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Abstract: We investigate a single-cycle product supply chain with one retailer and one supplier 8 

in a game model, where the supplier is the leader and the retailer is the follower. By innovatively 9 

introducing cleaner production fraudulent income perception factor into the game model, we studied 10 

the mechanism of the effect of enterprise social responsibility and environmental awareness on 11 

cleaner production fraud. The results showed that the value of cleaner production fraudulent income 12 

perception factor will affect the enterprise's choice of differentiation strategy. When the enterprise's 13 

sense of social responsibility is weak, i.e., the fraudulent income perception factor is 14 

correspondingly large, it more likely to choose cleaner production fraud. Conversely, under the 15 

constraints of high social responsibility, it more likely avoids production fraud. Regarding 16 

government supervision, a reasonable punishment for cleaner production fraud can reduce such 17 

violations to some extent. However, after the punishment reaches a level, the efficiency of 18 

supervision beginning to decline. In views of that, improving enterprise social responsibility through 19 

institutional reform is a more effective way to reduce cleaner production fraud. To contribute to a 20 

healthy competitive market environment, government supervision should establish a feedback 21 

mechanism, and make timely adjustments. 22 

Keywords: Cleaner-production fraud, Enterprise social responsibility, Government regulation 23 

1 Introduction 24 

There are a few conditions when a behavior called production fraud. Firstly, the fraudster has 25 

the defraud intention; secondly, the fraudster has fraudulent behavior, such as fabricating false 26 

information, distorts the true situation, etc.; the civil act committed by the defrauded party is the 27 

result of the fraud (Duffield et al., 2001; Dodd, 2018; Fisher, 2015). For about cleaner production 28 

fraud, the focus of which is the uncontrollable damage to the environment compared with normal 29 

production fraud. Cleaner production fraud exists because it generates illegal excess incomes. Under 30 

this situation, a number of suppliers break the laws and regulations on cleaner production, which 31 

seriously causes serious uncontrollable environmental pollution (Spink and Moyer, 2011; Spink et 32 

al., 2015). Besides that, there are following forms of expression in reality. Forging certificates of 33 

cleaner production and evading supervision. For example, some enterprises involving in cleaner 34 

production fraud always prepare two sets of production equipment, one of which is cleaner 35 

production devices and the other is general production equipment. The general production 36 

equipment doesn't meet the government's environmental standards but it has a relatively lower 37 

variable cost. For about cleaner production devices, because of the higher cost, it operates only when 38 

they are under government supervision. Furthermore, counterfeiting other's registered trademark, 39 

forging or fraudulently using environmental certification marks, false claims and representations of 40 

the production process and passing off unqualified polluting products as qualified products are also 41 

called cleaner production fraud. The second type of cleaner production fraud is more common. 42 

Besides, given the large differences between the second category of products involving cleaner 43 

production fraud and environmentally friendly products, which is easier to model and analyze in the 44 
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supply chain, the modeling in our study is mainly related to the second category of cleaner 45 

production fraud. Nowadays, there are usually several third-party touch-points in the consumption 46 

market, such as vendors, suppliers, transporters, packers, third-party manufacturers or 47 

subcontractors, distributors, stockiest, or service providers and so on. The participation of multiple 48 

subjects can conspicuously increase the risk of collusive cost-based frauds, and it is harder to detect. 49 

At the same time, e-commerce is becoming a burgeoning distribution channel for relative consumer 50 

products companies, especially for the FMCG Enterprise. The supply chain has become an 51 

important source of new fraud risks (Muwodzeri, 2019; Van Wilsem, 2013; Norris et al., 2019). For 52 

example, some online products to sale by third-party sellers at highly discounted prices, without 53 

authorized brand protection, usually obtain from the supply chain leakage. The relevant products 54 

are likely to come from highly polluting enterprises that have not been approved by the Ministry of 55 

Environmental Protection. 56 

In recent years, the world economy has been developing at a high speed, but environmental 57 

problems are becoming increasingly serious (Beeson, 2010; Hens et al., 2018). Under the context 58 

of environmental problems, researches on cleaner production are emerging. According to an expert 59 

report published in The Lancet in 2018, environmental pollution has become a serious threat to 60 

human survival, with at least 9 million people dying each year worldwide because of air, water, soil 61 

and workplace pollution (Das and Horton, 2018). The report points out that while some of the 62 

traditional pollution problems have been significantly improved under the active treatment of 63 

governments, modern pollution problems such as air and chemical pollution caused by fossil fuels 64 

are rapidly increasing and the situation is worrisome (Das and Horton, 2018). This shows that 65 

cleaner production has become an important choice for global sustainable development. Until now, 66 

existing research on cleaner production focuses on the analysis of the relationship between 67 

environmental pollution and production (Lu et al., 2017), cleaner production efficiency 68 

measurement (Zulfiqar et al., 2017; Liu et al., 2020), cleaner production improvement (Zulfiqar et 69 

al., 2017) and related policy evaluation (Leroy and Crabb, 2012). That is, existing studies mainly 70 

focus on the causes of pollution under policy control and provide policy recommendations. Few 71 

studies have been conducted on hidden sources of pollution that is not under government control, 72 

such as cleaner production fraud. In the case of developing countries, they haven’t undergone the 73 

long-term development process as developed countries. Some of the backward production capacity 74 

is not completely eliminated from the market. As a result, drove by economic interests, the problem 75 

of fraudulent clean production does not meet government norms abound. Some manufacturers 76 

illegally discharge waste gas and wastewater, and some areas are full of small workshops that 77 

produce serious pollution, which has caused incalculable damage to the local environment. Since it 78 

is not in the scope of the government's corporate management, the government's environmental 79 

strategy is difficult to implement accurately. Besides, the cost of dealing with relevant pollution is 80 

huge, so such behavior is like a cancer that is deeply damaging the development achievements of 81 

developing countries in recent years. However, given the role of the market, it is difficult to 82 

eliminate such phenomena in the short term. Based on this, our study attempts to analyze the causes 83 

of such cleaner production fraud, and then tries to propose corresponding policy recommendations.  84 

Although there are more articles on production fraud, product fraud, there are fewer articles on 85 

cleaner production fraud. Therefore, the following is a review of the relevant literature on production 86 

fraud and product fraud. Production fraud and product fraud are harmful to both the society and the 87 

citizens (Wheatley and Spink, 2013). For consumer products industry, fraud can be a pressing 88 
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challenge for it with the potential to impact finances (Wang and Winton, 2014), erode customer trust 89 

