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Abstract: A mathematical model for decision maker’s preference prediction in environmental
governance conflict is established based on the graph model for conflict resolution. The rapid
economic development in many countries, over the past decades, has caused serious environmental
pollution. Sewage companies are the main source of contamination since they are always wavering
on the issue of environmental governance because of their profit-seeking nature. Environmental
management departments cannot grasp the offending company preferences accurately. The problem
of how to obtain decision maker’s preference in environmental governance conflict is studied in this
paper. The mathematical model established in this paper can obtain a preference set of one decision
maker on the promise that the ideal conflict outcome and preference of the other decision makers
are known. Then, preference value distribution information entropy is introduced to mine the
preference information contained in the preference set, which means that it is possible to get the
preference information of conflict opponent at their own ideal conflict outcome. All of these
preference sets provide the possibility to choose the appropriate coping strategies and lead the
conflict to the direction that some decision makers want. Finally, the effectiveness and superiority
of the preference prediction analysis method is verified through a case study of “Chromium Pollution
in Qujing County” which took place in China. The preference prediction analysis method in this
paper can provide decision making support for the decision makers in environmental governance
from strategic level.
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1. Introduction

The industrialization process has achieved rapid development in the past 30 years around the
world. At the same time, the problem of environmental pollution is extremely serious. The total
discharge of pollutants far exceeds the environmental capacity, and major environmental pollution
accidents occur frequently in many countries [1-4]. Identifying and quantifying planetary boundaries
that must not be transgressed could help prevent human activities causing unacceptable environmental
change [5]. Nebasifu et al. [6] investigated a systematic review of articles from academic and policy
publications over the last few decades, and they found that there are paradoxical gaps in resilient
environmental governance. Xu et al. [7] studied the structural conflict under the new green dilemma.
They concluded that the inequality of global production system suppresses the effects of subsidy
competition and erodes the economic foundation of global climate governance. Obviously,
environmental governance is a collective matter involving multiple stakeholders, and it is inevitable
that many complex contradictions and conflicts will be generated. How to effectively resolve these
conflicts requires decision makers (DMs) to make better decisions with the help of decision support
systems [8]. Most of the existing environmental governance decision support systems are based on
classical game theory. However, classical game theory puts too much emphasis on inherent game rules
and has strong assumptions on sharing knowledge. Raiffa et al. [9] pointed out that the assumptions in
classical game theory are too strict, so it cannot be widely used. Such strict restrictions make it difficult
to apply this fine theory to practice.

Conflict analysis is a method for decision making analysis of conflict behaviors which are difficult
to quantitatively describe. It was developed in recent years on the basis of classical game theory and
meta-game theory. It avoids too many assumptions as criticized in the classical game theory, and has
achieved great success in the past 20 years. However, the existing conflict theories are mainly based
on that the preferences of conflict DMs are known. While, in the process of conflicts in environmental
governance, it is very difficult to fully grasp the opponent’s real preference of the possible outcomes.
Because of the autonomy of DMs, the inconsistency of interest claims, and the dynamics in the process
of environmental governance [10], it is impossible for any DM in the environmental governance
conflict to actively convey the true preferences of the other DMs. That is, the key preferences among
DMs in the pollution control conflict may be kept secret to each other [11]. Therefore, in general, DMs
in conflict mainly rely on their own subjective cognition to get their opponents’ preferences. DM’s
subjective cognition often has certain limitations. That will cause decision mistake and pay a huge
price due to the incomplete grasp of the opponent’s preferences. Therefore, how to design a method
which can analyze the preference information of opponents roundly and profoundly to make up for the
limitations of subjective cognition is of great significance for the DMs in the environmental
governance conflict, especially for the government to choose appropriate coping strategies [12] and to
guide the conflict to develop towards an ideal conflict outcome in the process of environmental
governance conflict [13].

