmental conflict must consider the environment itself, which means
that the degree of environmental pollution directly affects the surrounding environment and causes
people’s dissatisfaction. According to mass incidents in the environmental conflict early-warning index
system and an empirical analysis of 150 of China’s major environmental group incidents, improving
the system of assessment of a green GDP can fundamentally change the pattern of economic growth
to keep environmental pollution to a minimum. Therefore, the risk factors of environmental conflict
must consider a green GDP as a proportion of the traditional GDP. The proportion of green GDP is
closely related to the degree of environmental pollution.

The conflict risk factors induced by environmental pollution projects are divided into two main
categories: the first is subjective psychological factors, while the second is objective environmental
factors. According to the social stability risk warning index system and relevant weights [21], the
subjective psychological factors are as follows: (1) public satisfaction with the environment; (2) public
satisfaction with the enterprise; and (3) public satisfaction with the relevant departments. According to
the empirical analysis of 150 major environmental group events in China, the objective environmental
factors are as follows: (4) the affected population; (5) the degree of environmental pollution; (6) the
gross regional product (GRP); and (7) the ratio of green GDP to traditional GDP.

2.2. Analytic Hierarchy Model

There are some different evaluation layers in the AHP method, such as the target layer, index
layer, and scheme layer. Quantitative and qualitative analyses run throughout the evaluation process
from top to bottom. Based on the analysis of risk factors, the hierarchical model is divided into three
layers. The top layer refers to the target layer, which involves only one factor. The middle layer is the
index layer, while the bottom layer refers to the scheme layer, which contains seven factors. In the
evaluation system, A, B, and C represent different levels. At the same level, digital numbers (1, 2,
3 etc.) represent different factors. Thus, seven factors were used as evaluation elements in order to
construct a set of risk factors. The schematic diagram of the hierarchy model of the risk evaluation is
shown in Figure 1.



Sustainability 2018, 10, 4095 4 of 16

Sustainability 2018, 10, x FOR PEER REVIEW  4 of 17 

 
Figure 1. Risk factor hierarchy model. 

2.3. Establishment of the FCE Model 

The FCE model was established based on a five-step process [25]. 
Step 1: Establish a factor set U. Each element in the factor set U is a factor that affects the risk of 

environmental conflict, as shown by Equations (1)–(3). 

{ }1 2,U u u=
 (1) 

{ }1 11 12 13= , ,u u u u  (2) 

{ }2 21 22 23 24=u u u u u， ， ，  (3) 

where U is the factor set; u1 and u2 are subjective and objective factors; u11, u12, and u13 are factors 
representing public satisfaction with the environment, enterprise, and departments; u21, u22, u23, and 
u24 are the factors representing the affected population, degree of environmental pollution, GRP, and 
the ratio of green GDP to traditional GDP. For each element in U, there is a fuzzy mathematical 
relationship, expressed by the comments set V. 

Step 2: Establish a comment set V. The comment set is applied to judge the results of the 
evaluation. It is a collection of evaluations, such as good, bad, and general, which is a relatively 
obscure language. This is expressed as Equation (4) and is shown in Table 1. 

{ }1 2 3 4 5, , , ,V V V V V V=  (4) 

where V is the comments set; V1, V2, V3, V4, and V5 are comments representing low risk, relatively low 
risk, medium risk, relatively high risk, and high risk. On the basis of reference to other warning 
hierarchies, risk assessment warning is divided into five levels in this paper, namely levels I (low 
risk), II (relatively low risk), III (medium risk), IV (relatively high risk), and V (high risk). They are 
labeled using five colors: green, blue, yellow, orange, and red, respectively. 

1. V1 (level I) 

It shows that the public’s attitude toward the events is normal and the event will not cause harm 
to society. 

2. V2 (level II) 

It shows that the public’s attitude toward the event is a bit sensitive; the incident will cause some 
social impact. 

3. V3 (level III) 

Risk factors 

Subjective psychological factors Objective environmental factors 

A Target 

B Criterion 

C Scheme Public satisfaction with the 

environment 

Public satisfaction with the enterprise 

Public satisfaction with the departments 

The affected population 

The degree of environmental pollution 

The gross regional product (GRP) 

The ratio of green to traditional GDP 

 

Figure 1. Risk factor hierarchy model.