(Kendall et al., 2018) and impact brand value (Johnson et al., 2014). For enterprises whose patent 90 

rights are infringed, production fraud affects their innovation effort, reduces their innovation 91 

performance, and then affects the overall innovation environment of society. Besides that, when it 92 

comes to food fraud, the effect of which to citizens' health and social stability is incalculable (Spink 93 

and Moyer, 2011; Breitenbach et al., 2018). Shears（2010）found that thousands of consumers suffer 94 

from the injury of food production fraud in the United Kingdom every year. In recent years, the 95 

"melamine event" （Zhang et al., 2009; Douglas et al., 2017）, "Clenbuterol event"（Spiller et al., 96 

2013; Zhou, 2015）, "Horsemeat event"( Lopez et al., 2014; Reisch, 2014; Ellis et al., 2015) and 97 

"fraudulent wines event"（Moore et al., 2012）have been come to light. Especially for the scandal 98 

of melamine, it rocked global food and beverage industry (Morehouse and Cardoso, 2011). It 99 

demonstrated that although our detective technology and modern safeguards become more and more 100 

advanced, the food supply chain is still vulnerable to disruption or contamination. Furthermore, it 101 

is shocked that a single instance of fraud resulting from economic gain can have global 102 

consequences. It significantly affects enterprise's brands, industry's performance, peoples' lives and 103 

even the entire countries’ reputation. Bouzembrak and Marvin（2015）found that fraud in food 104 

production mainly for food sanitation certificate, incorrect date, misleading and fraudulent use of 105 

labels and so on. These vicious food production frauds are not only harmful to human health, but 106 

also have a great threat to the social stability. Moreover, it makes food enterprises suffering from an 107 

unprecedented crisis of confidence（Gong et al., 2013; Falkheimer and Heide, 2015; Vallee and 108 

Charlebois, 2015）.There are a number of production fraud cases in other industries (Button et al., 109 

2009). Such as financial fraud (Li et al., 2018; Liao et al., 2019), retail forest products fraud 110 

(Wiedenhoeft et al., 2019), car production fraud (Braithwaite and John, 1979) and so on. However, 111 

because of the atypical nature of such cases, we will not go into detail. 112 

To explore the inherent causes of its generation is a prerequisite for combating production fraud 113 

（Donaldson ,2014; Mu et al., 2014; Manning and Soon, 2016; Michael and Georgios, 2016）. 114 

Gallagher and Thomas (2010) found that the primary motive behind production fraudulent is 115 

economic greed or excessive profit seek. With the explorer of milk production fraud issues, 116 

Handford et al.（2016）found that the information asymmetry, the lack of strict supervision and the 117 

seek for supplier profit are the main reasons for production fraud. Darby and Karni (1973) also 118 

mentioned the importance of information asymmetry in production fraud. Overall, the existing 119 

studies show that the lack of effective regulation and excessive profits is the major causes of 120 

production fraud. To build a healthy and orderly market, enterprises, as major participants, are 121 

supposed to not only stay focus on economic interests, but also pay attention to their own social 122 

responsibility（Jiang and Zhu, 2013）.  123 

From the above analysis, we learned that economic interests are the main driving factor of 124 

cleaner production fraud. And generally speaking, the enterprise seeks for cleaner production fraud 125 

economic interests are an important manifestation of lack of social responsibility (Dove, 2020). 126 

Shnayder et al. (2016) suggested that in the era of information, compared with the economic 127 

efficiency, social responsibility is becoming more important for the development of enterprise. 128 

However, although the existing studies found that there is relationship between social responsibility 129 

and production fraud (Harjoto, 2017; Rodgers, 2015; Liao et al., 2019), but the effect of social 130 

responsibility on cleaner production fraud mechanism has not been effectively studied yet. 131 

Therefore, as an inherent factor of enterprise fraud decision-making, social responsibility is worthy 132 
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of further study.  133 

Based on the above research, we use a game model to study a single-period product supply 134 

chain with a retailer and a supplier. The enterprise social responsibility and environmental awareness 135 

perception variables were introduced in our paper innovatively. It explored enterprise social 136 

responsibility benefit perception, government supervision and punishment, fraudulent behavior and 137 

other variables, which effect on their decision-making behavior. Our results show that, the higher 138 

the enterprise social responsibility, the more sensitive to production fraud. When an enterprise has 139 

a high social responsibility, since fraudulent behavior is contrary to the social responsibility, the 140 

perception of the enterprise's fraud benefits is negative, so the total income of the fraud is negative. 141 

From the perspective of overall social welfare improvement, the government's appropriate 142 

punishment can decrease enterprise fraud effectively. In views of that, our paper innovatively 143 

introduced the enterprise's income perception variables, and explored the influence of the 144 

enterprise's income perception and government supervision on their behaviors.  145 

There are several contributions. First of all, we innovatively use cleaner production fraudulent 146 

income factor as an agent variable for enterprise social responsibility. In this way, enterprise social 147 

responsibility is involved into the mechanism analysis of cleaner production fraud decisions 148 

theoretically and practically. Secondly, we use social responsibility agent variables as an income 149 

affecting factor, which is different with the current research that dividing the two. Finally, based on 150 

the above setting, we received the optimal government penalty amount under different social 151 

responsibility level, which is significant for improving cleaner production fraud regulation.  152 

The rest of our paper is organized as following. Section 2 is methodology, which contains 153 

theoretical framing analysis and game model. Section 3 is numerical analysis. The effect factors of 154 

enterprise’s fraud decision-making is explored in this part. In section 4, the discussion is described 155 

in detail. Conclusions and corresponding implications are provided in Section 5.156 

2 Methodology 157 

2.1 The model description and assumptions 158 

Our research model involves two subjects, the supplier and the retailer. Suppliers can provide 159 

differentiated products for retailers in the downstream of the supply chain. As the leader in the 160 

supply chain, the supplier determines the supply price, and whether to choose high-cost cleaner 161 

production. If a retailer chooses to provide false information to the consumer, the supplier will give 162 

the retailer some price discount, etc. As for the retailer, as a follower, it decides whether to provide 163 

false information to the consumer who purchases its product. If it chooses to provide false 164 

information about the product, such as emphasizing that all the products they sell are legal green 165 

products which has certificate of qualification, there will be a level of effort to provide false 166 

information about the product, which will directly affect the difficulty of the government 167 

supervision, as well as the probability of discovering production fraud. Specifically, when a retailer 168 

chooses to provide false information about the product and production process, it can only dictate 169 

that its product is genuine and legal or make efforts to provide false purchase records. Obviously, 170 

the latter is more difficult to identify as fraud. The decision tree diagram of the two is shown below. 171 
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172 

