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Abstract

:

The general requirements of China’s rural revitalization strategy are industrial prosperity, ecological livability and rich life. However, the traditional livestock breeding model has struggled to balance the dual requirements of production development and ecological protection, and it is urgent to inject new impetus and explore new development paths. At present, e-commerce has become a bridge between pastoral areas and cities, herdsmen and consumers. E-commerce participation is not only an important starting point for herdsmen to increase the added value and profit space of livestock products, but also an effective way to change the original breeding behavior based on the premise of destroying grassland. Therefore, this paper presents an in-depth study on the issue of e-commerce enabling grassland ecological restoration, aiming to provide more scientific and effective guidance for e-commerce to be used to achieve a win–win situation in economy and ecology. Therefore, based on the data of 271 herdsmen in pastoral areas of Inner Mongolia, we used the OLS model and the two-stage least squares (2SLS) method to identify the direct impact of herdsmen’s e-commerce participation on grassland utilization pressure. The empirical results show that e-commerce participation can significantly decrease the grassland utilization pressure. The conclusion was still valid after alleviating endogeneity and conducting a robustness test. The results of a mechanism analysis suggest that the reduction effect of e-commerce participation on grassland utilization pressure is mainly due to price incentive, reputation incentive and place identity. Subjective norms can strengthen the inhibitory effect of e-commerce participation on grassland utilization pressure. Furthermore, a heterogeneity analysis demonstrates that e-commerce participation has a better, decreased impact on the grassland utilization pressure on the banners of China’s rural e-commerce demonstration county program. Under a counterfactual assumption, if herdsmen who can participate in e-commerce choose not to do this, their grassland utilization pressure will increase.
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1. Introduction


Grassland is an important part of the terrestrial ecosystem; it has ecological functions such as regulating climate, protecting soil and providing nutrients, as well as the productive function of providing livestock products for human beings. The quality of grassland not only determines whether its ecological and productive efficiency can be exerted effectively, but also decides whether the pace of socially sustainable development in pastoral areas can proceed steadily and in a far-reaching manner. With the global climate warming and the long-standing exploitation and utilization of plundering behavior, grasslands have experienced varying degrees of degradation [1], severely affecting the improvement of herdsmen’s well-being and constraining the sustainable development of the animal husbandry economy in pastoral areas. The excessive disturbance of human activities on grassland ecosystems is considered a crucial cause of grassland degradation [2]. Among these activities, high grazing intensity is the most significant anthropogenic factor, which is also a behavior that can be intervened through policies [3].



Grassland is the primary livelihood resource and means of production for herdsmen, and the scale of livestock is closely related to their income [4]. Unlike the land utilization regulations of western countries, land ownership comes from government authorization in China [5]. The degradation of grassland has changed due to the transition of China’s property rights system. Taking Inner Mongolia as an example, the grassland property rights policy has gone through three stages, namely, “livestock and grassland are jointly owned and managed by the collective”, “livestock is privately owned and managed, and grassland is jointly owned and privately use” and now “the ownership, contracting right and management right of grassland are owned by the collective, herdsmen and grassland operators, respectively” [6]. After the grassland contracting right belonged to the herdsmen, the herdsmen strengthened the stability of this right by building a fence, which resulted in the problem of grassland fragmentation. The production mode of grassland animal husbandry has changed from the traditional nomadic mode to a grazing mode at a fixed point. In addition, the income source of herdsmen is singular, and the grassland contracting period has a certain time limit. These factors led to the livestock overload of herdsmen and excessive utilization of grassland, and then, the situation of grassland degradation occurred. Accordingly, reducing grassland utilization pressure, controlling the scale of livestock breeding and achieving grassland–livestock balance are important objectives of the current Chinese government’s grassland management strategy. The contradiction between reducing grassland utilization pressure and realizing the vision of increased revenues for herdsmen is an urgent problem that needs to be solved in the current development of pastoral areas.



The theory of rational peasants reveals the profit-driven law of farmers’ production and operation behaviors. The income expectations of herdsmen directly determine livestock breeding decisions, further influencing the grassland utilization pressure [7]. Based on this, realizing high quality and good prices for grassland livestock products and increasing the value of the per unit livestock output serve as the main starting points for enhancing the income for herdsmen whose main source of livelihood relies on animal husbandry [8]. There are two paths to achieving high quality and good prices. One of the paths is to promote brand building and alleviate consumers’ adverse selection dilemma [9]. The other path is to break the original production and marketing model, use e-commerce to meet the prices of livestock producers and consumers through vertical integration [10,11] and reduce the information asymmetry between the two sides and the transaction cost to increase operating income. It should be noted that branding strategies are often initiated by the government, implemented by enterprises and benefit new agricultural business entities. Small-scale herdsmen face higher entry barriers and encounter greater difficulties in direct engagement [12]. In comparison, adopting an e-commerce sales model has lower barriers and is less challenging, which is an adaptive response for herdsmen under policy regulations and market fluctuations. In theory, herdsmen can internalize marketing and after-sales services through e-commerce participation, which can shift the “smile curve” to the right and contribute to enhancing product value-added and profit margins [13].



The in-depth development of economic globalization has provided a convenient market environment for the popularization of e-commerce. As a new trade model, e-commerce is ushering in broader development prospects. The deep integration of Internet technology and business models has introduced new influences on the traditional trade model, which has been forced to change. Under such a macro background, China’s agricultural e-commerce has grown from scratch and from small to large, showing good trends of competing development in the eastern, central and western regions and accelerating in its coverage of various agricultural products (https://baijiahao.baidu.com/s?id=1793942037039157099&wfr=spider&for=pc, accessed on 19 March 2024). The Chinese government has continued to promote “Rural Revitalization via Digital Commerce” and achieved remarkable results. In 2023, the national rural network retail sales reached CNY 2.5 trillion, an increase of 12.9% year on year, and the national agricultural product network retail sales reached CNY 587.03 billion, an increase of 12.5% year on year. China has become the world’s largest country of agricultural product e-commerce (http://www.moa.gov.cn/xw/bmdt/202403/t20240315_6451615.htm, accessed on 15 March 2024). The employment effect of e-commerce is also significant. According to the survey of Pinduoduo, as of 2021, the businesses number of new people under the age of 30 on e-commerce platforms was more than 49%, of which more than 13% are under the age of 25, with more than 126,000 people in total (http://www.why.com.cn/wx/article/2023/05/20/16845724661156314911.html, accessed on 20 May 2023). Most of them are young entrepreneurs who return to their hometowns and achieve a driving effect of one to ten.



In pastoral areas, e-commerce participation represents a new variable in the sales model of grassland livestock products, breaking the traditional production and marketing model and providing a fresh context for the research of herdsmen’s behavior. The existing research has primarily focused on identifying the causal relationship between rural e-commerce and the pro-environmental behavior of farmers, as well as on evaluating its spatial spillover effects [14,15,16,17]. In reality, the e-commerce project in the countryside is more difficult to promote in pastoral areas, and the practical effect is not obvious. It is difficult to capture the impact path of herdsmen’s production behavior. Therefore, there is a lack of adequate theoretical exploration and empirical tests being conducted for the current discussion on the effective pathways for e-commerce participation in promoting herdsmen’s pro-environmental behavior. Given these, this study took the herdsmen’s e-commerce participation as a research opportunity and used the reduction in grassland utilization pressure as a significant characterization of herdsmen’s pro-environmental behavior to aim to solve the following problems together. Can herdsmen’s e-commerce participation alleviate grassland utilization pressure? What are the mechanisms of action in this relationship? Is there any heterogeneity in its impact? Addressing these questions holds both theoretical significance and practical relevance.




2. Theoretical Review and Research Hypotheses


2.1. Theoretical Review


At present, based on the influencing factors of agricultural pro-environmental production behavior, scholars have carried out extensive and in-depth research. In terms of the cost and benefit, the price of green production factors is often higher than that of convention, which is a main reason for the low willingness of farmers to adopt pro-environment behavior [18,19]. At the same time, the information asymmetry between producers and consumers makes the pro-environmental production mode of farmers unable to be known by consumers, and the premium of green ecological products is difficult to be effectively realized [20]. Therefore, improving farmers’ pro-environmental production motivation through price incentives requires more effective popularization ways [18]. Farmers’ cognition also has an important impact on pro-environmental production behavior. A study found that obtaining good knowledge of pro-environmental production is conducive to strengthening and clarifying the cognition of sustainable production, and the probability of farmers carrying out green production will increase [21,22]. Further, the improvement of green production cognition and ecological environment protection attitude can effectively encourage farmers to increase investment in green production technology [23]. In terms of resource endowments, natural endowments such as the operation scale, the degree of land fragmentation and the stability of land rights affect whether producers and operators carry out green and sustainable production [24,25]. From the perspective of labor endowment, the higher the degree of part-time labor, the lower the willingness to partake in green production [19]. Based on the capital endowment, the strong economic strength has a positive effect on the adoption of green production methods, which is conducive to overcoming the problems of high initial investment and long payback periods [26]. The role of social capital is mainly reflected in the quantity and quality of social capital. Due to the acquisition of more information resources and technical guidance, it is more likely that farmers’ production behavior tends to be green and sustainable [27,28]. Compared with traditional agriculture, producers of green agriculture are young and highly educated [29]. However, some studies have pointed out that older production operators have more sense of place identity and tend to spend more energy to maintain the ecological environment of the place of production [30]. Concerning external environmental factors, the existing research addresses this from three aspects: the market, government and informal system. The market mechanism of “good quality and high price” has an incentive effect on producers’ use of green production factors [31]. But in this mechanism, the quality supervision of green products is the deep factor that stimulates farmers to adopt green production behavior [32]. As a higher degree of market organization, agricultural cooperative organizations can strengthen the positive impact on green production [33]. However, the government can provide mandatory policies, incentive policies and propaganda policies, and different policies play different roles [34]. Household income is an important threshold variable for environmental regulation. Only when the income level reaches a certain height will the positive effect of environmental policy gradually appear [35]. In an informal system, social trust and constraints promote farmers to adopt a green production mode through supervision, punishment, information transmission and value orientation [36,37].



