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Abstract 
At present, the transformation of garbage collection and treatment has been 
carried out nationwide, so it is imperative to classify garbage collection. There 
are residents, private enterprises and government departments in the waste 
recycling process. This paper takes Xi’an city as an example, from the pers-
pective of the participants of garbage classification and recycling, finds that 
there are “game” dilemmas and many practical problems in the implementa-
tion of classification and recycling. Through the analysis of the attitude and 
role of the “subject” game, a three-party evolutionary game model of garbage 
classification and recycling supervision is established, and the expected utility 
of the “subject” is calculated and simulated. Based on the calculation results, 
the possible behavior strategies of the “subject” are revealed. On the basis of 
the above, measures and suggestions are put forward to optimize and im-
prove the management system of garbage classification and recycling. 
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1. The Process of Garbage Sorting Is Slow 
1.1. The Evolution of Domestic Waste Classification Policies 

With the progress of global urbanization, the problem of urban garbage siege has 
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become increasingly serious. About one-third of the cities in my country are 
surrounded by garbage, and the accumulation of large amounts of garbage has 
caused serious harm to the environment and organisms [1]. Facing the severe 
situation, the United Nations Environment Programme in 2012 called for a sus-
tainable development method to sort and recycle, sort treatment, turn waste into 
treasure, and solve the waste problem at the “Waste Management Global Part-
nership” meeting. The difficulty of my country’s waste sorting, recycling and 
processing lies in the balance of self-interest under the multi-party game [2]. 
Only by balancing the interests of all parties and optimizing and improving the 
management system of waste sorting and recycling can the sorting and recycling 
be truly feasible. 

Since my country’s 18th National Congress of the Communist Party of China 
proposed the construction of characteristic ecological civilization, the issue of 
waste classification and recycling related to the construction of ecological civili-
zation has attracted great attention [3]. Since my country’s Ministry of Con-
struction selected 8 major cities such as Beijing and Hangzhou for waste sorting 
and disposal in 2000, the problem of urban domestic waste has gradually at-
tracted great attention from the society. In December 2016, the “Thirteenth 
Five-Year Plan” National Urban Domestic Waste is Harmless according to the 
requirements of the “Plan for the Construction of Chemical Treatment Facili-
ties”, the Chinese government has gradually begun to use administrative means 
to strengthen the awareness of waste classification (see Table 1). As a city facing 
the siege dilemma due to the excessive production of domestic waste for many 
years, Xi’an has never stopped exploring and promoting garbage classification, 
but various signs indicate that the progress of garbage classification is constantly 
cold. On April 16, 2019, the 86th of Xi’an Municipal People’s Government, the 
second executive meeting deliberated and approved the “Measures for the Clas-
sification and Management of Domestic Waste in Xi’an City,” and it is planned 
to be formally implemented on September 1 [4] [5]. How to implement the 
management methods, how to break the shackles of “difficult waste classifica-
tion” in the country, and establish a reasonable and effective treatment path. The 
recycling mechanism has become the focus of attention of all parties. At present, 
the experience of domestic classification pilots inevitably faces the dilemma of 
“difficulty in classification and disposal” of community domestic garbage. There 
are the following types of problems in garbage classification: 1) The cognitive 
level and self-consciousness of each subject are not high. Some public relations 
agencies and related companies have a low level of awareness and awareness. 
The main responsibility is not strong, the measures are not effective, and the im-
plementation of garbage classification is not ideal. In addition, some community 
residents are not clear about the garbage classification standards, or find it troub-
lesome. Random and mixed disposal of domestic garbage is common, causing re-
levant departments and enterprises to have to implement “secondary classifica-
tion” [6]. 2) The dilemma of high costs and low returns. The garbage sorting  
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Table 1. Domestic documents related to garbage classification released. 

Time 
Publishing 
department 

File name Main content 

September 
2015 

Central  
Committee of 
the Communist 
Party of China, 
State Council 

“Overall Plan for 
Reform and Reform 
of Ecological  
Civilization System” 

Speed up the establishment of a 
mandatory garbage classification 
system, and implement mandatory 
recycling of low-value waste such as 
composite packaging, batteries, and 
agricultural films. 

December 
2016 

National  
Development 
and Reform 
Commission, 
Ministry of 
Housing and 
Urban-Rural 
Development 

“Thirteenth 
Five-Year Plan 
National Urban 
Domestic Waste 
Harmless  
Treatment Facilities  
Construction Plan” 

To speed up the construction of 
treatment facilities, it is necessary to 
improve the garbage collection and 
transportation system, including the 
overall arrangement of domestic 
garbage transfer stations, eliminate 
open collection and transportation 
facilities, and strengthen the  
upgrading and transformation  
of garbage operation stations. 

March 2017 

National  
Development 
and Reform 
Commission, 
Ministry of 
Housing and 
Urban-Rural 
Development 

“Implementation 
Plan of Domestic 
Waste Classification 
System” 

It is required to test first in 46 pilot 
cities, compulsory classification of 
domestic waste, and establish a  
system of laws, regulations and 
standards for waste classification 
before the end of 2020. 