Fig.1 behaviors of suppliers and retailers in product supply chain173 

During the decision-making period, when suppliers choose to produce goods using 174 

environmentally unfriendly production methods, if the retailer not to provide false information to 175 

consumers, and then cleaner production fraud is discovered because of supervision. The supplier 176 

shall bear the main punishment. For the retailer, it has a concerted violation of the law of knowing 177 

but not reporting, so it also needs to pay a certain amount of fine, but the amount is relatively small. 178 

Conversely, if the retailer chooses to provide false information to consumers, the supplier and 179 

retailer should jointly bear the corresponding punishment. For example, if a supplier A produce 180 

leather goods and has not installed environmental protection equipment. It will produce serious air 181 

pollution, water pollution and solid waste pollution. Supplier A sells its products under counterfeit 182 

brands. Retailer B has not provided false promises or information to consumers. Once the consumer 183 

finds that the product is "Three without" unqualified product or residents near the leather factory 184 

found illegal emissions. The consumer or the relevant will reports to government. Retailer B will 185 

cooperate with the investigation and provide truthful sources of supply channels. At this time, 186 

because retailer B did not provide false information, if the government pursues accountability, 187 

supplier A shall bear the main penalty. In another situation, if retailer B conducts false product 188 

marketing, fabricates supply channels, or even falsifies purchase vouchers in exchange for consumer 189 

trust. At this time, if product fraud is found to be held accountable, both the retailer and the supplier 190 

shall bear corresponding legal liabilities.  191 

To simplify our research, we assume that if the product supply is fraudulent, the detection time 192 

for fraud to be found obeys an exponential distribution with the parameter. Let the probability 193 

density function be )(f . The probability distribution function is )(F . Therefore, )(/)(  Ff  is 194 

a monotonously decreasing function. If the retailer is involved in fraud, we assumed that its effort 195 

level is e，and [0,1]e ；let +a e   and a is a constant and 0a  , that is, in a fraud, the higher 196 

the fraud effort paid by the retailer, the lower the probability of being discovered, which is consistent 197 

with reality. 198 

During the decision-making period, supplier’s cleaner production fraudulent income is 199 

composed of two parts, the general income without fraud, and the excess income from cleaner 200 

production fraud. Specifically, if the product supplier does not commit cleaner production fraud, it 201 

can only obtain a basic income roughly equivalent to the value of the product. However, if it chooses 202 

to engage in cleaner production fraud, such as illegal discharge of waste or counterfeiting a brand, 203 

in addition to obtaining a basic income roughly equivalent to the value of the product, it can also 204 

obtain a bonus income from production cost reduction. 205 

In our study, the total income is expressed as s
t  , where  is the basic income of the 206 

supplier who did not engage in cleaner production fraud, t   is the excess income of involving 207 

 Fraudulent 

information 

Fraud product

Normal Product sales

Supplier

Retailer market

market

Retailer

marketNo fraudulent 

information 

Cleaner 

production  

Product

Environmentally 
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cleaner production fraud, and s
 is the income perception of production fraud. Similarly, unit income 208 

of a retailer’s product sales also consists of two parts. One is the basic price differential income of 209 

selling products, and the other is the excess income formed by the discounted price given by the 210 

supplier to reward its behavior when it chooses to provide false information. The retailer’s unit 211 

income is specifically expressed as r
y  , where  is the unit income of product retail, is the 212 

proportion of false information provided by the overall false information, and r
  is the perception 213 

of the retailer’s sales of the product involved in fraud. 214 

The intensity of enterprise social responsibility and environmental protection perception 215 

directly affects the magnitude of income perception. When <0
i
 , the enterprise provides products 216 

involved in cleaner production fraud with a non-positive perception of income. At this time, its 217 

fraudulent behavior negatively affects the enterprise's overall income, and the enterprise will refuse 218 

to participate in fraudulent cleaner-production behavior. Conversely, when 0
i
  , the enterprise 219 

has a certain possibility to participate in fraudulent cleaner-production activities driven by monetary 220 

interests. However, whether to participate depends on the enterprise's analysis of expected benefits. 221 

If the expected loss caused by the punishment is too high, it is clear that the enterprise will give up 222 

participating in fraud. To be specific, if 0 1
i
  ， the enterprise has a strong sense of social 223 

responsibility, and its fraudulent acts will produce a certain sense of guilt, but its desire to chase 224 

money makes it still willing to involve in cleaner production fraud . If 1
i
  （where ,i s r ），225 

If a=1, the enterprise's income perception of fraudulent products is neutral. At this time, the sense 226 

of social responsibility will not affect the enterprise’s income from fraudulent behavior. Finally, if227 

1
i
  , the enterprise’s sense of social responsibility is extremely weak and the desire to chase 228 

interests is extremely strong. Fraudulent behavior positively affects the overall income of the 229 

enterprise. Based on the above assumptions, the main variables in our paper follow as the table 230 

below. 231 

Table1 Main variables and basic definition 232 

Variables Definition 

s
R

Unit income of supplier 

r
R

Unit income of retailer 

e Efforts made by retailers to provide false information 

s


Government’s unit penalties received by the supplier when fraud discovered 

r


Government’s unit penalties received by the retailer when fraud discovered 

 Unit income of supply for cleaner-production products 
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t Additional unit income of products involved in cleaner-production frauds 

s


Supplier’s perception of income from producing products involved in fraud 

 Unit income of retailer from selling cleaner-production products 

r


Retailer’s perception of income from providing products involved in fraud 

y Price discount the supplier gives to the retailer when the retailer participates in fraud 

 Time cost for consumers to detect production fraud 

2.2 payment function 233 

There are two factors in our model, the retailer and the supplier, and their behavior selection 234 

and income matrix are as follows.  235 

When a supplier chooses to provide a cleaner-production product, the retailer sells the product 236 

normally. Both the retailer and the supplier have basic income. At this time, the income of the 237 

supplier s
R  ; the income of the retailer r

R  . When a supplier provides a product involved 238 

in cleaner production fraud, the retailer has two behavioral choices, one is to collude and provide 239 

false information, and the other is not to collude. The income matrix of the two actors in this case 240 

is shown in the table below：241 

242 

Table 2 The income matrix of the two when supplier provides products involved in cleaner production fraud 243 

