[image: image1]Impact of carbon emission difference on the dual-channel fresh produce supply chain with capital constraints

		ORIGINAL RESEARCH
published: 02 February 2023
doi: 10.3389/fenvs.2023.977995


[image: image2]
Impact of carbon emission difference on the dual-channel fresh produce supply chain with capital constraints
Shizhen Bai and Xuelian Jia*
School of Management, Harbin University of Commerce, Harbin, China
Edited by:
Larisa Ivascu, Politehnica University of Timișoara, Romania
Reviewed by:
Maxim A. Dulebenets, Florida Agricultural and Mechanical University, United States
Muhammad Kamran Khan, Bahria University, Pakistan
* Correspondence: Xuelian Jia, jxl7933@126.com
Specialty section: This article was submitted to Environmental Economics and Management, a section of the journal Frontiers in Environmental Science
Received: 25 June 2022
Accepted: 23 January 2023
Published: 02 February 2023
Citation: Bai S and Jia X (2023) Impact of carbon emission difference on the dual-channel fresh produce supply chain with capital constraints. Front. Environ. Sci. 11:977995. doi: 10.3389/fenvs.2023.977995

The difference in carbon emissions has an important impact on the decision-making of dual-channel fresh produce supply chain financing. We set up a Stackelberg game model of a dual-channel supply chain under the financing strategy of banks and retailers to study the optimal operation decision and financing strategy selection. Our analysis results show that when the retailer’s interest rate and the carbon emission difference met certain conditions, the supplier always chooses the financing strategy of retailers.
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1 INTRODUCTION
In recent years, with the rapid development of e-commerce and the rise of online shopping (Dominici et al., 2021), fresh enterprises have opened up direct online sales channels and formed a dual-channel model of fresh agricultural products that integrates online and offline (Wang et al., 2017; He et al., 2019). Suppliers wholesale products offline to retailers in the dual-channel model. Suppliers also plan to open new online sales channels (He et al., 2021). For example, COFCO, a well-known agricultural product supplier in China, opened stores on Taobao.com to sell agricultural products online while selling offline. Meicai, a fresh company in China, launched a small program called “Meicai Mall” to open a direct sales channel, adding 800,000 new users per week (Zheng F et al., 2021).
Cold chain logistics is a key link for fresh food suppliers. Fresh produce suppliers maintain agricultural products freshness by designing cold chain logistics networks (Dulebenets et al., 2016), adjusting vehicle scheduling schemes (Pan et al., 2021; Dulebenets and Ozguven, 2017; Theophilus et al., 2021; Zheng Q et al., 2021) and optimizing cold chain transportation routes (Qi and Hu., 2020). This leads to high cost of preservation of fresh produce (Yan et al., 2020).A lack of funds is not conducive to stable supplier development. For example, China’s leading fresh company, “Dai Luobo” officially declared bankruptcy in October 2021 because of a break in the capital chain during the operation of the supply chain.
Traditionally, fresh produce suppliers apply for loans from banks to relieve capital pressure, such as in the “China Shandong Shouguang Financing Model.” Suppliers apply for loans from banks based on retailers’ order contracts. Suppliers then use the bank’s loans to produce, preserve freshness, and deliver the order of agricultural products. This traditional bank financing strategy has problems such as a slow approval process and delayed arrival time. When suppliers are financially constrained, they may lead to the suppliers not be able to effectively guarantee supply and cause other members of the supply chain to suffer from order delay losses. Retailers, one of the supply chain members, provide financing support for capital-constrained suppliers to enhance the reliability of the supply chain (Zhen et al., 2020). For example, China’s JD.com Jingnongdai and Alibaba’s Wangnongdai. Under this financing strategy, retailers are not only responsible for the acquisition and sales of fresh product distribution channels but also provide financing services for suppliers in the early stages of agricultural production. It effectively solves the problems of difficult and expensive financing for fresh produce suppliers. However, retailers’ financing services may influence the operational decisions of a dual-channel fresh supply chain. The dual identities of retailers (participants in the direct sales channel and providers of financing services) add to the complexity of the decision-making process in a dual-channel fresh supply chain.
Due to the increasingly prominent global environmental problems, sustainable development has been widely accepted. Carbon dioxide emissions have been the primary source of extreme environmental pollution (Rehman et al., 2021). Environmental degradation is not conducive to sustainable economic development (Dagar et al., 2022). The Intergovernmental Panel on Climate Change (IPCC) of the United Nations has pointed out that the massive emissions of CO2 gases will cause a series of environmental and social problems. The implementation of climate change and low-carbon policies has increased consumers’ environmental awareness. They consider the environmental impact of products when purchasing them (Xie et al., 2021). Consumers prefer sustainable brands. They buy products based on their social and environmental impacts (Hamni et al., 2021; Ma et al., 2021). Selling products through distribution and online direct sales channels may generate different carbon emissions, which makes channels with lower carbon emissions more attractive to consumers with low carbon and environmental awareness. Carbon emissions dfference affect consumers’ channel selection behavior when purchasing a product. Thus, a question arises: Which financing strategy should a capital-constrained supplier choose, taking into account both the carbon emissions difference and the dual identity of the retailer?
We consider the impact of carbon emission differences and retailers’ dual identity on the financing strategies of capital-constrained suppliers, which can extend theoretical research on supply chain operation management. We investigated two interesting research questions.
(1) How do retailers’ dual roles influence the operational decisions of suppliers and retailers, taking into account carbon emissions difference?
(2) Which financing strategy is most suitable for suppliers?