2.3. Establishment of the FCE Model

The FCE model was established based on a five-step process [25].
Step 1: Establish a factor set U. Each element in the factor set U is a factor that affects the risk of

environmental conflict, as shown by Equations (1)–(3).

U = {u1, u2} (1)

u1 = {u11, u12, u13} (2)

u2 = {u21, u22, u23, u24} (3)

where U is the factor set; u1 and u2 are subjective and objective factors; u11, u12, and u13 are factors
representing public satisfaction with the environment, enterprise, and departments; u21, u22, u23,
and u24 are the factors representing the affected population, degree of environmental pollution, GRP,
and the ratio of green GDP to traditional GDP. For each element in U, there is a fuzzy mathematical
relationship, expressed by the comments set V.

Step 2: Establish a comment set V. The comment set is applied to judge the results of the
evaluation. It is a collection of evaluations, such as good, bad, and general, which is a relatively
obscure language. This is expressed as Equation (4) and is shown in Table 1.

V = {V1, V2, V3, V4, V5} (4)

where V is the comments set; V1, V2, V3, V4, and V5 are comments representing low risk, relatively
low risk, medium risk, relatively high risk, and high risk. On the basis of reference to other warning
hierarchies, risk assessment warning is divided into five levels in this paper, namely levels I (low risk),
II (relatively low risk), III (medium risk), IV (relatively high risk), and V (high risk). They are labeled
using five colors: green, blue, yellow, orange, and red, respectively.

Table 1. Comments set.

V V1 V2 V3 V4 V5

comments (level I) (level II) (level III) (level IV) (level V)
warning level low risk relatively low risk medium risk relatively high risk high risk
warning color green blue yellow orange red
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1. V1 (level I)

It shows that the public’s attitude toward the events is normal and the event will not cause harm
to society.

2. V2 (level II)

It shows that the public’s attitude toward the event is a bit sensitive; the incident will cause some
social impact.

3. V3 (level III)

It shows that the public’s attitude toward the event is sensitive although the social impact is not
big. The warning level indicates that the impact of the event has increased, and has even made some
of the citizens upset. At this time, there is a certain risk, and the government needs to give attention to
the relevant regulations.

4. V4 (level IV)

When the alert level reaches a relatively high risk, it indicates that the public’s attention to the
conflict is greatly increased and the influence scope is gradually expanded. The construction of the
project itself causes widespread dissatisfaction; meanwhile, when people’s dissatisfaction towards the
conflict is high, it can lead to group polarization. Therefore, when the project influence reaches this
stage, the public is more sensitive, emotionally unstable, and emotionally intense. However, at this
time, if the government can appease the public and strictly control the project, it can still control the
direction of the conflict.

5. V5 (level V)

Once the conflict reaches high risk, the incident has received great attention from the public.
The public’s speech and behavior will be unfavorable to the society, and on an extreme note, it
may gradually rise from merely discussing an event to questioning the government’s credibility,
which severely damages the public image of the government. At the same time, people’s emotions
fluctuate greatly, and their emotions may easily become out of control, which will trigger deeper and
hidden social contradictions and may rise to the level of confrontation between the masses and the
government and enterprises, which is extremely dangerous.

Step 3: Determine a weights vector W. The weight of risk factors is measured by the AHP method,
which can be attributed to the quantitative and qualitative analyses and the quantification of the
constructed hierarchical model. The assessment index weights vector is determined as in Equation (5).

W = {w1, w2, w3, w4, w5, w6, w7},
(

5

∑
i=1

wi = 1, wi ≥ 0

)
(5)

where W is the weight vector; w1, w2, w3, w4, w5, w6, and w7 are the weights for u11, u12, u13, u21, u22,
u23, and u24, respectively,

Step 4: Calculate single factor membership. For u11, u12, and u13, the single factor
membership is derived from the questionnaire, and those of u21, u22, u23, and u24 are calculated
by Equations (6)–(10) [26].