The research on the incompleteness of DMs’ preference perception in conflict has always received
extensive attention from academic areas. For example, Hipel et al. [14] first proposed the idea of
information gap for water resources management, which was used to describe the information
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asymmetry between the two sides of the conflict. Then, they established an information gap model and
applied the research results to the water resource conflict in the Middle East, and gave strategic
decision suggestions. On the basis of the information gap model of preference perception uncertainty,
Song et al. [15] established the equilibrium outcome based on hyper-game theory, and analyzed the
robustness of the results. Subsequently, to handle the ranking method of multiple feasible outcomes
of preference uncertainty, research has been completed with respect to degree of freedom [16],
probability [17] and attitude [18], as well as the competition and cooperation behavior of DMs in
conflict [19]. In addition, literatures [20—23] focused on the balanced outcome of strategic conflict
under cognitive difference information, conflict resolution methods for emergent conflict events,
sensitivity analysis of DMs in conflict, and conflict resolution method based on negotiation, respectively.

The above research results analyze the cognitive dissonance that may exist between DMs of
conflict, and make decisions or coping strategies for this error hypothesis. So far, the research in this
field has demonstrated a lack of strong theoretical basis and systematic cognitive model to support the
choice of coping strategies. Sakakibara et al. [24] first proposed the inverse problem based on the
Graph Model for Conflict Resolution (GMCR) [25], and tried to verify the assumption by using the
trail and error method. However, it has been proved that this method has heavy logic workload and
cannot be done by computer, which makes it difficult to apply. Based on GMCR and with the help of
high-performance computer, Kinsara et al. [26] proposed a method to obtain the preference information
of DMs by a brute force method, which can be used for negotiation and third-party mediation. However,
the disadvantage of this method is that the amount of computation increases exponentially with the
increase of algorithm size, and eventually the algorithm goes into an infinite loop. That is because the
number exceeds the scope of computer representation. Treml et al. [27] developed an innovative
approach using graph theory for socio-ecological conflict. The method has the potential to assist
management efforts in prioritizing and strengthening governance to effectively safeguard ecological
processes across multiple jurisdictions. Kinimonth et al. [28] presented a conceptual model based on
graph theory. The conceptual model provides a novel approach to the structural analysis of socio-
ecological systems.

A new mathematical theoretical model for obtaining information about DMs’ preferences in
environmental governance conflicts is proposed in this paper based on GMCR. The model assumes
that one DM in environmental governance is very clear about their own preference order and ideal
conflict outcome. Starting from all feasible preference orders of the opponent in conflict, the existence
of the opponent’s minimum preference value is verified, which means that there are stable preference
orders in the ideal conflict outcome for the opponent. Then, the corresponding preference order set is
found. Finally, information entropy is introduced to mine the preference information of the opponent
in the preference order set, so as to give coping strategies in the process of conflict evolution. The
specific innovations mainly include: 1) The relative real preference order set of the opponent is
obtained by determining the minimum preference value which satisfies stability. 2) The definition of
preference value distribution information entropy is given. The information quantity in preference
order set can be mined by this definition. DMs can be given appropriate conflict coping strategies
according to their own interests.

The remainder of this paper is organized as follows. Section 2 introduces the basic concept of
GMCR. Section 3 develops a cognitive model of conflict opponent’s preference in environmental
governance. In the subsequent section, a case study of a conflict in China is utilized to demonstrate the
advantages of the cognitive model. The final section contains overall comments and insights to put the
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research into perspective.
2. Basic concept of GMCR

GMCR is a method for solving conflict which is proposed by the Canadian conflict analysis
research team [25]. It is developed on the basis of game theory. Its characteristic is based on relative
preference, which is simpler and more flexible than the quantitative analysis of game theory.
Meanwhile, through analyzing DMs, feasible states, options, state transition diagram and preferences,
the conflict equilibrium solution is obtained under different stability constraints. In GMCR, the graph
model is represented by a directed graph, which uses a complete directed graph to represent the feasible
states and state transition of each DM. State transition means that when other DMs keep the strategy
selected, the remaining DM can consider changing the strategy to change the outcome of the conflict.
Since the research in this article is based on GMCR, the basic concept of GMCR is given first.

Definition 1 (GMCR): GMCR is represented by a four groups structure V = {N, S, P, G}, where
1) N ={1,2,---,n} represents the set of DMs, and n is the total number of DMs.

2) S ={s1,S2,'*,Sm} denotes the set of feasible states, and m is the number of feasible states.

3) P ={P,P,, -, B,} is called the preference set of the DMs, where P; represents the preference
information of DM .