In pastoral areas, the pro-environmental production behavior of herdsmen is of great significance to the grassland quality. This mainly refers to the adoption of sustainable grazing methods to minimize the impact on grassland ecosystems in the production process [38]; thus, maintaining a proper livestock scale and reducing the grassland utilization pressure have become obvious manifestations of the pro-environmental behavior of herdsmen. Based on the existing literature, many scholars have extensively discussed the factors influencing the livestock scale and grassland utilization behavior among herdsmen from theoretical and empirical perspectives. These factors include internal elements such as household population, economic capacity, off-farm employment status, in-come expectations, feeding methods and grassland area, as well as external factors such as regional location, extreme weather conditions, grassland resource ownership, political–economic systems and the market prices of livestock products [39,40,41]. Many researchers have identified the impacts of policy regulation on the herdsmen’s livestock scale and production behavior by taking the effect of China’s Grassland Ecological Compensation Policy (GECP) as a research opportunity. The GECP exerts a positive effect on alleviating overgrazing by controlling the livestock breeding quantity [42,43]. The probability of livestock reduction increased through increasing the compensation amount of the GECP [40]. For every 1% increase in the amount of GECP compensation, the grazing intensity is reduced by about 0.17% to 0.53% [44]. Indeed, policy regulation can effectively reduce grazing intensity, promote the adjustment of breeding structure and facilitate the modernization process of pastoral areas. However, the diminishing marginal effects of policies and the issues of sustainability in implementation should not be ignored. In other words, although the GECP has a significant effect on livestock reduction, grassland supervision may be gradually weakened due to problems such as an inadequate institutional framework, weak regulatory capacity and insufficient funding in the process of implementation [45]. Therefore, compared with studying the passive reduction of grazing intensity by herdsmen under policy regulation, it is more critical to study how herdsmen spontaneously adjust livestock breeding scales and reduce the grassland utilization pressure.



As mentioned above, an effective popularization approach is an important condition to making the green product premium become a reality. E-commerce emerges as the times require. Some scholars believe that e-commerce shortens the length of the supply chain and reduces the cost of trade, which is conducive to the traceability of agricultural products and forces producers to adopt pro-environmental production behavior [46,47]. E-commerce participation helps fruit growers to adopt pro-environmental production behaviors such as the strict application of pesticides in accordance with standards and adopting physical prevention and biological prevention strategies [14,17] to promote the transformation of green production [15]. On the contrary, another perspective is that the market determines the production input decisions of farmers [48]. E-commerce participation has realized the connection between small farmers and large markets to a certain extent [49], and the demand for products has increased significantly. However, due to the high cost of a green production mode, farmers may increase their yield through overinvestment in production factors such as pesticides and fertilizers. It can be seen that whether e-commerce has a positive effect and internal influence mechanism on pro-environmental production is still inconclusive.



In summary, based on the perspective of grassland utilization pressure, this study focused on the field of animal husbandry, an important part of agriculture, and used micro-herdsmen data to further examine the impact of e-commerce participation on the pro-environmental production behavior of herdsmen. The causal relationship between the two was analyzed in terms of both theoretical and empirical aspects, which provides a meaningful reference for the development of animal husbandry in pastoral areas to take an environmentally friendly road. The study design of this paper is as follows. Section 1 is the introduction, which introduces the background of the topic. Section 2 presents the theoretical review and research hypotheses. Section 3 presents the collection and analysis procedures. Section 4 provides the analysis and discussion of the results. Finally, Section 5 presents the conclusions. The research framework is shown in Figure 1.




2.2. Research Hypotheses


In this section, we analyze the inevitability of herdsmen’s e-commerce participation and the rationality of grassland utilization pressure reduction using a theoretical construction of a model of the grassland utilization strategy and sales model selection. Then, the influence path of herdsmen’s e-commerce participation on their grassland utilization pressure and its underlying mechanisms is sorted out.



2.2.1. The Influence of E-Commerce Participation on Grassland Utilization Pressure


Herdsmen’s e-commerce participation means that the economic activities of herdsmen rely on the virtual network to complete transactions with consumers through online platforms so as to integrate into the sales link in the supply chain of livestock products [50]. The e-commerce sales models mainly include an e-commerce platform such as Taobao, Meituan.com, JD.com and other third-party online platforms and e-commerce community based on WeChat (8.0.47), TikTok (28.6.0), Kwai (12.0.20.3367), and other mobile social software [17]. Sales are an important part of product circulation. Due to the lack of cognition and market information asymmetry, herdsmen are always in a weak position in the process of offline sales [14,50]. The emergence of e-commerce provides a convenient channel for herdsmen to enter the next link after livestock production, so that they can connect with the market effectively [51]. Furthermore, a new cognition of ecological animal husbandry products being premium is generated during the process of e-commerce participation. To follow the policy regulation and realize the vision of increasing income, herdsmen may change to the extensive management mode that obtains excess profit by expanding the breeding scale. At the same time, under the guidance of the market price and consumer demand, the enthusiasm to pursue premium branding, a good reputation and word-of-mouth awareness of green livestock products has been improved continuously for herdsmen [52], so that they have formed the production logic of “controlling the breeding scale → protecting grassland ecology → improving the quality of livestock products → creating the green breeding environment → catering to market demand → obtaining ecological livestock products premium” gradually. Some investigators have thought that e-commerce participation not only improves the green production cognition of production decision-makers, but also induces them to voluntarily implement production methods that reduce pollution and protect the environment [53]. Due to the unique mechanism of product display and reputation incentives in the process of e-commerce sales [54], the expected price increase of green products will encourage herdsmen to pursue a positive word-of-mouth reputation from consumers and then force the herdsmen to reduce grassland utilization pressure to obtain the ecological premium of green livestock products.



There are three pathways to influencing e-commerce participation on grassland utilization pressure. The first pathway explains that e-commerce participation affects herdsmen’s grassland utilization pressure through price incentive. The need for natural and healthy products is increasing due to the improvement of material living standards [55]. As a rational economic person, whether a herdsman can reduce the grassland utilization pressure depends on whether the economic benefits can be maximized. Relying on the development of modern information technology and cold chain logistics, e-commerce sales have promoted the circulation expansion of livestock products and the improvement of information exchange efficiency, which can provide favorable conditions for overcoming problems such as unfair competition and information asymmetry [15]. On the one hand, in the free competition market of livestock products, the quality and the category have become the premise of pricing, which makes the livestock products and their by-products growing in the green ecological environment have more price advantages than similar products [56]. On the other hand, the transparency of market information makes it easier for herdsmen joining in e-commerce to perceive the green livestock product premium [57]. The positive expectations of herdsmen on market prices enhance their confidence of earnings increasing in the future [58]. Therefore, herdsmen involved in e-commerce are well aware of the market rules of strong demand for green livestock products and high quality bringing high prices. It is reasonable that e-commerce participation reduces the grassland utilization pressure by increasing herdsmen’s expected price of high-quality livestock products.



The second pathway demonstrates that e-commerce participation affects herdsmen’s grassland utilization pressure through reputation incentive. E-commerce participation promotes herdsmen to pursue positive evaluations and a good reputation and then encourages herdsmen to reduce their utilization pressure to protect the grassland ecological environment. In market competition, the reputation formed by the long-term accumulation of producers is considered to be one of the most important intangible assets [59,60], which is an important factor affecting product competitiveness and demand [61] with signal transmission and identity recognition functions [62]. Based on the theory of behavioral economics, an individual’s subjective attitude toward a certain thing changes with cognitive changes, which affects the final behavioral decision [63]. In the e-commerce sales model, it is easier to form a real-time dynamic evaluation feedback mechanism between herdsmen and consumers [16]. Repeated interaction can increase the cooperative willingness and cater to the needs of each other between buyers and sellers [64]. Therefore, based on the reputation incentive mechanism, herdsmen voluntarily develop a quality production model of “less quantity but more quality”. Creating a green and original grassland environment has become a golden selling point used to attract consumers. The positive externalities of products with ecological labels are further amplified through e-commerce [65]. Herdsmen can use pictures, videos and live broadcasts to show the target customers a breeding environment with a background of a green prairie in an all-around way and release exclusive signals of product quality to obtain a good reputation and positive evaluation. Furthermore, in order to steadily achieve the economic premium of green health products, herdsmen may introduce target customers into a WeChat friend group through e-commerce participation and establish online communication channels of strong credit based on an acquaintance network [17]. The herdsmen integrate not only the propaganda of a green and natural production spirit into the daily life of consumers, but also the implicit supervision of the customer group, which makes the herdsmen have to continue to protect the grassland ecology. A dynamic virtuous cycle of supply and demand is formed. In conclusion, e-commerce participation increases the marginal reputation utility level of herdsmen, and reputational concerns make them more motivated to reduce grassland utilization pressure and maintain a good breeding environment.