In order to solve the above problems, we studied the operation strategy of the dual-channel fresh agricultural product supply chain. Stackelberg games are used to solve the problems. As the leader of the Stackelberg game, the supplier decides the fresh-keeping effort, wholesale price, and sales price of the direct sales channel, while the retailer, as a follower, decides the sales price of the distribution channel. First, we study the optimal decision of the supply chain under bank financing and retailer financing. Secondly, we discuss the influence of important parameters on supply chain decision-making and profit. Finally, we compare the optimal decision and profit under the two financing modes.
Specifically, we have contributed to current knowledge in several directions. First of all, compared with the previous single-channel research, we studied the dual-channel supply chain, which is more in line with the changes in the supply chain under the background of Internet development. Secondly, unlike previous studies that only considered the financial constraints on suppliers, we considered the impact of carbon emissions differences on supply chain decision-making. Finally, this paper constructs a supplier-led Stackelberg game model and discusses the impact of carbon emissions differences on the optimal decision-making of the supply chain under different financing modes. This model broadens the research ideas of dual-channel supply chains in the context of supply chain finance and enriches relevant research theories.In the next section, we review the literature on carbon emission differences, dual-channel supply chains for fresh produce, and supply chain finance. Section 3 describes the theoretical model. In Section 4, we explore a situation in which suppliers are not financially constrained. Section 5 discusses equilibrium decisions under bank and retailer financing strategies. We compare the financing strategies in Section 6. We introduce sensitivity analysis in Section 7. Section 8 summarizes the findings of this study.
2 LITERATURE REVIEW
We review the literature in three areas: carbon emission differences, dual-channel fresh produce supply chains, and supply chain finance. Although our work involves a large number of relevant studies published over the past years, few have explored the effect of carbon emission differences on the dual-channel fresh produce supply chain’s operational decisions when the supplier is financially constrained. Most research has focused on issues beyond the retailer’s financing role in dual-channel supply chains.
2.1 Carbon emissions difference
In recent years, scholars have paid attention to the combination of carbon emissions and supply chain. The low carbon preference of consumers will affect market demand (Sun et al., 2020; Liu J et al., 2021), thereby making the impact of carbon emissions on supplier decision-making more significant.Some scholars studied the channel selection strategy of the dual channel supply chain considering carbon emissions (Yang et al., 2018; Ghosh et al., 2020), the optimal decision-making problem of the supply chain under the influence of carbon emissions (Qi et al., 2018; Cao et al., 2020; Yan et al., 2021) and the supply chain coordination problem under the influence of carbon emissions (Wang C et al., 2020; Wang Z et al., 2020; Hosseini-Motlagh et al., 2021). In addition to these conventional decision-making factors, Aljazzar et al. (2018) included carbon emission costs in the decisions of supplier members to improve the environment and profits of the supply chain. Jiang et al. (2022) studied the optimal decision of supply chain members by considering both channel preference and low carbon sensitivity of consumers. These papers mainly regard carbon emissions as cost constraints or influencing factors, but do not consider the carbon emissions difference between channels. The research of Che et al. (2021) shows that the demand and profit of online and offline channels are related to carbon emissions. Shahmohamma et al. (2020) believed that compared with traditional offline sales channels, online sales channels have less carbon emissions and are more conducive to the environment.
The above scholars explained that carbon emissions will affect the optimal strategy of the dual channel supply chain, and there will be carbon emissions difference between the two channels. However, scholars have not conducted in-depth research on the impact of channel carbon emissions differences on supply chain decision-making.
2.2 Dual-channel fresh produce supply chain
In recent years, the dual-channel supply chain of fresh agricultural products has attracted extensive attention in marketing and operation management literature. Relevant researches mainly focus on channel selection, pricing decision, coordination, and optimization. Zheng F et al. (2021) studied the optimal channel selection strategy considering the preservation efforts of supply chain members. Liu et al. (2018) and others built a dynamic game model of a fresh agricultural product dual-channel supply chain considering consumer preferences and studied the impact of variables on agricultural product supply decisions. Perlman et al. (2019) analyzed a dual-channel supply chain consisting of two suppliers providing heterogeneous agricultural products and studied the price decision problem under market competition. Song et al. (2018) and Zhang and Ma. (2021) found that consumers’ high sensitivity to freshness can improve the decision-making of the supply chain’s freshness preservation efforts, thereby improving the supply chain’s profits.
Yan et al. (2021) studied the optimal pricing strategy and profit of supply chain members under dual channels, taking into account the impact of freshness preservation level on perishable products and suppliers’ online channel operating costs. Zheng et al. (2022) show that the price discount contract can well coordinate the profits of the dual channel supply chain of fresh agricultural products in the case of quantity loss. And the corresponding optimal discount rate channel price sensitivity coefficient is related.
The above research mainly discusses the channel selection, optimal decision-making, and supply chain coordination of dual-channel supply chain under the influence of freshness preservation characteristics. However, few studies have explored how the business decisions and optimal profits of the members of the dual-channel fresh product supply chain change under the influence of financial constraints.
2.3 Supply chain financing
Effective financial instruments have a strong and positive impact on economic growth (Shahzad et al., 2022) and can reduce unsustainable practices that improve environmental quality (zhang, 2022).Supply chain finance relies on the advantages of the Internet to effectively alleviate the financial constraints in the operation of the main body. Related research on supply chain finance mainly focuses on the external and internal financing modes of the supply chain. The external financing model refers to the provision of financing services by third-party financial institutions (e.g., commercial banks) to supply chain members with capital constraints. Under the external financing model, bankruptcy risks and default costs affect bank loan prices and the main decision-making of the supply chain (Kouvelis and Zhao, 2011; Yang et al., 2017; Kang et al., 2021). Luo et al. (2016) believe that financing risk can be effectively reduced through a risk guarantee mechanism. Banks have an optimal risk-guarantee ratio. Kouvelis and Zhao (2016) compare and analyze supply chain coordination contracts when banks provide loans with competitive prices and explain the applicable conditions of repurchase contracts, quantity discount contracts, and revenue-sharing contracts. This promotes the efficiency of capital constrained supply chains.
