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Abstract: As the impact factors of the waste Not-In-My-Back Yard (NIMBY) crisis are complex,
and the scenario evolution path of it is diverse. Once the crisis is not handled properly, it will
bring adverse effects on the construction of waste NIMBY facilities, economic development and
social stability. Consequently, based on ground theory, this paper takes the waste NIMBY crisis
in China from 2006 to 2019 as typical cases, through coding analysis, scenario evolution factors of
waste NIMBY crisis are established. Furtherly, three key scenarios were obtained, namely, external
situation (E), situation state (S), emergency management (M), what is more, scenario evolution
law of waste NIMBY crisis is revealed. Then, the dynamic Bayesian network theory is used to
construct the dynamic scenario evolution network of waste NIMBY crisis. Finally, based on the
above models, Xiantao waste NIMBY crisis is taken as a case study, and the dynamic process of
scenario evolution network is visually displayed by using Netica. The simulation results show that
the scenario evolution network of Xiantao waste NIMBY crisis is basically consistent with the actual
incident development process, which confirms the effectiveness and feasibility of the model.

Keywords: waste NIMBY crisis; ground theory; dynamic Bayesian network; scenario evolution;
probability analysis; node variables

1. Introduction

Municipal solid waste (MSW) incineration has been strongly promoted in China
for more than ten years, in order to eliminate the contradiction between the growth of
MSW and the shortage of construction land in densely populated cities [1]. The rapid
expansion of MSW incineration causes the Not-In-My-Back Yard (NIMBY) syndrome [2].
In NIMBY incidents, each stakeholder possesses their own interests and holds different
attitudes towards NIMBY facilities. Only by fully grasping the interests, the impacts
and the relationships that exists among various stakeholders can governments coordinate
to achieve a win-win outcome. Otherwise, there will be socially inequitable because a
minority group bearing a disproportionate share of the negative externalities of these
NIMBY facilities [3].

Social impacts of NIMBY facilities are complex in nature. Once believed that the
living environment, personal health, and safety are compromised, these facilities are often
confronted with the opposition and resistance from the public, leading to the severely social
conflicts [4]. Rapid urbanization in China brings a large number of urban public facilities
and infrastructures, which benefit the development of cities as a whole but generally have
adverse external impacts on the proximate residents [5]. Under such circumstance, these
projects may cause public concerns and lead to the public protest, even social conflicts [6].

When there is a conflict between the public interest and the private interest, if the
citizens feel that their own interests are being harmed or are unfairly treated, they will
take irrational ways to fight, such as mass demonstrations. The effect of the “not in my
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backyard” (NIMBY) will clearly reflect this. Typically, they are the postponed constructions
of Beijing Liulitun waste incineration power plant project in 2006, the site dispute of
Guangzhou Panyu waste incineration power plant in 2009 and the Hubei Xiantao waste
incineration incident in 2016 [7]. Xu M. and Lin B. designed and carried out a survey on
public’s perception towards waste incineration power plants and willingness to pay for
the avoidance of the plants in their neighborhoods in Beijing, Shanghai, Guangzhou, and
Shenzhen [8]. Linlin, Sun et al. examined the issues of the causes of and strategies of
the NIMBY conflict management among the stakeholders. The results of this study show
that public participation, EIA (Environmental impact assessment) and the gap between
the policy making and the fast city development are the main issues. Tough stability
maintenance measures intensified public opposition to the NIMBY facility [9]. Yang et al.
Integrated Bayesian network structure discovery and co-word analysis into a qualitative
analysis, searched data and key factors from a literature search engine with specific themes
were used for structure learning, the result confirmed that the Bayesian network model
can help government find the path to transform waste NIMBY crisis, which provided a
theoretical basis for understanding the transformation of waste NIMBY crisis in China [10].
Based on this, this paper will further apply relevant theories to answer “why does the
waste NIMBY crisis happen?” “How does the waste NIMBY crisis evolve?” Additionally,
the scientific validity of the model is verified by a case study.

As a typical social crisis, NIMBY crisis has brought great pressure on social stability.
It is necessary to explore the influencing factors of the behavior of NIMBY crisis and
understand why the public fight against it [11]. When it comes to this, there is a question,
namely, why is the NIMBY crisis becoming more and more intense in the context of China?
This question can be understood from two aspects: firstly, why does NIMBY crisis generally
from individual protests to group conflicts? Secondly, why is the NIMBY crisis frequently
performed in various places of the country? Essentially, this requires the explanation of the
causes and evolution mechanism of the NIMBY crisis [12]. The literature review found that
the negative externality of the facilities [13,14], political factor [15,16], social trust [17,18],
equity factor [19,20] and risk perception [21,22] were important factors for the formation of
NIMBY crisis.

NIMBY crisis has the characteristics of high frequency, wide influence and large
number of participants. Hence, public protests are increasingly escalating into mass
incidents [23]. On the other hand, due to the complexity and random disturbance of
the evolution process of NIMBY crisis, the existing research should not be limited to the
analysis of events in deterministic environment but explored in a more real uncertain
environment [24].

The decision-making model for “prediction-response, ” which is just to take measures
by constructing case scenarios based on empirical rules and historical events, cannot
meet the demands of real-time decision making in handling emergencies [25]. In recent
years, in order to analyze and predict the evolution path and future development trend of
emergencies, scholars at home and abroad have proposed corresponding research schemes
and scenario deduction models for different types of emergencies. Sheng designed a
method for extracting key elements of emergency scenario network. The method took
emergency sources, emergency evolution and emergency response as the main body of
scenario network, and based on this, the paper make further efforts to selected four types
of key elements of scenario network [26].