The third pathway demonstrates that e-commerce participation is conducive to reducing the grassland utilization pressure by alleviating information constraints and improving the place identity of herdsmen. Place identity refers to people having psychological attachment and emotional belonging to a specific place [66,67]. The natural ecological view of “Heaven–human Integration” is deeply rooted in pastoral areas. Herdsmen believe that humans are an important part of nature like grassland and livestock. Human behavior should adapt to natural changes, and they are interrelated and balanced [68]. This social cognitive theory points out that there is a dynamic interaction between individual cognition, emotion and behavior. Emotion affects cognitive formation and behavioral decisions [69]. As a stable and lasting emotional variable between people and specific places, place identity is closely related to the formation of environmental responsibility willingness and behavior [70]. In the production and operation of herdsmen, the mechanism of “preliminary cognition → subjective emotion → behavioral decision” is also established [71]. So, the depth of herdsmen’s emotion and value cognition of grassland determines whether herdsmen care for the quality of the grassland and adopt a protective breeding mode. With the sinking propulsion of e-commerce in pastoral regions, the information occlusion and cognitive limitations caused by geographical restrictions have been gradually broken [49]. The powerful information network consolidates the concept of “Heaven–human Integration” of herdsmen and strengthens their place identity of “born in here and grow up in here”. Faith makes herdsmen pay more attention to the dual function of grassland as a means of production and means of livelihood, understand the positive external effect of grassland as a public product, realize the competitive advantage of green and ecological labels to enable livestock products and complete the self-identity of herdsmen by strengthening the place identity of the grassland. Herdsmen will bind their environmental protection responsibilities to themselves and form a sense of consequences closely related to their own survival and development [72], which in turn activates the moral obligation of herdsmen to voluntarily implement protective production behavior. According to the above reasoning, we proposed the following hypotheses.



Hypothesis 1.

E-commerce participation reduces herdsmen’s grassland utilization pressure. In other words, herdsmen who participate in e-commerce have lower pressure on grassland use.





Hypothesis 2.

E-commerce participation reduces grassland utilization pressure through price incentive, reputation incentive and place identity mechanisms.






2.2.2. The Effect of Subjective Norms in the Process of E-Commerce Participation Affecting Grassland Utilization Pressure


Producers are both rational economic humans and complex social humans [73]. The theory of planned behavior states that subjective norms are the external pressure felt by individuals before making decisions. They, respectively, play an explicit and implicit role in restricting the implementation of behaviors from two aspects. One is the injunctive norm (e.g., government propaganda, call and supervision) and another is the descriptive norm (e.g., the influence of members within an organization or group) [74]. Under objective limitation conditions such as capital endowment and environmental cognition, the subjective initiative of herdsmen to adopt grassland protection behavior may be difficult to transform completely; it needs the assistance of external environment. The stronger the government’s supervision of environmental protection behavior and the more frequent the communication between individuals in the social network, the higher the cognition level of their environmental protection and the efficiency of behavior implementation [75].



The injunctive norm refers to regulatory behavior being used to guide producer behavior by the government through punishments or rewards, which has an important impact on production decision making [76]. When the government policy encourages herdsmen to adopt grassland protection behavior and limit the overgrazing, the herdsmen’s awareness of controlling the stocking rate will strengthen. Namely, taking part in e-commerce makes herdsmen more sensitive to changes in policy orientation. They not only conveniently perceive the guiding regulation based on policy publicity and education, but also pay attention to the restrictive regulation based on policy formulation and environmental supervision [77]. This is conducive to strengthening the awareness of herdsmen to protect grasslands, paying more attention to whether the breeding scale matches the grassland productivity and taking corresponding measures, as well as improving the internalization efficiency of the positive externalities of environmental policy regulation significantly. In other words, the injunctive norm of government supervision is beneficial to improving the positive effect of e-commerce participation on degrading grassland utilization pressure.



The descriptive norm refers to the subtle influence of information exchange and behavior transmission from acquaintances on individual production decision making [76]. In animal husbandry production, the descriptive norm can be regarded as the exemplary role of a social network constituted by other e-commerce participants in which herdsmen are located. When people around them are involved in grassland protection actively, and a reduction in the herdsmen’s motivation concerning grassland utilization pressure will be enhanced. E-commerce participants communicate more frequently with the outside, have more complex social networks and are vulnerable to social expectations and the external environment [78]. Herdsmen generally have a consensus on maintaining grassland ecology and the supply of green livestock products after entering the e-commerce circle. Positive interactions encourage members to partake in mutual imitation and learning, and the improvement of the personal norm is conducive to strengthening their pro-environmental behavior [79]. Frequent peer exchanges are beneficial for herdsmen to strengthen the protection of the grassland green ecological landscape in order to obtain long-term ecological premium continuously. In addition, e-commerce participation will gradually expand the social network of the herdsmen, and their production and operation will be subject to more extensive and strict peer supervision. Herdsmen who violate the concept of environmental protection will bear social penalties such as losing green labels and good reputation [80]. Therefore, the descriptive norm can force herdsmen to change their uncontrolled increase-livestock behavior and then strengthen the positive effect of e-commerce participation reducing herdsmen’s grassland stocking rate. According to the above reasoning, we propose the following hypothesis.



Hypothesis 3.

Subjective norms including the injunctive norm and descriptive norm have positive moderation effects on e-commerce participation affecting grassland utilization pressure.








3. Collection and Analysis Procedures


3.1. Data Collection


The data utilized in this study were collected through a survey conducted among herdsmen in Inner Mongolia, China, in 2023. To ensure a representative sample, we employed a combination of stratified sampling and random sampling to choose a sample consisting of two cities and six banners in Inner Mongolia, China (a banner is an administrative division in Inner Mongolia, comparable to a county-level city). Firstly, six pastoral banners were chosen in Xilinguole and Chifeng City, including Sunitezuo Banner, Suniteyou Banner, Abaga Banner, Dongwuzhumuqin Banner, Xiwuzhumuqin Banner and Keshiketeng Banner. Secondly, we randomly extracted two towns from each chosen banner. Then, two or three villages were randomly withdrawn in each town at least. Lastly, we randomly found about ten herdsmen in each village. A one-to-one survey was used to investigate herdsmen; the content included the basic family situation, the resource endowment status of animal husbandry, income and expenditure, the sales status of animal products and the situation of e-commerce participation. In total, we interviewed 275 herdsmen and retained 271 usable samples after deleting the observations with missing or inconsistent data. The effective rate of the samples was 98.55%. The characteristics of the sample distribution is presented in Table 1. Based on the present situation of livestock grazing, there were some differences between the standard of the proper livestock carrying capacity and the actual livestock carrying capacity in each banner. Some banners indicated an unreasonable grassland utilization behavior of the actual livestock carrying capacity being higher than the proper standard, which causes the risk of grassland degradation.




3.2. Model Construction


3.2.1. Mathematical Model Derivation


Based on the rational man hypothesis, the production and operation decision of the i-th herdsman is derived from the objective of maximizing the profit of livestock products, and the income function of the i-th herdsman can be characterized as follows:


  π = P F −   ∑  n = 1  m    W n   X n    − C  



(1)




where   π   represents the operating income of the i-th herdsman’s livestock products including adult livestock, the current year’s young livestock and by-products such as milk, skin, wool and so on; P represents the average sales price of livestock products;   F   represents the scale of breeding; Wn and Xn represent the price and input quantity of production factors; n represents the type of input factors   ( n = 1,2 , ⋯ , m )  ; and C represents other costs.



To facilitate the analysis, we assumed that the i-th herdsman had two grassland utilization strategies, including high-pressure grassland utilization and low-pressure grassland utilization. High-pressure grassland utilization means that the sheep units per unit of grassland area are relatively many in China’s pastoral areas, and the balance between grassland and livestock has not been fully realized. On the contrary, low-pressure grassland utilization means that the sheep units per unit of grassland area are within a reasonable range, and the balance of grassland and livestock is realized basically. At the same time, two sales models can be selected: e-commerce sales and traditional sales. Then, we built a 2 × 2 matrix model of the grassland utilization strategy and sales mode selection of the i-th herdsman, as shown in Figure 2. Combined with the research topic and the actual situation of China’s pastoral areas, other costs C mainly included the possible cost of political penalty     C   p     (e.g., the amount that the GECP subsidizes for herdsmen who have not achieved the balance of grassland and livestock) due to the failure to maintain the balance of grassland and livestock and the cost of e-commerce participation     C   e     (e.g., brand building, logistics, product promotion and so on).



Situation 1: In the case of high-pressure grassland utilization, we compare the profits of the e-commerce and traditional sales models and assume that     F   2     is constant. The type and quantity of production factors are   n   and     X   2 n    , and the selection equations of the sales models are as follows:


   f 1  =  π  e 2   −  π  t 2    



(2)






   π  e 2   =  P  e 2    F 2  −   ∑  n = 1  m    W  e n    X  2 n   −  C e  −  C p     



(3)






   π  t 2   =  P  t 2    F 2  −   ∑  n = 1  m    W  t n    X  2 n   −  C p     



(4)







Together, these equations yield the following:


   f 1  =    P  e 2   −  P  t 2      F 2  +   ∑  n = 1  m      W  t n    X  2 n   −  W  e n    X  2 n     −  C e     



(5)




where     P   e 2     represents the price of livestock products in the e-commerce sales model, and     P   t 2     represents the price of livestock products in the e-commerce sales model. The existing research has shown that the price of the e-commerce sales model is often better than that of the traditional sales model [14,17], so     P   e 2   >   P   t 2    . At the same time, the e-commerce sales model will reduce the fixed cost of production and operation [81], so we infer that herdsmen who adopt e-commerce sales will obtain production factors at a lower cost (    W   e n     X   2 n   <   W   t n     X   2 n    ).     C   e     represents the cost of e-commerce participation, which benefits from fiscal subsidies and accounts for a small proportion of the total cost; thus, it can be disregarded. Based on these, we conclude that     f   1   > 0   and that the i-th herdsman is more likely to choose e-commerce participation in the case of high-pressure grassland utilization.