Y1 =


1, x<a
b−x
b−a , a < x < b

0, x > b

(6)

Y2 =


a−x
a−b , a < x < b
c−x
c−b , b < x < c

0, x > c, x < a

(7)
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Y3 =


b−x
b−c , b < x < c
d−x
d−c , c < x < d

0, x > d, x < c

(8)

Y4 =


c−x
c−d , a < x < d
e−x
e−d , d < x < e

0, x < d, x > e

(9)

Y5 =


d−x
d−e , d < x < e
f−x
f−e , e < x < f

0, x < e, x > f

(10)

where Y1, Y2, Y3, Y4, and Y5 respectively represent the memberships of V1, V2, V3, V4, and V5, while a,
b, c, d, e, and f represent the ranges of the standard values of V1, V2, V3, V4, and V5. The units of a, b, c,
d, e, and f are different due to different factors.

Step 5: Establish a fuzzy comprehensive assessment matrix L, as in Equation (11)

L = W × R (11)

where L is the fuzzy comprehensive assessment matrix; R is the fuzzy membership matrix.

2.4. Determination of Assessments Weight

In AHP, the judgment matrix is used to determine the assessment weight. In this paper,
the judgment matrix of factors can be generated from the survey completed by selected experts.
Assessments weight was established as shown in Equations (12) and (13).

A =
(
aij
)

n×n (12)

aij = aij/
n

∑
k=1

aij, i, j = 1, 2, · · · , n (13)

where A is the judgment matrix, aij is the result of normalization.
The judgment matrix A is judged by experts. The matrix result is shown in Table 2. Certainly, it is

necessary to maintain objectivity between data in the analytic hierarchy process. Thus, use the matrix
theory to verify the weight through the consistency check [27]. A matrix consistency check is shown in
Equations (14) and (15).

λmax =
1
n

n

∑
i=1

(Aw)i
wi

(14)

CI = (λmax − n)/(n− 1) (15)

where λmax is the maximum characteristic root; CI is the consistency index.

Table 2. Random consistency index (RI) of the judgment matrix.

n 1 2 3 4 5 6 7 8 9

RI 0 0 0.58 0.90 1.12 1.24 1.32 1.44 1.45

The random consistency is different at different scales, so Saaty introduced the consistency ratio
(CR) [28], which is the consistency evaluation index, as is shown in Equation (16).

CR =
CI
RI

(16)



Sustainability 2018, 10, 4095 7 of 16

where RI is the random consistency index, the specific value for which is shown in Table 2. When CR <

0.10, the judgment matrix has acceptable consistency. When CR ≥ 0.10, it is necessary to adjust the
judgment matrix in order to meet an acceptable consistency.

3. Case Study

3.1. Description of the Case Study

In 2003, the Xiangtan Jiuhua economic and technological development zone was established.
Jiuhua is one of the five demonstration areas of the national two-oriented social construction
comprehensive supporting reform pilot zones in the Changzhutan city cluster, with a population of
132,000. In 2011, it was upgraded to a state-level economic and technological development zone. Along
with the urbanization process in the entire Changzhutan area, resulting in unsustainable production
and consumption of goods and services, the city’s production of waste has increased and the city is
unable to dispose of it by traditional methods such as landfills. On 30 April 2014, Jiuhua government
and Sande enterprise started the process of selecting the location of a waste incineration site and
finally set up the Jiuhua demonstration industrial park in Xiangtan. Various participants subsequently
contributed to the planning and construction of waste incineration power plants.

3.2. Weight Calculation—Experts Rating

Back in 2013, Zheng and others argued that the environmental impact assessment was a worthy
example of public participation [29]. However, the method of engaging public participation was
decided in the early stages of the policy process and the lack of well-designed participation was
criticized by Zheng [30]. Thus, AHP-FCE data samples were established based on field visits and
literature review.

The risk data of this environmental conflict were based on the results of the index factors in the
questionnaire completed by 18 selected experts. These data were employed to establish an evaluation
system. The questionnaire is detailed in Appendix A. Du, Pang, and Wu proposed that the number of
samples of the AHP-FCE analysis should be within the range of 10–50. This can achieve reasonable
accuracy in the general evaluation system [31]. The experts rated the difference between two factors.
The average scores for the indexes are calculated by Equation (17), and these scores are used to give
the priority order of the indexes. The results of the survey are presented in Table 3.

