Multinational companies' coordination mechanism for extending corporate social responsibility to Chinese suppliers 

Abstract: From the global supply chain perspective, this research explores how multinational companies (MNCs) can extend corporate social responsibility (CSR) practices to emerging countries such as China. A two-stage supply chain game model consisting of a Chinese supplier and a MNC is constructed. The study finds that an increase in the level of the Chinese supplier's CSR increases the product demand and the stakeholders' economic profits, but reduces the supplier's economic return; the product demand and the stakeholders' benefits increase along with the product green degree improvement, but the changes in the Chinese supplier's economic profits are jointly affected by the level of CSR and green production efficiency. The supply chain coordination can be achieved based on a revenue sharing contract. Finally, the effects of revenue sharing fraction and supplier's CRS level on product green degree, supplier's revenue and MNC's earnings are discussed by numerical simulation.     
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1 Introduction

Along with the process of globalization, many multinational companies (MNCs) have established business relationships with companies in emerging markets. The entry of MNCs has promoted the economic development of the emerging countries; however, many corporate social responsibility (CSR) incidents have also happened during this process. Recent examples include the Samarco dam disaster killing 19 people, regarded as Brazil's worst environmental disaster; and the Bangladesh factory collapse that injured more than 2,500 workers and killed over 1,100 (Al-Mahmood et al., 2013; Yardley, 2013).
As the largest and fastest growing emerging market in the world, China's reform and opening up has attracted the entry of a large number of MNCs. According to statistics from the Ministry of Commerce of China, more than 400 of the world's top 500 enterprises have invested in China (xinhuanet, 2019). The cooperation between MNCs and Chinese suppliers is deepening, and MNCs have become the important parts of the Chinese market. However, similarly, in recent years, there have been many socially irresponsible incidents in the MNC-led supply chains in China. For example, in 2010, Foxconn in Shenzhen, China, a major supplier of MNCs such as Apple and HP, caused a series of jumping events that led to 14 employees deaths due to intense work pressure and poor working conditions (Reuters, 2010); in 2012, Samsung Electronics was once again exposed for the use of child labor by its Chinese supplier (China Labor Watch, 2012); and in 2011, Apple was exposed for the extremely poor operations environment of its Chinese suppliers, which led to the poisoning of staff (Blanding et al., 2015). Further, the media exposed how the suppliers to KFC and McDonald's used expired inferior meat (Zhu et al., 2017). These events highlight the impact of the lack of CSR initiatives by the suppliers of MNCs in China, which has caused great concern both in China and abroad. 
Nowadays, the competition between supply chains has become the essence of market competition (Christopher, 2005). The enterprise in the supply chain is essentially a community of interests wherein any company's socially irresponsible behavior may result in a supply chain crisis. Therefore, with the rise of the global CSR movement, MNCs began to focus on the expansion of social responsibility in emerging countries (Jamali and Neville, 2011). However, due to the initial stage of the implementation level and the nascent awareness of CSR in emerging countries (Jamali and Karam, 2018), it is challenging for the MNCs to extend their CSR in such countries (Tong et al., 2018). 

There is an increasing research focus on global sustainable supply chains management (see, for example, Plambeck and Taylor, 2015; Porteous et al., 2015; Guo et al., 2016; Chen and Lee 2017; Huang et al. 2017; Agrawal and Lee 2018; Gong et al., 2018; Lee and Tang, 2018). The social and environmental impact of improving responsible sourcing in a firm's operations is discussed extensively in the academic literature as well as among practitioners (Guo et al., 2016; Kippenberg, 2018). The focus of academic research in this area lies in studying the consequences of sourcing from socially/environmentally deviant suppliers on buying firms' profits and analyzing their optimal sourcing strategies. However, the full picture cannot be seen by just discussing the best procurement strategy from the perspective of MNCs, and ultimately it is difficult to effectively improve the performance of MNCs. Therefore, a more meaningful question is how to promote the CSR level of suppliers through the cooperation of MNCs and their suppliers in emerging countries. This will not only improve the performance of the global supply chain, but also help improve the CSR status of the emerging countries. 