The internal financing mode of the supply chain means that when suppliers are constrained by funds, it affects the sales revenue of other members of the supply chain. Thus, other members are willing to provide financial support to their suppliers. Supply chain internal financing has greater flexibility in supply chain contract terms (Tang et al., 2018), facilitates suppliers to increase production (Gupta and Chen, 2020), and significantly improves farmers’ welfare and overall supply chain profits (Yi et al., 2021). Furthermore, Jiang and Liu. (2022) focused on the impact of credit scores on decision-making under different financing modes when comparing bank financing and intra-supply chain trade credit. The above studies have carried out relevant research on equilibrium decision-making under external and internal financing of the supply chain, and a comparative analysis under different financing modes. Studies indicate that different financing methods under capital constraints affect equilibrium decision making. However, it focuses on the financial constraints of supply chain members under a single channel, and does not consider the demand for fresh agricultural products.
Through literature review, it can be found that scholars have conducted a lot of research on carbon emission differences, dual channel fresh agricultural product supply chain, and supply chain financing. However, few studies have considered the impact of carbon emission differences on the decision-making of the dual-channel supply chain of capital-constrained fresh agricultural products. Therefore, based on the above research and practice background, in the low carbon economy environment, this paper comprehensively considered the carbon emissions difference and the fact that suppliers are financial constraints, built a dual-channel supply chain decision-making model, and analyzed the optimal decision-making and financing strategies among supply chain members.carbon emissions difference.
3 MODEL DESCRIPTION
A two-stage dual-channel supply chain consisting of a single supplier and a single retailer is considered. The Stackelberg game is formed between the supplier and the retailer (Zhang et al., 2022). The supplier is the leader of the game, and the retailer is the follower of the game. In the first stage of the game, the supplier decides the fresh-keeping efforts of fresh agricultural products, the wholesale price of agricultural products in the distribution channel, and the sales price of agricultural products in the direct channel. In the second stage, the retailer decides the selling price of agricultural products in the distribution channel according to the supplier’s decision. In this dual-channel supply chain, the supplier is financially constrained and the retailer is financially sufficient. In fact, the supplier can relieve financial pressure in the following two ways:Bank financing strategy: The supplier provides loans to banks prior to production. After the end of the sales period, the principal and interest of the bank loan are repaid.
Retailer financing strategy: The supplier signs a distribution channel acquisition contract with the retailer before production, and applies to the retailer for financing based on the acquisition order. The principal and interest of the retailer’s loan are repaid after the end of the agricultural product sales period.
The difference between the two financing strategies is that the retailer sells agricultural products through distribution channels and provides financing services to the supplier under the retailer financing strategy. The retailer’s financing parameters directly affect its decision-making and profits.
The supply chain operational processes of the two financing strategies are shown in Figure 1 and Figure 2.
[image: Figure 1]FIGURE 1 | Bank financing strategy.
[image: Figure 2]FIGURE 2 | Retailer financing strategy.
The decision-making of the supplier and retailer is analyzed based on the Stackelberg game. The model is shown in Figure 3: First, the retailer decides whether to provide financing services for the supplier. The retailer’s interest rate is [image: image]. The retailer’s cost of capital is [image: image]. If so, the supplier chooses the financing strategy. The bank’s interest rate is [image: image]; If not, the supplier can only use the external financing strategy. Then, the supplier as the leader decides the sales price of the online direct sales channel, fresh-keeping efforts [image: image] and the wholesale price of the distribution channel [image: image] according to factors such as market demand; The retailer, as a follower, determines the sales price of the distribution channel [image: image] on the basis of knowing the supplier’s decision; At the end of the fresh product sales period, the supplier repays the principal and interest of the loan to the bank or retailer according to different financing methods. We adopt the Stackelberg game method to guide the enterprises in practice how to make decisions under different financing strategies to maximize benefits and ensure the sustainable development of the fresh agricultural product supply chain.
[image: Figure 3]FIGURE 3 | Stackelberg game model.
In practice, fresh produce suppliers usually apply relevant fresh-keeping technologies to ensure the freshness of products and increase consumer demand. Let the freshness expression of fresh products be.
[image: image]
[image: image] represents the initial freshness value of the agricultural product when it is not kept fresh. [image: image] represents the coefficient of influence of preservation technology on the preservation effect. [image: image] represents the level of a supplier’s fresh-keeping effort. [image: image] is the transportation time and [image: image] is the entire life cycle of fresh agricultural products. [image: image] is the extreme value of the freshness decay after [image: image]. The cost of preservation for the supplier is [image: image], where [image: image] represents the influence coefficient of fresh-keeping efforts on the preservation cost.
This paper mainly studies the impact of carbon emission difference on the supplier and the retailer. Therefore, it is considered that the carbon emissions of products sold through distribution channels and online direct sales channels are the same in the production process, so the standardization is 0 (Wan et al., 2019), only the carbon emissions generated during the transportation process of each channel are considered.Let the unit carbon emission difference between distribution channels and online direct sales channels be [image: image], that is, [image: image]. [image: image] is the carbon emission of distribution channels. [image: image] is the carbon emission of direct marketing channels. [image: image] can be positive or negative. When [image: image], it means that consumers who buy a unit of product through distribution channels produce more carbon emissions than online direct sales channels, while [image: image], it is the opposite. Without loss of generality, we fix the unit carbon emissions of online direct sales channels and normalize them to zero, that is [image: image], [image: image]. Referring to the channel demand function established by Li et al. (2019), the consumer demand for fresh agricultural products in the distribution channel and the direct sales channel are:
[image: image]
[image: image]
Where [image: image] is the total market demand for fresh agricultural products. [image: image] refers to consumers’ preferences for the distribution channels of fresh agricultural products. [image: image] is the elasticity index of market demand to price. [image: image] is the cross-price elasticity coefficient between direct sales and distribution channels. [image: image] is the coefficient of the influence of freshness on the demand for agricultural products. [image: image] represents the level of consumers’ environmental awareness that satisfies [image: image]. To simplify the calculation process, it is assumed that the information between the fresh supplier and the retailer is completely symmetrical, and all freshness preservation work is undertaken by the supplier; moral hazard is not considered, that is, the two parties will not subjectively breach the contract; all rates are annualized ratios; supply of the initial capital of the merchant is 0.