From the perspective of critical crisis incidents and crisis evolution chain, evolution
characteristics and risk control of explosive crisis in coastal nuclear power plant have been
analyzed based on the disaster evolution network analysis theory. The results show that
the nuclear leakage is a critical crisis in coastal nuclear explosion disaster system [27].
Environmental pollution events are researched to explore the causes of environmental
pollution incidents and solve the problem derived from environmental pollution events.
The environmental pollution incidents and relevant conflicts of interest are studied by
using evolutionary game theory. And when there exists information interaction among
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groups and public opinion guidance from supervision department, the evolution charac-
teristics of environmental pollution even are displayed [28]. Liu built up a signal game
model considering the fixed signal costs and proportional signal costs respectively, which
provides a coordinated mechanism of social conflicts to avoid making situation worse [29].
Wang et al. studied the strategy selection process of two types of social groups, i.e., the
social powerful group and the social vulnerable group, based on evolution game theory,
the paper establishes the evolutionary game model of unexpected incidents involving mass
participation under the scenario with or without the higher levels of government’s punish-
ment mechanism, and analyzed the behavior strategy stability of the two heterogeneous
groups [30]. From the perspective of scenario evolution, Huang et al. designed the system
structure of event scenario evolution as a hierarchical network structure of hazard factors,
key hazard-affected bodies, and derivative events [31].

In summary, scholars at home and abroad have applied different analysis methods to
study the influencing factors of waste NIMBY crisis, and the evolution trend of emergencies
were revealed. However, there is still a lack of a systematic theoretical framework for the
scenario evolution of waste NIMBY crisis. In addition, scenario deduction was a dynamic
process, and Bayesian network was not enough to reflect its state transition process over
time. Based on this, the rest of the paper was organized as follows. Section 2 described the
relevant methods and models used in this paper, as well as the process of data collection.
Section 3 introduced the logic thinking of the research, firstly, factors of waste NIMBY
crisis scenario evolution were revealed. Next, scenario evolution law of waste NIMBY
crisis was discovered. Finally, scenario evolution based on Dynamic Bayesian Network
was constructed. Section 4 took the waste NIMBY crisis in Xiantao, Hubei Province as the
case study, and the dynamic scenario evolution network of it was visually displayed by
Netica (Norsys Software Corp., Canada). The discussion and conclusions were detailed
displayed in Section 5.

2. Methods and Data
2.1. Grounded Theory

In this study, we will employ a qualitative research methodology using Grounded
Theory (GT) method. GT is an interpretive enquiry method that can be used in research
that aims to build a theory through the collection and analysis of empirical data. GT has
been argued as a unique research method where theories are generated inductively which
are ‘grounded’ in data and not derived deductively from the existing theory [32]. It should
also be noted that in GT data gathering and analyses phases are done concurrently and
systematically using constant comparison method. The expected outcome of GT study is
an emerging theory, which is derived from data, not from inferences of existing theories.
Furthermore, the uniqueness of GT method is that in order to generate a theory, a flexible
and creative research process is highly needed [33], whereby revision processes are done
simultaneously and also guided by writing of memo during the analysis. The analysis of
grounded theory is mainly carried out through three types of coding, namely, open coding,
axial coding and selective coding [34].

There are three main reasons why this paper chooses GT to analyze the influencing
factors of waste NIMBY crisis:

o  GTemphasizes the construction of theory, which is helpful to provide a comprehensive
interpretation for a certain phenomenon, consequently, it is suitable for analyzing the
influencing factors of waste NIMBY crisis;

e  Among the existing research results on waste NIMBY crisis, there are more qualitative
studies, which provide abundant theoretical basis for coding analysis;

e  GT can comprehensively analyze the literature from different research perspectives,
which is conducive to breaking the limitation of single research perspective, so as to
comprehensively discover the influencing factors of waste NIMBY crisis.
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2.2. Dynamic Bayesian Networks

The limitations of using Bayesian Networks (BNs) are that no cycle must be formed in
their cause-and-effect paths; since this will lead to issues with feedbacks and will produce
incorrect results. A Dynamic Bayesian Networks (DBN) can be substituted since it can
model the data time delays and allows the creation of cyclic networks. [35]. In view of
the time dependence of scenario evolution in different stages, it is necessary to use DBN
on time series to process time series data. DBN is a kind of modeling and reasoning
tool for dynamic system developed in recent years. It adds time factor on the basis of
static Bayesian network, which makes the process of event reasoning have continuity;,
consequently, more in line with the objective requirements. The application of DBN model
discussed in recent studies are briefly presented below. Khakzad et al. used DBN method
to assess the performance of fire protection systems during domino effects [36]. Kammouh
et al. created a probabilistic framework in order to evaluate the resilience of engineering
systems using conventional and DBN [37]. At a certain moment, the state attribute of
current situation is produced by the joint action of the situation state of the previous stage,
the external situation of this stage, and emergency management. Because of the Markov
characteristics of scenario representation, it is suitable to use DBN to describe the scenario
deduction.

