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Abstract

:

Based on the research perspective of the cooperation risk and opportunistic risk between supply network enterprises, this article investigates the mechanism of how tie strength between manufacturers and suppliers influences risk sharing among enterprises from two dimensions of tie strength: structural strength and relational strength. In particular, we introduce how asymmetry of dependence moderates the relationship between tie strength and risk sharing. We surveyed China’s domestic auto OEMs and their first-tier suppliers in China through 260 questionnaires and used a hierarchical regression model as a research method to carry out the empirical analysis and test. We found an inverted U-shaped relationship between tie strength and risk sharing among enterprises, and asymmetry of dependence has a significant negative adjustment function on relational strength of the tie and risk-sharing relationship, while there is no significant adjustment function on the structural strength of it. Our findings suggest that keeping moderate tie strength among enterprises is conducive to achieving risk sharing. Moreover, trust and reciprocity is inhibitory regarding the adjustment effect of asymmetry of the dependence influencing relational strength and risk-sharing relationship. However, the structural strength and risk-sharing relationship are not interfered with by the adjustment function of asymmetry of dependence; that is, structural strength plays a decisive role in risk sharing.
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1. Introduction


The fundamental motivation of human behavior lies in reducing uncertainty [1]. Besides maximizing profit, how to cope with risk and uncertainties to gain expected profit is a focused issue in supply networks management [2]. Supply failure or delay caused by supply uncertainties is an important source of the risks and uncertainties of supply networks, seriously affecting the implementation of supple chain integration strategy [3]. Under the background of the rapid development of outsourcing, globalization and information technology, the interdependence of resources, along with information and technology among enterprises in the upstream supply network, have increasingly stimulated cooperation. On the contrary, not only does the difference exist between interests and business objectives of member enterprises, so do the conflicts present between the goals and interests of individual enterprises and the overall goals and interests of cooperative enterprises and supply networks. It is evident that opportunistic behaviors and adaptive problems constitute a crucial contracting barrier [4], giving rise to the supply uncertainties of raw materials, products and services of supply networks. Existing literature emphasizes the risk-sharing mechanism of cost-sharing and pooling-of-interest formed by prior contracts among subjects, through stimulating the effort level and coordinating supply chains to reduce or eliminate risks and uncertainties [5]. In the context of competition and cooperation among enterprises, the design and execution of contracts affect the depth of cooperation and the efficiency of risk sharing [6]. More importantly, the bounded rationality of the trading subject that causes incomplete contracts is an important factor, leading to cooperation risks and opportunistic behaviors. In order to cover the shortage of formal contracts, establishing relationship governance mechanisms through a series of relational contracts among enterprises is effective to promote the fulfillment of cooperation obligation and commitment to reduce cooperation risks and curb opportunistic behaviors [7].



As a significant mechanism of the cooperation of supply networks, risk sharing optimizes resource allocation between upstream and downstream enterprises [8], changes risk distribution of supply networks [9], stimulates the enterprise effort level [10], and reduces or eliminates risks and uncertainties through cooperation. Existing literature points out that tie strength, an essential dimension of relation embedded features [11] plays a significant role in rational and effective risk-sharing mechanism [12]. However, in the supply network contained by manufactures and suppliers, the current research lacks a clear understanding of how to operate the risk-sharing mechanism effectively and act on risk sharing by connecting manufacturers and suppliers. The existing studies mostly discuss the mechanism of tie strength from the perspective of technological innovation and corporate performance. A weak tie represents a loose, sparse cooperative relationship and plays a role as information bridge, which is beneficial for enterprises to understand market information and technological development trends [13,14]. Through long-term trading and interaction, a strong tie represents a cooperative relationship based on trust and reciprocity among supply chain companies, and it is conducive to reducing transaction cost and promoting optimize allocation and the combination of existing and undeveloped resources [15]. However, in the manufacturer-supplier connection relationship, the weak tie and the strong tie account for only a small share while market transaction tie takes the largest proportion. A large number of products, services, etc. required by enterprises are exchanged through a short-term, loose market transaction tie [16]. Additionally, when the embeddedness reaches a certain threshold in the supply network, enterprises will rely excessively on a strong tie, exaggerating trust among enterprises, reciprocal commitments and information sharing relationships [17]. This research defines the connection relationship among enterprises as an over-embedded tie. Diverse embedding intensity of social relationship will lead to different trading features of tie strength among enterprises. Network theory suggests that the embeddedness changes economic behaviors and motivation of the business entity, allowing enterprises to deviate from a narrow self-interest motive and develop a long-term relationship of trust and reciprocity. On the basis of existing theoretical arguments and empirical findings, this paper discusses the status and features of risk sharing under different tie strength from the perspective of bilateral ties between manufactures and suppliers in tie strength and analyzes the mechanism of tie strength on risk sharing.



According to the resource dependence theory, collaboration between enterprises is the strategic behavior of the entity for the purpose of obtaining external resources which constitute the dependence of the entity on an external environment (suppliers, manufacturers, customers, etc.). When the asymmetry of dependence occurs, different companies will have different relative powers. Enterprises with less dependence may use their power to exert influence on the other party [18]. Therefore, what tie strength measures is the strength of cohesion and relationship between both trading parties while asymmetry of dependence represents the degree of balance of the connections between companies. Both reflect various dimensions of a relationship between companies. Under the given tie strength, relative dependence among enterprises may have heterogeneity. Hence, the asymmetry of dependence is a critical element influencing the connection among enterprises. On the foundation of analyzing the mechanism of tie strength on risk sharing, this article introduces the asymmetry of dependence as a moderator into the hypothetical relation model of tie strength and risk sharing, investigating the mechanism of the interaction between asymmetry of dependence and tie strength on risk sharing.




2. The Theoretical Analysis and Research Hypothesis


Risk and uncertainty are important driving factors of supply chain collaboration [19]. Under the assumption of complete rationality, risk sharing is a static distribution process of cost sharing and profit sharing when establishing a transaction relationship, and enterprises will define the risk sharing ratio and rights and obligations by means of contract design. Conversely, under the condition that the entity has limited rationality, enterprises can neither fully identify risks and uncertainties in the operation and transaction process, nor clearly define the right and responsibility under various probabilistic states in the contract, leading incomplete contracts to leave space for opportunistic behaviors. Accordingly, under the condition of risks and uncertainties, the reasonable and effective risk sharing among enterprises, a dynamic and complex process, depends not only on clear terms and cooperation procedures through formal contracts, but also on mutual cooperation based on trust and reciprocity in the transaction process. Based on the above analysis and the necessity of the research, this paper defines the tie strength, the strength of upstream and downstream enterprise connection relationships, from two dimensions—structural strength and relational strength [20,21]. In the practice of a supply network, the workflow and interface formed by manufacturers and suppliers through long-term transactions constitute the rules and norms of inter-firm interaction [22,23], which is conducive to the transmission of information and the joint solution of problems [24]. The operation interface between organizations, which acts as the contact point for collaboration between supply networks, plays an important supporting role in risk sharing. Structural strength is used to describe the position of supply chain companies in the supply chain network and the number and quality of connected member companies [25]. This paper defines the structural strength of the tie as the frequency of communication and delivery between upstream and downstream enterprises, the degree of tightness of cooperation, the multiplicity, etc., which reflects the effectiveness of the inter-firm transaction interface and the efficiency of the transaction behavior in the supply network [26]. The higher the risk and uncertainty, the more significant the promoting impact of trust on collaboration among enterprises [27]. Therefore, trust, reciprocity and other factors constitute the basis of the effective operation of the risk-sharing mechanism [28]. Trust and reciprocity are the key indices to measure the relational strength of the tie [29], so the relational strength is an important variable to affect the risk sharing and reflect the motivation of resource exchange and collaboration between the two sides.