July 2018 

National  
Development 
and Reform 
Commission 

“Opinions on  
Innovating and 
Improving the  
Price Mechanism 
for Promoting 
Green  
Development” 

Comprehensively establish a  
reasonable cost and profitable  
solid waste treatment charging  
mechanism, and accelerate the  
establishment of an incentive and 
restraint mechanism that is  
conducive to promoting waste  
classification and reduction,  
resource utilization, and  
harmless treatment. 

June 2019 

Nine ministries 
including the 
Ministry of 
Housing and 
Urban-Rural 
Development 

“Notice on the 
comprehensive 
implementation  
of domestic waste 
classification in 
cities at  
prefecture-level  
and above across  
the country” 

By 2020, 46 key cities will have  
basically completed domestic waste 
sorting and processing systems. 

 
and processing links are scattered in different levels of administrative manage-
ment departments, and administrative costs, economic costs, and social costs are 
significantly higher than those of non-sorting. At the same time, the unreasona-
ble garbage charging system and management system, and low-value-added 
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waste sorting and resource-based products are also Will affect the enthusiasm of 
neighborhood communities and garbage disposal companies. 3) Insufficient 
policy design and coordinated promotion. Garbage collection and transportation 
and classification treatment are managed and implemented by different depart-
ments, and the coordination and coordination are not enough. Passive and ex-
tensive mixed collection and centralized transportation and treatment methods 
are far from the system goals of classified delivery, classified collection, classified 
transportation, and classified treatment stipulated by the state [7]. Therefore, the 
garbage classification management system and operating mechanism need to be 
reformed urgently. 

Urban environmental sanitation is a typical public item. In addition to public 
services provided by the government, there are other types of participation and 
influence in the classification and treatment of urban waste. The difficulty of 
waste classification is the difficulty of the urban environmental sanitation man-
agement mechanism, and the path to solve the problem While realizing the fair-
ness of individuals and groups, it implements a garbage classification system that 
conforms to individual and social rationality, and achieves the Nash equilibrium 
in the game of each participant in the classification process. Through a compre-
hensive survey of the types, processes and destinations of domestic waste, this 
paper clarifies the three types of participants: residents, private recyclers and the 
government, and conducts in-depth analysis from the perspectives of residents, 
recyclers and the government. The game model evolves, exploring the effective 
mechanism of waste classification and recycling, and conducts empirical re-
search with Xi’an as the research object, hoping to provide theoretical support 
for the effective advancement of my country’s waste classification practice. 

1.2. The Evolution of Waste Disposal Methods in Recent Years 

This article takes community domestic waste as the object, and explores the 
deep-level mechanism of waste classification through the investigation and 
analysis of existing domestic waste types, processes, current treatment standards, 
as well as residents, recyclers and relevant government personnel. Based on the 
analysis of relevant data from the Xi’an City Appearance and Landscape Bureau, 
the 24 residential areas within the ring expressway with a large amount of gar-
bage and high transportation frequency were selected as the main areas for the 
survey [8]. A total of 282 questionnaires were issued to residents, and 269 valid 
questionnaires were obtained. Interviews with environmental experts, govern-
ment staff of the City Appearance and Landscape Bureau, Environmental Pro-
tection Bureau and other departments, as well as staff involved in waste sorting, 
recycling, transportation, treatment, and related enterprises, and conduct de-
tailed investigation and analysis of the behavior of each subject in the waste 
sorting process, and construct The applicable game model aims to verify the ap-
plicability of the current classification standards, and on the basis of it, propose 
relevant solutions to the mechanism problems reflected in the status quo of re-
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cycling, in order to provide relevant social, economic and social, economic and 
Environmental benefits [9]. 

Take Xi’an as an example. Before the management measures were issued, the 
garbage classification methods were mainly recyclable and non-recyclable gar-
bage. The waste end treatment method is mainly sanitary landfill, which ac-
counts for more than 98% of the total waste, and the remaining less than 2% of 
the waste is treated in a comprehensive way, using composting, incineration and 
adding fermented enzymes to make fertilizer (SWR technology (Yanliang Dis-
trict Domestic Waste Resource Treatment Plant) and other methods for processing 
[8]. As of May 2010, a total of 8 domestic waste treatment facilities have been 
built in Xi’an, including harmless landfills constructed in accordance with the 
national standards “Technical Specifications for Domestic Waste Landfill” and 
“Hazardous Evaluation Standards for Domestic Waste Landfill Sites” In addition 
to the Grade I landfill, the other two were Gaoling County Landfill and were 
completed and put into use in January 2009 [9]. The Lintong District Domestic 
Waste Landfill will be completed and put into use in June 2010, Lantian, Zhouz-
hi and Huxian use simple domestic waste landfills [10]. The Jiangcungou Land-
fill in Bailuyuan, eastern suburbs of Xi’an, accepts about 10,000 tons of waste 
every day [11]. By October 19, the Jiangcungou Landfill will have no space to fill 
and will be closed. From September 1, 19, Xi’an began to implement waste clas-
sification management regulations. Among the 3600 communities in Xi’an, more 
than 600 communities have been piloting waste sorting so far. It is required that 
by the end of 19, the coverage of classified communities should reach 50% [12]. 
The urgent capacity of landfill sites and the huge waste of urban resources have 
made it necessary for Xi’an to quickly identify the crux of the classification di-
lemma and propose effective standards and mechanisms for waste classifica-
tion. 