Behavioral 

choice 
Probability sR rR

Collude 

The probability of detected

（
1

a e
） s


r


The probability of undetected

（
1

1
a e



） st y   ry 

Not to Collude 

The probability of detected

（
1

a
） s 0 

The probability of undetected 

（
1

1
a

 ） s
t  

244 

The above table lists the probabilities and benefits in different situations. It can be obtained 245 

that when the retailer chooses to provide false information. The supplier's expected income is246 

1 1
(1 )( )s s sR t y

a e a e
      

 
 ; the retailer's expected income is247 

1 1
(1 )( )r r rR y

a e a e
     

 
. When the retailer gives up collusion and chooses not to provide 248 

false information, the supplier's expected income is
1 1

(1 )( )s s sR t
a a

      , and the retailer's 249 

expected income is
1

(1 )
r

R
a
  . Based on the above analysis, the game tree between suppliers 250 

and retailers is shown in the figure below. 251 
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Figure 2 The game tree of supplier and retailer 254 

2.3 Game process 255 

From Figure 2 above, when a retailer chooses to commit fraud, the probability of being found 256 

is1 ( )a e .  257 

At this point, if the retailer chooses to provide false information and the degree of effort 1e  , 258 

the retailer can effectively reduce the possibility of cleaner production fraud being detected. When 259 

the selected effort level 0e   , obviously, the probability of cleaner production fraud being 260 

detected is not significantly affected. Based on the principle of incentive compatibility, suppliers 261 

tend to incentivize retailers to make more effort in fraud to reduce the possibility of being discovered. 262 

Therefore, in the face of the retailer's degree of effort, the supplier usually gives a different purchase 263 

discount. The higher the retailer's effort to commit fraud, the more discounts the supplier will give. 264 

From the above analysis, the expected return of the retailer's choice of a=1 strategy is significantly 265 

higher than the expected return of the retailer's choice of other fraud efforts. a =1 is the dominant 266 

strategy in this situation. And if the retailer chooses not to provide false information, it will not be 267 

able to obtain the price discount provided by the supplier. At this time, if cleaner production fraud 268 

is found, it will not be punished by the government department. Obviously in this case, the effort 269 

level 0e   is better than 1e  . Based on the above analysis, the following lemma is obtained. 270 

Lemma 1: When the retailer chooses to provide false information about the product, it will 271 

choose the effort level of a=1, and when it gives up product fraud, the effort level is a=0. 272 

The following will calculate and analyze the establishment conditions of the retailer's choice 273 

of fraud when the supplier chooses cleaner production fraud. 274 

Obviously, when a supplier provides a product involved in cleaner production fraud. Whether 275 

the retailer will choose to follow it to conduct fraud depends on the expected benefits obtained from 276 

the fraudulent behavior. The expected income is the difference between the additional income from 277 

fraud and the expected loss from fraud being discovered. Therefore, the expected income depends 278 

on the relative size of the two. From figure 2, when a retailer chooses to provide false information, 279 

its expected return is 
1 1

(1 )( )
1 1

r ry
a a

    
 

.It can be seen that 
1

(1 )( )
1

ry
a

  


 is the 280 

excess income of fraud, and 
1

1
r

a



  is the expected loss after cleaner production fraud is 281 

discovered. In addition, the expected benefit of the retailer not providing false information is 282 

1
(1 )

a
 . 283 

Obviously, the retailer will choose to provide false information only when the expected income 284 

from providing fraudulent information is greater than the income from not providing fraudulent 285 
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information. Therefore, when 
1 1 1

(1 )( ) (1 ) 0
1 1

r ry
a a a

        
 

, the retailer chooses to 286 

provide false information. As for the retailer’s perception of fraudulent income, after simplification, 287 

it can be obtained that when 2

r

r

a

a y

 



 , the retailer’s effort to choose fraudulent behavior is 288 

1e  , on the contrary, if 2

r

r

a

a y

 



  the retailer tends to choose not to provide false information 289 

of products involved in cleaner production fraud, at this time, its chosen degree of effort 0e  . 290 

Based on the above analysis, Lemma 2 is obtained. 291 

Lemma 2: When the retailer's income perception meets the condition 2

r

r

a

a y

 



 , it chooses 292 

to provide fraudulent information and collude with the supplier of cleaner production fraud. When 293 

the retailer's income perception is 2

r

r

a

a y

 



 , it chooses to give up providing false information. 294 

Based on the above analysis, it is obvious that when a retailer has a low sense of enterprise 295 

social responsibility and a high perception of fraudulent returns, it chooses to provide false 296 

information and colludes with the supplier to conduct cleaner production fraud, otherwise, it gives 297 

up providing false information. When 1
r

   , the perception of social responsibility makes the 298 

retailer's expected income less than its actual income, especially when 0
r

  , the enterprise's sense 299 

of social responsibility is extremely high, and engaging in activities that provide false information 300 

significantly reduces its own expected income level. When 2
0 r

r

a

a y

 



   , although the 301 

enterprise has a low degree of social responsibility and has a certain perception of fraud gains, the 302 

income gained from participating in cleaner production fraud is obviously less than the expected 303 

loss of punishment for cleaner production fraud been discovered. Therefore, it also will choose to 304 

give up participating in cleaner production fraud. 305 

After analyzing the establishment conditions for retailers to engage in fraudulent activities, the 306 

following will analyze the establishment conditions for suppliers to provide products involved in 307 

cleaner production fraud. 308 

From the above, when 2

r

r

a

a y

 



 , the retailer chooses to provide fraudulent information to 309 

obtain higher income. At this point, based on Lemma 1, the retailer's effort to choose fraudulent 310 

behavior is 1. Then, in this situation, the supplier’s expected income is 311 

1 1
(1 )( )s st y

a e a e
     

 
. Similar to the above analysis of the retailer’s expected income 312 

composition, 
1

(1 )( )st y
a e

   


  is the income from the supplier’s production of products 313 

involved in cleaner production fraud, 
1

s
a e




 is the expected loss that it has to bear when it is 314 

found that the products it produces involved in cleaner production fraud. When 2

r

r

a

a y

 



 , the 315 

retailer chooses not to provide fraudulent information. Obviously, at this time 0e  , the retailer's 316 

sales activities do not change the probability of the supplier's product being seized, and the supplier's 317 

expected return is 
1 1

(1 )( )s st y
a e a e

     
 

. 318 

By comprehensively analyzing and calculating the expected income in the two situations where 319 

the supplier provides products involved in cleaner production fraud and not producing relevant 320 

products, the specific conditions for the supplier to produce products involved in cleaner production 321 

fraud can be obtained. That is, when 
1 1

(1 )( ) 0
s s

t y
a e a e

        
 