The varying degree of embeddedness enables the intensity of mutual trust, information sharing, and joint resolution to be different [30]. The strong tie formed by long-term continuous transactions among enterprises has a basis of trust [21], and has characteristics of high structural strength and high relational strength when reciprocal exchange and cooperation in frequent communication and transactions occur [31]. At the same time, enterprises also tend to seek new resources widely, such as acquiring new information and new technologies by the weak tie or establishing short-term and medium-term market transaction tie by competitive bidding or other forms to obtain the necessary resources. There is no need for enterprises with market transaction ties and weak ties to build a close relationship or even a complex and formal contract or cooperation mechanism. Hence, it’s hard for the short-term, competitive market transaction tie to form trust and reciprocity. As a result, market transaction tie has characteristics of low structural strength and low relational strength. The over-embeddedness of social relationships by enterprises leads enterprises to overly rely on a strong tie [14], and exaggerate the trust, reciprocal commitments and information allocation relationships among enterprises. The over-embedded tie has characteristics of exorbitant structural strength and exorbitant relational strength. In the supply network, the tie strength not only reflects the nature of different types of connection relationships, but also reflects the flow mode of information and resources of both parties, having a restrictive function on execution of contracts and risk sharing among manufacturers and suppliers. Among the four types of contact (i.e., strong tie, weak tie, market transaction tie, and over-embedded tie), there is only a small amount of or no tie among enterprises with a weak tie, which has little capability of forming a virtual risk-sharing relationship. Therefore, from two dimensions—structural strength and relational strength—this paper focuses on the characteristics of the three types of tie strength (market transaction tie, strong tie, and over-embedded tie) and the mechanism on risk sharing among manufacturers and suppliers.



2.1. The Structural Strength of Tie and Risk Sharing


Through competitive bidding, multi-sourcing, and dual-source procurements, manufacturers form a market transaction tie with multiple suppliers by employing short-term and medium-term contracts, which lead to a variety of alternative connection paths between the manufacturer and the supplier base. Manufacturers only select and change the supplier based on quotation, supply, etc., and market transaction tie has short-lived, flexible characteristics. Therefore, in the market transaction tie, which depends on the stylized transaction process, enterprises pay attention to the stable flow of products and raw materials instead of the development of long-term transaction tie between enterprises, according to the contract terms. Hence, for the purpose of profiting from short-term transactions, a stylized transaction process cannot promote frequent communication and close cooperation between enterprises, which is not conducive to the formation of a risk-sharing mechanism among enterprises.



By contrast, through long-term transactions and interactions, manufacturers and suppliers with strong tie form operational interface and resource management system between enterprises. Complex, highly integrated processes facilitate the joint planning and control of resources [32], reducing ambiguity and improving efficiency [33]. The close relationship between upstream and downstream enterprises in the supply chain can encourage suppliers or customers to have the motivation to share knowledge and information with enterprises [34]. Close and stable cooperative relations make it easier for companies to obtain customer information and technical information that are difficult to obtain by traditional methods [35]. Frequent communication, close interaction, and multi-project cooperation allow the two parties to obtain more cooperation opportunities. The system and institutional arrangement of cooperation can promote the combination and optimal allocation of resources, realizing the value and rent included in the resource combination through inter-enterprise operating activities [22]. Structural strength provides a context that aids adaptive collaborative behavior by companies that are part of the supply network [36]. Therefore, the structural strength of strong tie plays a vital role on the risk sharing among enterprises, allowing both parties to be more likely to identify and use potentially valuable resources, change the risk distribution of supply network, suppress cooperation risks and opportunistic risks, and achieve effective and reasonable risk sharing.



In an over-embedded tie, the proprietary language and workflow which result from long-term interactions between manufacturers and suppliers, and the capital costs of transaction-specific investment, cause the profit that can only be realized if the transaction relationship persists. Excessively frequent contacts have formed high-level ties and too tight relationships between companies [17], restricting the selection of trading partners and changes in trading behaviors and forming a company contracting relationship. As transactions in networks are limited to specific trading partners, the homogeneity of the network hinders the inflow of new technologies and new information [37], reducing approaches of obtaining non-redundant information and new opportunities. In this way, the relatively closed and redundant information circle of the supply network causes the locking of the enterprise’s functions and perceptions [38], leading to the loss of cooperation adaptability and flexibility [39]. Therefore, excessively high structural strength in an over-embedded tie leads to a decrease in the openness and flexibility of the cooperative relationship, and it is difficult to form effective risk sharing among enterprises. Based on the arguments above, we propose that:



Hypothesis 1.

There is an inverted U-shaped nonlinear relationship between the structural strength of the tie and the risk sharing between manufacturers and suppliers.






2.2. The Relational Strength of Tie and Risk Allocation


The transient and flexible competition and cooperation relationship in the market transaction tie makes it difficult for both parties to form a high level of trust and reciprocity through limited transaction history. On one hand, in the transaction process, the lower relational strength leads to the formation of false expectation and misunderstanding of the other party’s intentions, resulting in unnecessary suspicion and opportunistic behaviors and hindering the company’s risk-sharing behaviors. On the other hand, due to a low degree of trust existing among enterprises, both parties tend to be risk aversive and vigilance with less willingness of sharing risks [40]. Therefore, in market transactions, the lower relational strength is not beneficial for the formation of effective risk-sharing mechanism among enterprises.



Trust, friendship, respect, and reciprocity among enterprises are crucial for risk sharing [41]. With a strong tie, companies have formed a high degree of trust and reciprocity through a good transaction history, which is profitable to the cooperative parties on more efficient resource allocation [42], the transfer of complex and tacit knowledge [43], raising the willingness of the subject to share risks [40], and solving problems together. Relational strength shifts a partner’s attitude from selfishness to trust and reduces the risk of opportunistic behavior during the cooperation [44,45]. In addition, trust and reciprocity can stimulate the effort level of the entity, increase the willingness of the company to cooperate outside the contract terms, and reduce the transaction costs of negotiation and supervision between the parties [46,47]. Finally, trust and the willingness of the entity to share risks are closely related [48]. A high level of trust increases the willingness of companies to share risks and mitigate conflicts and contradiction. Therefore, a strong tie based on trust and reciprocity can prompt enterprises to integrate and use resources for creative cooperation [49], through which companies jointly solve problems and disputes, reduce transaction costs, and form effective risk-sharing mechanisms. As a result, in a strong tie, the stability and efficiency of both parties’ risk sharing are higher than the risk-sharing mechanism under the market transaction tie.



In the process of long-term historical transactions, enterprises establish social relationship through mutual communication, mutual trust and shared values [50]. When the embeddedness of social relations exceeds a certain threshold, enterprises excessively rely on strong tie, overstating trust, reciprocity and information sharing relationship [51]. In the over-embedded tie, the entity holds the belief that the partner will take actions that have positive effects on them [52,53], and exhibit less supervision of improper conduct. In this way, due to the reduced supervision level, enterprises cannot objectively understand the recession of performance and detection of deceit. Under the cover of social relations, the other party may form a systematic deception method [54], such as slowing down the information transfer process, affecting the exchange of complex knowledge and resources [55], or increasing the risk of cooperation and opportunism. Trust is closely linked to the willingness of risk sharing, and when one side overly trusts the other, it essentially gives the other party opportunities to change the motivation of opportunistic behaviors to action [56]. Opportunism would increase if good business practices to foster trust as recommended are not adopted as stipulated in the listed factors and vice versa [57]. Secondly, the strong reciprocity mode enables the enterprise to undertake additional and unnecessary obligations, promising the non-optimal allocation of resources and risk-sharing ratio [58]. In this case, a high level of social capital in the over-embedded tie causes the high relational strength of tie, making the cooperation depart from the risk-sharing principle based on the efficiency and fairness and increasing the cooperation risk and opportunism risk, which is not conducive to forming a reasonable and effective risk sharing. Hence, this paper proposes Hypothesis 2.