Suppose x is the causal set, or parent node set. Set X contains #n elements, each of
which is denoted as xj, x;€ X (1=1, 2, ..., n); y is the result set in causality or called the
set of child nodes. Set Y contains #n elements, each of which is marked asy;, y; € Y I=1,
2, ..., n). The total probability formula is the probability of the result when the cause is
known, as shown in Equation (1):

p(y) = p(x1y) + p(xay) + - - - p(xay) 1

According to Equation (1), the total probability formula is the calculation result of
known causes and causality. Bayesian network is a directed acyclic graph composed
of variable nodes and directed edges of connected nodes. It supports incomplete data
reasoning and uncertain reasoning and predict the occurrence probability of incidents. As
long as the prior probability of the parent node and the conditional probability from the
parent node to the child node are given, the posterior probability of the child node can be
calculated. Contrary to the total probability formula, Bayesian formula is to determine the
cause of a certain result that has already known to occur, the expression is displayed as
Equation (2):
p(xi)p(ylxi) o)

p(y)

According to the conditional independence assumption of Bayesian network, if the
parent node set of a node is given, then, the node is independent of all its non-descendant
nodes, therefore, the joint probability can be expressed as Equation (3):

p(xily) =

n
p(x1,x,+,x0) = [ [ p(xilxr, x2,- -+, xi21) 3)
i=1

DBN also conforms to the conditional independence assumption. x represents the
parent node and y represents the child node (Figure 1).

Figure 1. Dynamic Bayesian Network. (Note: Xj, X, are parent nodes, y is child nodes, and t;_1, t;.
represent different times.).
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2.3. Data Collection

The incidents of waste NIMBY crisis should be discussed based on the social, economic
and political background of each country, so as to improve the theoretical system of
localization. Based on this, combined with the purpose of the study, the paper chooses
to study domestic waste NIMBY crisis for analysis. In order to ensure the reliability and
validity of the study, the paper selects two ways and three successive rounds to obtain
case data.

Firstly, determined the typical cases through the web. First of all, with the keywords
of “waste NIMBY”, “NIMBY crisis”, “NIMBY risk” and “waste incineration”, the domestic
waste NIMBY crisis incidents were widely collected, and case base was established through
Baidu, Google, government official websites, government micro-blog and professional
websites and forums related to waste NIMBY crisis. Then, the typical case selection
were determined by following principles: (a) the selected case had representativeness,
that is, the case had great social influence and has been widely concerned by academia,
media and society; (b) the types of cases were diversified, and the selected cases were
diversified in terms of location and time span; (c) the supporting materials of the cases were
comprehensive, including media reports, academic papers, forum posts, blogs, microblogs
and publicity Letters, press conferences and other types of materials. Finally, according to
the selection principles of typical case, 26 typical cases were selected as the final research
samples after repeated study and comparison. The typical cases of waste NIMBY crisis in
China were shown in Appendix A.

Secondly, collected and screened typical cases of waste NIMBY crisis based on web
data. By using a variety of representative network platforms to conduct comparative
analysis, such as Baidu, Google, government official websites, government micro-blog
and professional websites and forums related to waste NIMBY crisis. Then, the typical
cases database was searched with any combination of words in “NIMBY” and “waste
incineration “. The most relevant web pages were selected according to the criteria of
accessibility, most relevant content and most sufficient information.

Thirdly, searched and screened the literature of typical cases of waste NIMBY crisis.
China National Knowledge Infrastructure (CNKI) is one of the most powerful, up-to-date,
comprehensive, and widely used search engines for the analysis of interdisciplinary, peer-
reviewed literature in China. Waste NIMBY crisis in China is a specific domestic problem,
for which the collected data should reflect local situation, thus as an acknowledged open
database, CNKI is suitable to retrieval literature. The logic of literature retrieval was to
search keywords of “NIMBY” and any combination of “conflict”, “crisis”, “syndrome” and
“incident” respectively, a total of 128 literatures were obtained from CNKI. Then, according
to the research content of the literatures, some literatures without case study was deleted,
and 97 literatures were preliminarily obtained. Finally, the research results, conclusions or
case materials in the literature were carefully read to pay attention to whether there were
statements related to waste NIMBY crisis factors. It should be noted that when two studies
discussed the same case, it was necessary to judge whether they presented the research
results from different aspects. If so, both papers would be selected, otherwise only one of
them would be selected. Based on all the above steps, finally, 69 papers were obtained,
which met the requirement of at least 10-12 papers for grounded theory analysis.

In brief, the research object of this paper was China’s waste NIMBY crisis incidents in
2006-2019. Among the 26 waste NIMBY crisis cases, 10 cases occurred 10 years ago, and
6 cases occurred five years ago. Due to the timeliness of information and the appointment
mechanism of Chinese government officials, it was difficult to directly know formal (legal
or governmental) standpoint at that time through interviews and field observation. Conse-
quently, in order to make up for this deficiency, this paper intended to use the grounded
theory method based on text analysis to ensure the successful extraction of essential con-
structs and propositions hidden in the material. On one hand, in the second round of
Web data collection process, the authors referred to information from official website,
official micro-blog and government report to objectively reflect formal standpoint. On
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the other hand, in the third round of case screening process, the literatures with in-depth
interviews and field observation to obtain first-hand data were reserved and referenced,
which contributed to understand the standpoint of the authorities as protagonists.