Situation 2: In the case of low-pressure grassland utilization, we compare the profits of the e-commerce and traditional sales models and assume that     F   1     is constant. The type and quantity of production factors are   n   and     X   1 n    , and the selection equations of the sales models are as follows:


   f 2  =  π  e 1   −  π  t 1    



(6)






   π  e 1   =  P  e 1    F 1  −   ∑  n = 1  m    W  e n    X  1 n   −  C e     



(7)






   π  t 1   =  P  t 1    F 1  −   ∑  n = 1  m    W  t n    X  1 n      



(8)







Together, these equations yield the following:


   f 2  =    P  e 1   −  P  t 1      F 1  +   ∑  n = 1  m      W  t n    X  1 n   −  W  e n    X  1 n     −  C e     



(9)







Similarly, according to     f   2   > 0  , we can infer that the i-th herdsman is also more likely to choose e-commerce participation in the case of low-pressure grassland utilization.



Combining the analysis of situations 1 and 2, we find that the i-th herdsman is more inclined to choose e-commerce participation to maximize their profits.



Situation 3: In the case of the i-th herdsman choosing the e-commerce sales model, we compare the profits low-pressure and high-pressure grassland utilization, respectively, and the selection equations of the grassland utilization strategies are as follows:


   f 3  =  π  e 1   −  π  e 2    



(10)







Together, Equations (3), (7) and (10) yield the following:


   f 3  =    P  e 1    F 1  −  P  e 2    F 2    +   ∑  n = 1  m      W  e n    X  2 n   −  W  e n    X  1 n       +  C p   



(11)




where     P   e 1     F   1     and     P   e 2     F   2     represent the multiplication of the livestock price and breeding scale in the low-pressure and high-pressure grassland utilization cases, and     F   1   <   F   2    . The new consumption theory points out that consumers obtain utility from product attributes rather than the product itself [82]. In the e-commerce market, consumers can know the attributes of livestock products through characters, pictures, videos and other information, and then, low-pressure grassland utilization can promote the consumption of green livestock products, increase the premium payment of consumers and strengthen the ecological attributes of livestock products, so     P   e 1   >   P   e 2     [54]. In the third round of the GECP implementation period, supervision will be further strengthened and associated with the amount that the GECP subsidizes (https://www.forestry.gov.cn/main/4862/20211118/151239940817638.html, accessed on 18 November 2021). On the one hand, the increment in income of high-pressure grassland utilization may not be higher than that of consumers’ premium payment of livestock products for herdsmen in the low-pressure situation. On the other hand, high-pressure grassland utilization may reduce GECP subsidies so that transfer income decreases accordingly. In summary, the herdsmen reduce grassland utilization pressure in the e-commerce model, so the probability of the difference     P   e 1     F   1   −   P   e 2     F   2     is positive.     W   e n     represents the price of production factors in the e-commerce model.     X   2 n     and     X   1 n     represent the input quantity of the production factors under high-pressure and low-pressure grassland utilization, respectively. We deduce that     X   2 n   >   X   1 n     is due to the fact that the number of purchases of production factors increases with the increase in livestock breeding scale. High-pressure grassland utilization may lead to grassland degradation, resulting in a decline in forage self-sufficiency. The i-th herdsman has to purchase pastures and feeds. Thus, the value of     ∑  n = 1   m    (   W   e n     X   2 n     −   W   e n     X   1 n   )   is positive. Moreover, the cost of political penalty     C   p   ≥ 0   when the i-th herdsman is overgrazing.     f   3   > 0   is reasonable, and the i-th herdsman tends to choose the strategy of low-pressure grassland utilization when they participate in the e-commerce sales model. In other words, e-commerce participation is conducive to reducing the grassland utilization pressure for herdsmen.




3.2.2. Empirical Model Design


Based on this research topic, we used the OLS model to examine the impact of e-commerce participation on grassland utilization pressure, which can be shown as follows:


  P r e s  s i  =  α 0  +  α 1  E c o  m i  +  α 2   X i  +  ε i   



(12)




where     P r e s s   i     represents the grassland utilization pressure of the i-th herdsman;     E c o m   i     represents the e-commerce participation of the i-th herdsman;     X   i     represents control variables;     α   0    ,     α   1     and     α   2     represent the parameters to be estimated; and     ε   i     represents a stochastic perturbation term.



Furthermore, in order to explore the mechanism of subjective norms on the influence of e-commerce participation on grassland utilization pressure. This study adopted the moderation effect model, which can be shown as follows:


  P r e s  s i  =  β 0  +  β 1  E c o  m i  +  β 2  N o r m  s i  +  β 3  E c o  m i  × N o r m  s i  +  β 4   X i  +  λ i   



(13)




where     N o r m s   i     represents subjective norms including the injunctive norm and descriptive norm;     E c o m   i   ×   N o r m s   i     represents the interaction between e-commerce participation and subjective norms;     β   0    ,     β   1    ,     β   2    ,     β   3     and     β   4     represent the parameters to be estimated; and     λ   i     represents a stochastic perturbation term. Other variables have the same meaning as above. Because the introduction of an interaction term in the model may lead to multicollinearity problems, the major variables were centralized in the moderation effect analysis.





3.3. Variables Selection


3.3.1. Dependent Variables


The dependent variable in this study was grassland utilization pressure, which is a continuous variable. The number of livestock per unit of grassland (ratio of the livestock scale to the grassland management area) was used to characterize the grassland utilization pressure. To unify different types of livestock quantity units and ensure consistent estimations, we followed the “Basic Grassland Protection Regulations of Inner Mongolia Autonomous Region” and standardized the livestock scale in “sheep units”. The greater the number of livestock per unit of grassland, the higher the grassland utilization pressure.



The increase in grassland utilization pressure may lead to the risk of overgrazing. Article 33 of the Grassland Law of the People’s Republic of China (2021 Amendment) clearly states that “grassland contractors shall make rational use of grassland and shall not exceed the livestock carrying capacity approved by the grassland administrative department to maintain the balance between grassland and livestock”. The standard of the livestock carrying capacity is stipulated by the grassland administrative department of the State Council. Here, the definition of overgrazing is that the actual livestock carrying capacity of the grassland exceeds the government’s standard. In other words, the grassland contractor does not maintain the balance of grassland and livestock according to the requirements of the Grassland Law. Therefore, this study believes that if the livestock scale of herdsmen exceeds the national standard, it may have a negative impact on the grassland.




3.3.2. Core Independent Variables


The independent variable in this study is e-commerce participation. At present, the sales models of pastoral areas are mainly the traditional sales model and e-commerce sales model. Through using the online platforms, participating in the virtual community or adopting the e-commerce model, herdsmen will be considered e-commerce participants. A binary variable was used to signify the behavior of herdsmen participating in e-commerce, namely, e-commerce participation = 1 and e-commerce nonparticipation = 0. At the same time, a continuous variable indicated herdsmen’s e-commerce income, and it replaced the independent variable in the robustness test. Among the 271 samples, there were 41 samples of herdsmen with e-commerce participation behavior, accounting for 15.13%, which indicates that e-commerce in pastoral areas has not yet been popularized and has certain development space.




3.3.3. Control Variables


The control variables mainly included the personal characteristics (e.g., age, education level, health status, the states of herdsmen party members), the family characteristics (e.g., debt scale and non-grazing income), the animal husbandry resource endowment status (e.g., the proportion of animal husbandry labor force, the original value of productive fixed assets, the cost of forage per sheep and the expectation of the livestock price in the next year), the social characteristics (e.g., gift-money expenditure and the participation of technical training that were selected as representative) and the external environmental characteristics (e.g., the GECP subsidy and extreme weather). These control variables are related to the grassland use strategy. In order to avoid the problems of collinearity and heteroscedasticity, this study processed the debt scale, the original value of the productive fixed assets and the GECP subsidy logarithmically.




3.3.4. Instrumental Variable


In order to alleviate the endogenous influence, the distance between the residence and the nearest network signal tower was selected as the instrumental variable. On the one hand, grassland utilization pressure has no direct relationship with the distance of the network signal tower, which meets the exogenous requirements. On the other hand, the network signal is the basic condition for herdsmen’s e-commerce participation; that is, the closer the network signal tower is to the residence of herdsmen, the better the quality of the herdsmen’s network signal, and then the higher the probability of the herdsmen’s e-commerce participation.




3.3.5. Mediating Variables


Price incentive, reputation incentive and place identity were considered the mediating variables of herdsmen’s e-commerce participation in affecting grassland utilization pressure in this study. The price incentive was measured using the question of “You agree that good grassland ecology and forage quality have an important impact on the high quality and price of animal products”. Reputation incentive came from the question of “You agree that the grassland ecological environment with green background is more attractive to online consumers to buy livestock products”. Place identity came from the question of “You agree that the improvement of grassland ecological environment will improve the quality of production and life”. These answers were obtained using a Likert scale and assigning “completely disagree” to 1, “comparatively disagree” to 2, “general” to 3, “comparatively agree” to 4, and “completely agree” to 5. From 1 to 5, the scale represents the increasing degrees of incentive and identity.




3.3.6. Moderating Variables


Subjective norms were designed as a 0−1 discrete variable. “Whether the relevant government departments check the breeding scale and grassland situations every year” was selected as the injunctive norm and “Whether social platforms such as WeChat have acquaintances selling livestock products online” was used to represent the descriptive norm: 1 if the herdsmen answered “Yes”, and 0 otherwise.