4) G ={Gq,G,, -, Gy} 1s a non-empty, finite set, called state transition directed graph. G; =<
S,A; >, for each DM i, A; represents DM i’s set of oriented arcs, which contains the transition
between feasible states controlled by DM i and the arrow of the arc points to the reachable state that
can be transferred from the original state.

Definition 2 (Preference order): After DM i € N rank all feasible states from inferior to superior
by the degree of preference, the order position of each state is represented by the vector P; =
[kq,ky, -+, ky]. P; is called the preference order of DM i, where k; is the preference value of DM
i of'state s;,denotedas P;(s;) = k;, k; isaninteger between [1,[],and [ < m. When the elements
in preference set P; are different from each other, the preference of DM i is called strictly ordered
preference.

Definition 3 (Reachable list): R;(s) is DM i’s one-step reachable set from state s, called
reachable list. For DM i € N,

Ri(s) = {sq € SI(s,59) € A} (1)

Where (s,s;) € A; represents that there is a directed arc from state s to state s,.
Definition 4 (Improvement reachable list): R} (s) is the DM i’s one-step improved reachable set
from state s, called the improved reachable list. For DM i € N,

R (s) = {s; € SI(s,sq) € A; & Pi(s) < P;(s4)} ()

For example, the graph model of the classic “Chicken Game” is shown in Figure 1,where N =
{12}, S={s1,52,83,5}, P={P, P}, G={Gy,Gp}, Ri(s3) ={s1}, R{(s3) =9.
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G1: State transition diagram G»: State transition diagram
of DM 1 of DM 2
P1=[1,3,2,4] P>=11,2,4,3]

Figure 1. Graph model of “Chicken Game”.

Definitions 14 are the four basic definitions of GMCR. For detailed explanations of these
definitions, please refer to [25]. Then, according to the number of state transition steps taken by the
DMs and their attitudes towards risk, GMCR gives the definition of sequential (SEQ) stability that
conforms to the actual conflict situation.

Definition 5 (SEQ): For DM i € N and state s € S, state s is SEQ iff for every s; € R{ (s)

there exists at least one s, € Ry_;(s;) with P;(s) > P;(s;), which is denoted as s € Sis FQ When all

DMs in set N satisfy SEQ stability, state s is called SEQ equilibrium.

SEQ stability believes that the opponent will counterattack all their unilateral improvements, and
the counterattack will reduce their own preference value and increase the opponent’s preference value.
It describes the DMs’ prediction of the two-step stability of the conflict, which is in line with the
characteristics that each DMs’ strategy in each step is aimed at promoting personal interests. It can
perfectly describe the strategic conflict in the real world. When n = 2, the set N in the Definition 5

_ . . . . . . + + . .
reducesto N = {i,j}, i and j are opponents in conflict,and Ry_; reducesto R; . Inthis article, we

just investigate the two DMs conflict.
3. Construction of cognitive model of conflict opponent’s preference in environmental governance

In a conflict, usually all DMs involved in it have a certain estimate of the final outcome about the
conflict. That is, the final outcome of the conflict is “known”. For example, in environmental
governance, everyone involved will understand that pollution will be treated as a result. However, the
polluting enterprises are prone to fluke and do not actively deal with their own pollutants due to the
environment itself has a certain ability to solve pollution. This makes themselves comply with the
environmental regulations of the government and the supervision of environmental non-governmental
organizations in the most self-interest way. It will inevitably lead to that the final realization of
environmental governance is a long process. In environmental governance of China, the participants
have different understandings on how to achieve the conflict outcome of “pollution control” and how
much they hope to spend to achieve this outcome. If the participants’ perception of the outcome in
environmental governance conflicts is regarded as the preferences of the participants, then in the
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resolution of environmental governance conflicts, a very important question is what are the true
preferences of the conflict opponent? Only by obtaining the preferences of the conflict opponents, we
can master the initiative in the conflict game and make the outcome develop in the direction of the
predetermined situation. In order to solve this problem, this section uses the definition of SEQ stability
on the premise that the final outcome is known, and infers all preference orders that satisfy a stable
outcome inversely. At the same time, the opponent’s true intentions are extracted from these preference
order data sets.