This paper focus on the supply chain composed of MNCs and Chinese suppliers, examines the impact of implementing social responsibility on the supply chain equilibrium operation, and discusses the coordination strategies of the supply chains. 

The reminder of the paper is organized as follows. Section 2 carries out a literature review. Section 3 builds the model and the hypothesis. Section 4 analyzes the conditions required for the model to achieve equilibrium, Section 5 explores the coordination strategy of the supply chain. Section 6 investigates the impact of parameter changes on supply chain returns through numerical simulation. Finally, Section 7 concludes this research with contributions and limitations.
2 Literature Review
2.1 Green supply chain management

Supply chain coordination has always been a hot topic in supply chain management research. With the increasingly serious environmental problems, some scholars have paid attention to the green supply chain management (GSCM), which mainly includes the following aspects: 
(1) Influencing factors of GSCM implementation. Luthra et al. (2016) empirically studied the key success factors for implementing GSCM in the Indian automotive industry and found that regulation, internal management and competitiveness factors play an important role. Agi and Nishant (2017) researched 19 factors affecting the GSCM implementation in the Middle East region, and found that the relationship between SC partners has a strong influence and is the driving force for GSCM implementation. Wang et al. (2018) studied the impact of driving factors on GSCM implementation and found that customer and cost factors significantly influence internal and external green implementation to promote environmental performance, while Zhu (2009) found that government regulations have the greatest impact on GSCM constraints, and that the internal awareness and ability of enterprises are the key to the implementation of GSCM.

(2) The impact of GSCM on performance. Geng et al. (2017) studied the impact of GSCM on performance in emerging Asian economies through a systematic literature review and meta-analysis, and found that GSCM practices can achieve better performance in economic, operational and environmental aspects, while they are not significant on the social aspect. Vanalle et al. (2017) studied the pressure, practice and performance of implementing GSCM of the automotive supply chain in Brazil, and found that GSCM implementation influence both the economic and environmental performance positively. Meanwhile, Sharma et al. (2017) proposed the performance indicators of agricultural GSCM implementation through a literature review and expert consultation, and ranked them by means of tomographic analysis. It identified three important performance indicators of internal environmental management, environmental design, and regulatory pressure. 

(3) Green supply chain risk management. Mangla et al. (2015) conducted a survey of four plastic companies in India and analyzed the risk of the green supply chain through the analytic hierarchy process. They found that business category risk is the most important risk. Lintukangas et al. (2016) collected data on core companies, and explored the relationship between the company's risk management capabilities and the GSCM implementation. They found that the adoption of quality and brand risk management capabilities and green supply management was correlated, but price and cost risk management capabilities were reversed.
(4) Pricing and Coordination of Green Supply Chain. By constructing a three-tier supply chain game model on the basis of considering government subsidy, Zhuo and Wei (2017) analyzed the decision-making and profits incentive mechanisms among members. The results show that by increasing the intensity and access threshold of subsidies, the government can stimulate the demands of consumer market and reduce the adverse effects to the manufacturers and suppliers because of the risk of demand uncertainty. Further, Zhang et al. (2015) established a mixed production modes and studied the pricing and coordination strategies of GSCM. The results suggest that a return policy can effectively coordinate a decentralized supply chain, the order quantity of the traditional product may not increase with the consumer environmental awareness and firms will benefit from product customization and consumer segmentation based on the distribution of CEA in a market. Ghosh and Shah (2015) developed two types of cost-sharing contract to coordinate channel conflicts. The results reveal that cost sharing is beneficial to the firms and supply chain, and bargaining on cost sharing parameter leads to higher greening levels than which the retailer offers cost sharing contract. Based on the type of green products, Zhu and He (2016) studied the supply chain coordination of two retailers purchasing products from one manufacturer. Their results indicate that the distortion from a non-coordinated supply chain (the double marginalization effect) has counter-intuitive impact on the degree of product greenness. Supply chain price competition at the retailer level may positively influence the equilibrium greenness while the product greenness competition reduces the equilibrium greenness. The joint impact from price and greenness competition on equilibrium greenness depends on the relative strength of the two types of competition. Liu et al. (2012) investigated the green supply chain equilibrium strategy and coordination mechanism considering product green degree and consumer environmental preference. Their survey leads to a conclusion that justice is not a direct determinant of buyer-supplier performance but a critical conduit that nourishes mid-range coupling behaviors, which in turn promotes a successful relationship. In addition, Coskun et al. (2016) researched the strategic decision-making model of GSCM. They found that once a retailer realizes that the green consumer segment is enlarging, it can re-design its green supply chain network cooperating with suppliers at the expected greenness level. On the other hand, the suppliers of the retailer can work on projects to increase their greenness levels.
2.2 Sustainable supply chain management considering corporate social responsibility