, the supplier chooses 322 
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to provide products involved in cleaner production fraud, on the contrary, when323 

1 1
(1 )( ) 0

s s
t y

a e a e
        

 
, the supplier chooses not to provide products involved in 324 

cleaner production fraud. In simplifying the calculation of the above formula, it can be obtained that 325 

when the supplier's fraudulent income perception factor 
( )

( 1)

s

s

a e y y

a e t

 


   


 
. The supplier 326 

tends to choose to provide products involved in cleaner production fraud. Conversely, when 327 

( )

( 1)

s

s

a e y y

a e t

 


   


 
, the supplier gives up providing products involved in cleaner production 328 

fraud and chooses to provide environmentally friendly products at this time. Based on the above 329 

analysis, Lemma 3 is obtained. 330 

Lemma 3: When the supplier's income perception meets the condition331 

( )

( 1)

s

s

a e y y

a e t

 


   


 
, the supplier tends to provide products involved in cleaner production 332 

fraud. Conversely, when
( )

( 1)

s

s

a e y y

a e t

 


   


 
, the supplier tends to provide environmentally 333 

friendly products instead of products involved in cleaner production fraud. When 0s   , the 334 

supplier's perception of the benefits of providing products involved in cleaner production fraud is 335 

negative, and providing relevant products will produce negative benefits. Under the guilt brought 336 

by the sense of social responsibility, the supplier enterprise will give up providing products involved 337 

in cleaner production fraud. However, when 
( )

0
( 1)

s

s

a e y y

a e t

 


   
 

 
 , although the 338 

enterprise’s sense of social responsibility is not strong, and there exists a high perception of the 339 

benefits of products involved in cleaner production fraud, in view of the legal risks of providing 340 

products involved in cleaner production fraud or the high penalty costs from the government, the 341 

enterprise will also choose to give up producing products involved in cleaner production fraud. 342 

2.4 Best discounts rate and best punishment 343 

（1）the Best discounts rate 344 

According to Lemma 3, when a supplier provides a product involved in cleaner production 345 

fraud, the supplier’s fraudulent income perception factor meets the condition 346 

( )

( 1)

s

s

a e y y

a e t

 


   


 
. At this time, the retailer has two behavioral choices, one is to collude 347 

with the supplier, by providing efforts such as false information to prevent products from being 348 

detected as unqualified, the second is to give up false information and sell products honestly. Based 349 

on the principal-agent relationship between suppliers and retailers, in order to reduce the risk of 350 

detection of products involved in cleaner production fraud, suppliers tend to provide retailers with 351 

certain price discounts to encourage retailers to participate in fraud. From the above analysis, when 352 

1 1 1
(1 )( ) (1 ) 0

1 1
r r

y
a a a

        
 

 , the retailer will participate in fraud. Through 353 

calculation, that is 2

r

r

a
y

a

 



  in this case. According to Lemma 3, when the supplier’s fraudulent 354 

income perception factor 
( )

( 1)

s

s

a e y y

a e t

 


   


 
, he chooses to produce products involved in 355 

cleaner production fraud, and in this case, the supplier’s optimal discount price to the retailer is 356 

2

r

r

a
y

a

 


 
 . 357 

From the basic manifestation of the optimal discount price, the optimal discount rate provided 358 
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by the supplier is positively related to the value of fines after product involved in cleaner production 359 

fraud is discovered. The optimal discount rate is negatively correlated with the retailer's unit income 360 

from selling environmentally friendly products, and negatively correlated with the retailer's 361 

fraudulent income. In reality, if the government imposes severe penalties on retailers for 362 

participating in fraud, suppliers can only encourage retailers to participate in fraudulent activities 363 

by offering a higher percentage of commissions. In addition, the greater the retailer's perception of 364 

the benefits of providing fraudulent information and the lower the discounted price offered by the 365 

supplier, the higher the retailer's income from participating in fraud. At this point, the supplier only 366 

needs to provide a lower price discount to encourage retailers to participate in fraud.  367 

（2）the Best punishment 368 

For government regulators, in order to effectively control cleaner production fraud and develop 369 

the market efficiently and orderly, it is necessary to conduct effective supervision and establish a 370 

punishment mechanism. 371 

For retail enterprises, only when the fraud income they obtain is lower than the expected cost 372 

brought by government supervision, they will give up the provision of product fraud information. 373 

According to the above conditions for the retailer to commit fraud, the establishment conditions for 374 

waiving the fraud information can be obtained. The details are as follows, 
1

(1 )
a
  is the expected 375 

income of the retailer not participating in the fraudulent behavior, and 
1 1

(1 )( )
1 1

r r
y

a a
    

 
376 

is the expected income of the retailer participating in the fraudulent behavior. The difference 377 

between the two is the basic condition for the retailer to give up providing fraudulent information. 378 

Through calculations, the amount of fine that the government should take is 379 

1 1 1
(1 ) (1 )( ) 0

1 1
r ry

a a a
        

 
， r ray

a

  380 

Therefore, the government's minimum penalty for effectively controlling the retailer's 381 

participation in product information fraud is r r
ay

a

      . Under the optimal conditions, 382 

Government's penalty on the retailer is positively related to the supplier's discount factor for the 383 

retailer's participation in fraud. The government's penalties on retailers are positively correlated with 384 

retailers' perception of product fraud income and retailers' unit income from product sales. 385 

As for supply enterprises, similar to retail enterprises, when the income from producing 386 

environmentally friendly products is greater than the income from producing products involved in 387 

cleaner production fraud, they will not produce products involved in cleaner production fraud. 388 

Obviously, supplier’s loss of providing products involved in cleaner production fraud alone is 389 

greater than the loss of its colluding with the retailer to commit fraud. In addition, the amount of 390 

government penalties for fraudulent activities by the retailer has been set before. Therefore, when 391 

the supplier's income from providing products involved in cleaner production fraud alone is less 392 

than its income from providing environmentally friendly products, the specific conditions are as 393 

follows: 394 

1 1
[(1 )( ) ] 0s st

a a
        ，get ( 1)s sa t     . 395 

Based on the above analysis, in order to effectively control suppliers' participation in cleaner 396 

production fraud, the government's optimal penalty for suppliers is ( 1)s sa t       . Under 397 

optimal conditions, the amount of government penalties is positively correlated with the excess 398 

return of fraud provided by the supplier and the perception of fraud income. And the amount of 399 

government penalties is inversely proportional to the unit income of the environmentally friendly  400 

product provided by the supplier. Under optimal conditions, the amount of government penalties is 401 

positively correlated with the supplier's excess return from products involved in cleaner production 402 