3. Research Design
3.1. Factors of Waste NIMBY Crisis Scenario Evolution

According to the data collection, Nvivoll software (QSR International, Doncaster
Australia) was used to extract, code and classify the data of waste NIMBY crisis. The
detailed process was as follows:

e In the open coding stage, all the data information is labeled comprehensively and
carefully. Specifically, keywords related to the influence factors of waste NIMBY
crisis from the relevant web pages and 69 academic literatures are extracted. In order
to improve the consistency of open coding results, two coders conduct precoding
analysis under the guidance of a teacher who is familiar with coding analysis. When
the consistency of precoding analysis results is good, they can continue to code
independently. After detailed open coding analysis of the data, 514 initial concepts
are formed after eliminating the repeated, cross and fuzzy sentences, and 43 initial
categories are abstracted by inducing the initial concepts. Due to the limitation of
space, this paper extracts some results of open coding, an example of this process is
shown in Table 1.

Table 1. Open coding of waste NIMBY crisis (excerpt).

Initial Concepts Case Excerpt
Planning Failure Individuals were not willing to pay for the government’s planning mistakes.
Government trust “You can’t even manage the landfill well. How can you manage the incinerator well?”
.. It was difficult for the government to guarantee the supervision after the approval and completion of
Government supervision ;
the project.
Economic losses Fruit planted near waste incineration power plants was difficult to sell.
. The public took mass activities such as assembly, procession and demonstration to protect
Mass activities their rights

The public had the right to know about major environmental projects. In many cases, they did not

Right to know know the information of the government.
Government response In the process of gradually accumulating suspicion, the local government did not respond formally.
Risk aversion Most people had inexplicable fear and resistance to waste incineration plant.
Interest conflict For their own interests, the interest collectives did not give up and led to conflicts.

Xiantao municipal government realized that the project information was not transparent, the
communication with the public was not sufficient, and the science popularization was not in place.
The inaction of Xiangtan Municipal government also aggravated the disgust and disgust of
the public.

Questionnaire procedure Panyu landscape Bureau said it would start the questionnaire procedure to collect opinions.

Information opacity

Government inaction

e In the axial coding stage, according to the relationship and logical relationship of
different initial categories and different levels, the paper classifies and explores them.
The core of axial coding is to generalize initial categories with the same connotation
with the same abstract concept. For example, public trust in government, experts
and environmental assessment can be summarized as public trust. In this way, this
paper sums up 10 main categories, including external environment, NIMBY resistance,
risk cognition, interest game, public trust, public demand, NIMBY facility location,
enterprise production and operation, government response strategy, government
behavior and attitude. The result of axial coding is shown in Table 2.
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Table 2. Ten main categories based on axial coding.

Main Categories Subcategories
External environment incineration technology environment, social and economic environment
. means of resistance, resister characteristics, public opinion discussion, public
NIMBY (Not-In-My-Back Yard) resistance .. . PY P P
opinion dissemination
. . Environmental risk, health risk, economic risks, perceived risk, interest risk,
Risk cognition
NIMBY syndrome
Interest game Ally of interest game, conflict of interest, expert standpoint, media standpoint
Public trust Trust in government, trust in expert, trust in environmental assessment
. Public participation, information disclosure, public rights, information
Public demand S : . S
communication, interest demand, risk compensation, procedural justice
. . Rationality of site selection, distance between NIMBY facility and house,
NIMBY facility location onaity o1 stte selection, cistanc ee ay ous

negative externality of NIMBY facility, public welfare of NIMBY facility
Enterprise behavior, enterprise reputation, enterprise qualification, enterprise
strategy, project income, waste disposal subsidy
Government response strategy Decision-making model, government governance, emergency measures
Regulatory mechanism, urban planning, government concept,
government behavior

Enterprise production and operation

Government behavior and attitude

e In the selective coding stage, the purpose was to excavate core category from the
main categories and analyze the relationship between categories in the way of story
line, so as to establish the substantive theory. The core category identified in this
paper is “scenario evolution factors of waste NIMBY crisis”. According to the con-
clusion of the axial coding, the following diagram (Figure 2), can be constructed by
taking the latent stage, explosive stage, continuous stage and solved stage as the
“story line”. In the latent stage, external environment and NIMBY facility location
were important factors for the occurrence of waste NIMBY crisis. In the explosive
stage, risk cognition, NIMBY resistance, government behavior and attitude, enterprise
production and operation were key factors to promote scenario evolution of waste
NIMBY crisis. In the continuous stage, interest game, public demand and public trust
regulate influenced scenario evolution direction of waste NIMBY crisis. In solved
stage, government response strategy determined the outcome of scenario evolution of

waste NIMBY crisis.
external en- i INIMBY re- :government behavior : i interest public
vironment sistance and attitude game trust
Latent stage Explosive stage Continuous stager——{Solved stage
l /\ J— A . /
NIMBY facilityiirigk cogni—é enterprise production ; ipublic de-: government re-
location tion E and operation mand sponse strategy

Figure 2. Scenario evolution factors of waste NIMBY (Not-In-My-Back Yard) crisis.

3.2. Scenario Evolution Law of Waste NIMBY Crisis

Different from the traditional “typical case”, scenario is not a projection of a specific
event, but a collection of numerous similar events and expected risks. Although the number
of scenarios is limited, it is widely representative and credible forward-looking. Based on
the analysis of scenario evolution factors of waste NIMBY crisis, this paper summarized up
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three kinds of scenario elements: external situation (E), scenario state (S) and emergency
management (M).