In recently years, with the frequent occurrence of events such as supply chain companies ignoring consumer interests and over-squeezing employees, the SCM research field has extended from a green focus to include social aspects which have led to the focus on sustainable supply chain management (SSCM). In this context, the corporate social responsibility (CSR) behavior begins to extend from the focal forms to the tier 1 suppliers, lower tier suppliers and then the entire supply chain, thus becoming an important parameter for the competitiveness of the supply chain. 
Yawar and Seuring (2017) provided a structured literature review of social responsibility issues in the supply chain. Albuquerque et al. (2019) proposed to take CSR as an investment choice to increase product differentiation and thus enable companies to achieve higher profits. ManMohan and Christopher (2017) mapped out different research strands in the literature by using thematic analysis pertaining to large companies' efforts on social sustainability in their supply chains. At the same time, Jamali and Karam (2018) pointed out that global attention to CSR is increasing. However, Taylor et al. (2018) reviewed the empirical research pertaining to SSCM and found that one of the main drawbacks of SSCM research was that there were relatively few papers involving social dimensions.

Recently, the development of China's economy has received worldwide attention, and the CSR issues of Chinese companies have also received the attention of scholars around the world. Research in this area focuses on two aspects: the first is the influence of CSR on supply chain performance. Kao et al. (2018) found that ownership of the enterprises plays an important role in the dynamic CSR performance relationship. Zhu et al. (2016) proposed a "7+2" dimension for measuring CSR practices in Chinese state-owned enterprises, and through structural equation studies, they found that organizational governance, human rights, and environmental-related CSR practices are beneficial to their social performance. Cheng et al. (2016) found that there is a significant positive impact between CSR disclosure and corporate performance. Ngai et al. (2018) investigated the CSR practices of three gas operators in China and found the practices generated various benefits for the three companies and their stakeholders including high-quality products and service offerings, reliable and efficient supply chain, stable cash flow, loyal customer bases, positive social image and reputation, and overall top firm’s performance.

The second is the CSR decision-making problem of supply chain enterprises. Based on the cost sharing of CSR, Liu et al. (2018) designed a coordinated decision-making mechanism for the supply chain of a retailer and its suppliers implementing CSR. Panda et al. (2017) constructed a secondary supply chain system under the consideration of the manufacturer implementing CSR and discussed the channel coordination of the system. They found that unlike the pure profit maximizing supply chain, CSR has the ability to vary surplus profit share. Liu et al. (2019) respectively considered the design of a secondary tourism supply chain with CSR, theme parks and travel agencies with CSR, and studied the coordination mechanism. They found that the environmental governance efficiency or sales quantity increases with the tour operator's social responsibility, and both members' profits may increase with the tour operator's social responsibility. Li et al. (2016) set out to find the implementation mechanism of CSR based on the framework of policy layer, goal layer, responsibility acceptance layer and executive layer, and pointed out that all social responsibility bearers should cooperate to achieve CSR.