fraud and its income perception of fraud, and negatively correlated with the supplier's unit income 403 

of environmentally friendly products. 404 

3. Numerical Analysis 405 
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In Guangdong, China, various unqualified small garment factories and printing and dyeing 406 

factories are scattered, bringing serious water pollution and solid waste pollution. Due to the low 407 

cost of entry for companies in the garment industry and the low cost of employee training, the 408 

number of such small garment factories has increased steeply in recent years. Based on the 409 

development of unqualified small garment factories, genuine and fake clothes produced in these 410 

factories without clean production facilities are often mixed and sold in the market, and the situation 411 

is very complicated. Based on the above analysis, we analyze the sensitivity of important factors 412 

through the numerical analysis of brand A clothes. Suppose there are a supplier and a retailer in the 413 

market. 414 

Assuming that the supplier’s unit cost for producing a shirt is 13 yuan, the retailer’s purchase 415 

cost is 15 yuan, and the retailer’s selling price is 21 yuan. In order to simplify the calculation, the 416 

price unit in this article is 1yuan, that is, the supplier’s production cost is 13, the retailer’s purchase 417 

cost is 15, and the sales price is 21. It can be calculated that the unit income of the supplier 2  , 418 

and unit income of the retailer's shirt sales is 6  . For recording convenience, the unit will not be 419 

described below. 420 

Suppose that the supplier chooses to produce shirts without environmentally friendly 421 

equipment to obtain higher incomes, after that, counterfeit brand B trademarks to make their own 422 

products into the market. Assume =6t  . If the retailer chooses to collude with the supplier and 423 

provide consumers with false information, such as concealing the source of purchase, forging the 424 

authorization certificate, etc., it can get a certain discount from the supplier. Assuming 2y  . For 425 

clothing produced in unqualified garment factory, there is an odor sometimes. More generally, the 426 

presence of formaldehyde exceeds the standard. Consumers may be physically damaged after 427 

purchase and wear. After that, they may complain to the Consumer Association about their purchases. 428 

Retailers and suppliers involved will be punished if their actions are found. Assume that the 429 

retailer’s fine 6
r
   and the supplier’s fine 9

s
  . Assume that the probability of fraud being 430 

detected follows an exponential distribution with a parameter , and 2+e  , e is the degree of 431 

effort of the retailer to participate in fraud. 432 

3.1 the impact of fraudulent income perception on behavioral decisions 433 

Assume that both the retailer and the supplier have a three-level fraud income perception factor, 434 

the value is -2, 0, 2. From the above analysis, it is clear that when the perceived benefit of fraud is 435 

negative, the enterprise has a high sense of social responsibility. When the perceived benefit of fraud 436 

is positive, enterprises have the motivation to provide product involving cleaner production fraud. 437 

From Lemma 3, the establishment condition for a supplier to provide a product involving 438 

cleaner production fraud is 
( )

( 1)

s

s

a e y y

a e t

 


   


 
 . In this numerical case, 439 

( ) 5

( 1) 4

s

s

a e y y

a e t

 


   
 

 
, the supplier tends to provide a product involving cleaner production 440 

fraud. That is, an unqualified shirt. Therefore, when the supplier’s fraudulent income perception 441 

factors are -2 and 0, the supplier chooses to give up cleaner production fraud. At this time, the 442 

supplier's unit income is 2
s

R  . Correspondingly, the retailer's unit income is 6
r

R  . And when 443 

the supplier’s fraudulent income perception is 3 2
s

   . Suppliers will choose to provide 444 

unqualified shirts. 445 

From Lemma 2, when the retailer provides false information with an income perception factor 446 

that meets the condition 2

r

r

a

a y

 



  , the retailer will tend to engage in fraud to obtain higher 447 

returns. Substituting the value into the above conditions, we can get 2

5

4

r

r

a

a y

 



  , the retailer 448 

will provide false information, and the critical value for colluding with the supplier is 2

ra

a y

 
. In 449 
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this case, when the retailer's perceived income factor is not positive, that is, 1 2
r

   , 2 0
r

  , 450 

the retailer tends to give up providing false information. At this time, the supplier's unit expected 451 

return 2.5
s

R   , and the retailer's unit expected return 3
r

R   . When 3 2
r

   , the retailer 452 

participates in the fraud process and provides consumers with false information. At this time, the 453 

supplier's expected return 5
s

R  , and the retailer's expected unit return 14 3
r

R  . 454 

To sum up, when the supplier’s fraudulent income perception factor 5 4s  , he chooses to 455 

give up fraud and produce environmentally friendly shirts. At this time, the supplier’s unit expected 456 

return is 2, that is, 2
s

R   . The retailer’s unit expected return is 6. That is 6
r

R   . When the 457 

supplier’s fraudulent income perception factor 5 4s  , the supplier chooses to produce products 458 

involved in cleaner production fraud. When the retailer’s fraudulent income perception factor459 

5 4r  , the retailer chooses to give up providing fraudulent information, and the supplier’s unit 460 

expected income is 2.5
s

R   , and the retailer’s unit expected income is 3
r

R    . when the 461 

supplier’s fraudulent income perception 3 2
r

   , and the retailer’s fraud income perception 462 

5 4r   , both the retailer enterprise and the supply enterprise form cleaner production fraud 463 

conspiracy. At this time, the expected income per unit of the supplier is 5
s

R  , and the expected 464 

income per unit of the retailer is 14 3
r

R  . 465 

Based on the above analysis, relax the value conditions of the retailer’s and supplier's 466 

perception of fraudulent income. When the perception of fraud income of the retailer and supplier 467 

changes, their behavioral decision changes are bounded by 5 4i  ,divided into different behavior 468 

selection intervals, as showed in the figure below. When the perception of fraud income of the 469 

retailer and supplier changes, their behavioral decision changes are bounded by a=0，divided into 470 

different behavior selection intervals, as shown in the figure below. When 5 4s  , the supplier 471 

gives up cleaner production fraud. When 5 4s   , the supplier chooses to produce products 472 

involved in cleaner production fraud. In this case, when 5 4r  , only the supplier commits cleaner 473 

production fraud and the retailer does not participate. On the contrary, when 5 4r  , the retailer 474 

and the supplier form a fraudulent collusion. 475 

5 4

5 4

supplier 

does not 

provide 

unqualified 

shirt

supplier provides 

unqualified shirts

Retailer provide 

fraudulent information

s

r

supplier provides 

qualified shirts

Retailer does not provide 

fraudulent information

476 

Fig. 3 different benefit perception of supplier and retailer of decision diagrams 477 