4 BECHMARK WITHOUT CAPTIONAL CONSTRAINT
In this section, we analyze the equilibrium decision in the absence of financial constraints. The supplier sells fresh produce through both the direct online and traditional distribution channels. In the traditional distribution channel, the supplier will wholesale the agricultural product to the retailer at price [image: image] and the retailer will sell it at the [image: image] price. In the direct sales channel, the fresh produce supplier opens channels online to sell agricultural products to consumers at [image: image] prices. In both sales channels, the supplier ships the product through fresh-keeping efforts [image: image]. To solve the channel conflict, at the end of the sale, the supplier shares direct sales channel revenue with the retailer in proportion to [image: image]. [image: image] is the production cost per unit of production and [image: image] is the carbon tax rate per unit of carbon emission. Therefore, the profit functions for the supplier and retailer are as follows:
[image: image]
[image: image]
Lemma 1. Without capital constraints, the optimal decisions of the supplier and retailer are:
[image: image]
[image: image]
[image: image]
[image: image]
The optimal profits of the supplier and retailer are [image: image] and [image: image], respectively.
Proposition 1.Without capital constraints, [image: image], [image: image], [image: image], and [image: image] increase as the carbon emission difference between the distribution channels and online direct sales channels increases.
Proposition 1 shows that when the supplier is not capital constrained, the decision making of the supplier and retailer should consider the carbon emissions difference between the distribution and online direct sales channels. The greater the difference in unit carbon emissions, the higher is the carbon cost per unit of products sold. Therefore, the supplier increases the wholesale price of the distribution channels and the sales price of the direct sales channels. This affects the retailer’s distribution channel’s sales price decision. When both the sales price under the distribution channel and the online direct sales channel are rising, the supplier will increase fresh-keeping efforts to attract consumers to buy; otherwise, it will reduce market demand.
Proposition 2.Without capital constraints, [image: image], [image: image], and [image: image] decrease and [image: image] increases as consumers increase their environmental awareness.
Proposition 2 indicates that when the supplier is not capital constrained, the decisions of the supplier and retailer are not only affected by the carbon emissions difference between the distribution and online direct sales channels, but also by consumers’ environmental awareness. When other parameters are given, the higher the environmental awareness of consumers, the greater is the impact on the demand for fresh products in distribution channels. To attract consumers, the retailer lowers the selling price in the distribution channels. Because of channel competition, in which retailers lower the selling price in the distribution channel, the supplier also chooses to lower the selling price in the direct sales channel. At the same time, to achieve the goal of reducing costs and increasing profits, the supplier will reduce fresh-keeping efforts and increase the wholesale prices of the distribution channels.
Therefore, suppliers and retailers should adjust their decisions appropriately in response to carbon emissions difference and consumers’ environmental awareness. Existing studies have found that the decision making of the supplier and retailer is influenced by cost, consumer channel preference, and shipping time (Zi et al., 2021; Yadav et al., 2021; Lejarza et al., 2021). This study further finds that the decision making of the supplier and retailer is also affected by factors such as carbon emissions differences and consumers’ environmental awareness.
5 FINANCING WITH BANK OR RETAILER
This section analyzes the equilibrium decision-making of the capital-constrained dual-channel fresh produce supply chain under the bank financing and retailer financing strategies.
5.1 Bank financing Strategy (BF)
Under the BF, the supplier applies for a loan from the bank at the interest rate [image: image] in the early stage of production for production and preservation. The cost of a supplier also increases. The retailer’s profit structure remained unchanged. At this point, the profit functions of the supplier and retailer are described as follows:
[image: image]
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Lemma 2.Under the BF, the optimal decisions of the supplier and retailer are:
[image: image]
[image: image]
[image: image]
[image: image]
Proposition 3. When the supplier is capital constrained, under the BF, [image: image], [image: image], and [image: image] increase with the carbon emission difference between the distribution channel and the online direct sales channel.
Proposition 3 shows that, similar to the situation without capital constraints, the higher the carbon emission difference between the distribution channel and the online direct sales channel, the higher the optimal decision of the supplier and retailer under the BF.
Proposition 4. When the supplier is capital constrained, under the BF, with an increase in consumers’ environmental awareness, [image: image] and [image: image] increase, and [image: image] and [image: image] decrease.
Proposition 4 shows that, similar to the situation without capital constraints, an increase in consumers’ environmental awareness leads to a decrease in the sales volume of the distribution channel under the BF. The retailer reduces the distribution channel’s sales price to attract consumers. In contrast to the situation without capital constraints, with an increase in consumers’ environmental awareness, the supplier will increase the price of online direct sales under the BF. The supplier increases fresh-keeping efforts and reduces wholesale prices to meet consumer preferences and maintain the stability of the dual-channel supply chain.