Garbage classification is based on the composition, use value and environ-
mental impact of urban domestic garbage, and according to different treatment 
methods, the act of implementing classified disposal, classified collection, classi-
fied transportation and classified treatment. The goal is to achieve waste reduc-
tion, resource utilization, and harmlessness. How to maximize the recycling of 
waste with residual value is the core link of classification. Since the implementa-
tion of Xi’an’s detailed waste classification method, communities and public 
places have responded positively, but the differences in the expression of facili-
ties and classification methods have caused difficulties in classification recogni-
tion, and the key steps of classification cannot be completed. 

2. Difficulties in the Mechanism of Garbage Collection and  
Classification 

2.1. Difficulties in Processing Flow 
2.1.1. The Types Are Complex and the Number Is Increasing Day by Day 
With the passage of time, the types of garbage have become more and more 
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complex: from simple garbage such as coal ash and kitchen waste in the 70s to 
plastic bags in the 80s and 90s, and complex garbage such as leftovers, to old 
clothes and electronic waste., Expired cosmetics, product packaging and other 
diversified garbage. The survey found that the living room, kitchen and bath-
room are the places where people generate more waste in their daily life units. 
Household trash bins are generally divided into three types: living room, kitchen 
and bathroom trash bins. Among them, kitchen waste bins produce 38% of the 
total garbage. %, the living room and bathroom produce 34% and 27.5% respec-
tively. According to the classification standards of domestic waste stipulated in 
the current management measures, it is divided into four categories: recyclables, 
kitchen waste, hazardous waste and other wastes. Compared with the simple 
spatial distribution results of the current household trash bins, two In this mod-
el, the types of garbage are mixed and mixed. If a large number of mixed domes-
tic garbage is to be classified according to the standard, the residents need to in-
vest energy in learning the standard on the one hand, and on the other hand, 
new classification facilities need to be placed in the household classification. The 
mixed input of garbage in household trash bins is an important factor that caus-
es residents to be unable to sort in the community. 

2.1.2. Dealing with Undivided Streams 
Before the implementation of the classified management regulations, taking Xi’an 
as an example, 90% of the communities within the ring expressway have set up 
recyclable and non recyclable garbage cans. The community garbage flows through 
the three nodes of waste recycling station, compression station and landfill, and 
residents and scavengers directly participate in the flow process. Not only is 
there a mixed phenomenon of garbage cans in families and communities, but the 
garbage in communities is still transported in the form of “one bucket” and com-
pressed and sent directly to the landfill. The garbage that should have been “se-
parated” appears in the whole process without being treated differently. After the 
promulgation of the management and implementation measures, most communi-
ties have set up recycling facilities according to the classification standards, but 
under the existing conditions of garbage transportation, part of the garbage can 
not be transported to the corresponding treatment terminal in the classified 
state, and the non diversion of treatment is another main factor that the garbage 
in the community can not be completely classified. 

2.1.3. There Is a Backflow Phenomenon 
From the current garbage disposal process, it is found that there is no special 
way for recyclable materials to enter the waste recycling station, but only rely on 
the sorting of scavengers and the sale of waste products by residents. Because the 
source did not separate the recyclable materials separately, in addition to the 
garbage collected by the residents and scavengers sold to the recycling station, 
21.7% of the garbage was transferred from the compression station to the land-
fill. A “backflow” phenomenon that is sorted again and resold to the recycle bin. 
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In Xi’an there were 2.907 million tons in one year, 89% of the garbage was land-
filled, and only 32.9 tons of garbage was recycled again, of which 63.09 tons of 
landfilled garbage, 21.7% of the landfilled garbage was “refluxed”. 

2.1.4. Overwhelmed Landfill 
Except for 11% of the daily garbage that can be recycled is sent to the recycling 
station, the rest is sent to the landfill, which puts great pressure on the landfill 
and the surrounding environment. The Jianggou Village Waste Landfill, which 
is about to be closed, is the only existing domestic waste treatment plant in 
Xi’an. The daily waste treatment capacity of the landfill was 2000 tons/day at the 
beginning of its completion in 1994, and the daily waste treatment capacity by 
2014 Reaching 7000 tons/day, the average daily processing capacity is 3.5 times 
that of the initial design period, and the capacity is saturated in advance, making 
its service life about 20 years shorter than expected. Waste reduction in Xi’an is 
imminent. At the same time, due to the chaotic treatment process, there are cur-
rently some hazardous wastes, non-degradable plastics, expired drugs, etc. di-
rectly landfilled, causing great pollution to the agricultural land and living envi-
ronment near the landfill, so the existing waste should not only be sourced Carry 
out classification, and put forward higher requirements for the improvement of 
terminal harmless treatment technology and the construction of facilities. 

2.2. Difficulties of Participants 
2.2.1. Residents  

1) Classification habits 
Five communities were randomly selected in the survey, and each community 

was equipped with classified trash bins corresponding to the management me-
thod, and two of them were still equipped with unsorted trash bins. After ob-
serving the behavior of residents throwing garbage in the community within 1 
hour, it was found that 46 people throwing garbage within 1 hour. Everyone in 
the community where there are only sorted trash bins has been sorted out, but in 
the community with unsorted trash bins Only 2 people carried out classified 
placement. It can be seen that the residents’ habit of classified placement has not 
been formed.  