External situation is the cause of the occurrence of waste NIMBY crisis, and it will
continue to promote the development and evolution of waste NIMBY crisis. Scenario
state refers to a series of actions taken by the relevant subjects of the waste NIMBY crisis
with the accumulation and development of crisis elements, specifically, it is the specific
manifestation of MSW NIMBY crisis. Emergency management refers to the actions taken by
emergency decision makers in order to control and weaken the loss after the occurrence of
waste NIMBY crisis. Integrally, the effectiveness of emergency management affects the evo-
lution direction and intensity of waste NIMBY crisis. This paper portrayed the relationship
between external situation, scenario state and emergency management (Figure 3).

waste NIMBY crisis

initiate RN
~ . _ affect

affect
external situation scenario state emergency management

arise

Figure 3. The relationship between the elements of waste NIMBY crisis scenarios.

It was easy to evolve into a mass emergency if the waste NIMBY crisis was not handled
properly. Therefore, the research methods of mass emergency can also be applied to the
waste NIMBY crisis. Namely, through mechanism analysis and logical derivation, the
scenario evolution law of waste NIMBY crisis can be deduced on the basis of grasping the
evolution mechanism of mass emergency.

After the occurrence of the waste NIMBY crisis, it presents a complex network with
different evolution paths, and the collected case information is basically unstructured text
information, which cannot be directly used for event scenario reasoning. Therefore, in
order to facilitate the extraction and decision-making, it is necessary to carry out structural
description and processing and transform it into a specific language data structure.

The scenario evolution of waste NIMBY crisis is a dynamic process. Therefore, we
should not only clarify the elements of the scenario, but also understand the relationship
and interaction between them. Suppose that waste NIMBY crisis experiences #n scenario
transitions from occurrence to disappearance, and the scenario states are recorded as Sy, Sy,
S2, ... Sn—1, Sn, where Sy is the initial scenario state and S, is the disappearing scenario
state (Figure 4).

In Figure 4, due to the difference of external situation, scenario state and emergency
management, the scenario evolution of waste NIMBY crisis is unpredictable. Therefore,
there are many possibilities for the next scenario. Suppose the arrival time t;, the situation
state is determined by Sy and enters to S1, under the influence of E; and Mj, the situation
state evolves again, and a new situation state appears; and so on, until the arrival time t,,
the disappearance scenario S,, appears, and the scenario evolution of the waste NIMBY
crisis ends.
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Latent stage
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Figure 4. Scenario evolution law of waste NIMBY crisis. (Note: “E” means external situation, “S” means scenario state,

“M” means emergency management, “+” represents different times, and “---” means due to the uncertainty of the situation,

different new scenarios will appear).

3.3. Scenario Evolution Based on Dynamic Bayesian Network

Firstly, to determine the key node variables of the network. According to the analysis
of typical cases, the key element nodes are counted, and combined with expert scoring, the
type and value range of node variables are determined.

Secondly, to determine the relationship between network nodes. According to the
action principle between node variables and attributes of adjacent nodes, the dependency
relationship between nodes is determined. In other words, the directed edge is used to
represent the relationship between node variables, and then a complete directed acyclic
graph is established according to the development process of incidents scenarios.

Thirdly, to calculate probability of network nodes probability. In order to analyze the
scenario evolution more scientifically, two probabilities need to be set in advance: one is
the prior probability of scenario node variable without parent node, and the other is the
conditional probability of scenario node variable with parent node. Whether the setting of
these two probabilities is reasonable or not directly determines the accuracy of the final
deduction result. In general, the prior probability is obtained from historical experience or
historical statistical data, while the conditional probability is given by expert estimation.

4. Case analysis
4.1. Case Study of Waste Incineration Power Generation in Xiantao, Hubei Province

In this paper, the waste NIMBY crisis in Xiantao, Hubei Province, was selected as the
case study, mainly based on the following considerations. Firstly, it was more difficult
to restart the waste incineration power generation project since the waste NIMBY crisis
occurred, and the reconstruction of the original site of Xiantao waste incineration power
generation project has become a successful case to resolve the “NIMBY effect”; Secondly,
the case had a wide influence, which meant the media and academic circles paid more
attention to it, consequently, abundant information could be obtained through news reports,
Internet, academic papers and other channels. The process of Xiantao waste NIMBY crisis
was as follows:

e  On 23 June 2016, in Xiantao City, Hubei Province, netizens set up a Wechat group of
“Xiantao waste incineration project rights protection” to organize other people to resist
the construction of the municipal solid waste incineration power generation project
under planning in Xiantao City;
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e  On24]June 2016, China xiantao.com released the news that the “Xiantao waste inciner-
ation power generation project” officially laid the foundation and started construction,
which made the public feel more anxious;

e  On 25 June 2016, due to the fact that the location of the “waste incineration power
generation project” is too close to the residential area, and the local residents wor-
ried that the waste incineration plant would cause pollution problems, some people
spontaneously demonstrated in the streets to protest the waste incineration power
generation project. Local public security personnel went to the demonstration site to
disperse the masses. Violent conflicts broke out between the police and the public,
and some residents were injured in the process of the conflict;

e  On the evening of 25 June 2016, Xiantao municipal Party committee and municipal
government held a press conference to explain the safety and necessity of the project
and other relevant issues of public concern;

e  On the morning of June 26, 2016, Xiantao municipal Party committee and municipal
government successively issued two pieces of news about the project’s postponement.
However, after the announcement, the public believed that the saying “to be further
evaluated” indicated that the government also lacked confidence in the previous
assessment, and the public’s distrust attitude became more and more intense;