With the integration and globalization of the global economy, the links between MNCs and suppliers in emerging countries have become increasingly close. The CSR issue of multinational supply chains has begun to receive the attention of scholars. Anner (2012) found that leading companies want to manage global supply chains to control CSR related issues. At the same time, the issue of CSR among global supply chains has been of great concern to scholars. Minor and Morgan (2011) analyzed the impact of CSR on the reputation of MNCs through case studies. They found that firms that have high CSR ratings fare better than those that do not, and a firm that is exceptional in both doing good and avoiding harm suffers virtually no reputational damage following negative media publicity. The empirical analysis carried out by Tong et al. (2018) on Chinese original equipment manufacturers (OEMs) serving MNCs showed that there are significant differences in Chinese CSR practices, the adaptation costs adopted by the government, and that punitive and supportive strategies for transnational companies have different influences on the choice to expand social responsibility practices in emerging countries. Husted et al. (2016) pointed out that subsidiaries and domestic companies of MNCs tend to imitate companies that are geographically close when deciding whether to implement CSR, and Xiao (2014) empirically studied the impact of economic and cultural institutional distance on the CSR performance of MNCs in host countries. They found that economic institutional distance and culture institutional distance have a negative impact on the CSR performance of multinational corporations in the host country. But, while the home country has a legal system evidently superior to the host country, law institutional distance has a positive impact on the CSR performance of multinational corporations in it. 

In particular, Yin and Jamali (2016) constructed a new framework and studied based on multiple cases, they revealed distinctive features of CSR orientation and the strategies of MNCs that rely on developing relationships with non-traditional stakeholders, co-inventing social solutions, and building local capacity and infrastructure in emerging market such as China, being sensitized to a mixture of motivations and reconciling social and economic value creation. Their research provides an important contribution to the literature, particularly the international CSR and strategic CSR literature and can be useful for future research on CSR in emerging countries. 
Different from their research, we study the CSR in multinational supply chains from the perspective of supply chain coordination. We establish a game model and between MNCs and Chinese suppliers, through model solving and simulation analysis, we quantitatively analyze the impact of supplier’s CSR implementation on the revenue of suppliers and MNCs, and find that MNCs can encourage suppliers to implement CSR and coordinate the supply chain by setting appropriate revenue sharing ratios. In addition, we also empirically confirms a view of their research that MNCs and suppliers can reconcile social and economic value creation. 
The existing literature has greatly promoted the development of both the theory and practice of sustainable supply chains, but it needs to be further expanded and deepened in the following areas: First, most studies focus on environmental factors in the supply chain, not enough attention on CSR in the supply chain, especially lack of attention on CSR in multinational supply chains. Second, a few scholars have focused on the CSR factors of multinational supply chains and assessed the influence of different factors on the CSR implementation. However, there is a lack of discussion on the coordination of multinational supply chains based on considering both environmental and social responsibilities simultaneously.
In order to fill the research gaps, this paper builds a multinational supply chain game model that takes into account both the supplier's product greenness and the level of social responsibility. By analyzing and comparing the results of decentralized decision making, centralized decision making and coordinated decision making, we provide answers to the following questions. (1) How suppliers' business and trading decisions, supply chain corporate profits, and stakeholder benefits will be affected in the case of suppliers implementing social responsibility. (2) Whether MNCs can encourage Chinese suppliers to implement social responsibility through contract design. This study can theoretically provide new ideas for coordination of multinational supply chains. In practice, it can provide decision-making reference for MNCs and their suppliers to actively fulfill their social responsibilities.