Under different perceptions of fraudulent proceeds between retail companies and supply 478 

enterprises, there are differences in the income of suppliers and retailers, as showed in figure 4 479 

below. 480 
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481 

Fig. 4 Under different perceptions of fraudulent income, the income changes of retailers (right) and suppliers (left) 482 

From figure 4 above, when the supplier's sense of social responsibility is strong and the 483 

fraudulent benefit perception factor is small, that is, when 5 4
s

  , the supplier will not choose 484 

to engage in cleaner production fraud. In this case, it will not produce unqualified shirts with false 485 

label ingredients or counterfeit brands. Retailers also have no possibility of fraud. At this time, the 486 

market is in good order, and the expected incomes of suppliers and retailers will not change in the 487 

short term. As the supplier’s perception of fraudulent income gradually increases, that is, when 488 

5 4
s

  , the supplier chooses to provide products involved in cleaner production fraud. In this 489 

case, it chooses to illegally smuggle waste and use false labels or counterfeit brands. When a supplier 490 

provides products involved in cleaner production fraud, the retailer's decision-making changes with 491 

its perception of fraudulent proceeds. In addition, the greater the retailer’s perception of fraudulent 492 

income, less income perception the supplier needs for fraudulent production, and the greater the 493 

probability that the supplier engages in fraudulent production. 494 

3.2 the impact of government fines on behavioral decisions 495 

The following analyzes the strategic choices of retailers and suppliers under different 496 

government fines. Assuming that the retailer’s fraudulent income perception factor s
   and the 497 

supplier’s fraudulent income perception factor r
 are both 2. Based on basic facts, suppose that the 498 

government fines the supplier 1.5 times the amount of the retailer. That is, 1.5
s r
  . 499 

First, suppose that the value of fines imposed by the government on retailers is divided into 500 

three levels, namely 6, 10, and 14. When the amount of the unit fine given to the retailer by the 501 

government is 6, that is, 6
r
  , it is easy to conclude that the supplier tends to provide products 502 

involved in cleaner production fraud from the behavioral selection analysis step of 3.1. In this case, 503 

it tends to illegally smuggle waste and fake the ingredients of shirts or counterfeit brands. Obviously, 504 

at this time, retailers tend to choose to obtain price discounts from suppliers by providing false 505 

information. At this time, because the retailers choose to provide false information, the suppliers 506 

and retailers have formed a conspiracy. Then, the expected income per unit of the supplier 5
s

R  , 507 

and the expected income per unit of the retailer 14 3
r

R  . 508 

When the retailer receives fines 10
r
   from the government, according to the critical value 509 

analysis of the retailer's behavior strategy selection in 3.1, if the supplier chooses to provide 510 

environmentally friendly products. In this case, the expected returns of the supplier and the retailer 511 

are 2
s

R    and 6
r

R    respectively. If the supplier chooses to provide products involved in 512 
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cleaner production fraud, the retailer chooses to provide false information. In the case of a 513 

conspiracy between the two, the supplier’s unit expected return is 3
s

R  , and the retailer’s unit 514 

expected return is 10 / 3
r

R  . And if the supplier provides fake and inferior products with false 515 

signs, the retailer does not make efforts to falsify product information. At this time, the income of 516 

the supplier and the retailer are 1/ 2
s

R   and 3
r

R  respectively. According to the basic theory 517 

of Nash equilibrium, comparing the returns under several sets of strategies, it can be found that the 518 

two forms a collusion as the dominant strategy. At this time, the supplier's expected return is 3
s

R 519 

and the retailer's expected return is 10 / 3
r

R  . 520 

When the government imposes a penalty on the retailer 14
r
   , the process of obtaining 521 

possession solution is similar to that in the case of 10
r
   . It is the dominant strategy that the 522 

supplier can provide environmentally friendly products and the retailer does not provide false 523 

information. In this case, the supplier’s unit expected return 3
s

R  and the retailer’s unit expected 524 

return 10 / 3
r

R  . 525 

In summary, when the government imposes a punishment on the retailer 6
r
  , the supplier’s 526 

unit expected return 5
s

R   , and the retailer’s unit expected return 14 3
r

R   . When the 527 

government penalizes the retailer 10
r
   , the supplier's unit expected return 3

s
R   , and the 528 

retailer's unit expected return 10 / 3
r

R  . When the government penalizes the retailer as 14
r
  , 529 

the supplier’s unit expected return 2
s

R  , and the retailer’s unit expected return 6
r

R  . 530 

Based on the above analysis, relaxing the numerical value conditions of government 531 

punishments, we can get the influence of government punishments on the decision changes of 532 

suppliers and retailers. Suppliers and retailers have different expected benefits under different 533 

government penalties. When the supplier does not produce products involved in cleaner production 534 

fraud, the expected return obtained by the supplier 2
s

R  , and the expected return obtained by the 535 

retailer 6
r

R  . When the supplier chooses to produce products involved in cleaner production fraud 536 

and the retailer chooses to provide false information to form a conspiracy with the supplier, the 537 

supplier’s expected return 8 2
s r

R     and the retailer’s expected return (20 ) 3
r r

R    . 538 

When the supplier produces products involved in cleaner production fraud, and the retailer chooses 539 

not to provide false information, the supplier’s expected return 7 3 4
s r

R    and the retailer’s 540 

expected return 3
r

R  .  541 

Based on the above analysis, under different government penalties, retailers and suppliers' 542 

strategic choices and income changes are shown in figure 5 below. 543 

11

Supplier provides 

fraudulent product

Retailer provide 

fraudulent 

information

r0

Supplier does not 

provide fraudulent 

product

Retailer does not 

provide fraudulent 

information

544 

Figure 5 under different government penalties, supplier and retailer decisions (left) and income (right) 545 

When the government's fine for cleaner production fraud is small, in this case, 11
r
  , in 546 
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order to obtain higher returns, suppliers choose to produce products involved in cleaner production 547 

fraud and retailers choose to provide false information. Suppliers and retailers' unit expected income 548 

will decrease as the government's punishment for cleaner production fraud increases. With the 549 

gradual increase of government fines, when 11
r
   , suppliers no longer choose to provide 550 

products involved in cleaner production, and retailers no longer choose to participate in fraud. When 551 

they both give up fraud, the income of suppliers and retailers will no longer change with the increase 552 

in government fines. At this time, the market can develop steadily and healthily. 553 