X = n1 × 1 + n2 × 3 + n3 × 5 + n4 × 7 + n5 × 9 + n6 ×
1
3
+ n7 ×

1
5
+ n8 ×

1
7
+ n9 ×

1
9

(17)

where X is average score; n1, n2, n3 . . . n9 represent the value of Uij.

Table 3. Survey results for importance level of the index.

Important Level
Index

U1/U2 u11/u12 u11/u13 u12/u13 u21/u22 u21/u23 u21/u24 u22/u23

normal (n1) 1 1 2 3 3 2 0 2
slightly important (n2) 0 3 3 6 5 1 2 6
significantly important (n3) 0 7 6 2 1 1 5 2
strongly important (n4) 0 1 4 1 5 4 5 3
extremely important (n5) 0 3 2 1 0 4 5 1
not important slightly (n6) 2 2 0 3 2 3 0 1
not important significantly (n7) 8 1 1 0 1 2 1 1
not important strongly (n8) 7 0 0 1 1 1 2 2
not important extremely (n9) 0 0 0 1 0 0 0 0
average score 0.237 4.437 4.955 2.07 3.278 4.196 6.185 3.376
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By matrix A consisting of the average scores, the calculation process is presented as follow:

(1) a =

[
a11 a12

a21 a22

]
=

[
1 1

5
5 1

]

(2) w̃ =

[
w11 w12

w21 w22

]
=

[
1
6

1
6

5
6

5
6

]
(3 w =

[
w1 w2

]T
=
[

0.1667 0.8333
]T

(4) AW =

[
1 1

5
5 1

][
0.1667 0.8333

]T
=
[

0.3334 1.6668
]T

(5) λmax = 1
n

n
∑

i=1

(Aw)i
wi

= 1
2 ×

(
0.3334
0.1667 + 1.6668

0.8333

)
= 2.000

(6) CI = (λmax − n)/(n− 1) = 2−2
1 = 0.000, RI = 0

(7) CR = CI
RI = 0.000 < 0.1

In this case, the consistency test of matrix A is acceptable. The above equation was realized in
MATLAB using an established special computer analysis program.

CI = 0.1667× 0.163 + 0.8333× 0.0702 = 0.0790

CR = 0.1667× 0.58 + 0.8333× 0.90 = 0.8467

CR =
CI
RI

=
0.0790
0.8467

= 0.0933 < 0.1

Through the above calculations, all consistency checks of judgment matrixes are acceptable.
By running this process, the weight of the secondary index and the consistency of the matrix shown in
Table 4 can be obtained. According to the above, the importance of each factor is summarized and the
scores are compared. These results of factor weighting are shown in Table 5.

Table 4. The results of the judgment matrix.

Index Secondary Indicators

Judgment hierachy U1 (u11,u12,u13) U2 (u21,u22,u23,u24)
W (0.683,0.200,0.117) (0.546,0.265,0.086,0.103)

λmax 3.0246 4.2106
N 3 4
CI 0.0123 0.0702
RI 0.58 0.9
CR 0.021 0.078

Consistency check pass pass

Table 5. Factor weights.

Factors Subjective Psychological Factors (%)

Environment 11.39%
Enterprise 1.95%
Department 3.33%

Factors Objective Environmental Factors (%)

Affected population 22.08%
Degree of environmental pollution 45.54%
GRP 7.17%
Green GDP accounts for the share of traditional GDP 8.54%
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The above table shows the weight of each index. The weights of enterprises and departments
are the smallest, accounting for 1.95% and 3.33%, respectively. The largest indicators reached
45.54% and 22.08%, respectively representing the affected people and the degree of environmental
pollution. The weight shows the degree of importance of factors. Objective factors are accumulating
environmental conflicts. For conflicts involving social problems, we must consider the public attitude.
Finally, the risk of environmental conflict is evaluated by establishing an evaluation set.

3.3. Membership Calculation—Public Survey

In the membership calculation, the subjective factor data were obtained from the public survey.
The public’s attitude plays a prominent role in the outbreak of environmental conflict. As Wu noted,
both objective and subjective factors are important [32]. When assessing the risk of environmental
conflict with membership, the public is treated as a subjective factor. An investigation was launched
into people living near the project, including 150 local residents, 300 students and 50 other individuals.