4. Analysis and Discussion of Results


4.1. Descriptive Statistics


Table 2 introduces the definitions and descriptive statistics of the variables appearing in the empirical analysis. According to the personal characteristics, the average age of the sample herdsmen was about 48 years old, the average education level was about 9 years, the health status was good, and 14% of them were party members. From the perspective of family characteristics, the average debt scale and non-grazing income of the herdsmen were CNY 25,500 and CNY 11,900. Concerning animal husbandry production characteristics, the proportion of animal husbandry labor force was 70%, and the average annual forage cost per livestock was about CNY 400. Herdsmen generally thought that the market price of livestock products will reduce the next year. The original value of productive fixed assets owned by herdsmen participating in e-commerce was higher, and the grassland utilization pressure was lower relatively. According to social characteristics, the average annual gift-money expenditure of the herdsmen was about CNY 22,400, and about 24% of the herdsmen have participated in animal husbandry technical training. In terms of external environmental characteristics, about 64% of the herdsmen believed that extreme weather occurred frequently in recent years. In addition, about 15% of the herdsmen sold livestock products through e-commerce channels such as platforms or virtual social networks. The average e-commerce income was about CNY 12,400, and the standard deviation was large, which indicates that the e-commerce sales model was less popular in pastoral areas and that there is still a large space for development.



Table 3 reports the input–output features of participants and non-participants. Firstly, according to the choices of sales channels, the proportion of e-commerce participants selling livestock products was 15%, and the proportion of non-participants was 85%, which shows that the herdsmen in Inner Mongolia are relatively conservative, mainly using the traditional off-line sales mode to sell livestock products at present. Secondly, from the perspective of the breeding scale, the average herd scales of e-commerce participants and non-participants were about 302 and 443 sheep units, respectively. This initially reflects that herdsmen who do not participate in e-commerce have raised more livestock and are more likely to have higher pressure on grassland. Further, in comparing the input–output characteristics of e-commerce participants and non-participants, it can be seen that the average input of grassland scale was 12,022.56 Mu, and the average output value of each sheep unit was CNY 1231.93, which are higher than those of non-participants. This fact means that e-commerce participants have invested more grassland resources in livestock breeding, dispersed the unit grassland utilization pressure and produced higher values than non-participants.




4.2. Baseline Estimation


Stata 17.0 was used to estimate the OLS model in this research (Table 4). Model 1 reports the impact of herdsman e-commerce participation on grassland utilization pressure. Model 2 shows the specific effect of herdsman e-commerce participation on grassland utilization pressure after adding control variables. The OLS estimation results show that the influence coefficient of herdsmen’s e-commerce participation on grassland utilization pressure is negative at the 5% significance level. From model 1 to 2, the influence coefficient of e-commerce participation on grassland utilization pressure changes from −0.077 to −0.026. With an additional unit of e-commerce participation increasing, the grassland utilization pressure will be reduced by 0.026 units. In considering the influence of many other factors, the influence of e-commerce participation is still significant, but has been reduced. The alleviation of endogenous problems changes the coefficient of e-commerce participation on grassland utilization pressure to −0.095. This shows that e-commerce participation has a greater reduction effect on grassland utilization pressure. The possible reason is that, on the one hand, e-commerce participation can promote the transformation of herdsmen’s business thinking from quantity to quality, help them improve their own green awareness and achieve a virtuous cycle of “green and premium”. On the other hand, herdsmen e-commerce participation will be better at understanding market demand, forcing herdsmen to maintain the grassland ecological environment by reducing grassland grazing intensity to obtain a higher premium of green livestock products. Hypothesis 1 is verified: e-commerce participation can significantly reduce the herdsmen’s grassland utilization pressure.



In terms of control variables, age, education, health status, party membership, non-grazing income, cost of forage per sheep, gift money, technical training, GECP subsidy and extreme weather have a significant positive impact on grassland utilization pressure, and the price expectation of the next year has a negative effect. It can be seen that in addition to e-commerce participation, herdsmen’s personal family, animal husbandry production, society and external environment characteristics have an impact on grassland utilization pressure. Specifically, the richer breeding experience of older herdsmen, the accumulation of human capital such as high education, good health, party membership and regular participation in animal husbandry technical training are conducive to the progress of herdsmen’s production cognition and the attention of grassland protection to achieve the sustainable development of animal husbandry. Non-grazing employment can enrich the channels of increasing herdsmen’s income, and the increase in non-grazing income can reduce the pressure of increasing animal husbandry income. The diseconomy of forage per sheep and the frequent occurrence of extreme weather have gradually made herdsmen lose the cost advantage and increased their economic pressure on expanding the scale of breeding. Gift money is the concrete manifestation of herdsmen’s social network. The dense social network leads to more social supervision of the herdsmen’s production behavior, which is conducive to reducing the number of livestock and grassland utilization pressure actively. If the herdsmen believe that the price of livestock will be greatly reduced in the next year, they may make up for the loss caused by the price reduction by increasing the number of livestock.



Considering the possible reverse causality between e-commerce participation and grassland utilization pressure, we introduced the instrumental variable “the distance between the residence and the nearest network signal tower” and used the 2SLS method to test the endogeneity (Table 4, model 3 and Table 5). Model 3 presents that the DWH test is at the 1% significance level, meaning that an endogenous problem exists in the baseline regression model. This reflects that the grassland utilization pressure also has an important impact on e-commerce participation. The possible situation is that if the herdsmen have a good grassland environment, they have more advantages in the propaganda of e-commerce sales. The green breeding environment makes consumers more convinced of the fact that the quality of livestock products is good, which in turn reduces the difficulty of herdsmen’s e-commerce participation and improves the enthusiasm of herdsmen’s e-commerce participation. In Table 5, the first-stage estimation results of the 2SLS method show that the instrumental variable “the distance between residence and nearest network signal tower” positively affects the e-commerce participation at the 1% significance level, and its coefficient is −0.011. Reducing the distance between the residence and nearest network signal tower by 1 km will increase the probability of herdsmen participating in e-commerce by 1.1%. This means that the closer the distance between the residence and nearest network signal tower, the better the quality of the network, and the less restrictive the herdsmen’s e-commerce participation. The F statistic, which tests the joint significance of instrumental variable coefficients, was 34.43, higher than 10, showing that a weak instrumental variable problem does not exist. This represents that the distance between the residence and nearest network signal tower is indeed an exogenous variable that does not affect the grassland utilization pressure. The exogenous hypothesis of instrumental variables is established in the statistical sense, and the mitigation of the endogenous problem is effective.




4.3. Robustness Test


4.3.1. Winsorizations


To eliminate the negative effect of extreme values in the model, we conducted a 1% tail reduction and truncation treatment on the continuous variables, such as the grassland utilization pressure, debt scale and so on, and regressed them again (Table 6, model 4 and model 5). Through the treatments of reduction and truncation, the negative impact of herdsman e-commerce participation on grassland utilization pressure was at the 1% significance level. The influence coefficients of e-commerce participation were −0.023 and −0.026, respectively. The direction and significance of the control variable coefficients did not change decidedly. The estimation results are robust. This presents that the results of the baseline estimation are not affected after processing the extreme values of the data. A few extreme values do not cause large errors in the results.




4.3.2. Variable Substitution


The inhibitory effect of herdsmen’s e-commerce participation on grassland utilization pressure is not only reflected in e-commerce decision making, but also the positive impact of e-commerce income. Therefore, to test the results’ robustness again, we replaced the core independent variable “e-commerce participation” with “e-commerce income” and reanalyzed the empirical results (Table 6). Model 6 shows that the herdsmen’s e-commerce income affects grassland utilization pressure at the level of 10% negatively and significantly, and its influence coefficient is −0.012. Increasing e-commerce income by CNY 10,000 will reduce the grassland utilization pressure by 0.012 sheep units/Mu. This indicates that the increase in e-commerce income exerts a positive effect on the herdsmen to reduce grassland utilization pressure. Such an economic incentive is conducive to forcing herdsmen to further control the number of livestock and maintain the green landscape of the grassland. Furthermore, there is no great change in the significance or direction of the control variables. This evidence proves that the estimation results of this study are robust.





4.4. Mechanism Test


4.4.1. Mediation Effect


According to the theoretical analysis, we used the mediation effect model to test the three pathways in which e-commerce participation affects grassland utilization pressure, namely, price incentive, reputation incentive and place identity. In order to avoid the limitations of the step-by-step test of the mediation effect model, this study adopted a two-step method with reference to the research of Jiang (2022) [83]. In the theoretical part, we mainly analyzed the impacts of price incentive, reputation incentive and place identity on the herdsmen grassland utilization pressure [84]. In the empirical part, the O-Logit model was used to explore the effects of e-commerce participation on price incentive, reputation incentive and place identity [85] so as to verify the transmission mechanism of e-commerce participation in reducing grassland utilization pressure through the three pathways of price incentive, reputation incentive and place identity. As shown in Table 7, the effects of e-commerce participation on price incentive, reputation incentive and place identity were positive at the 1% significance level, and the influence coefficients were 3.388, 1.780 and 1.997, respectively. This conveys that the e-commerce participation increases by 1 unit, and the price incentive, reputation incentive and local identity will increase by 3.388, 1.780 and 1.997 units, respectively. The possible reasons are as follows. Livestock growing in the context of natural and green grasslands are more likely to gain green and nonpolluting labels as well as the economic attribute of high profit. As beneficiaries, in order to maintain a good reputation and continue to obtain high returns from green livestock products, it is easier for e-commerce participants to have a green production awareness of protecting grasslands and put it into practice. In addition to the production nature, the grassland is also an important survival attribution for the herdsmen. Participating in e-commerce can make the herdsmen expand their information channels, understand the importance of a sustainable and rational utilization of grassland resources and strengthen their idea of “Heaven–human Integration”. Then, the destructive production behavior of the herdsmen may transform toward a good direction. In summary, it is obviously reasonable that e-commerce participation reduces the pressure of grassland utilization through price incentive, reputation incentive and place identity; that is, Hypothesis 2 is confirmed.