e At 12:00 on 26 June 2016, Xiantao municipal Party committee and municipal govern-
ment gave orders to stop the construction of the project. People’s demands have been
resolved and the situation has gradually subsided;

e  From November 2016 to May 2017, Xiantao municipal Party committee and municipal
government successively organized 19 groups of 2100 people to visit Guangdong,
Jiangsu, Zhejiang and other places to inspect solid waste treatment environmental pro-
tection industrial parks, waste incineration power generation projects and Yingfeng
environmental science and technology group. At the same time, publicity and educa-
tion work of circular economy industrial park was carried out to solve doubts face
to face;

e  On 3 May 2017, with the support rate of 99%, Xiantao waste incineration power
generation project as the “No. 1 project” of the city was restarted at the original site;

e  On 15 April 2018, the waste incineration power generation project was put into trial
operation, thus, the waste NIMBY crisis in Xiantao came to an end.

4.2. Construction of Dynamic Scenario Evolution Network

Through the case analysis of Xiantao waste NIMBY crisis, on the basis of the analysis
of scenario elements, appropriate simplification was made. Then, according to the steps
of building Dynamic Bayesian Network, scenario state nodes and their corresponding
external environment and emergency management nodes were finally determined.

Concretely, there were eight scenario state nodes, and they were divided into four
parts according to the stages of waste NIMBY crisis, for example, in latent stage, the
behavior of residents set up a Wechat group of “Xiantao waste incineration project rights
protection” to organize other people to resist the construction of the municipal solid waste
incineration power generation project under planning was marked as Sy. Correspondingly,
there were seven external environment nodes, the external environment influenced the
development of scenario state through different forms of expression. Furthermore, there
were seven emergency management nodes under the common affection of scenario state
and external environment. The node variables of scenario network were shown in Table 3.

The type of external environment belongs to binary sequential variable. Therefore,
its value was set to positive (P) or Negative (N). Moreover, the type of scenario state and
emergency management belong to Boolean variable, hence their value was set to true (T)
or false (F). Specifically, the type and value set of network node variable were shown in
Table 4.
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Table 3. Scenario network node variables.

Scenario State (S)

External Environment (E)

Emergency Management (M)

Latent stage, set up Wechat rights protection
group (Sp)
Explosive stage, the public parade and
demonstration (S;)
Continuous stage, violent conflict between the
police and the public (S;)
Scenario disappeared (S3)

Continuous stage, the public remained
skeptical (Sy)

Scenario disappeared (Ss)
Continuous stage, government deep into trust
crisis (Sg)

Continuous stage, People’s demands have not
been met (Sy)

Solved stage, Reconstructed at the original

Incineration technology environment (Ep)
New media environment (Eq)

Incineration technology environment (E)

/

Socio and economic environment (E4)

/

New media environment (Eg)

Socio and economic environment (E7)

Closed decision, not widely canvassed public
opinion (My)
Stability maintaining pressure, kept order by
strong arm (M;)
Official response, answered questions and
doubts for the public (My)
/

Conducted depth demonstration, suspended
the construction of waste incineration
plant (My)

/

Respected public opinion and stopped the
construction of incineration plant (Mg)
Democratic consultation, carried out publicity
and education activities (My)

site (Sg) / /
Table 4. Type and value set of network node variable.
Name of Node Variable Type of Node Variable Value Set of Network Node Variable

External Environment (E)
Emergency Management (M)
Scenario State (S)

Binary sequential variable
Boolean variable
Boolean variable

{Positive (P), Negative (N)}
{True (T), False (F)}
{True (T, False (F)}

After the node variables of scenario network are determined, the relationship between
them is expressed by the directed edge. The determination of node relationship is a
qualitative process, which is based on the actual case and combined with the evolution
law of similar incidents. By analyzing the causal relationship of scenario elements in each
stage in the Table 3, Xiantao waste NIMBY crisis scenario evolution path was established
(Figure 5). Which contributed to quickly count the scenario nodes that failed to meet the
expectation direction on the evolutionary path, found out the path with poor effect of
emergency measures, and timely adjusted the emergency measures, so as to make the
evolution path of scenario evolve as optimistically as possible.

<._________________________
yred onstuarssa g

Figure 5. Xiantao waste NIMBY crisis scenario evolution path. (Note: “E” means external situation,

“S” means scenario state, and “M” means emergency management.).

4.3. Scenario Probability Analysis and Calculation

As there are many factors involved in the waste NIMBY crisis, and the evolution
is complex, few historical experience data can be obtained for reference, so the expert
evaluation and scoring method is mainly used. For accurate scoring results, the detailed
scoring rules of network nodes are shown in Table 5.
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Table 5. Detailed scoring rules of network nodes.

Node Name State Scoring Criteria
Verry good 0.8-1
External Environment (E) Good 0.6-0.8
Not verry good below 0.6
Effective 0.8-1
Emergency Management (M) General 0.6-0.8
Ineffective below 0.6
Verry good 0.8-1
Scenario State (S) Good 0.6-0.8
Not verry good below 0.6

According to the development and evolution of crisis in different stages, the condi-
tional probability of each node variable was determined based on historical data experience
and expert knowledge. The conditional probability of Sy node variables was shown in
Table 6. Calculation of probability of all nodes were shown in the Appendix B.