Definition 6 (Ideal conflict outcome of DM i): For DM i € N, state s € S, the state s; with
the largest preference value is defined as:

Pi(si) = T&X{Pz‘(s)} (3)

Then state s; is the ideal conflict outcome of DM i. The rest of the feasible conflict outcomes
are non-ideal.

Definition 7 (Preference order set): The set of all preference orders of DM i satisfying SEQ
stability in a certain state s is called preference order set, which is represented by Q;(s).

For any conflict, each DM is very clear about his own preference order and ideal conflict outcome.
Obviously, ideal conflict outcome satisfies the DM’s SEQ stability. While the information of his
opponent is unknown. The root of the conflict is that the DMs have different views towards the final
outcome of the conflict, and each DM wants the opponent to be stable in his own ideal conflict outcome.
Therefore, the research on the preference order of its opponent which satisfying stable in the ideal
conflict outcome can better reflect the opponent’s bottom line, which is conducive to the final
resolution of the conflict.

According to the definition of SEQ stability, the following two conclusions are obviously
established:

i) when P;(s;) =1, DM j does not have a preference order satisfies SEQ stable in state s;, that is
Q;(si) = 0.
ii) when P;(s;) = m, all the preferences order of DM j satisfy SEQ stable in state s;.

The above two conclusions give two extreme situations in conflict. Conclusion 1) reflects that
since DMs i and j in the game have serious disagreements on the conflict outcome s;, it is
impossible to have equilibrium in s; at any stage of the conflict. Conclusion ii) describes that the
ideal conflict outcome between DMs i and j is the same, and the conflict no longer exists.

Given that DMs i and j are conflict opponents, their ideal conflict outcome must be
inconsistent. If DM i wants DM j to be stable in DM i’s ideal conflict outcome, the preference
order value of DM j in his ideal conflict outcome must be increased. Assuming P;(s;) = k, then to
what extent does the value of k increase, DM j in the conflict has a preference order that satisfies
SEQ stability in s;. That is to say, getting the minimum value of k for DM j that satisfies the
stability of SEQ in s; is very important.

Lemma 1 (K-value existence theorem): It is known that the preference order P; of DM i in the
conflict and its ideal conflict outcome s;. Let P;(s;) = k, then there mustbe a k value of DM j in
state s; that satisfies the stability of SEQ.

Proof: Because k is the preference value of DM j in state s;, its value is an integer between
[1,m]. Considering the extreme case, if k = m, then any counteraction from DM i will reduce DM
j’s preference value. So, DM j refuses to move away from state s;. According to Definition 5, DM

Mathematical Biosciences and Engineering Volume 19, Issue 6, 6141-6156.



6147

j satisfies SEQ stability in state s;.

Lemma 1 proves the existence of k value. Theorem 1 gives a method to obtain the minimum
k of SEQ stability by using 0-1 programming.

In order to increase the readability of the article, the main symbols and descriptions used in the
following are shown below.

X = [xq1,X3,"**, %] is an m-dimensional 0-1 row vector. When P;(s;) > P;(s.), then x, = 1,
otherwise x; = 0.

J; is a0-1 reachable matrix with the size of m X m of DM i. When DM i is reachable between

states s, and sg, J; (sp,sq) = 1, otherwise J; (sp,sq) = 0. J; is a 0-1 improved reachability matrix
with the size of m Xxm of DM i. When ]i(sp,sq) =1 and Pl-(sq) > Pi(sp), ]i’“(sp,sq) =1,

otherwise J(s,,s4) = 0. J; and J; are defined as J; and J;* for DM j, respectively.

Ji(s¢,:) represents the s; row of matrix J;. sum(J;" (s;,:) © X) represents the sum of product
J#(st:) and X corresponding elements multiplied.

Theorem 1 (Minimum value k): Let k, be the minimum k value of DM j satisfying SEQ
stability in state s;, then k, can be obtained by the following 0-1 programming model:

m
ko = min (Z xt> +1

t=1

1—Ji(si,s0) - (1 = xp) + sign(sum(J; (s,:) 2 X)) > 0
1—Ji(si,50) - (1 = xpy + sign(sum(J; (s¢,:) 0 X)) < 2
x;=00r1,t=12,--,m
X = [xlle'"'Jxm]

(4)

