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Abstract 

 

The recognition of e-commerce motivates more and more retailers to open the online 

channel. This paper investigates a fresh product supply chain consisting of a supplier and a 

capital-constrained retailer under three cases: bank loans, delayed payment, and dual 

financing, where the retailer sells via online and offline channels. For each financing 

mechanism, we construct the optimization model and obtain the optimal freshness and 

pricing decisions. It is found that, the capital constraint always reduces the supplier’s profit, 

but can improve the retailer’s profit. Comparative results show that, the delayed payment 

produces the highest freshness level when interest rate of supplier is lower than that of bank, 

and the dual financing mode could produce the highest supply chain profit. The extension 

reveals that, the supplier tends to charge no interest under delayed payment and dual 

financing to maximize its profit. 

 

Keywords: Bank loans, Delayed payment, Dual financing mode, Fresh product supply chain, 

Online-to-offline commerce 

 

INTRODUCTION 
  

 With the development of supply chain finance, the financing channels present the 

tendency of diversity. On the one hand, the bank loans, as the traditional financing source, 

can relieve the retailer’s capital stress and improve the supply chain performance (Yang et al., 

2019, Wang et al., 2019). The amount of loan issued by the bank of Jiangsu to the small and 

micro enterprises in China has reached 400 billion yuan1. On the other hand, the delayed 

payment (trade credit) has become an important short-term financing source (Lee and Rhee, 

2011). In the United States, the trade credit is the major source of short term financing 

(Petersen and Rajan, 1994). In the United Kingdom, more than 80% of the B2B transactions 

are made with the form of credit sales (Wilson and Summers, 2002). In China, the cumulative 

accounts receivable of industrial enterprises that can be explained with the delayed payment 

has reached 1998.38 billion dollars by the end of 2017 (Chen et al., 2019b).  

Biais and Gollier (1997) reveal that the bank credit and the trade credit could be the 

complementary financing resource. Cai et al. (2014) verify the complementarily between 

bank loans and trade credit with the empirical panel data. Therefore, the retailer could also 

finance partially from bank and partially from supplier when both financing modes are viable, 

which can be called the dual financing mode. Some researchers have studied the financing 
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equilibrium between bank loans and delayed payment (Chen, 2015, Kouvelis and Zhao, 

2012). However, when bank loans, delayed payment, and dual financing mode are all viable, 

it remains unclear which financing mode is more preferred by supply chain participants and 

which financing mode can maximize the freshness level and the supply chain profit. With the 

rapid development of information technologies and the improvement of online payment 

security, e-commerce has made breakthrough in innovative mode of retail industry (Chen et 

al., 2016, Pu et al., 2017). The online transaction volume in China was valued at RMB 7175.1 

billion in 2017, which accounted for 19.6% of the total volume (Chen et al., 2019a). Attracted 

by the huge profit potential, many retailers in China, such as Gome and Suning, open the 

online channel besides the offline channel, which can be called the O2O (Online-to-Offline) 

sales mode (Chen et al., 2016, Ji et al., 2017). In fresh product retail industry of China, many 

retailers have entered the O2O business, such as Freshhema, Super Species, and 7fresh, 

which is regarded as the biggest pie in e-commerce. But, few literatures investigate this sales 

mode in the fresh product supply chain. 

 Based on above analysis, we try to explore the following questions. (1) Which 

financing mode could produce the highest freshness level and supply chain profit among 

three financing modes? (2) What is the optimal financing choice of the supplier and the 

retailer respectively? (3) How does the supplier select the interest rate to maximize its profit 

under delayed payment and dual financing mode? To deal with the above questions, this 

paper studies a fresh product supply chain under the O2O sales mode. The benchmark model 

without capital constraint and three financing modes are investigated in the supplier-led Stack 

elberg game. For each financing mode, we obtain the optimal freshness and pricing decisions. 

Research results show that, the freshness levels in capital-constrained supply chains cannot 

achieve the level of that under benchmark model; the delayed payment produces the highest 

freshness level when the supplier interest rate is lower than the bank interest rate. By 

comparing three financing modes, we derive the optimal financing selections of the retailer 

and the supplier. For the whole supply chain, the supply chain profit under bank loans is the 

highest when the initial capital is relatively high; the delayed payment is more beneficial to 

the whole supply chain when the initial capital is relatively low; the dual financing mode 

could contribute to the highest supply chain profit when the initial capital is moderate and the 

bank interest rate is lower than the supplier interest rate. The extension indicates that, the 

supplier would charge no interest under delayed payment and dual financing mode to 

maximize its profit. All of the above research results can help firms make the financing 

selection and the freshness-keeping investment decisions. 

 

 

LITERATURE SURVEY 
 

The relevant works can be divided into two aspects: the operational management of 

fresh product supply chain and the supply chain finance.  

 

1. Operational management of fresh product supply chain:   

 The first stream of our work is related to the literature on operational management of 

fresh product supply chain, most of which studies the inventory and the pricing decisions in 

the traditional retail mode. With the development of e-commerce, many traditional retailers 

begin to open the online channel and the O2O sales mode begins to be studied. Chen et al 

(2016) investigate the influence of power structure on the retail service supply chain in 
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retailer’s O2O mixed channel. He et al. (2016) create an agent-based competitive dual-

channel model of retailer and explore the optimal location and pricing strategies. Ji et al. 