4.4.2. Moderation Effect


Using the constructed model, we checked the moderation effect of subjective norms between herdsmen’s e-commerce participation and grassland utilization pressure. In Table 8, the results show that e-commerce participation affecting grassland utilization pressure is negative at the 5% significance level. The coefficient of the interaction of e-commerce participation and the injunctive norm is −0.071, and the coefficient of the interaction of e-commerce participation and the descriptive norm is −0.049. The coefficients of the main effect and interaction terms are negative, which indicates that the positive moderation role of the subjective norms in the process of e-commerce participation in reducing the grassland utilization pressure is established, and the injunctive norm and descriptive norm strengthen the favorable influence of e-commerce participation on reducing grassland utilization pressure. This displays that the external supervision of government departments and the mutual promotion between the main bodies of the e-commerce industry are conducive for herdsmen to improve their cognitive level about grassland protection and execute rational grassland utilization behaviors. Hypothesis 3 is verified.



Government and acquaintance supervision can subtly influence herdsmen to control overgrazing. The existence of subjective norms makes it more effective for e-commerce participation in curbing grassland utilization pressure. In short, the injunctive norm and descriptive norm are conducive to exerting the positive effects of e-commerce participation on reducing the pressure of grassland utilization. On the contrary, a lack of subjective norms can easily lead to difficulty in implementing and continuously promoting the green effect of herdsmen’s e-commerce participation, which has a negative impact on herdsmen’s active long-term livestock reduction behavior.





4.5. Heterogeneity Analysis


The e-commerce development of each banner in Inner Mongolia has different policy environments, which may affect the effective transformation of herdsmen ‘s e-commerce participation in reducing the grassland utilization pressure. We divided the observations into “e-commerce demonstration county” and “non-e-commerce demonstration county” according to “whether herdsmen come from the banner of China’s rural e-commerce demonstration county project”. In Table 9, the results of the group regression reflect that the influence coefficient of e-commerce participation in the group of e-commerce demonstration county was −0.021, which means that when e-commerce participation increases by 1 unit, the grassland utilization pressure is reduced by 0.021 units. Although the influence coefficient of e-commerce participation in non-e-commerce demonstration county is −0.117, its reduction effect is greater than that of e-commerce demonstration county, but the result is not significant. Therefore, e-commerce participation affects the reduction in grassland utilization pressure significantly in the banners where China’s rural e-commerce demonstration county project is implemented. Possible reasons for this result are that the information in areas with e-commerce-related policy support is smoother and the digital level is higher. The implementation of the e-commerce demonstration project is more conducive to promoting the integration of market opportunities and local resources so as to improve the enthusiasm of herdsmen to take part in e-commerce, reduce the uncertainty of the combination of animal husbandry and e-commerce management and then effectively achieve the green effect of e-commerce participation to achieve the reduction in grassland utilization pressure.




4.6. Effect Intensity Measurement


In order to further study the influence intensity of e-commerce participation on grassland utilization pressure, we chose the propensity score matching model (PSM) to conduct in-depth measurements and discussions. Table 10 reports the value of grassland utilization pressure and the results of the ATT between the experiment group and the control group obtained through nearest neighbor matching (k = 1), radius matching (0.01) and kernel matching, which show that the results acquired using the three matching methods are basically the same, indicating that the estimation results are robust. The mean value of the ATT was about −0.03, suggesting that if the e-commerce participants did not participate in e-commerce, the average value of grassland utilization pressure would increase from 0.04 sheep units/Mu to 0.07 sheep units/Mu. This shows that e-commerce participation has a positive effect on reducing the grassland utilization pressure.



The common support domain is a basic test target used to weigh the effectiveness of the PSM method. Different matching methods lead to differences in the common support domain and sample loss. The larger the common support domain, the smaller the probability of sample loss during matching. In this study, three methods, nearest neighbor matching (k = 1), radius matching (0.01) and kernel matching were used to show the matching effect (Figure 3a–c). Only a few observations were not in the common value range, which indicates that the sample loss is small in the matching process and the matching effect is good.



Ulteriorly, this study used a balance test to determine whether the variables become balanced between the control group and the treatment group after matching. The balance test results are shown in Table 11. The value of Pseudo R2 decreases from 0.22 before matching to 0.00~0.08. The value of the LR statistic decreases from 49.78 to 0.43~7.80. The result of the probability value changes from significant to insignificant. The mean deviation decreases from 40.10% to 4.20~18.50%. The median deviation decreases from 33.30% to 2.10~19.90%. In summary, the total errors of the samples after matching are greatly reduced, and the characteristics of the samples between the groups are similar. The balance test is passed.




4.7. Discussion


Whether the e-commerce participation in pastoral areas can solve the contradiction between grassland environmental constraints and the vision of improving the herdsmen well-being is an important issue in the current governance of pastoral areas. Therefore, this study was based on the relationship between e-commerce and grassland utilization pressure in pastoral areas.



In the choice of research methods, previous studies have mainly used the O-Logit model, LPM model, instrumental variable method and PSM model, and the results indicated that e-commerce participation has a positive effect on producers’ green production behavior [9,14,15,16]. However, they only theoretically analyzed the impact of e-commerce participation on the adoption of a certain type of green production behavior, lacking a process of mathematical derivation. Based on the microeconomic theory, we constructed a 2 × 2 matrix model of the grassland utilization strategy and sales mode selection by depicting the characteristics of herdsman production and market behavior. The results show that it is inevitable for herdsman to participate in e-commerce, and it is reasonable for herdsman to reduce the grassland utilization pressure because of the existence of e-commerce. Based on this, we established an empirical model of e-commerce participation and grassland utilization pressure, and there is indeed a positive causal relationship between the two. The joint verification of mathematical derivation and empirical models makes this conclusion more reliable.



In the analysis of the internal mechanism, technology cognition, price expectation, consumer-positive word of mouth and digital literacy are regarded as important mechanism variables of e-commerce participation affecting producers’ green production behavior. Zhang et al. (2022) revealed that technology cognition plays a positive mediating role in e-commerce participation in improving the green production of kiwifruit growers [16]. Wang et al. (2022) believed that e-commerce participation can affect fruit farmers’ implementation of green production behavior by improving agricultural product price expectations and pursuing consumer-positive word of mouth from consumers [17]. Xiong et al. (2024) confirmed that digital literacy can strengthen the constructive impact of e-commerce on the adoption of green production behavior and has a positive moderating effect [86]. Our study combined two methods of the mediation effect and moderation effect to analyze the internal mechanism of e-commerce development affecting herdsmen’s grassland utilization behavior. The results show that e-commerce participation can reduce the grassland utilization pressure through price incentive, reputation incentive and place identity. At the same time, the positive guidance of subjective norms strengthens the effect of e-commerce participation in reducing livestock scale and exerts active influence on maintaining grassland ecology.



In terms of research areas and objects, previous studies have focused on grain growers in Liaoning Province, Hubei Province, Hunan Province and Anhui Province [50,64], as well as fruit farmers in Sichuan Province, Shaanxi Province and Shandong Province [14,15,16,17]. These areas are the major agricultural provinces located in eastern and southern China, where the development of e-commerce has a good foundation and a long time. However, the e-commerce in Inner Mongolia started late and developed slowly, so it has more room for development. Based on the pastoral area, considering the herdsmen whose business scale is constrained by policy regulation, our study discussed the possible path of the spontaneous adjustment of grassland utilization pressure to adapt to grassland productivity with the participation of herdsmen’ e-commerce as the entry point. It is closer to the Chinese reality that the livestock scale of herdsmen is limited, and the increase in operating income is difficult, which is conducive to providing decision support when further considering the economic development of pastoral areas, the prosperity of herdsmen’s lives and the ecological protection of pastures.



The e-commerce sales model includes social e-commerce and platform e-commerce, but the development of e-commerce in the pastoral areas of Inner Mongolia is still in its infancy. In the future, exploring the differences in the production behavior transformation and income effect of different e-commerce models on herdsmen, matching different e-commerce models for herdsmen with different individuals, families, production and external environmental characteristics and upholding the positive role of e-commerce in promoting the transformation of animal husbandry and the increase of herdsmen’s income are the focuses of subsequent research.





5. Conclusions


E-commerce is an important part of the transformation and upgrading of the animal husbandry economy, which is crucial to increasing herdsmen ‘s income and the development of pastoral areas. Both platform e-commerce and social e-commerce have been attempted in Chinese rural areas, expanding the sales channels of animal husbandry products for herdsmen. The economic benefits of e-commerce are obvious, but the ecological benefits of e-commerce have been rarely studied. In China, as an emerging business model, rural e-commerce not only brings opportunities for economic development, but also injects new vitality into environmental protection. The traditional breeding mode has caused a certain degree of damage to the grassland environment. Herdsmen often increase the breeding scale in order to pursue higher yields, which leads to declines in vegetation coverage and forage productivity. However, with the rise of e-commerce, some new breeding technologies have been introduced. For example, varietal improvement can increase the meat production of livestock from the source and reduce the dependence on the expansion of quantity. At the same time, e-commerce provides more channels for the sale of animal products, so that they can be quickly circulated to the city, avoiding the interference and waste of intermediate links, thereby improving the sales efficiency and profit space of herdsmen, and the situation in which herdsmen only rely on scale expansion to increase their income is broken. Therefore, with the further development of e-commerce in pastoral areas, grassland ecological protection will usher in a new breakthrough.