Hypothesis 2.

There is an inverted U-shaped nonlinear relationship between the relational strength of the tie and the risk sharing between manufacturers and suppliers.






2.3. Adjustment Function of the Asymmetry of Dependence


In practice, the asymmetry of dependence is prevalent in the connection relationships between manufacturers and suppliers, and the interdependence of symmetry is difficult to achieve. Especially in developing countries, as the majority of enterprises in these countries are more dependent on the other members in supply chains, though they contribute greatly to their economies [59]. This is because specific assets are asymmetric. For example, if a supplier wants to establish a trading relationship with a manufacturer, the supplier must invest in specific assets to meet the other party’s technical requirements and governance standards, and the investment proportion of specific assets is usually higher than that of the manufacturer. This causes the initial cost and the exit cost of the supplier to be significantly higher than the manufacturer, and the relative dependence on the manufacturer to be relatively high. Another reason is that information is asymmetric. The different resource positions of manufacturers and suppliers in the supply chain determine the asymmetry of information among enterprises. Generally speaking, manufacturers are more likely to obtain demand information in the downstream market while suppliers have more supply information of intermediate products and raw materials. when establishing and continuing transaction relationships, enterprises form an expectation of future events based on information, making trading decisions. The expectation bias produced by the asymmetry of dependence directly affects the trust and reciprocity between manufacturers and suppliers, as well as the depth and scope of resource and information exchange and integration [60], ultimately affecting the risk sharing among enterprises. Therefore, this study introduces the asymmetry of dependence as an important regulatory variable from the two dimensions of tie strength (i.e., relational strength and structural strength), and analyze the effect mechanism of the interaction between the asymmetry of dependence and tie strength on risk sharing.



	(1)

	
Structural strength







In the supply network, companies break the restriction of borders by establishing cooperative relationships and obtaining external resources more effectively. In this process, based on the characteristics of their resource and the dependence on external resources, companies integrate their complementary resources by developing their relationships with other member companies [61]. Mitsuhashi and Greve [62] believe that in the case of mutual dependence symmetry, if the resources of both parties have a high degree of complementarity and compatibility, companies tend to configure and exchange resources through collaborative cooperation. However, in the case of the asymmetry of dependence, the dominant party who has mastered key resources will anticipate less reception of transaction payments, thereby controlling the weaker parties and taking opportunistic behaviors to maintain their power status; the weak parties will be forced by the other party’s power advantage to accept requirements in the process of cooperation, being in a passive position of relying on superiority and being easily controlled [63]. Moreover, the higher the level of asymmetry, the greater the possibility of opportunism [64]. In market transaction tie, the knowledge system with low complementarity between enterprises and highly inconsistence results in the inability of both parties to effectively identify each other’s useful resources to optimize the resource mix [65], and stylized inter-enterprise transaction processes and interfaces also lack active promotion of the exchange, absorption, and assimilation of resources (knowledge, information, etc.) This will greatly reduce the opportunities for both parties to form a resource portfolio, hinder interaction and operational efficiency, and reduce the potency for risk sharing between both parties.



Although companies with strong tie can rely on complex and highly integrated workflows and interfaces to achieve the transfer and integration of resources, in the case of the asymmetry of dependence, the dominant parties will have a negative attitude toward resource exchange and transfer due to resource spillover effects [63]. Compared with resource-dominant parties, disadvantaged parties will seek the exchange and optimization of resources to reconstruct the dependencies among enterprises. This behavior leads the dominant parties to refuse to form a long-term alliance with the disadvantaged in order to maintain its dominant position. The disadvantaged parties also think that they are unable to benefit from the transaction in the future, but they will form excessive dependence on specific trading partners and also hesitate to establish cooperation with the dominant parties [66]. In this case, the frequency of communication, the transaction between enterprises, and the tightness and multiplicity of cooperation are all degraded, which is not conducive to the formation of risk-sharing cooperative behavior among enterprises. Furthermore, compared with resource-disadvantaged parties, the incentives for sharing and transmitting information by the dominant parties are weak [67], resulting in the failure of forming effective information flow in the supply network and reducing the frequency and efficiency of enterprise communications, which is not conducive to effective negotiation and joint solution of problems through information exchange.



As a result, enterprises have not been able to make full use of collaborative operational processes and interfaces and cannot achieve communication under multiple cooperation. Therefore, in the case of the asymmetry of dependence, it is difficult for enterprises with strong tie to form mutually satisfactory exchange relationships, which is not conducive to effective risk sharing.



In the over-embedded tie, the lock of the relationship leads both parties to relying on each other’s enterprises to provide key resources and information, and the long-term repeated cooperation forms the rigidity of the relations between the enterprises. The difference in relative dependence leads to the unequal power of corporate subjects. Under such condition, the dominant parties will not have the same incentives as the disadvantaged parties to exchange information and exchange resources. The resulting barriers of exchanging information result in the lack of domain consensus for both parties, increasing the frequency of conflicting behaviors between both parties [68] and constituting an important obstacle to successful negotiation. Secondly, during the transaction process, companies with different powers have different interest demands and goals, for which the dominant side tends to reach an agreement that is beneficial to itself while the weaker side hopes to obtain reasonable benefits through negotiation. This leads to a complicated process of bargaining, so that both parties have more high transaction costs [69,70].Therefore, in the case of the asymmetry of dependence, although companies rely on the cooperation process and interface formed by long-term historical transactions to achieve a stable flow of resources, unequal power hinders effective negotiation and jointly solving problems among enterprises, which is detrimental to the resolution of conflicts and reduction of the transaction frequency [67]. In the over-embedded tie, because the two parties cannot cooperate constructively, the ability of the enterprise to respond to risks and uncertainties is reduced, which is difficult to form effective risk sharing. Therefore, this paper proposes Hypothesis 3.



Hypothesis 3.

The inverted U-shaped relationship between structural strength and risk sharing is stronger when the level of the asymmetry of dependence between manufacturers and suppliers is high.





	(2)

	
Relational strength







Equity is the subject’s psychological perception of whether decisions, processes, and outcomes are reasonable and fair. Fairness perception affects trust and reciprocity between subjects [71], constituting the motivation of subjective risk-sharing behavior, which then influences the dynamics of transactions [72]. In the supply network, the degree of resource dependence and the importance of resources play a decisive role in the distribution of power among enterprises. Compared with the dominant side, the disadvantaged side is in a vulnerable position and more sensitive to fair payment. In the market transaction tie, the connection relationship between enterprises has an indifferent and loose characteristic, leading to the fact that the companies do not have the expectation of continuous trading. Both parties are risk-averse and will always be vigilant in cooperation risks and opportunistic behaviors in the process of cooperation [73]. The asymmetry of dependence has further intensified this tendency, resulting in enterprises being more sensitive to the fairness perception of cooperation process and income distribution. At the same time, the weak trust and reciprocity between enterprises have been greatly reduced, further inhibiting both parties’ risk sharing and motivation. Therefore, it is difficult for enterprises with market-related transactions to form an effective risk-sharing mechanism.



Due to the asymmetry of information, even in a strong tie, companies do not have the ability to accurately estimate fairness. In this way, companies will not be able to perceive the deviations of partners from contracts and reciprocity obligations, and then supervise and verify information and hidden misconduct. When the asymmetry of dependence exists, the dominant side has the advantages of resources and power. The disadvantaged side will realize that they are vulnerable to control and unable to counterattack. Therefore, the disadvantaged side will be more likely to have the perception of the other party taking opportunistic behaviors [74]. In order to protect one’s own interests, the disadvantaged side will require greater decision participation and control in the decision process and distribution results, which will result in both parties tangling the quasi-rent bargaining and increasing transaction costs. Therefore, the asymmetry of dependence will weaken trust and reciprocity among supply network enterprises, increase the conflict level among manufacturers and suppliers, and reduce the level and efficiency of risk sharing among enterprises.