3 Model and hypothesis

This paper considers a two-tier supply chain comprising a Chinese supplier and a MNC, both of which are risk-neutral and entirely rational. Suppose the market demand function faced by MNCs is 
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 is the sensitivity coefficient for market to product green degree (PGD). The cost of MNCs needs to consider complex factors such as exchange rates, and existing supply chain coordination methods are difficult to effectively solve this situation. As the main research focus is that multinational corporations incentive suppliers to implement social responsibility through revenue sharing, the focus is to promote suppliers to fulfill social responsibility. To simplify, we don’t consider the inventory costs and retail costs of MNCs. This approach has also been adopted by other researchers such as by Panda (2014) and Fan et al. (2017).
Suppose that the green production cost of the supplier is
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is supplier's unit production cost. Suppose the supplier is a socially concerned firm. 
Drawing from Bian et al. (2016), Dam and Perkova (2014), and Panda (2014), this paper reflects the impact of CSR activities in the form of stakeholder's welfare, and regards it as part of the supplier's objective function. According to Mankiw (2015) and Fan et al. (2017), the stakeholder's welfare consists of two parts: producer surplus and consumer surplus. The former refers to the economic profits of the supply chain system, and the latter refers to the difference between the highest price that consumers are willing to spend minus the actual price of the expenditure. Thus, we can get the stakeholder's welfare as follows. 
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Here, 
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Based on the above model and hypothesis, 
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The game sequence is as follows: the supplier determines product green degree 
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. Under complete rationality conditions, both the supplier and MNC will pursue the maximization of their own interests. 
4 Game model under decentralized decision

Since the supply chain node enterprises constitute the sub-game-refining Nash equilibrium, it can be solved using the backward induction approach. Find the first-order partial derivative of 
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Bring equation (6) into equation (5), find the first-order partial derivatives of 
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Further, the equilibrium retail price 
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To ensure supplier participation in the supply chain, 
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Further, from the definition of the foregoing and combined with equation (9), the consumer surplus
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Proposition 1. Supplier's equilibrium product green degree 
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Proof. Find the first-order partial derivatives of 
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Proposition 1 shows that as the level of supplier's CSR increases, the supplier will focus more on the promotion of its product green degree, which will further expand market demand. When the supplier's green production cost coefficient 
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 is higher, it is difficult for the supplier to increase market demand by increasing its product green degree, so the supplier chooses to lower its wholesale price for the MNC; when the supplier's green production cost coefficient is lower, the supplier can stimulate market demand by increasing the green degree of its products.

Proposition 2. MNC's equilibrium economic profits 
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Proposition 2 shows that as the level of supplier's CSR increases, market demand expands, and MNC's profits and consumer surplus increase. To maintain a high level of CSR, the supplier increases social welfare by choosing to sacrifice its economic profits. Therefore, the economic profits of the supplier are reduced, but social welfare and the supplier's overall profits will increase. In addition, as the level of supplier's CSR increases, the growth rate of economic profits of the MNC is higher than that of the supplier, so the profits of the supply chain system are still on the rise.
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Proposition 3 indicates that as the supplier's product green cost coefficient is increased, the cost of products will gradually increase, which will reduce the enthusiasm of the supplier to promote the products green degree, and thus the market demand is decreased. At this point, it is more difficult for the supplier to increase market demand by increasing product green degree. Therefore, the supplier chooses to lower the wholesale price of products to stimulate market demand.

Proposition 4. MNC's equilibrium economic profits 
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Proof. Find the first-order partial derivative of 
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Namely, the supplier's equilibrium economic profits is negatively correlated with green cost coefficient under the above conditions. 

Similarly, when 
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Namely, the supplier's equilibrium economic profits is positively correlated with green cost coefficient under the above condition.