5.2 Retailer financing Strategy
Under the RF, the retailer’s income structure has changed, mainly including the income from the sale of agricultural products through the distribution channel, the income shared by the direct sales channel, and the income from financing. [image: image] is the retailer’s interest rate and [image: image] is the retailer’s cost of capital. The profit functions for the supplier and retailer are
[image: image]
[image: image]
Lemma 3.Under the retailer financing model, the equilibrium decisions of the supplier and retailer are
[image: image]
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6 FINANCING STRATEGY PREFERENCE ANALYSIS
In the previous section, we analyzed equilibrium decision making and optimal profit under different financing strategies. When considering the carbon emission difference of the channel, it is still a challenge to analyze and compare the optimal profit function and obtain the financing preferences of the supplier and retailer. Therefore, we apply a numerical analysis to obtain optimal financing strategies. In order to simplify the calculation and refer to related research on dual-channel supply chain (Chiang et al., 2003), the parameters are set as follows: [image: image]、 [image: image]、 [image: image]、 [image: image]、 [image: image]、 [image: image]、 [image: image]、 [image: image]、 [image: image]、 [image: image]、 [image: image]、 [image: image]、 [image: image]、 [image: image]、 [image: image]、 [image: image]。
We define the profit difference as [image: image]、 [image: image], If [image: image], the supplier chooses the RF; otherwise, the supplier chooses the BF. If [image: image], the retailer is willing to provide financing services to the supplier; otherwise, it will not provide financing services to the supplier.
Figures 4A–C show the impact of the retailer’s interest rate, carbon emission difference, and consumer environmental awareness, respectively, on the financing strategy of the capital-constrained dual-channel fresh produce supply chain.
[image: Figure 4]FIGURE 4 | (A). Impact of retailer’s interest rates on financing strategies (B). Impact of carbon emission difference on financing strategies (C). Impact of consumers’ environmental awareness on financing strategies.
Figure 4A shows the effect of a retailer’s interest rate on the financing strategy. When [image: image], [image: image] is always greater than 0; that is, the supplier’s profit under the RF is always greater than that under the BF. Therefore, the supplier prefers the RF strategy. When [image: image], [image: image] is always greater than 0, that is, the retailer’s profit under the RF is greater than that under the BF. Therefore, the retailer is willing to provide financing services to the supplier.If and only if [image: image], [image: image], and [image: image], that is, the profits of the supplier and retailer under the RF are greater than those under the BF, respectively. At this point, the RF strategy can be a win-win scenario for both the supplier and retailer. Therefore, the RF strategy can be accepted by both suppliers and retailers.
Figure 4A also shows that when [image: image], as [image: image] increases, the profit difference between the supplier under the RF and the BF decreases, and the profit difference between the retailer under the RF and the BF increases. Therefore, the higher the retailer’s interest rate is, the more favorable it is to retailers, and the more unfavorable it is to suppliers. Suppliers need to further consider the choice of financing strategies in combination with the carbon emissions difference of channels.
Figure 4B shows the effect of carbon emission differences on financing strategies [image: image]. When [image: image], [image: image] is always greater than 0, that is, the supplier’s profit under the RF strategy is always greater than that under the BF, so the supplier prefers the RF strategy. [image: image] is always greater than 0, that is, the retailer’s profit under the RF strategy is greater than that under the BF strategy. Therefore, the retailer is willing to provide financing services to the supplier. If and only if [image: image] [image: image], and [image: image], that is, the profits of the supplier and retailer under the RF strategy are greater than those under the BF strategy, respectively. At this point, retailer-financing strategies can be a win-win for both suppliers and retailers. Therefore, the RF strategy can be accepted by both suppliers and retailers.
Figure 4B also shows that when [image: image], with the increase in [image: image] , the profit difference of suppliers under the RF and the BF shows a linear downward trend. The profit difference of retailers under the RF and the BF shows a linear upward trend. Therefore, the greater the carbon emission difference, the more favorable the RF strategy is to retailers and the more unfavorable it is to suppliers.
Figure 4C shows the impact of consumer environmental awareness on the financing strategies. Let [image: image], [image: image] = 8. At this time, no matter how consumers’ environmental awareness changes, [image: image] and [image: image] always exist. This shows that consumers’ environmental awareness does not affect the financing strategies of the supplier and retailer. However, the lower the consumers’ environmental awareness, the more obvious the advantages of the RF for the retailer. The difference between the profits of the supplier under the two financing strategies does not change significantly, indicating that consumers’ environmental awareness has a similar impact on the profits of the supplier under the two financing strategies.
7 SENSITIVITY ANALYSIS
Next, we analyze the impact of some major parameters on the decision making and profit of the dual-channel fresh produce supply chain.
7.1 Impact of Retailer’s interest rates on decision-making and profits
Figure 5 shows the impact of the retailer’s interest rate on the supplier’s and the retailer’s profits. As the retailer’s interest rate increases, the supplier’s profit decreases, and the retailer’s profit increases. This is reasonable. Suppose the retailer raises interest rates, and the supplier’s overall cost increases, which ultimately reduces the supplier’s profits. On the other hand, the retailer boosts loan profits through higher interest rates, further boosting the retailer’s overall earnings.
[image: Figure 5]FIGURE 5 | (A) Impact of retailer’s interest rate on supplier’s profit (B,C) Impact of retailer’s interest rate on retailer’s profit.
Figure 5A also reveals that the profit of the supplier under the BF is lower than that without the capital constraint. When the retailer’s interest rate is lower than a certain threshold, the profit of the supplier under the RF is not only higher than that under the BF but also higher than that without capital constraints. Therefore, the supplier pays special attention to the retailer’s interest rate in the early stages of production. Only when the retailer’s interest rate is lower than a certain value, the supplier will obtain high returns by choosing the retailer’s financing strategy, otherwise, it will choose the BF.
Figures 5B, C also show that the profit of the retailer under rhe BF is always higher than that without capital constraint, but the difference is small. That is when the supplier selects the BF, the retailer is not exposed to financing risks. At this time, the profit of the retailer increases. If the retailer sets a higher interest rate, the profit of the retailer under the RF conditions will be higher than that under the BF conditions and will be higher than that without capital constraints. Therefore, the retailer is willing to provide financing to suppliers only when they accept higher interest rates. Besides, even if the retailer does not provide financing for suppliers, they tend to cooperate with suppliers with limited financial resources.