In the over-embedded tie, enterprises excessively exaggerate the relationship of trust, reciprocity, and information sharing, resulting in social rationality of both parties of the transaction surpassing economic rationality and restricting the transaction behaviors of the subject of the enterprise. Over-embeddedness of social relationships leads enterprises to excessively exaggerate their trust and make irrational commitments, reduce supervision of misconduct and assume additional and unnecessary obligations. This provides an opportunity for cooperative companies to take opportunistic behaviors to invade the interests of the other company [54,69]. At the same time, under the over-embedded tie, the dominant side also relies on the disadvantaged side which can provide key resources, due to which the disadvantaged also has power [67], and may take opportunistic behaviors for self-interest motives. In this case, the asymmetry of dependence will lead companies to be more sensitive and nervous to distribution fairness and process fairness [75] and to be easy to perceive each other’s opportunistic behaviors and thus raise the conflict level between both parties. As a result, in over-embedded tie, the asymmetry of dependence reduces trust and reciprocity among enterprises [76], further changing the behavioral tendency of corporate entities, and suppressing the effectiveness of risk-sharing mechanisms among enterprises. This paper proposes the following assumptions.



Hypothesis 4.

The inverted U-shaped relationship between relational strength and risk sharing is stronger when the level of the asymmetry of dependence between manufacturers and suppliers is high.





Based on the above hypotheses, this study proposes the following Figure 1:





3. Research Design


3.1. Data Source and Sample Selection


We surveyed China’s domestic auto OEMs and their first-tier suppliers in China between July 2018 and December 2018. A total of 260 questionnaires were distributed through e-mails and telephone interviews. Under group members’ communication with the surveyed company on site or by phone, the surveyed company’s procurement or related person in charge filled the questionnaire. Due to the large number of first-tier suppliers of vehicle manufacturers, the procurement managers could not provide feedback one by one. In order to comprehensively collect the evaluation data of the risk-sharing relationship between manufacturers and suppliers, 230 questionnaires were sent to the first-tier supplier companies, including 166 retrieved valid questionnaires, meaning that the effective recovery rate was 72%; 30 questionnaires were issued to vehicle manufacturers and its purchasing person in charge and the research group mutually agreed to select 30 suppliers in which its purchasing director will fill in questionnaires on the risk-sharing relationship between the two parties. These 30 questionnaires were all recovered and the effective recovery rate was 100%.



For survey biases that may exist through questionnaire surveys, this paper conducted non-response bias t-test on the number of employees, annual sales revenue and relationship duration between enterprises that give feedback and those that do not (number of employees: t = 2.46, p = 0.17; annual sales revenue: t = 1.51, p = 0.19; contact duration t = −1.43, p = 0.11).The results were not significant (p > 0.10), indicating that there was no significant difference between the samples, and the non-response bias had little effect on subsequent studies. At the same time, in order to test the common method bias, this paper used single factor test to estimate the severity of the common method bias and the test results showed that the most important single factor explained 18.35% of the total variance, which means that common method bias is not a main issue in this study.




3.2. Variable Measurement and Inspection


This survey questionnaire includes 4 indicators: risk sharing, relational strength, structural strength and relative dependence. There were a total of 28 survey items in the survey, and we used the Likert 6-point scale (1 = completely disagree to 6 = fully agree). This paper selects a six-point scale to eliminate the median and improve the surface validity of the metric. This survey requires the participants to make judgments on the risk-sharing situation of the two parties, the transactions of both parties and the frequency of communication based on their purchasing and risk management experience. In order to ensure the initial reliability and content validity, this paper constructs 28 survey items to measure the corresponding indicator variables pre-tested by scholars and practitioners to ensure the validity and credibility of the questionnaire design. At the same time, through the pre-test of the questionnaires of the purchasing managers and relevant managers of the companies in question, the survey items are continuously adjusted and improved to ensure the validity of the samples in the formal survey. In this paper, the questionnaire data samples of 30 tier-one supplier relationships feedback from vehicle manufacturers are cross-tested with the questionnaire data feedback from the 30 suppliers, showing that there is no significant difference in the feedback values of the two questionnaires, reflecting high correlation (t = −1.54; correlation coefficient = 0.82). Therefore, the following empirical part takes the 166 questionnaire data feedback from the supplier companies as a sample to analyze the mechanism of the tie strength on risk sharing. The descriptive statistics of the sample are shown in Appendix A.



(1) Dependent variable—risk sharing. Referring to the research results of existing literature on risk sharing, this paper combines the characteristics of manufacturer supplier relationships in the supply chain, selecting key factors for questionnaire design. It should be pointed out that respondents’ perceptions (subjectivity) regarding risk sharing is not an objective measurement, but a subjective one, whose maturity still needs to be further verified. The risk-sharing scale includes three aspects: rationality, matching, and effectiveness [12]. According to the theory of risk efficiency, one of the principles of risk sharing is that the party who has the ability to control the risk should bear the risk. Then the rationality is used to measure whether the risk sharing of the enterprise follows this principle. Because both parties have heterogeneous resources endowments and bargaining powers, the risks shared by the disadvantaged may not match the obtained gains, suffering losses in the transactions, and the parties with higher bargaining powers obtain all the surpluses. So the measure of risk sharing and gains by the companies is measured by the degree of matching. Whether the manufacturer-supplier partnership has improved the ability and effectiveness of the two sides to jointly negotiate and solve problems, and whether it reduces the cost of risk management and the total economic cost of risk sharing, reflect the effectiveness of the risk-sharing relationship. In this paper, an exploratory factor analysis of the risk-sharing scale is performed, showing that the scale Cronbach’s value is 0.82, which has good reliability, the variance contribution rate is 67.29%, and the KMO value is 0.795, meaning that the data is suitable for factor analysis (as shown in Table 1).



(2) Independent variable—tie strength. This paper measures the tie strength from two dimensions–structural strength and relational strength. The measurement of structural strength uses the relevant indicators of the strengths of existing research linkage relationships: tie frequency, cooperative intimacy, and multiplicity [24]. The tie frequency between manufacturers and suppliers is measured by the number of contacts between companies in different ways (telephone contact, written contact, face-to-face communication, delivery); cooperative intimacy refers to the degree of mutual trust and cooperation between the two parties based on a good transaction history. Multiplicity is measured by the scope and number of partnerships (e.g., joint projects, joint research and development, etc.). As for the relational strength of the tie, the questionnaire involves factors such as reciprocity, equal consultation, and trustworthiness of the two parties’ cooperative relationships. In this paper, an exploratory factor analysis is performed on the tie strength scale, showing that the Cronbach’s α value of the structural strength scale of tie is 0.82, and the Cronbach’s α value of the relational strength scale of tie is 0.79, which has a good reliability and the cumulative variance contribution rate is 62.17%; the KMO value of the structural strength scale of tie is 0.657, and the KMO value of the relational strength scale of tie is 0.719 (as shown in Table 2). All greater than 0.5, indicating that the data is suitable for factor analysis.



(3) Moderator variable—the asymmetry of dependence. This paper only focuses on the degree of the asymmetry of dependence, without considering the direction of dependence. Therefore, in order to measure the degreqe of the asymmetry of dependence between the two parties, the asymmetry of dependence is defined as the difference between manufacturer’ and suppliers’ relative dependence on each other, |DS–DM| [60]. For the relative dependence of manufacturers and suppliers, this paper only proceeds from the mutually dependent state attributes as a function of the importance of resources and the availability of alternative resources. In terms of setting up questionnaires, referring to the existing research conclusions, there are four aspect: the importance of transactions, the degree of investment in special-purpose assets, transaction concentration, and transaction substitutability measuring the relative dependence of manufacturers and suppliers. Then, the asymmetry of dependence can be measured through taking difference on the relative dependence of manufacturers and suppliers and using the Likert 6-point scale, which is divided into 6 levels from 6 points to 1 point.