The detailed questionnaire can be found in Appendix A. The number of respondents and the
percentage of respondents expressing satisfaction to some degree are shown in Table 6 and Figure 2.

Table 6. Survey respondents.

Indicators
Satisfaction

Satisfied More Satisfied General Not Satisfied More Dissatisfied

Environment (u11) 75 200 25 75 75
Enterprise (u12) 63 20 135 170 112

Department (u13) 28 47 205 145 75
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Figure 2. The percentage of respondents expressing satisfaction.

The respondents’ satisfaction with the local environment was 55%, indicating that the environment
in Jiuhua area was excellent, according to the Figure. However, the satisfaction with the local
departments or enterprises was only 17%, and the respondents’ dissatisfaction was almost 57%. A good
attitude towards the environment is a common aspiration of the people, while public dissatisfaction
with enterprises and departments can lead to indirect environmental conflicts. In such a high-risk
context, the risk of environmental conflict is significantly increased. The obtained risk factors evaluation
criteria based on data and statistical yearbooks are shown in Table 7. The objective factor conditions
come from the literature review. Objective factor data information is shown in Table 8.
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Table 7. Evaluation criteria for risk factors.

Factors V1 V2 V3 V4 V5

u11 satisfied More satisfied general Not satisfied more dissatisfied
u12 satisfied More satisfied general Not satisfied more dissatisfied
u13 satisfied More satisfied general Not satisfied more dissatisfied

u21 (number) ≤5000 5000–10,000 10,000–50,000 50,000–100,000 ≥100,000
u22 (ng/m3) ≤0.25 0.25–0.5 0.5–1 1–1.5 ≤1.5

u23 (¥/billion) <100 100–200 200–300 300–400 >400
u24 (%) >20 15–20 10–15 5–10 <5

Table 8. Objective factor data information.

Risk Factor Data Sources Data Information

Affected numbers (u21) Reference [29] 0.15 million people
The degree of pollution

(u22)—dioxins Reference [33] 1.11TE Qng/m3

(Excessive multiples)
GRP (u23) Hunan statistical yearbook 128.239 billion

The proportion of green GDP to
traditional GDP (u24)

The green GDP index of 300
provinces and cities in China 5.5%

3.4. Calculation Case of Final Fuzzy Comprehensive Assessment Matrix L

Using the data shown in Tables 4 and 5 and based on the membership function in
Equations (6)–(10), the fuzzy matrix R was obtained.

R =



0.15 0.4 0.05 0.15 0.25
0.125 0.037 0.275 0.3375 0.225
0.05 0.1 0.4 0.3 0.15

0 0 0 0 1
0 0 0.8 0.2 0

0.7 0.3 0 0 0
0 0 0.1 0.9 0


(18)

Using Equation (13), the fuzzy comprehensive assessment of environmental conflict was
calculated through Equation (11) and Equation (21).

L = W × R (19)

L =
(

0.071 0.071 0.397 0.202 0.295
)

(20)

It can be seen from Equation (21) that the value of l (0.397) is the largest. The assessment results in
the comments that V can be determined by the maximum value lj, where j = 3; the warning level is
medium risk; the assessment grade is yellow alert.

3.5. Results Analysis

On the basis of the questionnaire survey, filled out by 18 experts and 500 people, the risk evaluation
system was established by the combined AHP-FCE method. A shown in Table 5, the results of the
AHP method show that the weight of subjective factors was mainly about 80%. Obviously, the weight
of subjective factors was lower than that of objective factors. In terms of objective indicators, the index
of environmental pollution reached 45.5%. On the other hand, the index weight of environmental
satisfaction was also the highest among subjective factors. It is obvious that environmental pollution
was the cause of all conflicts.

In addition, the FCE method was used to establish evaluation sets and risk levels. The results are
shown using Equation (21). The results show that the final result of the risk level was a moderate risk
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of 0.397. High risk was second only to moderate risk, at 0.295. The difference was about 0.102. The risk
level was assessed as a yellow warning. If the risk measures are not adjusted in a timely manner, more
conflicts may be triggered and the warning may even reach the red level. According to this trend,
conflict management is particularly important.