2) Classification attitude 
According to the questionnaire survey data, most people think that it is ne-

cessary to classify garbage (see Figure 1), but in fact only a few people have fully 
grasped the standards for classifying garbage in the management method and 
strictly implement them in daily life (see Figure 2). It can be found that resi-
dents show the inconsistency of knowledge and behavior in garbage classifica-
tion. 

3) Factors hindering classification 
According to the survey, most residents have not formed good garbage classi-

fication habits. At the same time, affected by their own inert psychology and lack 
of classification-related knowledge, they cannot correctly classify garbage. 56%  
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Figure 1. Resident classification attitude. 

 

 
Figure 2. Resident classification behavior. 

 
of residents say that they do not. Understand the relevant knowledge of garbage 
classification (see Figure 3), so children are rarely educated in daily life (see 
Figure 4). 90% of residents think that it is troublesome to re-sort the messy gar-
bage, and they are unwilling to sort it. Another 60% of residents think that eve-
ryone is littering, and they will not abide by the relevant regulations. Multiple 
factors such as lack of classification knowledge, inertness, and herd mentality 
have become obstacles for residents to classify garbage, and have also aggravated 
the difficulty of garbage classification. 

More residents blamed the imperfect classification facilities and imperfect 
classification system for the reasons why the classification could not be imple-
mented. For example, the recycling facilities have mixed concept labels for vari-
ous standards, and the illustrations have their own points, which makes it diffi-
cult for residents to throw garbage, so they turn a blind eye to the facility labels. 
Secondly, after the government has issued rigid standards, it is only for the facil-
ities of some demonstration communities. Make standard settings. In the survey, 
90% of residents indicated that they would be more than willing to classify them 
by themselves after the facilities are complete (see Figure 5). Through the above 
analysis, we can find that the classification behavior of residents is affected by 
themselves and objective factors. 

2.2.2. Private Recyclers 
Taking Xi’an as an example, there are three types of recycling entities in the pri-
vate recyclers group: scavengers, waste recycling stations, and waste processing 
companies. Taking community private waste recycling (enterprise) as a direct  
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Figure 3. Residents’ attitude and willingness to implement waste classification. 
 

 
Figure 4. Education for children about gar-
bage classification. 

 

 
Figure 5. Residents’ willingness to classify af-
ter the facilities is improved. 

 
participant in community waste recycling is the main body of private recyclers 
in this study. There are three main ways to recycle existing waste recycling sta-
tions: community convenience recycling stations, private recycling stations and 
mobile recycling stations. Except for the community convenience recycling sta-
tions, which are directly managed by the state supply and marketing agency and 
provide subsidies, the latter two are private recycling stations. In the recycling 
process, there are two types of recycling methods: private and mobile, which are 
dense, concealed, and highly mobile. Participants are mostly involved, mostly 
through waste scavengers and some elderly residents in the community for batch 
garbage collection, but because of the lack of formal management, the irregular 
recycling behavior has some negative social impacts. There are currently 50 
waste processing and manufacturing enterprises in Xi’an. However, due to the 
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sluggish state of the renewable resource market and the limitations of recycling 
technology, carton and plastic processing enterprises are the main ones, which 
also has a certain impact on the overall waste classification process. 

1) Interest relationship between recyclers 
The relationship between scavengers, recycling stations, and enterprises is 

closely linked, and the chain of interests between them determines the type and 
quantity of garbage collection. Scavengers, recycling stations, and enterprises all 
recycle waste products based on the principle of “profiting big gains, profiting 
small ones, and no gains but not collecting”, and the types of recycled waste will 
be affected by the higher-level entities, and the specific performance is more ob-
vious. The survey results show that among the five types of recyclable garbage, 
only three types of recyclable waste are selected for recycling: waste plastic, waste 
paper, and waste metal. 

2) Classification attitude of recycling entities 
Through investigations, it is learned that recyclers have shown a dual attitude 

towards the issue of garbage classification. On the one hand, they want to in-
crease the source of waste through garbage classification and bring considerable 
income; on the other hand, they will also worry that under the unified manage-
ment of the government, after the integration of garbage classification and pro- 
cessing, if the government does not take some safeguard measures, So that the 
entire recycling industry will face the problem of unemployment. 

2.2.3. Government 
Taking Xi’an as an example, the disposal of domestic waste is mainly managed 
by the City Appearance and Landscape Bureau. The investigation revealed that 
before the introduction of the management measures, compared with other ci-
ties of the same level, Xi’an only proposed to speed up legislation and encourage 
classification in the classification and recycling of domestic waste. Since the in-
troduction of the management measures, although there are standards in related 
fields, But it is inevitable that there are problems of incompleteness and incom-
plete system. 

Regarding the current state of garbage sorting, the relevant staff said that their 
helplessness lies in: First, after sorting the garbage, tens of thousands of scaven-
gers will face the problem of unemployment; second, limited resources, on the 
one hand, refined hardware processing Facilities will cost a lot of money. On the 
other hand, the supervision and implementation of classification requires a lot of 
manpower and material resources. As far as the current development status is 
concerned, it is difficult for the government to cover everything. 