This paper conducts exploratory factor analysis, showing that the hidden variables such as the relative dependence degree of supply DS and the manufacturer’s relative dependence degree DM jointly explain 70% of the data variation. Three of the 12 items with two-factor load are rejected and then the reliability test is performed on the remaining scales. The results show that the supplier’s relative dependence metric Cronbach’s α value is 0.76, the manufacturer’s relative dependency scale Cronbach’s α value is 0.81, and the cumulative variance contribution rate is 71.59%. After culling, the correlation coefficient between the two scales is 0.146 (p < 0.01), indicating that scales have good discriminant validity (as shown in Table 3).



(4) Control variables. The characteristics of the interviewed companies and the characteristics of the industry they belong to may have false effects on risk sharing affecting the accuracy of the research findings. In order to reduce the impact of false effects, this paper draws on relevant literature, selecting the enterprise scale, the relationship duration and the industry of the supplier enterprise as the control variables. Among them, the enterprise scale is calculated based on annual sales revenue and the natural logarithm of the number of full-time employees, and the relationship duration is the duration of the transaction.




3.3. Empirical Model


For the assumptions to be verified, the empirical model of this paper is set to the following form.


  Model   1   Y =  β 1   X S  +  β 2   X S 2  +  β 3  Z +  β 4   X S  Z +  β 5   X S 2  Z +  C 0   










  Model   2   Y =  β 1   X R  +  β 2   X R 2  +  β 3  Z +  β 4   X R  Z +  β 5   X R 2  Z +  C 0   











Among them, XS and XR in Models 1 and 2 respectively represent the structural strength and the relational strength, and Z represents the asymmetry of dependence. This paper uses a hierarchical regression model as a research method to analyze the linear interaction of the square of tie strength and risk sharing. The dependent variable, risk sharing, the independent variables, structural strength and relational strength, and the moderator variable, the asymmetry of dependence, are continuous variables composed of factor scores which leads this paper to adopting a multivariate linear model for regression analysis. In order to test the regulatory effect of the asymmetry of dependence, this paper also respectively constructs interaction terms that rely on the asymmetry of dependence and structural strength (XS) in the two models, interaction terms that rely on the asymmetry of dependence and squared term    X S 2    of structural strength, interaction terms that rely on the asymmetry of dependence and relational strength(XR), interaction terms that rely on the asymmetry of dependence and squared term    X R 2    of relational strength, using the hierarchical regression analytical test the curve effect of the independent variable on the risk-sharing Y, and the interaction with the asymmetry of dependence.





4. Empirical Test and Result Analysis


Before analyzing the relationship between variables, the paper examines the correlations between the variables, the average, standard deviation and correlation coefficient of each major variable shown in Table 4. Among them, there are significant correlations between the risk sharing and control variables such as trading relationship duration and industry, and the correlation coefficients are 0.23 and 0.21, respectively. There is a significant positive correlation between risk sharing and structural strength and relational strength. The correlation coefficients are 0.25, 0.49, but there is no significant linear correlation between risk sharing and the asymmetry of dependence. At the same time, there is no significant correlation between enterprise scale and structural strength; there is a significant correlation between the relationship duration and the relational strength, and there is no significant correlation between the relationship duration and the structural strength. In addition, the analysis results of variance inflation factor (VIF) show that the variance inflation factor of a single variable is between 1.09 and 1.66, and the mean value of the variance inflation factor of all variables is 1.336, less than 2, so there is no significant multicollinearity.



4.1. Hypothetical Test


In order to reduce and eliminate the potential multiple collinearity problems, the mean centralization of variables is studied. Then, this paper performs hierarchical regression analysis on the two models based on six steps. First, the control variables are entered into the model to control the influence of the mixed factors; in the second and third steps, the linear term X and squared term X2 of the single dimension of tie strength are entered into the model to test its influence on the explanatory power of the equation; in the fourth and fifth steps, the asymmetry of dependence is entered as the linear independent variable z and the interaction term XZ of tie strength; the sixth step is to add the squared linear term X2Z into the model to test whether the inverted U-shaped relationship between tie strength and risk sharing will change due to the asymmetry of dependence.



The regression analysis results of Model 1 are shown in Table 5. In order to test Hypothesis 1 and to explore the relationship between structural strength and risk sharing, this paper adds control variables in the first step of Model 1 to eliminate the influence of mixed factors. The second step is to add a linear term of structural strength to investigate the main effect of structural strength Table 5 (S2), showing that there is a significant positive correlation between risk allocation and structural strength (0.23, p < 0.05), meaning that structural strength has a role in risk sharing that will promote as the structural strength increases. However, as mentioned above, only considering the linear relationship between the structural strength of tie and the risk sharing will be one-sided, so this paper adds the squared terms of the structural strength in the third step of the model Table 5 (S3) in which the data show there is a significant inverted U-shaped relationship between the structural strength of tie and the risk sharing. Meanwhile, the overall explanatory power of the model is enhanced with the increase of R2. The coefficient of the linear term XS of the structural strength is significantly positive, and the coefficient of the squared term    X S 2    of the structural strength is significantly negative (−0.29, p < 0.01), indicating that there is an inverted U-shaped nonlinear trend in risk sharing as the structural strength increases. Hypothesis 1 is verified. However, considering that the increase of R2 is not obvious, this result indicates that the explanatory power of the overall explanatory variable for risk sharing is not enough, and there may be more potential explanatory variables that need to be included in the model.



Further, hierarchical regression is used to analyze the regulatory effects of the asymmetry of dependence. In the fourth step of Model 1, the main effects of the asymmetry of dependence are added Table 5 (S4) and the data show that there is no significant correlation between the asymmetry of dependence and risk sharing, meaning that the asymmetry of dependence does not directly affect risk sharing. In the fifth step, the results of S5 show that the interaction between structural strength and the asymmetry of dependence is not significant (−0.05, p < 0.10), meaning that the asymmetry of dependence has no significant regulatory effect on the relationship between structural strength and risk sharing. In the sixth step, the data of s6 do not show that there is significant interaction between the squared term of the structural strength and the asymmetry of dependence, but they may suggest an inverted U-shaped relationship between risk sharing and relational tie strength, however more empirical evidence is needed to confirm or reject Hypothesis 3, and in further researches more variables should be included in the analysis.



In Model 2, the first step is to add the control variables Table 6 (S1) to eliminate the influence of the mixed factors. In order to test Hypothesis 2, this paper explores the relationship between tie strength and risk sharing and adds relational strength of tie in the second step of Model 2 to test the main effect of relational strength on risk sharing Table 6 (S2). The results show that there is a significant positive correlation between risk sharing and relational strength, meaning that the higher the level of trust and commitment between trading entities, the less likely the two sides take opportunistic behaviors, which correspondingly reduces the opportunistic risks. At the same time, the two parties adopt equal negotiation and reciprocal behaviors during the transaction process to increase the degree of cooperation between the two parties and to achieve the effect of alleviating or eliminating cooperation risks. Therefore, it plays a positive role in promoting risk sharing. In the third step, the squared term of the relational strength is introduced to reflect the main effect of the square of the relational strength Table 6 (S3). The regression coefficient is −0.31 (p < 0.01), and the changes of R2 indicate that the explanatory ability of the model is improved to some extent. The linear coefficient of the relational strength is positive, and the data show that there is a significant inverted U-shaped relationship between risk sharing and relational strength of the tie, verifying Hypothesis 2.