According to these background characteristics, we used survey data of Inner Mongolia, China, to empirically analyze the relationship between herdsmen’s e-commerce participation and grassland utilization pressure. Our findings can provide reference for developing countries to make better use of e-commerce to develop pastoral economies and promote grassland vegetation restoration, as well as offer some new considerations for policy makers to achieve economic and ecological win–win situations through an e-commerce model. The main results show that, first of all, the herdsmen’s e-commerce participation can effectively reduce the grassland utilization pressure. The influence coefficient of e-commerce participation on grassland use pressure dropped to −0.10 after alleviating endogenous problems, and the results are still robust. At the same time, e-commerce participation positively affects the reduction in grassland utilization pressure through the mechanisms of price incentive, reputation incentive and place identity. Secondly, subjective norms play a positive moderation effect on e-commerce participation in reducing grassland utilization pressure. Thirdly, the inhibitory effect of e-commerce participation on grassland use pressure is heterogeneous due to the different policy environments of the herdsmen. Fourthly, in further considering the counterfactual hypothesis, if herdsmen who can participate in e-commerce choose not to do this, their grassland utilization pressure will increase from 0.04 sheep units/Mu to 0.07 sheep units/Mu.



Based on these conclusions, we think that improving the level of herdsmen’s e-commerce participation to reduce grassland utilization pressure should involve paying attention to the following six points. First of all, strengthen the construction of digital infrastructure in pastoral areas, promote and publicize the e-commerce sales model and provide great development conditions and public opinion environments for herdsmen’s e-commerce participation. Secondly, establish an evaluation standard of green livestock products and provide a price incentive for herdsmen to actively protect grasslands by allowing reasonable premiums of green livestock products. Pay attention to the reputation protection of green livestock products and provide public recognition to herdsmen who have achieved remarkable results in grassland ecological maintenance. Establish a grassland ecological appeal and cohesion mechanism to continuously enhance the association of the herdsmen’s identity with the grassland. Thirdly, improve the GECP to strengthen the binding effect of injunctive norms on the grassland utilization strategy and inhibit opportunistic behavior. At the same time, encourage herdsmen to form a social activity circle in line with the social values, use collective collaborative forces to infiltrate the ecological concept of “harmonious coexistence between human and nature” and enhance the guidance and restraint of descriptive norms on herdsmen’s breeding behavior. Fourthly, use policy tools to intensify the construction of e-commerce public service systems and improve the supply of e-commerce supporting facilities in pastoral areas. Integrate animal husbandry production, processing, cold chain logistics, big data platforms and other resources; narrow the differences in e-commerce development conditions between banners; and make e-commerce play a better role in reducing grassland utilization pressure.



Lastly, our research also has some limitations that need to be deeply studied in the future. First, due to the sparse population in pastoral areas, the obtainment of the survey data was relatively difficult, this study only covered 271 sample herdsmen, and only 15% of them participate in e-commerce, which led to empirical results without a large amount of data support and the reliability needing to be further proved. Secondly, the issue of e-commerce discussed in this study is still in the primary stage of development in China’s pastoral areas. So, the participation degree is low, and the participation mode is relatively singular. It is not possible to further carry out research on the pro-environmental behavior under different e-commerce participation modes. Third, the empirical analysis in this study was based solely on cross-sectional data, limiting its ability to capture the dynamic variations and causal links pertaining to the e-commerce participation and grassland utilization pressure. In addition, the sample herdsmen were only from the pastoral areas of Inner Mongolia, China, so representativeness is lacking. Therefore, future research should consider more typical regions such as Qinghai, Tibet and Xinjiang in China when examining the relationship between e-commerce and herdsmen’s grassland utilization strategies to break through the limitations of the quantity and quality of data.
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Figure 1. The research framework. 






Figure 1. The research framework.



[image: Agriculture 14 00690 g001]







[image: Agriculture 14 00690 g002] 





Figure 2. A 2 × 2 matrix model of the grassland utilization strategy and sales mode selection. 
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Figure 3. The common support domain of the PSM method: (a) nearest neighbor matching (k = 1); (b) radius matching (0.01); (c) kernel matching. 
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Table 1. The data of the sample distribution and livestock grazing.






Table 1. The data of the sample distribution and livestock grazing.





	
City

	
Banner

	
Observations

	
Proper Livestock

Carrying Capacity

(Mu/Sheep Units)

	
Average Actual Livestock

Carrying Capacity

(Mu/Sheep Units)






	
Xilinguole

	
Sunitezuo Banner

	
41

	
25

	
18




	
Suniteyou Banner

	
44

	
35

	
22




	
Abaga Banner

	
55

	
30

	
16




	
Dongwuzhumuqin Banner

	
42

	
23

	
14




	
Xiwuzhumuqin Banner

	
54

	
11

	
12




	
Chifeng

	
Keshiketeng Banner

	
35

	
7

	
13








Source: survey data.













 





Table 2. Results of descriptive statistics.
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Types

	
Variables

	
Definition

	
All

Herdsmen

	
E-Commerce

Participation

	
E-Commerce

Nonparticipation




	
Mean

	
S.D. 2

	
Mean

	
S.D.

	
Mean

	
S.D.






	
Dependent variable

	
Grassland

utilization

pressure

	
Ratio of livestock scale to grassland management

(sheep units/Mu)

	
0.01

	
0.14

	
0.04

	
0.02

	
0.11

	
0.15




	
Core

independent variable

	
E-commerce participation

	
1 if herdsmen sell livestock products using online platforms or virtual community; 0 otherwise

	
0.15

	
0.36

	
1

	
0

	
0

	
0




	
E-commerce income

	
Herdsmen’s sales revenue of livestock products obtained through e-commerce participation

(CNY 104 1)

	
1.24

	
4.58

	
8.18

	
9.14

	
0

	
0




	
Mediating Variables

	
Price

incentive

	
You agree that good grassland ecology and forage quality have an important impact on the high quality and price of animal products (completely disagree = 1, comparatively disagree = 2, general = 3, comparatively agree = 4, completely agree = 5)

	
4.47

	
0.93

	
4.88

	
0.56

	
4.40

	
0.97




	
Reputation incentive

	
You agree that the grassland ecological environment with green background is more attractive to online consumers for buying livestock products (completely disagree = 1, comparatively disagree = 2, general = 3, comparatively agree = 4, completely agree = 5)

	
4.06

	
1.28

	
4.81

	
0.40

	
3.93

	
1.34




	
Place

identity

	
You agree that the improvement of grassland ecological environment will improve the quality of production and life (completely disagree = 1, comparatively disagree = 2, general = 3, comparatively agree = 4, completely agree = 5)

	
4.62

	
0.66

	
4.93

	
0.26

	
4.56

	
0.70




	
Moderating Variables

	
Injunctive

norm

	
1 if the relevant government departments check the breeding scale and grassland situations every year; 0 otherwise

	
0.27

	
0.44

	
0.49

	
0.51

	
0.23

	
0.42




	
Descriptive norm

	
1 if social platforms such as WeChat have acquaintances selling livestock products online; 0 otherwise

	
0.63

	
0.48

	
0.46

	
0.51

	
0.66

	
0.47




	
Control

Variables

	
Age

	
Age of household head (years)

	
48.03

	
9.84

	
50.61

	
8.03

	
47.57

	
10.07




	
Education

level

	
The schooling years of

household head (years)

	
8.76

	
3.57

	
8.90

	
4.42

	
8.73

	
3.41




	
Health

status

	
The health status of

household head (years)

(extremely bad = 1, bad = 2, general = 3, good = 4, extremely good = 5)

	
4.77

	
0.63

	
4.10

	
1.16

	
4.89

	
0.38




	
Party

member

	
1 if household head is party member; 0 otherwise

	
0.14

	
0.35

	
0.42

	
0.50

	
0.10

	
0.30




	
Debt

scale

	
Total household debt in the year before survey, taking logarithm

	
2.55

	
1.45

	
2.23

	
1.65

	
2.61

	
1.41




	
Non-grazing income

	
Total household non-grazing income, taking logarithm

	
1.19

	
0.77

	
1.84

	
1.03

	
1.08

	
0.65




	
Proportion of labor force

	
The proportion of labor force engaged in animal husbandry production in the total family population

	
0.70

	
0.21

	
0.71

	
0.22

	
0.70

	
0.21




	
Value of

productive fixed assets

	
The original value of productive fixed assets such as livestock houses, machinery and so on

	
2.55

	
0.83

	
2.58

	
1.01

	
2.55

	
0.80




	
Cost of

forage per sheep

	
The cost of forage per sheep every year (CNY 104)

	
0.04

	
0.11

	
0.07

	
0.22

	
0.04

	
0.08




	
Price

expectation of next year

	
The expectation of livestock price in the next year (significantly reduce = 1, reduce = 2, not change = 3, increase = 4, significantly increase = 5)

	
2.93

	
1.05

	
2.83

	
1.01

	
2.93

	
1.06




	
Gift money

	
Gift-money expenditure

(CNY 104)

	
2.24

	
2.00

	
2.10

	
1.61

	
2.27

	
2.06




	
Technical

training

	
1 if herdsman has participated in animal husbandry technical training; 0 otherwise

	
0.24

	
0.43

	
0.39

	
0.49

	
0.22

	
0.41




	
GECP

subsidy

	
The number of subsidies received by herdsmen to participate in the GECP, taking logarithm

	
1.08

	
0.53

	
1.34

	
0.52

	
1.04

	
0.52




	
Extreme

weather

	
1 if extreme weather has occurred frequently in recent years; 0 otherwise

	
0.64

	
0.48

	
0.85

	
0.36

	
0.60

	
0.49




	
Grouping Variable

	
Rural

e-commerce demonstration county

	
1 if herdsmen come from the banner of China’s rural e-commerce demonstration county project

	
0.65

	
0.48

	
0.83

	
0.38

	
0.62

	
0.49




	
Instrumental Variable

	
The distance of nearest network signal tower

	
The distance between the residence and the nearest network signal tower (km)

	
10.46

	
10.07

	
4.26

	
3.96

	
11.56

	
10.43








1 CNY is the Chinese currency. 2 S.D. refers to standard deviation.













 





Table 3. The input–output features of the sample herdsmen.
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Choices

	
Proportion (%)

	
Livestock

(Sheep Units)

	
Input Factors

	
Output Value




	
Labor

(Person)

	
Capital

(CNY 104)

	
Grassland

(Mu)

	
Sales Price

(CNY/Sheep Units)






	
E-commerce Participation

	
15

	
302.39

	
2.37

	
2.58

	
12,022.56

	
1231.93




	
Non-

participation

	
85

	
442.46

	
2.46

	
2.55

	
6022.87

	
963.97








Source: survey data.