4.Discussion 554 

Based on the status of cleaner production fraud in developing countries, our paper uses the 555 

enterprise fraud income perception factor, as a proxy variable of enterprise social responsibility, and 556 

constructs a secondary supply chain game model that includes supplier and retailer. We explore the 557 

impact of enterprise social responsibility on cleaner production fraud participation behaviors of 558 

supplier and retailer. Then from the government's perspective, we explored the optimal cleaner 559 

production fraud supervision. According to the analytical solution and numerical analysis results, 560 

enterprises with a strong sense of social responsibility are significantly less likely to participate in 561 

cleaner production fraud. The government can effectively reduce the possibility of cleaner 562 

production fraud by increasing the fines for fraud to a certain extent.  563 

In recent years, cleaner production fraud has occurred frequently, including both general 564 

cleaner production fraud with less harmful and vicious fraud with extremely high social harm. Given 565 

that developing countries are mostly to the left of the axis of symmetry of the Kuznets curve, this 566 

phenomenon coincides with the Kuznets curve of the environment. Our research generally 567 

categorizes cleaner production fraud into one major category in order to explain the common causes 568 

of cleaner production fraud and common solutions more scientifically. But it is difficult to solve 569 

practical problems to a certain extent. In future research, we can consider classifying cleaner 570 

production fraud behaviors for more detailed research. For vicious cleaner production fraud with 571 

extremely high social harm, administrative measures should be used to prevent such fraud. For 572 

example, the dairy melamine incident, cadmium leek that shocked China and foreign countries, all 573 

of the vicious food cleaner production fraud incidents have extremely high social harm. In order to 574 

prevent such incidents from happening, the government should establish emergency response plans 575 

before, during and after the event when facing relevant suppliers and retailers. In advance, improve 576 

its own testing level, establish a more rigorous and scientific sampling mechanism, and strictly 577 

prevent related companies with low social responsibility from taking advantage of the loopholes. 578 

During the incident, once discovered, high-hazard problem products should be recalled in time to 579 

prevent the situation from expanding. After the incident, severe punishment measures should be 580 

taken, such as revoking the business license, to prevent such incidents from happening again. As for 581 

product fraud incidents with low social harm. First of all, we must realize that the emergence and 582 

growth of such production fraud are the result of market supply and demand. 583 

   The increasing demand for cheaper products leads to more and more non-environmentally 584 

friendly products. Such products will seriously endanger the environment, the market order and 585 

reduce the innovation motivation of enterprises. However, it is difficult to increase the consumption 586 

level of residents in the short term, so that such demand will continue to exist for a period of time. 587 

The possibility of completely prohibiting the sale of products involving in cleaner production fraud 588 
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in the short term is very slim, and the efficiency of government supervision is also greatly reduced. 589 

Under the background of existing administrative supervision, the government can mobilize the role 590 

of social supervision. By propagating laws in advance, such as popularizing environmental 591 

protection law, patent laws and infringement-related laws, enterprises and consumers can 592 

understand the relevant legal knowledge and have an awareness of the consequences and harm of 593 

illegal acts. On the basis of broadening the channels for public opinion reflection, mobilize the 594 

power of the masses to reduce the occurrence of such frauds at a lower cost. The conclusions of our 595 

paper confirm that the improvement of enterprise social responsibility will significantly reduce the 596 

possibility of cleaner production fraud. Based on this, future research can use field investigations 597 

and empirical analysis methods to analyze the influencing factors of enterprise social responsibility 598 

in different industries. In order to improve enterprise social responsibility and environmental 599 

awareness at a lower cost, thereby reducing the possibility of cleaner production fraud.600 

5.Conclusion 601 

In recent years, environmental pollution brought about by production has become increasingly 602 

serious. Especially for developing countries, cleaner production fraud adds to the burden of 603 

environmental governance on governments. Our study explores solutions to such production-based 604 

environmental pollution through the lens of cleaner production fraud. By constructing a game model, 605 

our research analyzes the causes of cleaner production fraud in the supply chain and the 606 

corresponding solutions. Firstly, based on the maximization of expected income, it analyzes the 607 

retailer's optimal fraud effort level through a decision tree, and the basic establishment conditions 608 

for both the supplier and the retailer to commit fraud. Secondly, our paper optimal analyzed the 609 

price discount for retailers participating in collusion with suppliers, and the optimal punishment for 610 

the government to avoid cleaner production fraud. Finally, through numerical simulation, we 611 

analyzed the impact of enterprise fraud's income perception and government punishment on 612 

enterprise fraud. The main conclusions are as follows. 613 

The perception of fraud income significantly affects its probability of participating in cleaner 614 

production fraud. When the benefits perceived on cleaner production fraud are negative, fraud 615 

participation will directly reduce its overall expected income. In this case, both retailer and supplier 616 

choose to produce or sell environmentally friendly products. On the contrary, when the benefits 617 

perceived on cleaner production fraud are positive, the fraudulent behavior can bring income to the 618 

enterprise to some extent, and motivation to produce or sell products involved in cleaner production 619 

fraud. However, the behavior of retailers and suppliers depends on the relative magnitude between 620 

the expected income of cleaner production fraud and the expected loss of the government 621 

punishment. When the expected income is greater than the expected loss, they tend to conspire to 622 

fraud. On the contrary, they conduct environmentally friendly production or sales. Therefore, it is 623 

significant to the enterprise choice that the enterprise social responsibility represented by the 624 

perception of fraudulent proceeds. A strong sense of social responsibility or environmental 625 

awareness is equivalent to invisibly raising the threshold toward violate the law. In views of 626 

government, it is necessary to improve the satisfaction of business owners, and sense of social 627 

responsibility, through commercial system reform, tax concessions.   628 

In addition, the impact of government fines on enterprise cleaner production fraud was 629 

explored in our paper through analytical solutions and numerical simulation. When the overall level 630 

of government fines is low, and the interest perception factors of both suppliers and retailers are 631 
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large, suppliers and retailers collude to fraud. With the increase of government fines, product fraud 632 

has gradually decreased. Until reaching a certain critical value, both the supplier and the retailer 633 

give up cleaner production fraud. At this time, the government increases the fines to no avail. 634 

Increasing fines will only increase the government supervision costs and market transaction costs, 635 

doing harm to development of the product market. In practice, due to the complexity of the social 636 

environment, demand and price decisions, etc., it is difficult to measure the optimal government 637 

fines accurately for cleaner production fraud.638 

Above all, in order to better protect the environment and promote the healthy and orderly 639 

development of the market, as for the cleaner production fraud supervision in different industries, 640 

the government should establish a sound policy implementation feedback mechanism, and timely 641 

adjust the policies.642 
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