Proposition 4 shows that as the supplier's product green cost coefficient is increased, market demand decreases, resulting in and thus the market demand is decreased. Intuitively, the increase in the cost of green production – namely, the reduction in the green production efficiency of suppliers – will reduce the supplier's economic profits. However, when 
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 is large, the supplier can slow down the drop speed of the product green degree and market demand by implementing CSR, thereby increasing the economic profits of the supplier; when 
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 is small, and the green production cost coefficient is in a small interval, the higher product green production efficiency slows down the drop speed of the product green degree and the market demand, so that the economic profits of the supplier can also be increased. Nevertheless, combined with the result of Proposition 3, the increase in the green production cost coefficient makes the reduction of the MNC's profits and consumer surplus greater than the potential increase in the supplier's economic profits, so the overall profits of supplier, the profits of supply chain system, and social welfare will be reduced.

The implications of Proposition 3 and Proposition 4 are that suppliers can increase product green degree, stimulate market demand, and thus increase the economic interests of stakeholders by strengthening the product green production management (reducing the green production cost coefficient). However, for suppliers, the green production management and economic profits are also affected by the CSR implementation. Therefore, the supplier needs to weigh up the relationship between green production management and CSR implementation when formulating product production strategies.

5 Supply chain coordination
Under the decentralized decision-making of the supplier and MNC, aiming at realizing supply chain coordination, it is necessary to increase the order quantity of the MNC and the product green degree of the supplier to the level of centralized decision-making.
5.1 Game model under centralized decision
Under the situation of centralized control, the supplier and MNC take the overall decision to maximize the overall profit of the supply chain, aiming for a win-win situation. The decision process is the following: first, the supply chain system determines the price 
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 of the product and the green degree 
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 of the product. Then the supply chain system sells the products. The solution model is as follows:
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Find the partial derivative of 
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 for equation (11) and make it equal to 0. Then we can get the optimal product green degree and the best retail price as follows:
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In turn, we can get the optimal order quantity 
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Bringing equations (12) and (13) into equation (11) , we can obtain social consumer surplus 
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At this point, the conditions 
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Proposition 5. The optimal product green degree, optimal order quantity, optimal consumer surplus, optimal stakeholder's welfare and optimal supply chain overall profit under centralized decision are higher than those under decentralized decision-making – i.e. 
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Proposition 6. When 
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, the optimal economic profit of supply chain under centralized decision is higher than that under decentralized decision-making: that is, we can find 
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Proof. From equations (10) and (14), we can obtain
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We can get 
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Proposition 5 and Proposition 6 show that both the green degree and market demand under centralized decision-making are higher than those under decentralized decision-making, which leads to an increase in social welfare, consumer surplus and overall profits of the supply chain system. When 
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 is small, the overall economic profits of the supply chain system will increase; otherwise, it is difficult to achieve coordination in the supply chain.

5.2 Game model under the revenue sharing contract
The increase in product green degree requires the Chinese supplier to invest the corresponding costs, so the MNC needs to share its sales revenue and compensate the supplier. At the same time, to establish a retail price for MNC to maximize its overall interests, the supplier needs to lower the wholesale price of products so that both parties can increase profits. Therefore, the revenue sharing contract is used to coordinate the supply chain.  

Due to space limitation, this article only considers revenue sharing contract. Revenue-sharing contract are one of the most common supply chain coordination contracts, which can well reflect the purpose of this paper. It is relatively easy to implement on supply chain members. The result in this paper validates that revenue sharing contract can coordinate supply chain under supplier's implementation of social responsibility. 

Suppose that the MNC shares the sales revenue of the product with the supplier in the fraction as
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 denotes the benefits shared by the supplier. The solution model is as follows:
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Using the backward induction approach, find the first-order partial derivative of 
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Under the revenue sharing contract, in order to make the supply chain decision-making reach the level of centralized decision-making, equation (17) needs to be equal to equation (12).  Then we can get
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Bringing 
[image: image232.wmf]*

h

w

 into equation (15), we can obtain

                 
[image: image233.wmf]2

*

2

(1)(2

()

(22)t+1)

h

r

tbcart

hphabp

btt

bab

paq

bga

éù

+--

=--+

êú

+--

ëû

c)