Figure 6 shows the impact of the retailer’s interest rate on the optimal decision.
[image: Figure 6]FIGURE 6 | (A) Impact of retailer’s interest rate on fresh-keeping efforts (B) Impact of retailer’s interest rate on wholesale price decisions in distribution channels. (C) Impact of retailer’s interest rate on selling prices in the direct sales channel (D) Impact of retailer’s interest rate on the selling price in the distribution channel.
Figure 6A shows the impact of the retailer’s interest rate on fresh-keeping efforts. It can be seen that: 1) The fresh-keeping efforts under the RF and the BF are higher than those without capital constraints. This shows that even if the cost increases owing to capital constraints, the supplier will still increase its fresh-keeping efforts. 2) With an increase in the retailer’s interest rate, the decision-making of the supplier’s fresh-keeping efforts under the RF increases. If the retailer sets a higher interest rate, the decision-making of the fresh-keeping effort under the RF will be higher than that under the BF. That is to say, even if the cost of the supplier increases, the supplier will also improve the preservation efforts. Reducing the cost by reducing the preservation work will damage the supplier’s income.
Figure 6B depicts the effect of the retailer interest rate on wholesale price decisions in distribution channels. It can be seen that: 1) The wholesale prices of the supplier under the RF are always higher than those without capital constraints. 2) If the retailer sets a lower interest rate, the wholesale price of the supplier under the RF is lower than that without capital constraints. 3) With an increase in the retailer’s interest rate, the wholesale price of the supplier increases, and only when the retailer sets a higher interest rate will the wholesale prices of the supplier under the RF be higher than that under the BF. In practice, the retailer provides the supplier with financing services at a lower interest rate, which effectively solves the supplier’s capital constraints problem. Simultaneously, the RF can improve the retailer’s negotiation ability on wholesale price contracts and wholesale fresh agricultural products from the supplier at lower prices, thereby reducing costs and increasing efficiency.
Figure 6C depicts the effect of the retailer’s interest rate on selling prices in the direct sales channel. It can be seen that: (1) In the direct sales channel, the sales price of the supplier under the RF and the BF is always higher than that without capital constraints (2) As the retailer’s interest rate increases, the direct sales channel’s sales price increases. If the retailer sets a higher interest rate, the sales price of the direct sales channel under the RF is higher than that under the BF, which indicates that capital constraint causes the supplier’s cost to increase. Therefore, regardless of the choice of retailer financing strategy or bank financing strategy, the supplier will appropriately increase the sales price of the direct sales channels. In practice, an increase in financing costs leads the supplier to pass on costs to consumers by raising selling prices.
Figure 6D depicts the effect of the retailer’s interest rate on the selling price in the distribution channel. It can be seen that: (1) The sales price of the distribution channel under the RF and the BF is always higher than that without capital constraints. (2) As the retailer’s interest rate increases, the sales price of the distribution channel increases, and the price under the RF is always lower than that under the BF. This is because the retailer obtains financing benefits while providing financing services to the supplier. Therefore, retailers are willing to reduce sales prices appropriately to improve market competitiveness.
7.2 Impact of crbon emissions difference on decision-making and profits
Figure 7 depict the impavt of the carbon emission difference on the profits of the supplier and retailer. With an increase in the carbon emission difference, the profits of both the supplier and retailer first decrease and then increase.
[image: Figure 7]FIGURE 7 | (A) Impact of carbon emission differences on the supplier’s profit (B) Impact of carbon emission difference on the retailer’s profit.
Figure 7A depicts the effect of carbon emission differences on the supplier’s profit. With the increase of carbon emission difference between channels, the profits of suppliers first decreased and then increased. When the carbon emissions difference is small, the supplier’s profit under the RF is higher than that under the BF, and both are lower than that without capital constraints. When the carbon emission difference is greater than a certain value, the profit of the supplier under the BF is higher than that under the RF, and the profit of the supplier under the BF and the RF is higher than that without financial constraints. This shows that when the carbon emissions difference between channels is higher than a certain threshold, financial constraints will enable suppliers to obtain higher profits.Figure 7B depicts the impact of the carbon emission difference on the retailer’s profit. With the increase in carbon emission difference between channels, retailers’ profits increase. The profit of retailers under the RF is always higher than that under the BF and under no financial constraints. This is because consumers’ awareness of environmental protection and the increase of carbon emissions in distribution channels will increase consumers’ demand for direct marketing channels, thus increasing the profits that retailers obtain through financing. When the carbon emissions difference between channels is small, the profit of retailers under the BF is lower than that without capital constraints. When the carbon emissions difference between channels is higher than a certain threshold, the profit of retailers under the BF is higher than that without capital constraints. This shows that the greater the difference in carbon emissions, the stronger the willingness of retailers to provide financing services for suppliers. When the difference in carbon emissions is low, retailers tend to cooperate with suppliers with financial constraints.
Figure 8 shows the impact of carbon emission difference on optimal decision-making.
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Figure 8A depicts the effect of carbon emission differences on fresh-keeping efforts. It can be seen that: (1) As [image: image] increases, suppliers’ fresh-keeping efforts increase under the three strategies. T The fresh-keeping efforts under the BF are always higher than those under the RF and the no financial constraints. This is because the greater the difference in carbon emissions, the smaller the demand for distribution channels. In order to increase the demand of consumers, the supplier will choose to improve the fresh-keeping efforts. ((2) The fresh-keeping efforts under the RF are always higher than those under the no financial constraints.