Table 6. Conditional probability of Sy,

External Emergency

Environment (Eg) Management (M) True (T) False (F)
Positive (P) True (T) 0.65 0.35
Positive (P) False (F) 0.70 0.30

Negative (N) True (T) 0.68 0.32
Negative (N) False (F) 0.75 0.25

PSo=T)=P (Eg=PfP(Mg=T)"P (So=TIEg=PMy=T)+P (Eg=DP)*P (Mg =F)* P (Sp=T1Eg =D, Mg = F) + P
(Eg = N)*P (M = T)*P (Sp = T 1By =N, My = T) + P (Eg = N)*P (Mg = F)*P (So = T| Eg = N, M = F) = 0.40*0.90%0.65
+0.40%0.10%0.70 + 0.60%0.90*0.68 + 0.60*0.10%0.75 = 0.674.

By analogy, the probability of all scenario nodes in scenario network nodes could be
calculated. Ultimately, Figure 6 showed dynamic scenario evolution network of Xiantao
waste NIMBY crisis by using the computing software Netica (Figure 6).

E1 M1 M2

T 850
F 150

P 320mm | |[T 750
N 650 memmm! || F 250

s3

T 715
F 285

60.6

E4
P z00mm || s5
N 700 T T 600 jm—
= __—»_F F 400
T 850 ;
F 150
P 4556' | =
: i T 7.7 > T
N_ 550 F 203 F
M6 3 M7
T 55.0 j— P 650 T 720
F 120 N 350 F 280

Figure 6. Dynamic scenario evolution network of Xiantao waste NIMBY crisis. (Note: “E” means external situation, “S”

means scenario state, “M” means emergency management, “T”means True, “F” means Fales, “P” means “Positive”, and “N*

means “Negative.”).
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5. Discussion

As scenario evolution of waste NIMBY crisis was a complex and dynamic process,
emergency decision-makers should make emergency decisions and take measures accord-
ing to the timely situation state, so as to change the current situation state and enter the next
scenario state. Due to the uncertainty and dynamic characteristics of the evolution path of
waste NIMBY crisis, it was often difficult to take scientific emergency measures. What's
more, in the actual evolution process, emergency management activities may not be able to
control the development of the situation, and there would be two directions of incident
development and evolution: expectation and un-expectation. if the scenario evolution path
of waste NIMBY crisis was consistent with the expected emergency management objectives,
in that way, the emergency management of decision-making action was effective, thus, the
harm and development trend of the crisis could be effectively controlled. Otherwise, if
the scenario evolution path of waste NIMBY crisis deviated from the expected emergency
management objective, it could be estimated that the situation was still very serious and
even get worse. In general, waste NIMBY crisis was full of uncertainty, and there were
multiple possible evolution paths in each scenario, and in the key scenario of incident
scenario deduction, the development direction of waste NIMBY crisis was affected by the
external environment and emergency measures, which required decision makers to make
every step of emergency decision carefully, so as to make the waste NIMBY crisis develop
along the expected scenario evolution path as optimistic as possible.

In Figure 6, there were eight scenario states, in which S, Ss, Sg without parent nodes
were crisis disappearance scenarios, and other nodes were scenario state nodes. The hori-
zontal dotted arrow indicates the optimistic evolution path of achieving the emergency
management objectives under the joint action of external situation and emergency manage-
ment, such as Sp—5; —5;—S3. On the other hand, the longitudinal dotted arrow indicates
the pessimistic scenario evolution path that the emergency management objectives were
not achieved under the interaction of external situation and emergency management, such
as Sp—54—Se.

From the latent stage to the solved stage of the waste NIMBY crisis, the scenario states
probability of Sy, S1, Sy, S4, S¢, S7 and Sg were 67.4%, 71.5%, 73.9%, 76.5%, 79.7%, 83.6%
and 89.2%. What’s more, the probability of crisis scenario disappeared increased from
39.4% to 60.0%. On the whole, the probability of scenario state gradually increased with
the gradual deterioration of the crisis evolution, which indicated that under the joint action
of external situation and emergency management, the situation status of waste NIMBY
crisis was evolving in a positive direction. On the other hand, the fluctuation of scenario
probability was relatively obvious, which reflected that the external environment tends
to be better and emergency management was effective and timely. All in all, the scenario
evolution network of Xiantao waste NIMBY crisis was basically accord with the actual
crisis development process, which proved the effectiveness and feasibility of the model.

6. Conclusions

Due to the complex and irregular evolution of waste NIMBY crisis, it is difficult to take
scientific and effective emergency response measures. Therefore, how to reasonably and
effectively predict the evolution path and development trend of the incident according to
the current state of the incident, and then take scientific and effective emergency response
methods to deal with it is particularly important.