In the fourth step of Model 2, in order to test the regulatory effect of the asymmetry of dependence, this paper adds variables of the asymmetry of dependence to test its main effect on risk sharing Table 6 (S4). The data show that there is no significant correlation between the asymmetry of dependence and risk sharing; that is, the asymmetry of dependence has no direct influence on risk sharing. The fifth step is to join the interaction term of relational strength and the asymmetry of dependence. The result in Table 6 (S5) shows that the interaction between relational strength and the asymmetry of dependence is not significant (−0.07, p < 0.10), meaning that the asymmetry of dependence has no significant regulatory effect on the relationship between relational strength and risk sharing. The sixth step is to join the interaction term of the relational strength and the asymmetry of dependence. Table 6 (S6) shows that the interaction between the square of the relational strength and the asymmetry of dependence is significant (−0.19, p < 0.01), indicating that the asymmetry of dependence has a significant regulatory effect on the inverted U-shaped relationship between the relational strength and risk sharing. Hypothesis 4 is verified. Although the changes of R2 indicate that the explanatory ability of the model is improved, the more ideal effect is not present, and there may be more variables that have a significant impact on risk sharing that are not taken into account in the model. In the inter-firm relationship network, the resource endowments and enterprise capabilities are heterogeneously distributed, and this heterogeneous distribution effect will be more evident in the supply network. There are only a few core enterprises (manufacturers) in the supply network, which are in a central position in the network, have control power over key resources and have the ability and role to integrate and configure supply network resources. Therefore, in general, upstream suppliers that establish transaction relationships with manufacturers are generally in a relatively weak position, which will affect the suppliers’ fairness perception and the subjective utility of the differences in the capabilities and benefits of both parties, ultimately affecting risk-sharing behaviors.



According to Table 5 and Table 6, the control variables “enterprise scale” and “relationship duration” have no significant statistical significance, but according to previous research evidence, these variables will have an impact on the explanatory variables. In order to improve the research conclusion, regression is conducted for the main explained variables and explanatory variables. The results are shown in Table A1 and Table A2 of Appendix B. The results show that the coefficients of some explanatory variables change, and also, the significance of some explanatory variables change, but none of them have any effect on the empirical results.




4.2. Further Verification


In order to further clarify the regulation mode of the asymmetry of dependence, this paper analyzes the different curvatures of inverted U-shaped relation between relational strength and risk sharing under the condition of the symmetry of dependence and the asymmetry of dependence, and performs a simple slope test. The simple slopes are estimated from three different levels of the relational strength. The relational strength of the tie corresponding to the maximum values of the curves are mean values and are divided into the high score group (mean + 1 SD), the middle group and the low score group (means − 1 SD). The results show that in the case of the asymmetry of dependence, the simple slope of the regression line at the low point of the relational strength is a significant positive value (b = 1.22, t = 2.59, p < 0.05), and the intermediate point simple probability value is not significantly different from zero (b= −0.04, t = −0.62), the simple slope at the high point of the relational strength is significantly negative (b = −1.21, t = −3.64, p < 0.01). In contrast, in the case of the symmetry of dependence, the simple slope of the curve is not significantly different from zero for different levels of relational strength. Figure A5 of Appendix B is drawn to reflect the relationship more clearly between relational strength and risk sharing under different dependence asymmetries.





5. Discussion and Conclusions


The existing literature and findings have focused on the impact of tie strength among enterprises on technological innovation and corporate performance, but they do not explicitly discuss the motives and mechanisms of cooperation among manufacturers and suppliers, and do not use the system to construct a theoretical model of the connection relationship among enterprises on the mechanism of risk sharing. A risk-sharing model proposed in this study provides useful theoretical arguments, though which we explore the risk-sharing behavior and mechanism among supply network companies by portraying the tie strength of different types of enterprises. Existing literature may focus on the effect of technological innovation and corporate performance among enterprises, the combination of a strong tie and weak tie, or the effect of the asymmetry of dependence on relation quality. Based on the empirical observations and theoretical studies of existing literature, this paper discusses and defines the dimensions and connotations of the connection relationship among supply network companies, and integrates the theoretical models with risk sharing, tie strength and the asymmetry of dependence. Based on our theoretical arguments and empirical findings, this paper draws the following conclusions.



First of all, there is an inverted U-shaped curve relationship existing between the tie strength of a supply network and risk sharing. This relationship indicates that in the connection relationship among supply network enterprises, it is not just entities’ self-interest motive that will stimulate entities’ behaviors, and what is more important—the game structure between upstream and downstream enterprises. Among the enterprises which have the status of heterogeneous resources and interest, an embedded relationship based on trust and reciprocity can promote the formation of long-term company relationship orientation, stimulating resource exchange and optimization combination, which is conducive to establishing stable and effective risk-sharing mechanism. However, if the level of embeddedness is too high, it is hard for new technology and new suppliers to enter, leading to insufficient innovation and reducing suppliers’ competitiveness. If things continue in this way, the overall competitiveness of the supply network will also decline. Hence, under the background of uncertainties and limited rationality, manufacturers and suppliers should adjust the embedded relationship during the process of managing upstream and downstream relationships, avoiding behavioral and cognitive biases caused by over-embeddedness and realizing reasonable and effective risk sharing among supply network enterprises.



With regard to moderate embeddedness, in the management practice, compared with the transient and volatile market transaction tie, the embedded relationship-strong tie can stimulate the risk sharing and other cooperation behaviors. Manufacturers establish long-term relationships with key suppliers, and through moderate trust and reciprocity among enterprises, maintain rational decision and improve risk-sharing efficiency. Second, maintaining a moderate interaction frequency and cooperation with the cooperative enterprise, not all resources and information acquisition are dependent on a fixed transaction object which forms an excessive embedded tie, maintains a reasonable tie portfolio and achieves a good competitive cooperation between enterprises.



Second, the empirical results do not support Hypothesis 3. The asymmetry of dependence has no significant regulatory effect on the structural strength of the tie and risk-sharing relationship, which is mainly due to the highly integrated cooperation processes and transaction interface that are formed by manufacturers and suppliers with a strong tie. Even if the relative dependence degree of the two has asymmetrical features, the highly integrated communication and governance model can still form a sustained, stable, and effective risk sharing between the two parties. The resource complementarity of companies with a market transaction tie is low, and the connections are transient and volatile. Both parties realize stable flows of products and raw materials based on contracts through stylized transaction processes and interfaces. In this case, the asymmetry of dependency does not affect the structural strength of enterprise. However, in the manufacturer-supplier relationship, the structural strength of tie is not interfered by the regulation effect of the asymmetry of dependence and plays a decisive role on risk sharing. In practice, the design of contracts and the mechanisms of governance are implemented from the perspective of fairness, etc., to ensure the fairness of the process and the distribution, so as to motivate the enterprises to form reliable and predictable behaviors and provide institutional support for the formation of trust in transactions.



Third, the asymmetry of dependence has a significant negative regulatory effect on the relational strength and risk-sharing relationship. In reality, the asymmetry of dependence and the asymmetry of power is a natural existence, which results in influencing the motivation of the subject’s trading behavior, reducing relational strength of the tie—trust, reciprocity, and so on. When enterprises make strategic decisions on a relational investment, they are all based on their own rationality and the motivation of pursuing profits, and have comprehensive considerations on the influencing factors of risk sharing—the relational strength of tie, the complementarity of resources, and the equitable distribution of payments, etc. When there are different degrees of relational strength between manufacturers and suppliers, there is also a difference in the regulatory effect of the asymmetry of dependence on the relational strength. As shown in Figure 2, at both ends of the inverted U-shaped curve, the gap between the two curves is the largest, which shows that under different relational strengths, the asymmetry of dependence has different effects on its risk-sharing relationship and under the market transaction tie and over-embedded tie, the regulatory effect of the asymmetry of dependence is particularly significant. Therefore, enterprises should maintain a moderate level of embeddedness, inhibit the regulatory effect of the asymmetry of dependence, and achieve reasonable and effective risk sharing.