Figure 8B depicts the effect of the carbon emission difference on wholesale prices by the distribution channel. It shows that: (1) With the increase in [image: image], the wholesale prices in the distribution channel under the three strategies increase. The wholesale prices by the distribution channel under the BF are always higher than those under the RF, but the difference is small. (2) The wholesale prices by distribution channel under the BF and the RF are always higher than those without capital constraints. This is because suppliers increase their fresh-keeping efforts, resulting in increased costs. In order not to damage their own profits, suppliers transfer costs to retailers by increasing the wholesale price of distribution channels.
Figure 8C depicts the effect of carbon emission difference on the direct sales channel sales price. It reveals that: (1) With the increase in [image: image], the sales price by the direct sales channel under the three strategies increases. The direct sales channel sales price under the BF is always higher than that under RF. (2) The sales price of the direct sales channel under the BF and the RF is always higher than that without capital constraints. This is because the carbon emissions of direct marketing channels are smaller than those of distribution channels, which will attract consumers to buy agricultural products through direct marketing channels, even if the sales price of direct marketing channels is higher.
Figure 8D depicts the effect of carbon emission differences on the distribution channel sales prices. (1) With the increase in [image: image], the distribution channel sales price under the three strategies increases, and the distribution channel sales price under the BF is always higher than that under the RF. (2) The distribution channel sales prices under the BF and the RF are always higher than those without capital constraints. Higher carbon emissions in distribution channels will reduce consumer demand. Interestingly, retailers do not reduce the sales price of distribution channels, but increase the sales price. This is caused by the competition between two channels.
7.3 Impact of consumers’ environmental awareness on decision-making and profits
Figure 9 shows the impact of consumers’ environmental awareness on suppliers’ and retailers’ profits. Whether the supplier is financially constrained changes the trend of the impact of consumer environmental awareness on the profits of the supplier and the retailer.
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Figure 9A shows the impact of consumers’ environmental awareness on suppliers’ profits. In the case of no financial constraints, the supplier’s profit declines with an increase in the consumers’ environmental awareness. The profit of the supplier under the RF and the BF increases with an increase in consumers’ environmental awareness. The profit of the supplier under the RF is always higher than that under the BF. This shows that no matter how consumers’ environmental awareness changes, financial constraints always reduce suppliers’ profits. The higher the consumer’s awareness of environmental protection, the more beneficial to the suppliers with financial constraints.
Figure 9B shows the impact of consumers’ environmental awareness on the retailer’s profit. With an increase in consumers’ environmental awareness, the retailer’s profit increases under the RF, bank financing strategy, and without capital constraints. The retailer’s profit under the RF is always higher than that under the BF without capital constraints. When consumers’ environmental awareness is low, the retailer’s profit under the bank financing strategy is higher than that without capital constraints. This shows that no matter how consumers’ environmental awareness changes, the RF strategy is always beneficial to retailers. When consumers have low awareness of environmental protection, retailers tend to cooperate with suppliers with financial constraints.
Figure 10 shows the impact of consumers’ environmental awareness on on optimal decision-making.
[image: Figure 10]FIGURE 10 | (A) Impact of consumers’ environmental awareness on fresh-keeping efforts (B) Impact of consumers’ environmental awareness on wholesale prices in the distribution channels. (C) Impact of consumers’ environmental awareness on sales prices in the direct sales channels (D) Impact of consumer environmental awareness on sales prices in the distribution channels.
Figure 10A the impact of consumers’ environmental awareness on fresh-keeping efforts. It can be seen that: (1) The fresh-keeping efforts without capital constraints decrease with the increase in consumers’ environmental awareness, but are always higher than those under the RF and the BF. (2) The fresh-keeping efforts under the RF and the BF increase with an increase in consumers’ environmental awareness. The fresh-keeping efforts under the BF were always higher than those under the RF. This is because, without financial constraints, consumers’ awareness of environmental protection has increased, the demand for distribution channels has decreased, and suppliers reduced costs by reducing fresh-keeping efforts to maintain revenue. Under financial constraints, when the demand is reduced due to the environmental awareness of consumers, the financing cost of suppliers is reduced, which will encourage suppliers to increase their freshness preservation efforts to improve the sale.
Figure 10B depicts the effect of consumers’ environmental awareness on wholesale prices in the distribution channels. (1) The distribution channel wholesale prices without capital constraints increase with an increase in consumers’ environmental awareness, and it is always lower than the distribution channel wholesale prices under the RF and bank financing strategies. (2) The distribution channel wholesale prices under the RF and the BF decrease with an increase in consumers’ environmental awareness. The wholesale prices of the distribution channel under the BF were always higher than those under the RF. This is because without financial constraints, with the increase in consumers’ awareness of environmental protection, suppliers maintain their profits by raising wholesale prices. Under financial constraints, the financing cost of suppliers decreases, which will encourage suppliers to reduce wholesale prices to increase sales.
Figure 10C depicts the effect of consumers’ environmental awareness on sales prices in the direct sales channels. It reveals that: (1) The direct channel sales price without capital constraints decreases with an increase in consumers’ environmental awareness, but it is always lower than that under the RF and the BF. (2) The direct channel sales prices under the RF and the BF increase with an increase in consumers’ environmental awareness. The direct channel sales price under the BF is always higher than under the RF. This is because, without financial constraints, consumers’ awareness of environmental protection has reduced the sales price of distribution channels. At this point, suppliers need to reduce the sales price of direct sales channels to improve the competitiveness of sales channels. In the case of financial constraints, the cost increases due to the increased efforts of suppliers to keep fresh. In order to improve revenue, suppliers should increase the sales price of direct sales channels.
Figure 10D depicts the effect of consumer environmental awareness on sales prices in the distribution channels. It can be seen that: (1) The distribution channel sales price under the RF, BF, and without capital constraints decreases with an increase in consumer environmental awareness. (2) The distribution channel sales prices under the RF and the BF are higher than those without capital constraints. The distribution channel sales price under the BF is always higher than that under the RF. This is because no matter whether the supplier is financially constrained or not, the increase in consumers’ awareness of environmental protection will drive retailers to reduce the sales price of distribution channels to improve their competitiveness.