4. Discussion

In analyzing the subjective data, we realized that the subjective factor membership data comes
from the public survey, which is limited. When several interviewees were interviewed, they were
mostly non-committal because this subject did not reflect their own interests. This may be the normal
behavior of the uninterested, a kind of silence of their own, or the influence of their own opinions.
As it is affected by other factors, the acquisition of information by public survey mostly presents
subjective characteristics. In addition, individual indicators can sometimes affect respondents, leading
to a deviation. For example, the respondents’ satisfaction with the environment is affected by the
place where they live, and they are more satisfied with the environment when they stay away from the
incinerator. Whether this is a common phenomenon or not, it happened in nimby facilities. In this
study, the governance of conflicts is only viewed from the perspective of administration or the nature of
events. We need methods to analyze environmental conflicts by combining the influence of subjective
factors and objective factors. We have to evaluate objective data.

In general, our findings reveal that the AHP-FCE method can provide the basis for democratic
participation, so as to better resolve environmental conflicts from the perspective of risk management
and public policy. We believe that there exists a simple and regular form of interaction between the
public and the government, and this form just reveals the cognition, resource interests, and information
of both parties in conflict, promoting democratic participation mechanisms and public development.
In contrast, what we found was a process of perfecting democratic politics, not a single system.
Our risk assessment results revealed a more comprehensive democratic participation mechanism
than traditional risk governance, which is different from the research of Delgado and Romero [34].
Since we found that such evaluation systems mainly attract environmentally conscious participants,
we recommend that project organizers change their traditional evaluation philosophy to reach a wider
range of respondents.

Compared with previous conflict management approaches, we found that we increased the level
of importance of public surveys. Namely, the role of the public as a subject in the risk assessment
of environmental conflicts is very important. In other words, the public is an important part of the
environmental conflict and plays a major role in the conflict. However, in this case, we quantified
the public’s opinion so as to improve people’s trust in government; to make it possible for people to
participate in the issue at hand. We also noticed that when people protest against government and
enterprise and try to stop the government, it often leads to a dissonance of communication between
the people and the government. The higher the level of dissatisfaction, the more conflict occurs.
Most respondents believed that the information shared by enterprises and government departments
was lacking. The project started before the public had received all relevant information [35].
The government department did not meet the requirements of the environmental impact assessment
method. We hold the opinion that a complete information publishing platform should be one of the
means of government information disclosure at all levels. Using intelligent technology, such as official
software, real-time environmental information can be released, and public opinion monitoring and
network information collection mechanisms should be strengthened. Moreover, the authenticity and
comprehensive information proposed by Liu also affected the public’s attitude toward environmental
events [29]. There is no perfect public participation law in China [36]. Studies conducted abroad have
reported the development of technology transfer to reduce the negative impact of polluting facilities
in surrounding areas, so as to eliminate the public’s concerns of NIMBY and prevent conflict, which
is different from China’s domestic situation [29]. However, technological progress is not something
that can be achieved in a short time. Therefore, seeking economic and political means is also an
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important approach, just as Davis suggested the combined use of public survey and technology [37].
Public participation is not only essential at the construction stage, but also should contribute to the
site selection, as expressed by Wang, who advocated a solution from the conflict of space and the
perspective of planning [38].

Our results show that the level of environmental pollution is an important cause of conflict, which
is consistent with our results analysis. Although the environment appears highly consistent with the
expert response, the whole process is not dominated by a single response. The greatest beneficiaries
of a good environment are the people, and the greatest victims of a bad environment are the people.
However, in China’s environmental conflict governance literature, only a third party is guaranteed to
intervene in the evaluation of technical issues, as reported by Yan [39]. This study provides a broader
answer which requires further theoretical and practical work to conceptualize and explain this point.
In an empirical sense, these findings indicate that the roles of social actors change with the interests,
and even the multiple identities of third parties intervene to complicate the management of conflicts.