2.2.4. Subject Game and Role Analysis 
Analyzing the roles of the four main bodies of waste sorting and recycling, it is 
found that the government has a certain contradiction when weighing the eco-
nomic and ecological benefits involved in waste sorting. Residents, scavengers, 
and companies are not aware of their social role in garbage classification, and 
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the division of roles is not clear. Through investigation and analysis, it is judged 
that the roles played by the attitudes of all parties in the garbage classification 
and recycling are utilitarian, open and expressive. As the main body that pays 
attention to actual benefits and the economic effects of behavior, the govern-
ment assumes a utilitarian role. Recyclers can engage in activities based on their 
own understanding of the role and the society’s expectations of the role, and be-
come a socially open role without clear regulations. As a social role for the pur-
pose of expressing social system and order, social behavior norms, values, etc., 
residents have become expressive roles. The three types of subjects have role 
conflicts in the garbage collection classification process due to their different at-
titudes (see Figure 6). When faced with the choice of recycling and sorting, dif-
ferent roles of residents and the government play a game in order to maximize 
their own interests. The game between different roles is also an important reason 
that makes it difficult to implement garbage classification. 

3. Establish a Tripartite Evolutionary Game Model for the  
Government to Supervise Waste Classification 

3.1. Model Assumptions  

1) Game participants: government, private recyclers, residents.  
2) The bounded rationality of game participants is to maximize their own in-

terests as the goal.  
3) Game rules: The game is first acted by residents, and the strategy set is 

(classification, no classification); then private recyclers act, and the strategy set is 
(private classification and recycling, no recycling); finally, the government de-
partment takes action, The strategy set is (supervised recycling, unsupervised 
recycling).  
 

 
Figure 6. The attitudes of all parties to garbage collection. 
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4) Parameters and variables. Among them, R1 is the income obtained by 
community residents (such as ecological benefits after environmental improve-
ment) after the garbage is classified and discarded according to the classification 
regulations by various entities; R2 is the residents who do not classify the garbage 
according to the classification regulations and discard the garbage in violation of 
the regulations The extra benefit obtained from the behavior (the later stage is 
sorted by the unified sorting center; the sorting manpower and material re-
sources are saved, etc.) is a function of the equivalent x of the illegally discharged 
garbage; C1 is the value of the recyclable resources in the garbage discarded by 
the residents (here by default, the garbage is unified The classified and super-
vised community has no private recyclers to recycle), and is less than the reve-
nue R2; C2 is the cost of government supervision and manpower and material 
resources to build the sorting center due to non-classification; F1 is the govern-
ment supervision and discovery of unclassified behavior The penalty incurred 
later, we assume that it is greater than the personal income saved by residents in 
illegal discharge; F2 is the fine when the government finds that private recyclers 
are illegally recycled; E is the impact on the social environment caused by resi-
dents not classifying, We regard it as the profit and loss of the government de-
partment; α is the proportion of residents choosing classified investment, and 
the value range is [0, 1]; β is the probability of private recyclers to classify pri-
vately, and the value range is [0, 1]; γ is the probability that the government 
performs supervision, with a value range of [0, 1]; Ui is the payment function of 
residents under different strategies; Vi is the payment function of private recyc-
lers in different combinations of strategies; Wi is the government department’s 
payment function in different strategies The payment function under the com-
bination. 

3.2. Model Establishment 

Through the assumption of the model, a three-party game model of residents, 
private recyclers and government departments is established. The extended 
game model is shown (see Figure 7). 

Based on the model assumptions and the extended three-party game tree, the 
payout function of the subject under different strategy combinations can be ob-
tained (see Table 2). 

In the model, another hypothesis is that if government agencies conduct su-
pervision, they must be able to detect improper behaviors of residents and re-
cyclers. 

3.3. Model Solving 

Through the three-way expansion game tree, you can see that there are 8 strate-
gy combinations. Under the assumption of maximizing self-interest, the dynam-
ic equation is used to copy the dynamic equation to solve the evolutionary sta-
bility strategy. Evolutionary stability strategy requires copying the function in  
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Figure 7. Three-party extended game model. 
 
Table 2. Payout function of each game subject in the three-party game model. 

Strategy 
portfolio 

Payment function 

Residents Private recyclers Government department 

(1) 1 1 2 1 1U R R C F= + − −  1 1 2V C F= −  1 1 2 2W F F C E= + − −  

(2) 2 1 2 1U R R C= + −  2 1V C=  2W E= −  

(3) 3 1U R=  3 0V =  3 2W C= −  

(4) 4 1U R=  4 0V =  4 0W =  

(5) 5 1U R=  5 0V =  5 2W C= −  

(6) 6 1U R=  6 0V =  6 0W =  

(7) 7 1 2 1 1U R R C F= + − −  7 0V =  7 2W C= −  

(8) 8 1 2 1U R R C= + −  8 0V =  8 0W =  

 
the dynamic equation G = 0 and G’ < 0 [12]. 