8 CONCLUSION
Many studies have been conducted on carbon emission reduction, supply chain finance, and the dual-channel fresh produce supply chain. However, few studies have explored the interaction between carbon emission differences, financial constraints, and dual-channel fresh produce supply chain operations. In addition, the retailer, as a participant in traditional distribution channels, directly influences the supply chain’s operational decisions by providing loan services to the supplier. The difference in carbon emissions indirectly affects the operational decisions of the supply chain by affecting the purchasing intentions of environmentally conscious consumers. Therefore, this study investigates suppliers’ financing strategy preferences and analyzes how retailers’ interest rates, carbon emissions differences, and consumers’ environmental awareness affect operational decisions in dual-channel fresh food supply chains.
8.1 Theroretical results
In order to solve the optimal decision-making problem and optimal financing strategy problem of suppliers and retailers when considering carbon emission differences, we established dual-channel supply chain models under the BF and the RF based on practical examples. Our theoretical analysis shows that only when the retailer’s interest rate and the carbon emission difference are within a certain range, the RF will enable the supplier and the retailer to obtain a “win-win.” In other words, the retailer is willing to provide financing services to the capital-constrained supplier. The supplier is more inclined to choose the RF than the BF when faced with two financing strategies. Consumers’ environmental awareness will only affect the supplier and retailer’s operational decisions and not the supplier’s financing selection strategy. This insight can guide capital-constrained suppliers in choosing financing mechanisms in a dual-channel fresh supply chain.
In addition, this study shows that, When the retailer’s interest rate and carbon emissions difference increase, the supplier should increase the direct channel sales price decision, the distribution channel wholesale price decision, and the fresh-keeping effort decision, and the retailer should increase the distribution channel sales price. Under financial constraints, when consumers’ awareness of environmental protection increases, suppliers should increase the decision on sales price and preservation efforts of direct sales channels, and reduce the decision on the wholesale price of distribution channels, which is contrary to the situation without financial constraints. Retailers should reduce the sales price decision of distribution channels, which is the same as the situation without financial constraints. This shows that suppliers’ financing behavior, carbon emission differences, and consumers’ environmental awareness have a significant impact on suppliers’ and retailers’ decision-making.Our study is similar to that of Shi et al. (2021), but with some improvements, (Shi et al., 2021), studied the choice of financing between bank credit and trade credit for retailers with limited funds. Liu M et al. (2021) studied the impact of factors such as overconfidence on decision-making in a capital-constrained supply chain. Gu et al. (2021) considered the financing choice strategy when a financially constrained manufacturer and competitor played a game at the same time. None of the above scholars have considered the carbon emissions difference between channels and consumers’ environmental awareness. This study considers carbon emission differences and consumers’ environmental awareness when building the model and analyzes the impact of these factors on the optimal decision-making and financing selection strategies of supply chain participants. Our theoretical results are more conducive to promoting the sustainable development of agricultural supply chains in a low-carbon economic environment.
8.2 Management insights
Based on the above results, we provide the following management insights.
First, when the supplier chooses financing strategies, he or she should not only pay attention to interest rates but also to the difference in carbon emissions between channels. When the retailer’s interest rate is within an acceptable range, if the carbon emission of the distribution channel is slightly larger than that of the direct sales channel, the supplier will choose the RF; otherwise, he will choose the BF.
Second, retailers should set lower interest rates or destabilize the supply chain. In this case, the supplier’s financing cost is reduced and the supplier should lower the wholesale prices to transfer a portion of the profit to the retailer. Owing to lower wholesale costs, the retailer lowers the selling prices in distribution channels. Considering competition between channels, the price of the supplier’s direct sales channel should also decrease. Simultaneously, to reduce costs, suppliers should reduce fresh-keeping efforts.
Finally, the supplier and retailer must consider consumers’ environmental awareness when making their decisions. Higher environmental awareness among consumers reduces sales through distribution channels. In this case, the supplier without financial constraints should reduce wholesale prices and the retailer should reduce sales prices through distribution channels to attract consumers to buy fresh produce through distribution channels. Owing to competition between channels, the price and preservation efforts of the supplier’s direct sales channel should also decrease. It is worth noting that a supplier with capital constraints will still increase the wholesale price of distribution channels and the sales price of direct sales channels owing to the impact of capital costs. The retailer earns money from the loan; therefore, even if the supplier increases the wholesale price in the distribution channel, he or she should lower the selling price in the distribution channel to attract consumers.
In addition, we put forward the following management suggestions for the fund constrained dual channel supply chain of fresh agricultural products.
(1) Suppliers should carry out green innovation in the transportation mode of agricultural products to improve the low-carbon, environmental protection and green level of products as much as possible, so that consumers can get a good sense of experience in the use process, so that consumers are more willing to pay for green.
(2) Retailers should innovate the financing mode to better provide financial support for suppliers, so as to encourage suppliers with financial constraints to carry out green transport mode innovation.
(3) The government should actively carry out innovative practices of carbon market financing. Promote the coordinated development of green transformation of enterprises.
8.3 Future research directions
This study has the following limitations. First, this paper does not consider the carbon emissions of retailers, but only considers the carbon emissions of suppliers in the transportation process of different channels. Future research could consider retailers’ marketing efforts for low-carbon products. Second, this study only considers a dual-channel fresh supply chain consisting of a single financially constrained supplier and a single well-funded retailer. In reality, each supplier may have multiple retailers. There is competition among retailers. Therefore, in the future, the two-channel optimization operation strategy of the one-to-many capital constraint of the fresh supply chain can be discussed.
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