 





Table 4. The results of the baseline estimation.






Table 4. The results of the baseline estimation.





	
Variables

	
OLS

	
2SLS




	
Model 1

	
Model 2

	
Model 3




	
Coefficient

	
Standard

Error

	
Coefficient

	
Standard

Error

	
Coefficient

	
Standard

Error






	
E-commerce

participation

	
−0.077 ***

	
0.010

	
−0.026 **

	
0.012

	
−0.095 **

	
0.048




	
Age

	
-

	
-

	
−0.009 **

	
0.001

	
−0.003 **

	
0.001




	
Education

level

	
-

	
-

	
−0.005 *

	
0.003

	
−0.005 *

	
0.003




	
Health status

	
-

	
-

	
−0.024 *

	
0.013

	
−0.037 **

	
0.019




	
Party members

	
-

	
-

	
−0.037 ***

	
0.013

	
−0.029 *

	
0.015




	
Debt scale

	
-

	
-

	
0.005

	
0.003

	
0.005

	
0.003




	
Non-grazing

income

	
-

	
-

	
−0.036 **

	
0.015

	
−0.033 ***

	
0.013




	
Proportion of labor force

	
-

	
-

	
0.028

	
0.061

	
0.025

	
0.059




	
Value of

productive fixed assets

	
-

	
-

	
0.032

	
0.026

	
0.034

	
0.026




	
Cost of forage

per sheep

	
-

	
-

	
−0.050 *

	
0.029

	
−0.028

	
0.033




	
Price expectation of next year

	
-

	
-

	
0.015 **

	
0.007

	
0.015 **

	
0.007




	
Gift money

	
-

	
-

	
−0.005 **

	
0.002

	
−0.005 **

	
0.002




	
Technical training

	
-

	
-

	
−0.019 **

	
0.010

	
−0.019 *

	
0.010




	
GECP subsidy

	
-

	
-

	
−0.024 **

	
0.011

	
−0.022 **

	
0.011




	
Extreme weather

	
-

	
-

	
−0.032 **

	
0.013

	
−0.029 **

	
0.012




	
Constant

	
0.111 ***

	
0.010

	
0.357 ***

	
0.077

	
0.410 ***

	
0.097




	
R2

	
0.037

	
0.254

	
0.232




	
F value

	
54.290 ***

	
6.623 ***

	
-




	
  DWH     χ   2     test

	
-

	
-

	
86.935 ***




	
Observations

	
271

	
271

	
271








*, ** and *** refer to the significance levels of 10%, 5% and 1%, respectively.













 





Table 5. The 2SLS estimation results of the first stage.
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Variables

	
E-Commerce Participation




	
Coefficient

	
Standard Error






	
The distance of nearest network signal tower

	
−0.011 ***

	
0.002




	
Control variables

	
Yes




	
Constant

	
0.769 **

	
0.322




	
R2

	
0.332




	
F value

	
8.354 ***




	
The F statistic of the joint significance of the instrumental variable

	
34.432 ***








** and *** refer to the significance levels of 5% and 1%, respectively.













 





Table 6. The robustness test results of herdsmen’s e-commerce participation affecting grassland utilization pressure.
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Variables

	
Robustness Test 1

	
Robustness Test 2




	
1% Tail Reduction

Treatment

	
1% Tail Truncation Treatment

	
Substitution Variable:

E-Commerce Income




	
Coefficient

	
Standard

Error

	
Coefficient

	
Standard

Error

	
Coefficient

	
Standard

Error




	
Model 4

	
Model 5

	
Model 6






	
E-commerce

participation

(E-commerce

income)

	
−0.023 ***

	
0.008

	
−0.026 ***

	
0.009

	
−0.012 *

	
0.007




	
Control variables

	
Yes

	
Yes

	
Yes




	
Constant

	
−0.313 **

	
0.062

	
0.297 ***

	
0.063

	
0.550 ***

	
0.169




	
R2

	
0.406

	
0.401

	
0.164




	
F value

	
9.013 ***

	
8.435 ***

	
−




	
Wald     χ   2     test

	
−

	
−

	
53.843 ***




	
Observations

	
271

	
249

	
271








*, ** and *** refer to the significance levels of 10%, 5% and 1%, respectively.













 





Table 7. The results of the mediation effect model of price incentive, reputation incentive and place identity.
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Variables

	
O-Logit Model




	
Price Incentive

	
Reputation Incentive

	
Place Identity




	
Coefficient

	
Standard

Error

	
Coefficient

	
Standard

Error

	
Coefficient

	
Standard

Error




	
Model 7

	
Model 8

	
Model 9






	
E-commerce

participation

	
3.388 ***

	
0.881

	
1.780 ***

	
0.469

	
1.997 ***

	
0.693




	
Control variables

	
Yes

	
Yes

	
Yes




	
Log likelihood

	
−239.807

	
−320.728

	
−200.443

	
0.063

	
0.550 ***

	
0.169




	
  LR     χ   2     test

	
41.800 ***

	
44.270 ***

	
37.500 ***




	
Observations

	
271

	
271

	
271








*** refer to the significance levels of 1%.













 





Table 8. The results of the moderation effect model of subjective norms.
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Variables

	
Grassland Utilization Pressure




	
Coefficient

	
Standard

Error

	
Coefficient

	
Standard

Error

	
Coefficient

	
Standard

Error




	
Model 10

	
Model 11

	
Model 12






	
E-commerce participation

	
−0.026 **

	
0.012

	
−0.025

	
0.015

	
−0.028 **

	
0.012




	
Injunctive norm

	
−

	
−

	
0.077 *

	
0.045

	
−

	




	
E-commerce participation

× injunctive norm

	
−

	
−

	
−0.071 *

	
0.042

	
−

	
−




	
Descriptive norm

	
−

	
−

	
−

	
−

	
0.032 **

	
0.016




	
E-commerce participation

× descriptive norm

	
−

	
−

	
−

	
−

	
−0.049 *

	
0.026




	
Control variables

	
Yes

	
Yes

	
Yes




	
Constant

	
0.696 **

	
0.077

	
0.360 ***

	
0.075

	
0.326 ***

	
0.074




	
R2

	
0.254

	
0.293

	
0.263




	
F value

	
6.623 ***

	
6.505 ***

	
6.001 ***




	
Observations

	
271

	
271

	
271








*, ** and *** refer to the significance levels of 10%, 5% and 1%, respectively.













 





Table 9. The results of the heterogeneity analysis based on different policy environment.






Table 9. The results of the heterogeneity analysis based on different policy environment.





	
Variables

	
E-Commerce

Demonstration County

	
Non-E-Commerce

Demonstration County




	
Coefficient

	
Standard

Error

	
Coefficient

	
Standard

Error




	
Model 13

	
Model 14






	
E-commerce participation

	
−0.021 ***

	
0.007

	
−0.117

	
0.083




	
Control variables

	
Yes

	
Yes




	
Constant

	
0.171 ***

	
0.043

	
0.339

	
0.305




	
R2

	
0.434

	
0.374




	
F value

	
8.897 ***

	
2.707 ***




	
Observations

	
176

	
95








*** refer to the significance levels of 1%.













 





Table 10. The results of the PSM method.






Table 10. The results of the PSM method.





	
Matching Methods

	
Treatment Group

	
Control Group

	
ATT

	
T Value






	
Nearest

Neighbor Matching (K = 1)

	
Model 15

	
0.038

	
0.077

	
−0.038 ***

(0.016)

	
−2.45




	
Radius

Matching (0.01)

	
Model 16

	
0.042

	
0.076

	
−0.034 ***

(0.011)

	
−3.20




	
Kernel

Matching

	
Model 17

	
0.038

	
0.068

	
−0.030 ***

(0.010)

	
−3.03




	
Mean Value

	
0.040

	
0.074

	
−0.034

	
−








*** refer to the significance levels of 1%.













 





Table 11. The results of the balance test after variable matching.






Table 11. The results of the balance test after variable matching.





	Matching

Methods
	Pseudo R2
	LR Statistic
	p Value
	Mean

Deviation
	Median

Deviation





	Before Matching
	0.216
	49.78
	0.00
	40.10
	33.30



	Nearest

Neighbor

Matching (K = 1)
	0.080
	7.80
	0.56
	18.50
	19.90



	Radius

Matching (0.01)
	0.036
	2.80
	0.97
	10.90
	8.10



	Kernel Matching
	0.004
	0.43
	1.00
	4.20
	2.10
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