Proof: From expression i) 1 —J;(s{,s:) - (1 —x;) = 0, it can be deduced that J;(s{,s;) =1
and x, = 0 hold simultaneously. /;(s;,s;) = 1 denotes that DM j can reach from state s; to the
state s;. x; = 0 means that P;(s;) < P;(s;). Thatis, DM j is improvement and reachable from state

*

s; to state s;. From expression ii) sign(sum(J; (s,:)° X)) =0, it can be concluded that

];’ (sp:)o X = 0. That is, DM i starts from state s;, and there is no improvement and reachable state

s, which satisfying P;(s;) > Pj(sp). According to Definition 5, if the expressions i) and ii) are both

0 at the same time, DM j is unstable in the state s;.Otherwise, it is stable. Because the values of
expressions 1) and ii) are only 0 and 1, if the sum of expressions i) and ii) is greater than 0 and less
than or equal to 2, then DM j satisfies SEQ stability in state s;.

The element in the vector X equal to 1 indicates that the preference order value is less than
P;(s;). Thatistosay, ko = min(XiL,x¢) + 1 isthe minimum k value under the constraint condition.

Given the preference order P; of DM i, ideal conflict outcome s; and Pj(sl-* ) = kg, the inverse
problem model [29] can be used to find the preference order set Q;(s;) of DM j in the SEQ stable
state s;. While, there is still a large number of preference orders in this set. It is impossible to see the
amount of information implicit in it intuitively.

Shannon et al. proposed a concept of information entropy in 1948 [30]. It describes the amount

Mathematical Biosciences and Engineering Volume 19, Issue 6, 6141-6156.



6148

of information, the greater the entropy, the higher degree of dispersion of variables. The distribution
of preference value of each state in preference order set Q;(s;) is a discrete random variable. In view
of the problem, there are so many elements in the set that the hidden information can not be displayed
directly, the preference value distribution information entropy is introduced to describe the sensitivity
of the ideal conflict outcome s; to the change of the preference value of each state.

Definition 8 (Preference value distribution information entropy): Given the preference order P;
of DM i and its ideal conflict outcome s;. kq is the minimum value of DM j satisfying SEQ
stability, and the corresponding preference order set is Q;(s;). The preference value of state s, in
Qj(s{) is 1,2, ..., m, and the numberis By, By, ..., B, which represents the number of values from

By
Yhe1Bn’

1 to m in Qj(s;) , respectively. Its corresponding probability distribution is

mBz ) e ,f ~—. Then the preference value distribution information entropy of state s; is defined
Zh=1Bh h=1Bh
as follows.
B(s) = =2— v =12,,m
v\ot) — Z;lnlehl - L4 )
Yo=1 Po(s) = L0 < B(s) =1 (%)
1
H(St) = vazl Pv(st) ' l092 , t=12,-,m (6)
Py(st)

The preference value distribution information entropy H(s;) describes the influence of the
change about the preference value on the state s, to the stability of the conflict when the ideal conflict
outcome s; is stable.

Property 1: The value range of preference value distribution information entropy H(s;) is
[0,log,m].

Proof: the process of detailed proof is obvious according to Definition 8.

The preference value distribution information entropy is derived from the concept of information
entropy, so it has the typical characteristics of information entropy, which leads to Theorem 2.

Theorem 2: The larger H(s;) of state s; € S is, the more even probability distribution of the
preference value of this state in set Q; (s;) which taking 1,2, ..., m is, and the smaller the change of
preference value of DM j in state s, influences the stability of state s;. Conversely, the more
uneven the distribution of the preference value of the state s, in the set Q;(s;), the greater influence
of its change to the stability of DM j in the state s;.

Theorem 2 describes that the greater the preference value distribution information entropy in a
certain state, the more even the preference value distribution of this state. Then, the change of
preference value of this state has less influence on DM j maintaining SEQ stability in state s;;
Otherwise, if the preference value distribution information entropy of a certain state is smaller in all
states, it means that the value of this state is more sensitive to the stability of state s; to keep SEQ
stability. By calculating the preference value distribution information entropy of all states, we can
clearly get the sensitive state of DM j that DM i needs to pay attention to if he wants to maintain
his ideal conflict outcome s; stable. That is to say, DM i can obtain the real preference information
of DM j temporarily maintaining stable in his own ideal conflict outcome s;, and then make
appropriate coping strategies.
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In summary, the process of obtaining preference perception of conflict opponents is shown in
Figure 2.