(2017) study the rules of initial carbon allowance allocation under the O2O sales mode, 

where the retailer sells through both online and offline channels. However, few researcher 

studies the O2O sales mode in the fresh product supply chain. Many fresh product retailers, 

such as Woolworths, Freshhema, and Missfresh, have operated with the O2O mode by selling 

via both online and offline channels. Motivated by these practice, we try to explore the 

optimal freshness decisions of fresh product supply chain under the O2O sales mode. Both 

the quality and the quantity of fresh product would deteriorate over time (Cai et al., 2013). It 

is important for firms to make the freshness-keeping investment to prevent deterioration. Cai 

et al. (2013) explore the optimal freshness-keeping effort decision in a perishable product 

supply chain. Yang and Tang (2019) investigate the optimal pricing and freshness-keeping 

decisions under retail mode, dual channel mode, and O2O sales mode respectively. However, 

all abovementioned literature builds on an important assumption that the capital of supply 

chain participants is abundant to support their operational decisions. The freshness 

investment, such as the preservation technology and equipment investment, tends to occupy 

the substantial current capital, which would lead to retailer’s capital shortage. It is important 

to explore the impact of capital constraint on operational decisions of fresh product supply 

chain and which financing mode could produce the highest freshness level.  

 

2. Supply chain finance Supply chain finance:  

 As one of the most promising new products in bank industry, mainly includes bank 

loans and trade credit. Bank loans has been well studied. Buzacott and Zhang (2004) explore 

the interaction between the operating and the financial decisions under the asset-based bank 

financing. Chen et al. (2013) consider the impacts of bank financing on the inventory 

decisions. Kouvelis and Zhao (2010) introduce the bank credit into a supply chain where the 

supplier sells through a wholesale price contract to the financially constrained retailer. Wang 

et al. (2019) study the bank financing strategy of the platform retailer in e-commerce supply 

chains under the deterministic demand. Trade credit (delayed payment) is the most important 

short-term financing mode. Lee and Rhee (2011) show that the delayed payment could 

motivate the buyer to increase the order quantity. Under the stochastic demand, Gupta and 

Wang (2009) establish a discrete time model with the random demand and reveal that the 

optimal policy structure is not impacted by the credit terms. More literature investigates the 

delayed payment under the stochastic demand, including Chen (2015) and Yang and Birge 

(2017). Under the deterministic demand, Chang (2004) proposes an EOQ model for 

deteriorating items.  

Yang et al. (2017) investigate the delayed payment in a two-echelon supply chain 

with two capital-constrained retailers. Following this research stream, we investigate the 

delayed payment under the deterministic demand. When both bank loans and delayed 

payment are viable, there has been some literature investigating the financing equilibrium. 

Kouvelis and Zhao (2012) indicate that the retailer would always select the supplier financing 

when the optimally structured scheme is offered. Chen (2015) reveals that the trade credit can 

better integrate the channel compared to bank loans and could be the unique financing 

equilibrium. Undoubtedly, the capital-constrained retailer could finance from the dual 

financing mode. Cai et al. (2014) investigate the retailer’s borrowing strategy in the single-

credit scenario and the dualcredit scenario respectively.  
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FINANCING MODES:  

 This section derives the optimal freshness and pricing decisions under three financing 

modes: bank loans, delayed payment, and dual financing mode and explores the impacts of 

capital constraint. Furthermore, we compare the three financing modes to explore the optimal 

financing selection of firms and which financing mode could produce the highest freshness 

level and supply chain profit. 

 

i) Delayed payment: The supplier, as the supply chain leader, usually extends the trade credit 

to the retailer to maintain the sustainable operations of supply chain. Under delayed payment, 

the supplier allows the retailer to delay payment Ls for its order with charging an exogenous 

interest rate rs as return. The sequence of events the supplier sets the wholesale price.   

ii) Under bank loans: The sequence of events, the supplier sets the wholesale price. The 

retailer sets the sales price and the freshness level, and applies for the loan from bank. The 

retailer obtains the loan from bank. The retailer orders the fresh product and sells them via 

both online and offline channels. At the end of selling season, the retailer gains the sales 

revenue and repays some amount to the bank. 

 

iii) Dual financing: The bank loans and the delayed payment can coexist in practice. 

Therefore, it is meaningful to investigate the dual financing mode, where the retailer finances 

partially from the bank and partially from the supplier. 

 

 

CONCLUSION 
  

 This research can be extended in several directions in the future work. We only 

consider the capital-constrained retailer and the supplier may also be under capital constraint 

in practice. We can further study the retailer and the supplier’s joint financing decision in the 

fresh product supply chain. In addition, our demand function is assumed to be linear in the 

freshness level for simplicity. In some setting, the demand of the fresh product can be 

stochastic. Therefore, an interesting extension is to consider the stochastic demand. The main 

concluding statements of this paper can be summarized as follows: 

 (1) The capital constraint always reduces the freshness level and the profits of supplier and 

whole supply chain, but can improve the retailer’s profit under the certain condition. Among 

three financing modes, the freshness level under delayed payment is the highest when the 

supplier interest rate is lower than the bank interest rate; otherwise, the freshness level is the 

highest under delayed paymsent, dual financing mode, and bank loans when the basic market 

demand is low, moderate, and high respectively.  

(2) When the bank interest rate is relatively low, the results show that the retailer prefers the 

delayed payment. Meanwhile, the supplier also gains the highest profit under delayed 

payment when the cost coefficient is relatively high and the initial capital is relatively low. 

(3) The extension reveals that, the supplier would charge no interest under delayed payment 

and dual financing mode to maximize its profit. Under this situation, the optimal fresh level 

and profits in no-interest delayed payment are all improved. 
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