In this paper, the authors analyzed the scenario evolution factors of waste NIMBY
crisis by utilizing Grounded Theory, on the basis of which, scenarios evolution law of
waste NIMBY crisis was obtained. Then, in order to solve the problem of information
uncertainty and incompleteness in the process of analyzing the scenario evolution of waste
NIMBY crisis, the Dynamic Bayesian Network model was applied to construct the scenario
evolution model of waste NIMBY crisis, correspondingly, the construction method of the
model was Elaborated. Finally, the paper took Xiantao waste incineration NIMBY crisis as
an example, the dynamic scenario evolution network of it was visually displayed by Netica.
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The simulation results revealed that the calculation results were in line with the actual
situation of the crisis evolution, thus, the scenario evolution model based on Dynamic
Bayesian Network could effectively deal with the uncertainty and incomplete information
of the waste NIMBY crisis. Generally speaking, this paper has certain reference value for
the emergency management research of waste NIMBY crisis.
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Appendix A
Number Waste NIMBY Crisis Incident Time Number Waste NIMBY Crisis Incident Time
1 Beijing Liulitun 2006.12 14 Anhui Taihu 2018.05
2 Beijing Asuwei 2009.05 15 Jiangxi Jiujiang 2018.04
3 Tianjin Shuanggang 2009.08 16 Hubei Hankoubei 2009.03
4 Tianjin Jixian 2016.06 17 Hubei Guodingshan 2014.03
5 Shanghai Jianggiao 2008.11 18 Hubei Xiantao 2016.06
6 Shanghai Songjiang 2012.05 19 Hubei Yangluo 2019.06
7 Hebei Qinhuangdao 2009.04 20 Hunan Xaingtan 2014.01
8 Jiangsu Tianjingwa 2006.01 21 Guangdong Panyu 2009.09
9 Jiangsu Wujiang 2009.01 22 Guangdong Huadu 2009.12
10 Jiangsu Wuxi 2011.04 23 Guangdong Boluo 2014.09
11 Zhejiang Yuhang 2014.05 24 Guangdong Zhaoging 2016.07
12 Zhejiang Haiyan 2016.04 25 Guangdong Yunan 2019.06
13 Anhui Shucheng 2018.05 26 Hainan Wanning 2016.11
Appendix B
Calculation of probability of all nodes.
Probability Calculation Prior Probability Conditional Probability
P(S0=TIE0O=P,M0=T)=0.65
P (S0) P (E0=P)=0.40, P (E0O =N) = 0.60 P(S0=TIE0O=P,M0=F)=0.70
P(MO0=T)=090,P (M0=F)=0.10 P@GS0=TIE0O=N,M0=T)=0.68
P(@S0=TIE0O=N,M0=F)=0.75
PGS1=TISO=T,E1=PM1=T)=0.70
P(S1=TIS0=T,E1=P M1=F)=0.80
P(@S1=TIS0=T,E1=N,M1=T)=0.80
P (S1) P (E1=P)=0.32,P (E1=N)=0.68 P(S1=TIS0=T,E1=N,M1=F)=0.50
PM1=T)=0.75P (M1=F) =025 PGS1=TISO=FEE1=PM1=T)=0.75

P(S1=TIS0=F E1=P M1=F)=0.60
P(S1=TIS0=FE1=N,M1=T)=0.70
P(S1=TI1S0=F E1=N, M1 =F) =0.65
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Probability Calculation Prior Probability Conditional Probability

P@S2=T1S1=T,E2=P,M2=T) =0.80
P@S2=T1S1=T,E2=P,M2=F) =0.85
P(S2=TIS1=T,E2=N,M2=T) =0.76

P (S2) P (E2=P)=0.40, P (E2=N) = 0.60 P(S2=TIS1=T,E2=N,M2=F)=0.73
PM2=T)=0.85P (M2=F)=0.15 P(S2=TIS1=FE2=PM2=T)=0.54
P(S2=TIS1=FE2=P,M2=F) =0.64
P(@S2=TIS1=FEE2=N,M2=T)=0.70
P(S2=TIS1=FE2=N,M2=F)=0.72
P(S3=TIS2=T)=0.25
P (53) / P(S3=TIS2=F)=0.80
P(S4=TIS2=T,E4=P,M4=T)=0.78
P(S4=TI1S2=T,E4=P,M4=F)=0.72
P(S4=TIS2=T,E4=N,M4=T) =0.80
P (S4) P (E4=P)=0.30,P (E4=N)=0.70 P(S4=TIS2=T,E4=N,M4 =F) =0.65
PM4=T)=0.85P (M4=F)=0.15 P(S4=TIS2=FE4=PM4=T)=0.70
P(S4=TIS2=F E4=P,M4=F)=0.60
P(S4=TI1S2=F E4=N,M4=T)=0.75
P(S4=TIS2=F E4=N,M4=F)=0.80
P(S5=TIS4=T)=10.60
P (85) / P(S5=TIS4=F)=0.60
P@S6=TIS4=T,E6=P,M6=T)=0.79
P@S6=TIS4=T,E6=P, M6 =F)=0.75
PS6=TIS4=T,E6=N,M6=T) =0.80
P (S6) P (E6=P)=0.45,P (E6 =N)=0.55 PS6=TIS4=T,E6=N,M6=F)=0.85
PM6=T)=0.88 P (M6 =F)=0.12 P(S6=F| S4=FE6=P M6=T)=0.78
P(S6=TIS4=F E6=P,M6=F)=0.90
P@S6=TIS4=F E6=N,M6=T)=0.80
P(S6=TI1S4=F E6=N,M6=F)=0.82
P(S7=TIS6=T,E7=PM7=T)=0.78
P(S7=TIS6=T,E7=P, M7 =F)=0.85
P(S7=TIS6=T,E7=N,M7=T) =0.90
P (S7) P (E7=P)=0.65,P (E7 =N) = 0.35 P(S7=TIS6=T,E7=N,M7=F)=0.93
PM7=T)=0.72,P M7 =F) =0.28 P(S7=TIS6=FE7=P,M7=T)=0.84
P(S7=TIS6=F E7=P,M7=F)=0.80
P(S7=TIS6=F E7=N,M7=T)=0.81
P(S7=TI|S6=F E7=N,M7=F)=0.87
P(S5=TIS4=T)=0.90
P (S8) / P(S5=TIS4=F)=0.85
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