1) Residents expect utility. The average expected utility of residents is 

( ) ( ) ( )2 1 1 1 1 1 2 1 11U R F C R R R R F Cα β γ α βα γ= − − + + − = + − −    

Then the resident’s copy dynamic equation is 

( ) ( ) ( ) ( ){ }
( )( )

1 2 1 1 2 1 1

2 1 1

1

1
t

d
G R R C F R C F

d
R C F

αα α β γ α α β γ

α α γ

= = + − − − − − −      

= − − −

 

Let ( ) 0G α = , we get, 0α = , or 1α = , or 0β =  
The cases of 0α =  and 1α =  are discussed below. 
Among them, when 1α = , ( ) ( )2 1 11G R C Fβ γ′ = − − − , when 0β ≠  and  

2 1 1R C F γ> + , that is to say, the probability that private recyclers will choose to 
recycle privately is not zero. At the same time, residents who choose to discharge 
unsorted garbage outside the specified time and place will have an extra benefit 
greater than the recyclable garbage they can get from illegally discharged gar-
bage. The value of plus the sum of the product of the probability of being super-
vised and enforced by the relevant government department and its fine. At this 
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time, due to various reasons such as the lack of a complete supervision system 
for the garbage classification policy based on the community as the basic unit, 
the relevant supervision departments set up by the government currently have a 
low probability of performing supervision. In the evolution of the game, the res-
idents’ stable strategy is to choose Discharge of unclassified and illegal waste 
outside the time specified by the current management measures. Its irregular 
emissions will also stimulate private individual recyclers to conduct multiple il-
legal recycling. 

Among then, when 0α = , ( ) ( )2 1 10G R C Fβ γ′ = − − , when 0β ≠  and  

2 1 1R C F γ> + , That is to say, the probability that private recyclers choose to 
conduct private recycling is not zero, and at the same time, residents who choose 
to discharge unsorted garbage outside the specified time and place will have an 
additional benefit less than the recyclable garbage they can obtain from illegally 
discharged garbage. The value plus the sum of the product of the probability of 
being supervised and enforced by the relevant government department and its 
fine. At this time, as the relevant government departments set up a reasonable 
law enforcement system to increase the probability of supervision and law en-
forcement, the extra income that residents get from illegal emissions is not enough 
to make up for related fines, etc. Therefore, the stable strategy of residents in the 
evolutionary game is not to conduct illegal emissions. 

2) Private recyclers expect utility. The expected utility of private recyclers choos-
ing to recycle privately and not to recycle are respectively   

The average expected utility of the recycler is 

( ) ( ) ( )( )0 1 0 1 0 1 1 0V αγ α γ α γ α γ= × + − × + − × × + − − ×  

Dynamic equation 

( ) ( ) ( ) ( )( )1 2 1 2 1 21
t

d
G C F C F C F

d
ββ β α γ αβ γ βα β γ= = − − − = − −    

When ( ) 0G β = , we get 0β = , 1β = , 0α = , 1 2C Fγ = , It can be clearly 
seen when 0α = , 1 2C Fγ = , ( ) 0G β′ = , does not meet the requirements. 

When 0β = , ( ) ( )1 20G C Fα γ′ = − , if 0α ≠  and 1 2C Fγ< , That is to say, 
when the probability of residents choosing to conduct unclassified illegal emis-
sions at an unspecified time is greater than zero, and the income obtained by 
private recyclers through illegal recycling is less than the product of the proba-
bility of government supervision and the fines, private recyclers will choose not 
to Sort garbage for private recycling. 

When 1β = , ( ) ( )1 21G C Fαγ γ′ = − − , if 0α ≠  and 1 2C Fγ> , we get  

( )1 0G′ < . At this time, when residents choose to discharge unclassified garbage 
in violation of regulations, private recyclers gain more benefits by privately recy-
cling unclassified garbage than the product of government supervision probabil-
ity and fines. In order to maximize their own interests, they choose to Private 
recycling-style evolutionary stability strategy.  

3) Government expectation effect. The expected utility of government agen-
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cies choosing to supervise or not to supervise are respectively  
The average expected utility of the government is 

( ) ( ) ( ) ( )( )( ) ( )1 0 1 0 1 1 1 1W E E Eαβ α β α β α β α= × + − × + − − + − − − = −  

Its copy dynamic equation is 

( ) ( ) ( ) ( )
( )( )( )

( )( ) ( )

2 2 2 1 2 2

1 2 2

1 2 2 2 2

1 0 1

1 1

1

W F C E F F C E

F F C E

F F C E F C E

αβ α β α β

α β

α αβ

= − − + − × + − + − −

+ − − + − −

= + − − − + − −

 

When ( ) 0G γ = , we can get ( )2 1 2C F F+ . ( )2 1 2C F F+ , ( )G γ′  always 
equal to zero, so ( )2 1 2C F Fαβ = +  not the evolutionary stable strategy of gov-
ernment departments in an evolutionary game. 

When 1γ = , ( ) ( )1 2 20G F F Cαβ′ = − + + , if 1γ =  evolutionary stable strat-
egy, get ( )2 1 2C F Fαβ< + , That is, the supervision cost of the government de-
partment is less than the product of the probability that both private recyclers 
and residents choose to discharge garbage in violation of the rules and the sum 
of the fines received by the two entities at the same time. Then the best choice 
for the government department is supervision. 

When 0γ = , ( ) ( )1 2 20G F F Cαβ′ = + − , if 0γ =  evolutionary stable strat-
egy, get ( )2 1 2C F Fαβ> + , That is to say, the supervision cost of government 
departments is greater than the product of the probability that both private re-
cyclers and residents choose to discharge garbage in violation and the sum of 
fines, so the best choice for government departments is no supervision. 