Finally, due to the operational difficulty of data collection, the sample data of this paper are mainly from the questionnaire data feedback from suppliers. Although the sample from the manufacturers is cross-checked with the sample data feedback from the corresponding supplier, unilaterally using the supplier’s sample data to verify the bilateral relationship between the manufacturers and suppliers may still result in insufficient results and deviations. In future research, data will be further collected from both sides—manufacturers and suppliers—to carry out more in-depth research. Through the research in this paper, however, we also found that there may be more variables that have a significant impact on risk sharing that are not taken into account in the model; therefore, more variables should be included in further researches. In the supply network, how to comprehensively consider the structural strength and relational strength of tie, the asymmetry of the dependence on both parties, and then how to select and design a reasonable governance mechanism to achieve effective risk sharing and improve the performance of the supply chain are not mentioned in this paper, which is also a direction for the research to continue.
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Appendix A. Sample Statistics


As Figure A1 shows, enterprises are classified into five categories according to their annual sales revenue, with enterprises less than 50 million yuan accounting for 28.3% of the total sample. The sample as a whole covers enterprises of different sizes, and the data is representative.
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Figure A1. Annual sales revenue. 






Figure A1. Annual sales revenue.
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As Figure A2 shows, enterprises are divided into seven categories according to the number of full-time employees, among which the enterprises with 200 to 500 employees are the most, accounting for 24.7% of the total sample. Intuitively, the data includes enterprises with different numbers of employees and covers enterprises of different sizes.
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Figure A2. Full-time employees. 






Figure A2. Full-time employees.
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As Figure A3 shows, it is divided into six categories according to the relationship duration, among which the enterprises with relationship duration of 11 to 15 years are the most, accounting for 24.7% of the sample. The relationship duration is evenly distributed and the data are representative to some extent.
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Figure A3. Relationship duration/year. 






Figure A3. Relationship duration/year.
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As Figure A4 shows, the industries of the sample enterprises include auto parts and accessories manufacturing, transportation, automobile repair and maintenance, wholesale (machinery equipment and spare parts), transportation equipment manufacturing, black metal smelting and calendering, plastics and rubber, textiles and leather, etc. Among them, enterprises in the auto parts and accessories manufacturing industry take the largest proportion, accounting for 39.2% of the total sample. Intuitively, the industries of sample enterprises are evenly distributed.
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Figure A4. Industry. 






Figure A4. Industry.
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The data used in this paper cover enterprises of different annual sales revenue, number of full-time employees, relationship duration and industries. Generally speaking, the data have good representation.




Appendix B


According to Table 5 and Table 6, the control variables “enterprise scale” and “relationship duration” have no significant statistical significance, but according to previous research evidence, these variables will have an impact on the explanatory variables. In order to improve the research conclusion, regression is conducted for the main explained variables and explanatory variables. The results are shown in Table A1 and Table A2. The results show that the coefficients of some explanatory variables change, and the significance of some explanatory variables change, but none of them have any effect on the empirical results.
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Table A1. Further description of Model I.






Table A1. Further description of Model I.





	
Variables

	
S2

	
S3

	
S4

	
S5

	
S6






	
Structural strength

	
0.54 **

	
0.44 *

	
0.12

	
0.23

	
0.20




	
(2.78, 0.006)

	
(2.01, 0.046)

	
(0.986, 0.326)

	
(2.77, 0.006)

	
(0.72, 0.473)




	
Structural strength2

	

	
−0.65 **

	
−0.22

	
−0.12

	
−0.33




	
(−3.11, 0.002)

	
(−0.55, 0.583)

	
(−1.23, 0.22)

	
(−0.433, 0.666)




	
Dependent asymmetry

	

	

	
0.03

	
0.02

	
−0.02




	
(−0.433, 0.561)

	
(−0.943, 0.826)

	
(0.54, 0.507)




	
Structural strength

× Dependent asymmetry

	

	

	

	
−0.10 **

	
−0.02




	
(−1.994, 0.048)

	
(−0.112, 0.911)




	
Structural strength2

× Dependent asymmetry

	

	

	

	

	
−0.03




	
(−0.233, 0.816)




	
Number of samples

	
166

	
166

	
166

	
166

	
166








Note: N = 166, the standard error is in parentheses. * p < 0.05; ** p < 0.01.
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Table A2. Further description of Model II.






Table A2. Further description of Model II.





	
Variables

	
S2

	
S3

	
S4

	
S5

	
S6






	
Relational strength

	
0.43 *

	
0.21 *

	
0.22

	
0.14

	
0.14




	
(−2.11, 0.036)

	
(−2.55, 0.012)

	
(−2.1, 0.037)

	
(−2.12, 0.036)

	
(−1.32, 0.189)




	
Relational strength2

	

	
−0.12 **

	
−0.55

	
−0.31 +

	
−0.31




	
(3.2, 0.002)

	
(−1.2, 0.232)

	
(−1.88, 0.062)

	
(2.32, 0.022)




	
Dependent asymmetry

	

	

	
−0.01

	
0.3

	
−0.12




	
(0.13, 0.817)

	
(−0.75, 0.951)

	
(−0.41, 0.983)




	
Relational strength

× Dependent asymmetry

	

	

	

	
−0.1 +

	
−0.04




	
(−1.95, 0.053)

	
(1.77, 0.079)




	
Relational strength2

× Dependent asymmetry

	

	

	

	

	
−0.33 **




	
(3.12, 0.002)




	
Number of samples

	
166

	
166

	
166

	
166

	
166








Note: N = 166, the standard error is in parentheses. + p < 0.10; * p < 0.05; ** p < 0.01.
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Figure A5. The adjustment function of the asymmetry of dependence. 






Figure A5. The adjustment function of the asymmetry of dependence.
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Figure 1. The conceptual framework. 
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Figure 2. Inverted U-shaped Curve. 






Figure 2. Inverted U-shaped Curve.



[image: Sustainability 13 04439 g002]







[image: Table] 





Table 1. Exploratory Factor Analysis of Risk Sharing.






Table 1. Exploratory Factor Analysis of Risk Sharing.





	
Measured Variables

	
Brief Description of the Scale Item

	
Factor Loading

	
Cronbach’s α

	
KMO






	
RS1 rationality

	
Follow the principle of being able to take risks

	
0.63

	
0.82

	
0.795




	
RS2 matching

	
The matching of risks and benefits

	
0.71




	
RS3 effectiveness

	
Work together to solve problems and reduce trading risks

	
0.76








Note: the public factor extraction method is the main component analysis, and the cumulative variance contribution rate is 67.29%. RS refers “risk sharing” and is used for questionnaire item code.
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Table 2. Exploratory Factor Analysis of Tie Strength.
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Measured Variables

	
Brief Description of the Scale Item

	
Factor Loading

	
Cronbach’s α

	
KMO




	
Structural Strength

	
Relationship Strength






	
TS1 Face-to-face communication frequency

	

	
0.62

	
0.15

	
0.82

	
0.657




	
TS2 Telephone contact frequency

	

	
0.81

	
0.04




	
TS3 Written contact frequency

	

	
0.76

	
−0.03




	
TS4 Delivery frequency

	

	
0.51

	
−0.07




	
TS5 Average contact frequency (past 3–6 months)

	

	
0.83

	
−0.18




	
TS6 Degree of compactness

	
The degree of trust and cooperation formed in historical transactions is different

	
0.57

	
−0.07




	
TS7 multiplicity

	
Number of cooperation types (such as joint projects or joint research and development)

	
0.69

	
0.2




	
TS8 Manufacturer’s commitment

	

	
0.09

	
0.79

	
0.79

	
0.719




	
TS9 Supplier commitment

	