（

   .
（19）
At this point, the overall profits of the supplier is
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In order to ensure that both the MNC and the supplier accept the revenue sharing contract, the following inequality conditions must be met: 
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From the inequality group, we can obtain
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Equation (22) shows that when the MNC's retained earnings fraction 
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 satisfies the above condition, the supply chain coordination contract can be implemented between the supplier and the MNC. At the same time, the MNC can arbitrarily distribute the value-added economic profits of the supply chain system between the two parties by changing the value of
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6 Numerical examples and discussions

In order to visually display the above propositional results and verify the correctness of the revenue sharing contract model, we now carry out the numerical simulation. The parameters are assigned as follows:
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Table 1 shows the impact of supplier’s CSR level on supply chain equilibrium results.
------ Insert Table 1 about here ----
It can be seen from Table 1 that as the supplier's CSR level 
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 all increase.  Conversely, the equilibrium retail price 
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 increases. Thus, Proposition 1 and Proposition 2 are supported by the results.
------ Insert Table 2 about here ----
It can be seen from Table 2, with the increase of the supplier's green production cost coefficient 
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 increases. This finding is consistent with Proposition 4.
To further observe the influence of the revenue sharing fraction on each variable, assuming the supplier's CSR level 
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is equal to 0.5: From equation (22), we can obtain 
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. In other words, the revenue sharing contract can be accepted by both parties under this condition. Under decentralized decision-making, the values of the decision variables
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 are obtained as 26.85, 1.37, 234.57, 513.70, and 459.75, respectively. Under centralized decision-making, the values of the decision variables 
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 are 2.52 and 497.85, respectively. For the convenience of analysis, here we define 
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 as the fraction of revenue shared by the Chinese supplier (hereinafter referred to as the fraction of revenue sharing). The fraction of revenue sharing accepted by the Chinese supplier and the MNC needs to meet the conditions 
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. When the revenue sharing fraction takes different values in the interval, the changes of each variable are shown in Table 3. 
------ Insert Table 3 about here ----
It can be seen from Table 3 that when 
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 changes in the interval [0.45, 0.69], the MNC's equilibrium economic profits 
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 and the supplier's equilibrium overall profits 
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 are not less than the corresponding values under the decentralized decision, so the MNC and the supplier can accept the revenue sharing contract. 

In order to more intuitively find the impact of changes in the fraction of revenue shared by the Chinese supplier on product green degree and profits, we construct the following figures.
------ Insert Figure 1 about here ----
Figure 1 reflects the change in product green degree as the fraction of revenue share changes. We can find that the product green degree under centralized decision-making is the highest. With the fraction of revenue shared by Chinese supplier increase, the product green degree under contract coordination continues to increase. When the value of the fraction of revenue shared by the Chinese supplier reaches 0.50, the product green degree will be higher than that under decentralized decision-making. The main reason is that as the fraction of revenue sharing increases –  that is, the revenue shared by Chinese supplier increases –  the supplier will be encouraged to increase its CSR investment, such as using green raw materials and developing green production technologies to improve product green degree.

The implication of Figure 1 is that when the revenue sharing fraction changes in the interval [0.50, 0.69], consumers can be guaranteed that the products they purchase have higher green degree.
Figures 2 and 3 reflect the changes of the supplier's overall profits and the MNC's economic profits as the fractions of revenue sharing changes, respectively.
------ Insert Figure 2 and 3 about here ----
As can be seen from Figures 2 and 3, with the increase of the fraction of revenue sharing, the supplier's overall profits increases, and the MNC's economic profits decreases, but these values are always higher than the corresponding values under the decentralized decision-making. Therefore, supply chain coordination can be achieved by the revenue sharing contract.

The above simulation assumes that the level of supplier's CSR is equal to 0.5. In reality, the level of CSR will change. Thus, next we examine the combined effect of changes in CSR level and revenue sharing fraction on product green degree and profits.