Known P; and s;. Eq (6) calculates the
preference value
The inverse problem distribution inft ti
Theorem 1 finds the . P istribution fhiorma 1o'n
. model is used to entropy for each state in
minimum preference )
obtain the preference set Q;(s{).
order value k, of .
P.(s?) when th order set Q;(s;),
;(s;) when the
(50 ) which satisfies the
opponent DM j has a e
. SEQ stability in the Theorem 2 analyzes
preference order in the tate s* of DM i
state s; o i ’
state s7 which i ] and mines (.)pponent‘ s
satisfies SEQ stability. preference information.

Figure 2. Flow chart of acquiring conflict opponent’s preference cognition.
4. Analysis of conflict event “Chromium Pollution in Qujing County”
4.1. Background description and conflict modeling

In recent years, China’s economic growth has made rapid progress. While, at the same time, the
problem of environmental pollution has become increasingly serious. A series of conflicts have broken
out frequently. In June 2011, an incident of illegal transfer and dumping of chromium residues which
caused environmental pollution occurred in Qujing County, Yunnan Province [31]. In August, the
incident was disclosed by the media and aroused widespread national concern. On August 16, the
environmental protection department of Yunnan Province asked Luliang Chemical Industry Co., Ltd.
(hereinafter referred to as “Luliang chemical”) to stop production for rectification. During this period,
it must complete the harmless treatment of all chromium slag stored in the old chromium slag
storehouse and in the factory. Besides, the production shall not be resumed without acceptance. If
Luliang chemical wants to resume production, it needs to apply to the local environmental protection
department for the resumption of production of chromium slag production line. After being approved
by the provincial environmental protection department, the chromium slag production line shall be
inspected according to the production conditions and relevant requirements. To pass the acceptance
check, Luliang chemical must complete two tasks. The first is to complete the disposal of new
chromium residue and contaminated soil. The second is to build and put the detoxification production
line into operation to ensure “zero” pollution discharge or discharge below a certain limit. However,
Luliang chemical believes that these requirements have seriously affected the economic interests of
the company. They hope that the local government can modify the environmental protection plan
according to local conditions. But the local government insisted not to modify the environmental
protection plan because of the fear of the national document on chromium slag pollution control.
Luliang chemical adopted a strategy of delay. The two sides are in a stalemate.

In response to the conflict, two DMs are extracted: the local government (LG) and Luliang
chemical (LC). The options adopted by the two DMs are as follows.
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The Local Government (LG):

1) Modify: Modify the original environmental protection plan so that Luliang chemical can accept the
remediation plan.

Luliang Chemical (LC):

2) Delay: The strategy of delay has been adopted throughout the process. Neither effective rectification
nor effective treatment measures are taken for local pollution.

3) Accept: Accept the environmental protection plan. Carry out equipment rectification and deal with
local pollution actively and effectively.

This conflict event has a total of 8 states, as shown in Table 1, which are represented by s1, S3,+,
and sg, respectively. In Table 1, “Y” indicates that the DM chooses the strategy, and “N” indicates
that the DM abandons the strategy. The graph model of this conflict is shown in Figure 3. In Figure 3,
the dots indicate 8 feasible states, and the arrow direction of the arcs indicates the transfer from the
initial state to its reachable state.

Table 1. Feasible states for “Chromium pollution in Qujing County” conflict.

feasible states

DM options
S1 82 S3 S4 S5 S6 87 S8
LG Modify N N N N Y Y Y Y
Delay N Y N Y N Y N Y
LC
Accept N N Y Y N N Y Y

>
>
>

S1 82 83 54
o Y 2
s1 sS4

.
>

<

<
<

S TR

S5 56 S8

(a) Transformed graph of LG (b) Transformed graph of LC
Figure 3. Graph model of “Chromium Pollution in Qujing County” conflict.
4.2. Cognitive analysis of opponent preference

In this conflict, Luliang chemical’s preference perception is analyzed from the perspective of the
local government, and vice versa. As a management agency, the local government is obviously very
clear about its own preferences. It most hopes that Luliang chemical will accept the remediation plan,
which means that s3, s;, s4, Sg are better than s,, sg, 1, Ss. Under the premise that Luliang
chemical accepts the remediation plan, it tends not to delay, that is, s3, s, are better than s,, Sg.
However, under the premise that Luliang chemical does not accept it. It tends to delay for a while, that
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is, S,, Sg are better than s;, ss. Finally, under Luliang chemical’s choice of an equivalent plan, the
local government hopes not to modify the environmental protection plan. Thatis, s; is better than s,
s, is better than sg, s, is better than sg, and s, is better than s5. In summary, the preference order
of the local government is P; = [2,4,8,6,1,3,7,5].