Through the analysis of the evolutionary stability strategies of residents and 
private recyclers, their equilibrium strategies are only related to the supervision 
probability of government departments, while the choice between these two 
types of subjects is less relevant. This is mainly because, to some extent, residents 
and private recyclers may have some interest in the residual value of the garbage, 
so they may choose to premeditate against government supervision. Whether the 
government chooses to supervise or not mainly depends on the predicted collu-
sion probability αβ between residents and private recyclers under the current 
circumstances and the fine (F1+F2). if the two types of subjects are found to be 
colluding in their choices. 

3.4. Jacobi Matrix Verification 

From the analysis of the three-party evolutionary game copy dynamic equation, 
we can see that there are 8 strategies in the game process, namely (1, 1, 1), (1, 1, 
0), (1, 0, 1), ( 1, 0, 0), (0, 1, 1), (0, 1, 0), (0, 0, 1) (0, 0, 0). We use the dominant 
strategy to analyze it and find that after substituting specific values (1, 0, 1), (1, 0, 
0), (0, 1, 1), (0, 0, 1), (0, 0, 0) The 5 strategy combinations will cause the recycla-
ble value of the remaining garbage and the supervision cost to be less than zero, 
which is contrary to the actual situation and is excluded. In addition, in the two 
cases where the government chooses to supervise and not supervise, the Jacobian 
matrix is used to analyze the local stability of the remaining evolutionary stabili-
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ty strategy combination. The judgment is mainly based on the similarities and 
differences between the value of the determinant and the sign of the matrix trace. 
Those with the same sign are unstable stagnation points, and the signs with dif-
ferent signs are evolutionary stability strategy signs that cannot be determined as 
saddle points. Based on the relationship between the variables in different strate-
gies, the results of stability analysis using a matrix (see Table 3). 

Based on matrix analysis, it can be concluded that the evolutionary stabiliza-
tion strategies of residents and private recyclers are the same in both cases of 
government review and non-review. Relying on the relationship between gov-
ernment policies and the residual value of the garbage discharged, the govern-
ment’s fines for residents who discharge illegally and private recyclers, and the 
additional benefits that residents obtain after choosing illegal discharge, the 
evolutionary stability strategy may be (emissions, Private recycling, supervision) 
and (discharge, private recycling, no supervision). 

3.5. Model Analysis 
3.5.1. Influencing Factors of Private Recyclers Strategy 
Private recyclers choose to recycle in violation of regulations will generate addi-
tional economic benefits, but also bear the risk of government supervision. The 
model assumes that the recyclers are rational, and the ultimate goal is to maxim-
ize their own interests. By copying the dynamic equation, it can be found that 
the factors that affect the reclaimer’s strategy are the extra income of choosing to 
reclaim privately, and the probability of government supervision, that is, the 
fine. Through the research on the probability of government supervision, the 
recyclers will compare the extra income R2 with the size of γF1+C1 according to 
their own situation, and then choose a stable strategy. 

Before the city entered the stage of compulsory garbage classification, as an 
important group of private recyclers, more than 30,000 people participated in 
the collection of waste in the community. Although the unsorted garbage was 
roughly “naturally classified”, in reality, because of waste collection When people 
pick up the garbage, they scatter the garbage on the ground, which causes the 
surrounding air to be polluted, which has a negative impact on the image of the 
environment. At the same time, the disorder and unorganized nature of scaven-
gers themselves, the possibility of potential group crimes, will also bring certain 
 
Table 3. Stability analysis of Jacobian matrix. 

 
Strategy 
portfolio 

Det(J) symbol Tr(J) symbol stability 

Government 
review 

(1, 1, 1) 
2 1 1R F C− −  

+ 1 2 2F F R+ −  - ESS 
1 2C F−  

The government 
does not review 

(1, 1, 0) ( )1 2 1C R C−  + 2R−  - ESS 

(0, 1, 0) 0 indefinite 2 1 1R F C− −  - 
Saddle 
point 
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damage to the city’s safety facilities, and their role is embarrassingly positioned 
in the government management system. Since the implementation of the man-
agement method, the contradiction between garbage classification and scavengers 
has become more prominent. Due to the implementation of garbage classifica-
tion, all the trash bins at the entrance of the community have been collected, and 
a designated garbage dumping station has been set up. The garbage collection is 
fixed at two hours in the morning and evening every day. The garbage collection 
time is fixed. In the past, the property will also lock or tow the trash cans, so that 
scavengers cannot easily approach them for recycling. Under such circumstances, 
the government’s supervision of scavengers and increased penalties for private 
recycling will effectively curb the phenomenon of private recycling. However, 
scavengers who give up scavenging will lose their source of livelihood. If there is 
no proper treatment plan, it will be inevitable. This will increase the conflict of 
interest between this group and the government. 

3.5.2. Influencing Factors of Residents’ Strategy 
In the game model, the residents’ main income comes from the extra income 
brought by the manpower and material resources saved when the classification is 
not carried out, and part of the income obtained by providing specific garbage to 
the recyclers. If you choose to discharge illegally, residents will not only bear the 
risk of government supervision, but also consider the impact of reputation 
among neighbors if they are reviewed. After residents compare the extra income 
with the probability of government supervision and fines, if the extra income is 
not enough to make up for the possible penalty loss caused by government su-
pervision, then the residents will choose to classify to maintain their own inter-
ests. 