------ Insert Figure 4 about here ----
Figure 4 reflects the relationship between the revenue sharing fraction, the supplier's CSR level and the product green degree. With the increase of the revenue sharing fraction and the supplier's CSR level, the product green degree increases. This shows when the revenue that the Chinese supplier shared is high, it will encourage the supplier to improve its CSR level, which in turn will promote the product green degree.

------ Insert Figure 5 and 6 about here ----
Figures 5 and 6 reflect the changes in the supplier's overall profits and the MNC's economic profits as the fraction of the revenue share and the level of supplier's CSR change. As the fraction of revenue sharing increases, the supplier's overall profits increases, and the MNC's economic profits decrease. As the level of supplier's CSR increase, the MNC's economic profits will increase, and the supplier's overall profits will further increase. This shows that the MNC can appropriately share the profits, which can stimulate the CSR investment of the supplier, so that both the MNC's economic profits and the supplier's overall profits can be increased.

Based on Figures 4-6, we can conclude that when MNCs share their benefits reasonably, this will not only increase their own interests, but also promote the Chinese suppliers to increase their CSR levels, thus improving the product green degree. This will help to further expand market demand and ultimately, supply chain economic profits and social welfare increased.
7 Conclusion
The existing literature pays little attention to CSR decision-making and coordination issues of multinational supply chain enterprises. To address this deficiency, this paper constructs a two-stage supply chain game model including a MNC and a Chinese supplier, and discusses the influence of the supplier's CSR level and green production cost coefficient on the decision-making of the multinational supply chain enterprises. Furthermore, based on the revenue sharing contract, this paper establishes a coordinated decision-making model and analyzes the influence of the fraction of revenue sharing on the decision-making of the multinational supply chain enterprises. Meanwhile, we examine the combined effect of the revenue sharing fraction and the supplier's CSR level on the MNC's economic profits and the supplier's overall profits. The conclusions are the following.

Firstly, the CSR implementation of the supplier helps to increase product green degree and thus increase market demand. The supplier's economic profits will decrease as the supplier's CSR level increases, but the increase in market demand can promote the rise in consumer surplus and social welfare, thereby increasing the supplier's overall profits. Meanwhile, the MNC's economic profits and the supply chain system's economic profits increase.

Secondly, the suppliers can improve product green degree and then increase the MNC's economic profits, consumer surplus and social welfare by strengthening green production management. However, the supplier's economic profits are affected by the efficiency of green production management and the level of CSR. This implies that when the supplier makes production decisions, it needs to weigh up the two aspects of green production management efficiency and CSR level.

Thirdly, by adopting the revenue sharing contract- – namely, the fraction of supplier sharing in an appropriate interval, the profits obtained by both parties are higher than those under decentralized decision-making. Moreover, this paper finds that multinational companies and suppliers negotiated to determine the precise revenue sharing fraction can not only ensures that the profits of both parties are higher than those gained under the decentralized decision, but also ensures that the product green degree is higher than that under the decentralized decision. This implies that the MNCs can encourage the Chinese suppliers to implement CSR and increase the revenue of both parties, which will enable consumers to obtain higher green products by appropriately allocating the benefits.

Due to the cost of implementing CSR, it is very common for companies in current multinational supply chains to ignore CSR, which is particularly prominent in China. This paper finds that through contract design (introducing revenue sharing contracts), MNCs can motivate suppliers to implement CSR and achieve supply chain coordination. In addition, this study examined the changes in the impact of the revenue sharing ratio and the degree of supplier's social responsibility on the revenue of suppliers and MNCs through simulation. The results in this paper can provide effective decision-making reference for companies in practice to formulate reasonable strategies and increase the CSR level of multinational supply chains.

The topic of CSR is bound to become more and more diversified. For future research, we can first consider the case of introducing incomplete information and analyze the game strategies between the MNC and the supplier in emerging countries. Second, this paper can be extended to the simultaneous implementation of CSR by both parties. Moreover, we can examine different supply chain coordination contracts and compare their applicability. 
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