Local government must consider local interests while making decisions. Its ideal conflict outcome
is s3;. However, as a company, its opponent Luliang chemical is pursuing short-term profits. Its
preference will change with the attitude of the local government. According to Theorem 1, we can find
ko = 4. Let P, = [xq, X, X3, ..., Xg], it can be seen from Figure 3 that the reachable states of LuLiang
Chemical from state s; are s, S,, and s,. Under the premise of x; = 4, the following 8 sets of
inequalities are obtained according to the inverse problem model [29].

X, <4 x, <4
X1 < j xl <4 x; >4
§2:40r Xy >4 or Xy < 4
! min ((RYP)(s)) <4 \min (R P,)(s;) < 4
x, <4 X, >4
( x; > 4 X1 Z i ( x; <4
or Xq >4 or iz<4 or X4 >4

min ((R{ P)(sz) < 4
min ((R{ P,)(sy) < 4

min (R} Py)(s) < 4

min ((prz)(sl) <4 min ((R;‘PZ)(54) <4

( X1 >4
( X1 >4 X, > 4
Xg <4 or K . + .
) min ((R{ . P,)(s;) < 4
min ((prz)(él) <4 min((((R1+1P 2))(5 1) < 4
min ((R{ P,)(sz) < 4 1E2

\ min ((R{P,)(sy) < 4

The results are as follows.

x <4
x, < 4 Xy <4 X <4 x1>4
1 X, < 4 Xy > 4 z
x, <4 or or or { x4 >4
x4 < 4 Xy >4 Xy <4 xXg < 4
4 xg < 4 xg < 4 x6<4
8
x, >4
x; > 4 x; > 4 (*1
x, > 4 1 1 x, > 4
x, < 4 Xy < 4 Xy > 4 Xq > 4
or x2<4or X4 >4 or x4<4or<x4<4.
x4<4 Yo < 4 X5 < 4 x5<4
5 xg < 4 xg < 4 kx:<4

The number of elements in the preference order set Q,(s3) that respectively satisfy these 8 sets

of conditions is 8 X P x P;*. These preference orders can be listed one by one through permutation
and combination.

According to the Eq (5) in Definition 8, we can obtain DM j’s probability distribution of
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preference value of each state in the Q,(s3). Q,(s3) is a preference order set which satisfies the SEQ
stable in the state s; for DM j. As shown in Table 2.

Table 2. Probability distribution of preference value of each state.

P ility distribution of prefs |
Feasible states robability distribution of preference value

1 2 3 4 5 6 7 8
S1 1/6 1/6 1/6 0 1/8 1/8 1/8 1/8
S 1/6 1/6 1/6 0 1/8 1/8 1/8 1/8
S3 0 0 0 1 0 0 0 0
S4 1/6 1/6 1/6 0 1/8 1/8 1/8 1/8
S5 1/8 1/8 1/8 0 5/32 5/32 5/32 5/32
Se 524 5/24 5/24 0 3/32 3/32 3/32 3/32
Sy 0 0 0 0 1/4 1/4 1/4 1/4
Sg 1/6 1/6 1/6 0 1/8 1/8 1/8 1/8

The row of each state in Table 2 represents the probability that Luliang chemical satisfies the
preference value distribution probability of SEQ stable in this state in ideal conflict outcome s3. The
column of each value indicates the probability of the value distribution of the preference value in each
state when the Lulinag chemical satisfies the stability of the ideal conflict outcome ss3. For example,
the value 1/4 corresponding to row s, and column 5 in Table 2 indicates that the probability that
Luliang chemical satisfies SEQ stable in state s, and takes preference value of 5 in order to maintain
the ideal conflict outcome s3 is 1/4. Since the data in Table 2 represents a probability distribution, the
sum of the data in each row and column in this Table is 1.