According to Article 49 of the “Measures for the Classification and Manage-
ment of Domestic Waste in Xi’an City”, if a unit or individual throws domestic 
waste at will in violation of the regulations, the individual will be fined more 
than 100 and less than 200, and the unit will be fined more than 5000 and less 
than 20,000, and bad information will be included in the personal collection. 
Letter system. On September 3, the Urban Management and Comprehensive 
Law Enforcement Bureau of Yanta District, Xi’an City issued the first adminis-
trative penalty decision since Xi’an implemented garbage classification: a resi-
dential property company was fined 1000 yuan, and for several days, the relevant 
departments respectively dealt with the districts. The internal garbage transpor-
tation fleet fails to classify and transport domestic garbage, the body of garbage 
transportation vehicles is unclean, and the garbage collection enterprise fails to 
collect the garbage according to the requirements and issues fines, each with 
fines ranging from 2000 to 10,000 yuan. At present, there are no fines issued 
against individual residents. The community’s garbage classification is guided 
and supervised by the property company setting up supervisors, using regular 
and fixed-point discharge, and supervisors patrolling. However, this has in-
creased the burden on residents and caused neighbourhoods. On the other hand, 
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the rebellious sentiment between the property companies has invested a lot of 
manpower and material resources, and faces government penalties, which makes 
many communities hold the attitude of “unclassified without being discovered”, 
making garbage classification difficult. 

3.5.3. Influencing Factors of Government Strategy 
Compared with residents and private recyclers, government departments, in ad-
dition to economic interests, will increase their own interests by maintaining the 
ecological environment. The cost of government supervision is generally rela-
tively fixed. If residents and private recyclers choose to collude, government su-
pervision can make up for economic losses with fines; if the government does 
not supervise, in addition to economic losses, environmental benefits will also be 
lost. Therefore, whether the government supervises or not, the cost of supervi-
sion should be compared with the sum of fines, and the economic and environ-
mental benefits should be considered comprehensively. 

The government has invested a lot of resources in the implementation of 
waste classification in Xi’an. While increasing various terminal treatment facili-
ties, it has also strengthened the classification of community residents and con-
ducted a lot of publicity and education. However, because the current supervi-
sion agencies and corresponding penalties are unreasonable, The interests of 
various groups cannot be balanced in the existing mechanism, and the govern-
ment is in a situation where there is more than enough energy to sort out the en-
tire garbage. 

4. Mechanism Countermeasures and Suggestions 
4.1. Recycler’s Perspective 

After the management regulations are implemented, the garbage will be processed 
by the enterprise, and the recyclers will face unemployment. In order to solve the 
problem of the survival of the recyclers, as well as the situation that the specific 
supervision and classification executive body has not yet clearly stipulated the 
situation in the classification and supervision of the current implementation of 
the management regulations, the role of the recyclers is changed, that is, the role 
of the recyclers is changed. Garbage for a living becomes the executor of the 
community’s supervision of the residents’ garbage sorting and disposal, and the 
property department pays wages. This way, on the one hand, the life of the sca-
vengers is guaranteed and the living environment of the scavengers is improved, 
and on the other hand, it can make up for the current lack of supervision status. 

The existence of waste recycling stations is not conducive to the disposal of 
recyclable items by relevant enterprises through a unified and formal channel. 
That is to say, due to the existence of interests, the scavengers who have changed 
their roles will still sell recyclable items to private recycling stations. Therefore, 
the role of private waste recycling stations should be promoted as soon as possi-
ble. The waste recycling stations can be used as a concentration point for com-
panies to collect recyclable items, and become the final sorting point before the 
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end of the household garbage and the separation point for large-sized garbage in 
the city. The disposal is harmful. Enterprises dealing with garbage, recyclable 
items and large items shall actively introduce advanced treatment technologies 
to improve the capacity of garbage treatment and utilization. 

4.2. Residents’ Perspective 

Residents are the most important subject of waste sorting and recycling, that is, 
if residents sort from the source, they will avoid the need for a large amount of 
human, material and financial resources for re-sorting. Residents classify and 
put in trash cans every day, throw different types of trash into corresponding 
trash cans in the community, and accept inspection or punishment by supervi-
sors. At the same time, residents can also act as facilitators of supervision and 
classification. The elderly in the community can directly participate in the su-
pervision of garbage classification in the community, which can not only enrich 
the leisure life of the elderly but also promote the interaction between neighbors. 

4.3. Government Perspective 

The government plays an important role in the garbage sorting and recycling 
process, such as coordinating the hardware configuration and personnel place-
ment of garbage disposal and providing financial support. The treatment process 
and technical indicators of landfills, composting plants, especially incineration 
plants should be open and transparent. Appropriate compensation shall be pro-
vided to residents affected by the establishment of garbage disposal sites. Provide 
financial support for enterprises dealing with hazardous waste, recyclable waste, 
and large items, and create a good market environment for such enterprises. 

The government supervision and punishment system is an important factor in 
the selection of strategies for residents and recyclers. A complete supervision 
and punishment system can reduce the probability of collusion, so that the gov-
ernment can restrict the behavior of residents and recyclers. The government 
can directly increase the cost of violations by residents and recyclers by setting 
up a multi-level supervision system and increasing penalties, so that the addi-
tional economic benefits after violations are not enough to make up for the loss 
of violations. In addition, the supervision system can also be expanded and im-
proved by implementing a supervision responsibility system for the person in 
charge of community classification. 
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