	
0.05

	
0.85




	
TS10 Equal consultation

	

	
−0.07

	
0.69




	
TS11 Degree of reciprocity a

	

	
0.15

	
0.78




	
TS12 Degree of reciprocity b

	

	
−0.04

	
0.76




	
TS13 Manufacturer’s dependence degree

	

	
0.1

	
0.81








Note: the public factor extraction method is the main component analysis, and the cumulative variance contribution rate is 62.17%. ST refers “strength tie” and is used for questionnaire item code. a: Both parties refrain from making requests that seriously harm the interests of the other party. b: Deeply appreciate what the other party has done for the company.
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Table 3. Exploratory Factor Analysis of Asymmetry of Dependence.
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Measured Variables

	
Brief Description of the Scale Item

	
Factor Loading

	
Cronbach’s α

	
KMO






	
DM

(Manufacturer’s relative dependence on supplier)

	
The fluctuation importance of supplier production on manufacturer

	
−0.02

	
0.51

	
0.81

	
0.653




	
Supplier substitution

	
0.26

	
0.71




	
Manufacturer’s dependence on supplier’s products

	
0.15

	
0.8




	
Ds

(Supplier’s relative dependence on manufacturer)

	
The proportion of suppliers’ supply in manufacturers’ similar products

	
0.76

	
0.18

	
0.76

	
0.714




	
Manufacturer substitution

	
0.46

	
0.01




	
Manufacturer exit costs

	
0.87

	
−0.05




	
Supplier’s proprietary investment (technology)

	
0.49

	
0.03




	
Supplier’s proprietary investment (production equipment or production line)

	
0.58

	
0.01




	
Supplier labor cost (personnel training, etc.)

	
0.51

	
0.03








Note: the public factor extraction method is the main component analysis, and the cumulative variance contribution rate is 71.59%.
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Table 4. Variables’ mean value, variance, VIF and Pearson correlation coefficients.
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	Variables
	1
	2
	3
	4
	5
	6
	7
	M
	SD
	VIF





	Enterprise scale
	1
	
	
	
	
	
	
	2.79
	0.88
	1.11



	Duration
	0.29 **
	1
	
	
	
	
	
	12.7
	0.33
	1.09



	Industry
	−0.11
	−0.14
	1
	
	
	
	
	2.84
	0.91
	1.66



	Structural strength
	0.04
	−0.08
	0.01
	1
	
	
	
	4.22
	0.76
	1.45



	Relational strength
	0.17 *
	0.37 **
	0.14
	0.17 *
	1
	
	
	4.57
	0.69
	1.37



	Dependent asymmetry
	−0.04
	0.01
	−0.02
	−0.13
	−0.09
	1
	
	2.2
	0.59
	1.61



	Risk sharing
	0.05
	0.23 *
	0.21 **
	0.25 **
	0.49 **
	−0.02
	1
	4.06
	0.81
	-



	Average VIF
	-
	-
	-
	-
	-
	-
	-
	-
	-
	1.38







Note: N = 166, * and ** indicated that the results were significantly double-tailed at the level of 0.1 and 0.05.













[image: Table] 





Table 5. Hierarchical Regression Analysis.
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	Variables
	S1
	S2
	S3
	S4
	S5
	S6





	Enterprise scale
	0.15

(0.789, 0.431)
	0.23

(0.92, 0.359)
	0.27

(0.871, 0.385)
	0.18

(0.692, 0.49)
	0.18

(0.857, 0.393)
	0.16

(0.593, 0.554)



	Duration
	0.17

(1.417, 0.158)
	0.11

(0.478, 0.633)
	0.08

(0.471, 0.639)
	0.15

(0.556, 0.579)
	0.14

(0.438, 0.662)
	0.12

(0.387, 0.699)



	Industry
	−0.13 *

(−2.167, 0.032)
	0.24

(1.143, 0.255)
	−0.30

(−0.732, 0.465)
	0.27

(0.711, 0.478)
	0.21

(0.7, 0.485)
	0.25

(0.581, 0.562)



	Structural strength
	
	0.23 *

(2.556, 0.012)
	0.19 +

(2.375, 0.019)
	0.11

(0.423, 0.673)
	0.15

(2.143, 0.034)
	0.10

(0.526, 0.599)



	Structural strength2
	
	
	−0.29 **

(−2.9, 0.004)
	−0.25

(−0.417, 0.677)
	−0.23

(−1.045, 0.297)
	−0.19

(−0.655, 0.513)



	Dependent asymmetry
	
	
	
	−0.07

(−0.233, 0.816)
	−0.06

(−0.75, 0.454)
	−0.09

(−0.429, 0.669)



	Structural strength× Dependent asymmetry
	
	
	
	
	−0.05 +

(−1.917, 0.057)
	−0.03

(−0.103, 0.918)



	Structural strength2× Dependent asymmetry
	
	
	
	
	
	−0.07

(−0.350, 0.727)



	R2
	0.15
	0.21
	0.23
	0.23
	0.25
	0.26



	R2 adjustment
	0.12
	0.17
	0.18
	0.16
	0.22
	0.20



	ΔR2
	0.15
	0.06
	0.02
	0.00
	0.02
	0.01



	ΔF
	4.91 **
	0.76 **
	0.25 *
	0.63
	0.05+
	0.49



	F
	
	
	
	
	
	4.69 **







Note: N = I66, the parentheses are (t value, p value). + p < 0.10; * p < 0.05; ** p < 0.01.
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Table 6. Hierarchical Regression Analysis.
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	Variables
	S1
	S2
	S3
	S4
	S5
	S6





	Enterprise scale
	0.15

(−0.789, 0.431)
	0.12

(−0.8, 0.425)
	0.11

(−0.733, 0.464)
	0.14

(−0.737, 0.462)
	0.15

(−0.682, 0.496)
	0.12

(−0.5, 0.618)



	Duration
	0.17

(−1.417, 0.158)
	0.25

(−0.806, 0.421)
	0.17

(−0.739, 0.461)
	0.12

(−1.2, 0.232)
	0.11

(−0.478, 0.633)
	0.07

(−0.875, 0.383)



	Industry
	−0.13 *

(2.167, 0.032)
	0.31

(−0.756, 0.451)
	−0.36

(0.8, 0.425)
	0.24

(−0.923, 0.357)
	0.25

(−0.862, 0.39)
	0.19

(−0.704, 0.483)



	Relational strength
	
	0.25 *

(−2.016, 0.045)
	0.16 +

(−1.778, 0.077)
	0.25

(−1.087, 0.279)
	0.17

(−1.133, 0.259)
	0.19

(−1.462, 0.146)



	Relational strength2
	
	
	−0.31 **

(3.275, 0.001)
	−0.33

(0.846, 0.399)
	−0.25

(1.087, 0.279)
	−0.20

(1.25, 0.213)



	Dependent asymmetry
	
	
	
	−0.08

(0.889, 0.375)
	−0.10

(1.567, 0.119)
	−0.09

(0.529, 0.597)



	Relational strength× Dependent asymmetry
	
	
	
	
	−0.07 +

(1.7, 0.091)
	−0.05

(1.667, 0.098)



	Relational strength2× Dependent asymmetry
	
	
	
	
	
	−0.19 **

(2.714, 0.007)



	R2
	0.15
	0.35
	0.37
	0.37
	0.40
	0.42



	R2 adjustment
	0.12
	0.31
	0.33
	0.33
	0.37
	0.39



	ΔR2
	0.15
	0.20
	0.02
	0.00
	0.03
	0.02



	ΔF
	4.91 **
	4.79 **
	2.14 *
	1.71
	0.05
	0.30 ***



	F
	
	
	
	
	
	5.04 **







Note: N = I66, the parentheses are (t value, p value). + p < 0.10; * p < 0.05; ** p < 0.01; *** p < 0.001.
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