5. Conclusions

In this paper, we conducted an assessment of the environmental impact of the Jiuhua waste
incineration plant, using experimental and survey data from 18 experts and 500 respondents. In the
process, we found that the combined AHP and FCE method for environmental risk assessment provides
a system support. Specifically, FCE provided an important theoretical basis for the quantification of the
fuzzy concept. In addition, in the system’s data, we found that the public has a strong condemnation of
government and enterprise due to environmental conflicts, including the fact that the government and
enterprise do not release information about the project to the public in time for their true participation
in project planning and construction. Our study found that there is little public interest in the conflict
itself. There is no doubt that a facade makes NIMBY facilities a difficult issue to address. This paper
provides new evidence for qualitative and quantitative methods of environmental conflict assessment
and suggests a new direction for conflict resolution. This research underscores the importance of public
opinion on environmental conflicts and provides better information on environmental assessment
items and environmental conflict resolution. Specifically, there has been a sharp increase in concerns
and investment in waste incineration projects.
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Appendix A

1. Analytic hierarchy process expert survey questionnaire.

(1) Criteria: Please follow the table scale standard (scale values reflect a measure of the relative
importance of each element), and mark the questionnaire in Table A1 based on the relative
importance between various indexes.

(2) Score instructions: Each row of the table is a judgment on the relative importance of two indicators,
and a

√
is given when it is considered to be a relation of relative importance.



Sustainability 2018, 10, 4095 13 of 16

Table A1. Scale standard.

Order Rank of Importance Score

1 i and j are equally important 1
2 i is slightly more important than j 3
3 i is significantly more important than j 5
4 i is strongly more important than j 7
5 i is extremely more important than j 9
6 i is slightly less important than j 1/3
7 i is obviously less important than j 1/5
8 i is strongly less important than j 1/7
9 i is extremely less important than j 1/9

2. Public survey questionnaire

For the risk factors of subjective psychological factors, the satisfaction of the people in Xiangtan
city (especially Jiuhua residents and students) was investigated regarding the local environment,
enterprises, and departments.

The method of this survey: paper questionnaire survey.
The purpose of the questionnaire survey was to analyze the satisfaction of the people in Xiangtan

city regarding the environment, enterprises, and departments.
Number of questionnaires: 500 (500 valid)
Questionnaire survey location: Jiuhua district and near Hunan University of Science

and Technology.
Questionnaire name: Satisfaction about Jiuhua Waste Incineration Power Plant
The questionnaire content:

(1) What is your occupation?
(2) Do you live near Jiuhua?
(3) Are you satisfied with your current environment?
(4) How much do you know about garbage incinerators?
(5) Do you agree to set up a waste incineration power plant in Jiuhua?
(6) Are you satisfied with the government’s information disclosure work?
(7) What do you think of the disclosure of the project?
(8) Have you or the people around you engaged in public participation in the project?
(9) How satisfied are you with the department (environmental protection department)?
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Table A2. Importance level of index.

Index Importance Level

Normal (1) Slightly
Important (3)

Significantly
Important (5)

Strongly
Important (7)

Extremely
Important (9)

Not Important
Slightly (1/3)

Not Important
Significantly (1/5)

Not Important
Strongly (1/7)

Not Important
Extremely (1/9)

Subjective (U1)/objective (U2) # # # # # # # # #

Public satisfaction with the
environment (u11)/Public satisfaction
with the enterprise (u12)

# # # # # # # # #

Public satisfaction with the
environment (u11)/Public satisfaction
with the relevant departments (u13)

# # # # # # # # #

Public satisfaction with the enterprise
(U12)/Public satisfaction with the
relevant departments (u13)

# # # # # # # # #

The affected population (u21)/degree
of environmental pollution (u22) # # # # # # # # #

The affected population (u21)/gross
regional product (GRP) (u23) # # # # # # # # #

The affected population (u21)/the ratio
of green GDP to traditional GDP (u24) # # # # # # # # #

Degree of environmental pollution
(u22)/GRP (u23) # # # # # # # # #

Degree of environmental pollution
(u22)/the ratio of green GDP to
traditional GDP (u24)

# # # # # # # # #

GRP (u23)/the ratio of green GDP to
traditional GDP (u24) # # # # # # # # #
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