Using the data in Table 2, the preference value distribution information entropy of that satisfies
the stability of SEQ can be obtained, respectively, according to the Eq (6) in Definition 8, as shown in
Table 3.

Table 3. Preference value distribution information entropy.

information entropy

H(s1) H(s;) H(s3) H(s4) H(ss) H(se) H(s7) H (sg)
SEQ 2.79 2.79 0 2.79 2.80 2.69 2.00 2.79

stability

From the preference value distribution information entropy of each state in Table 3, it can be seen
that for SEQ stability, H(s3) < H(s;) < H(s¢) = H(s;) = H(s,) = H(s,) = H(sg) < H(sg) .
According to this result and Theorem 2, the following conclusions can be concluded. If the Local
government wants Luliang chemical to meet the requirement of SEQ stability in its ideal conflict
outcome Ss, the state that needs close attention is not the one-step stable Nash stability s;, S, S4,
but the non-one-step reachable state s,. Feedback to the real conflict, it is found that the meaning of
state s, is that the local government agrees to modify the original environmental protection plan to
meet Luliang chemical’s blind pursuit of interests. In the face of huge commercial interests, Luliang
chemical will choose to accept the attitude of no delay and actively carry out incomplete rectification
of the pollution caused. At the same time, considering the local economic interests and fluke mentality,
the Local government felt that there would not be a major conflict event. Therefore, the Local

Mathematical Biosciences and Engineering Volume 19, Issue 6, 6141-6156.



6153

government took an attitude of turning a blind eye to the incident. It has not supervised Luliang
chemical in accordance with the official national pollution control documents strictly. This state has
been maintained until the conflict was reported on a large scale by the media. Until the conflict broke
out, the environmental protection department of Yunnan Province strongly intervened, preferring to let
Luliang chemical not only give up the right to operate in the local area, but also to clean up the local
chromium slag pollution thoroughly. At the same time, taking effective measures to completely
eliminate the environmental pollution caused by the dumping and stacking of chromium slag, and
accepting the third-party agency entrusted by Yunnan Environmental Protection Department to assess
according to law. Meanwhile, Luliang chemical also needs to compensate for the environmental loss
of 10 million yuan caused by chromium slag pollution, which is used for the treatment of chromium
slag pollution and environmental protection of Nanpanjiang River and surrounding ecology. Finally,
the conflict was successfully solved [31]. This conclusion also confirms the rationality of the
preference perception method in this paper.

5. Conclusions

Based on the cognition of the rational human being and the consideration of problem solving, all
DMs in environmental governance conflicts want to maximize their own interests. At the same time,
they do not want to aggravate the conflict process. However, the preference of the DMs involved in
the environmental governance conflict is uncertain due to the contradictory nature and complexity of
the DMs’ interest demands. To achieve their own ideal resolution, the DMs in the conflict require a
clear understanding of their strengths and weaknesses. Based on GMCR, this paper constructs a
method for predicting the preferences of participants in environmental governance conflicts. This
method can perform pre-predict and post-analysis on conflicts between two DMs. In fact, the purpose
of studying conflicts is to focus on the reasonable and effective resolution of conflicts, not to aggravate
the conflict process. For the ongoing conflict, through the method proposed in this paper, we can make
each DM have a clear understanding of their strengths and weaknesses in the conflict, and can predict
in advance the impact of taking a certain action on the trend of the conflict. This method can provide
a theoretical basis for the high-level strategic choice of one DM to the environmental governance
conflict, so that they can better grasp the future trend of the conflict.

The preference perception model developed in this paper applies to the conflicts between two
DMs under strict preference order. While, environmental governance involves the interests of many
stakeholders, sometimes the preference information of DMs may be partially known or not strictly
ordered preference. For example, through the collection and analysis of historical behavior data of
opponents, the preference information of opponents can be obtained. Therefore, in the case that the
preference of DMs to the environmental governance conflict is partially known or not strictly ordered,
it is of great research value to obtain the preference perception of other DMs who make the outcome
stable. Then, coping strategies can be made in advance. Finally, creative strategies can be put forward
to coordinate the interests of all DMs in environmental governance to resolve the actual conflict.
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