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Against the backdrop of the rapid development of cross-border e-commerce, pricing and inventory
coordination are the core links in its supply chain management, which are of great significance for
improving the efficiency of enterprise resource allocation, balancing the interests of the chain's
internal entities, and enhancing the resilience of the supply chain. This study examines the impact
of government policies on supply chain operations by analyzing cooperative and non-cooperative
situations between overseas suppliers and domestic retailers. In the centralized decision-making
model, overseas suppliers and in-country retailers fully cooperate in determining commodity
prices, inventory levels and revenue distribution. In the decentralized decision-making model, both
parties make decisions independently for their own benefit. By comparing the supply chain
operation under the two models, it is found that the centralized decision-making model can
maximize the overall profit of the supply chain. To further optimize supply chain coordination, this
study introduces the revenue sharing contract model. In this model, the retailer shares part of the
revenue to the supplier in order to incentivize the supplier to reduce the wholesale price, thus
realizing the overall profit of the supply chain. At the same time, it is also agreed in the contract
that the retailer's excess revenue is shared to the supplier at a certain percentage to balance the
interests of both parties. Through comparative analysis, under the revenue sharing contract, the
price of goods is more competitive, consumer demand is stimulated, and the profit of the whole
supply chain is improved. It is further found that under the centralized decision-making model,
there exists an optimal export tax rebate rate and import tariff rate that maximizes the supply chain
profit. In addition, commodity pricing is negatively correlated with the export tax rebate rate and
positively correlated with the import tariff; inventory is positively correlated with the export tax
rebate rate and negatively correlated with the import tariff. This provides a theoretical basis for the
government to formulate relevant policies. Finally, the theoretical conclusions of this study are
verified through numerical examples. The results show that the revenue-sharing contract can
effectively coordinate cross-border supply chains and improve overall profits. The government
should fully consider the impact of export tax rebates and import tariffs when formulating relevant
policies to promote the healthy development of cross-border supply chains.

© 2026 by the authors; licensee Growing Science, Canada

1. Introduction

Cross-border e-commerce is based on the background of the rise of the Internet, the goods of different customs subjects can
be traded through e-commerce platforms, and then through international logistics to complete the distribution of a commercial
activity. Compared with the traditional foreign trade mode, cross-border e-commerce has the advantages of low cost, strong
control and fast response, which significantly reduces the threshold for the internationalization of small and medium-sized
enterprises and strongly promotes the transformation and upgrading of traditional foreign trade enterprises (Pan et al., 2023).
E-commerce activities create significant opportunities for small and large enterprises to operate and provide products and
services on a global scale (Cha et al., 2023). Eduardsen et al. (2023) believes that e-commerce is now an important channel
for many companies looking to expand into international markets. About 12% of global trade takes place within cross-border
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e-commerce platforms, and 86% of tech startups report some type of cross-border activity. For enterprises, the open, multi-
dimensional and three-dimensional multilateral economic and trade cooperation mode built by cross-border e-commerce
greatly broadens the path to enter the international market, greatly promotes the optimal allocation of multilateral resources
and the mutual benefit and win-win situation between enterprises. For consumers, cross-border e-commerce makes it very
easy for them to get information from other countries and buy good and cheap goods. For foreign trade enterprises, e-
commerce can reduce distance-related costs more in service trade than in goods trade, which indicates that cross-border e-
commerce plays an important role in improving the competitiveness of service trade. Meanwhile, the government also plays
a significant role in it. Urata(2018) demonstrates that the cross-border e-commerce support policy proposed by the
government can improve the enthusiasm of foreign trade enterprises, formulate the strategy of free shipping, so that enterprises
can obtain more orders and gain more profits. Raising the threshold of free shipping within a certain range will help improve
the average order price and gross profit rate of enterprises, and reduce the cost of enterprises. Yin et al. (2023) believes that
with the proposal of the "Belt and Road" Initiative, China's cross-border e-commerce has a huge impact on its export of goods
and services to the "Belt and Road" countries. With the improvement of the level of cross-border e-commerce, the impact of
distance on trade in services (goods) shows a trend of decreasing (increasing) year by year, while the impact on trade in
services (goods) shows a trend of increasing (decreasing) year by year. Promoting the sustainable development of cross-border
e-commerce can increase the export volume. China attaches great importance to the development of cross-border e-commerce
and has formulated various policies to facilitate transactions between different countries, which has made cross-border e-
commerce an important force in the Belt and Road Initiative. The development of cross-border e-commerce has a great impact
on the economy, so it is necessary to promote the rapid development of e-commerce. In order to promote inclusive e-commerce
participation, policies must be put in place to improve the country's formal institutions, facilitate the entry of less developed
countries into the e-commerce sector, and promote the adoption of e-commerce by small and medium-sized enterprises. In
addition, the role of cross-border e-commerce was particularly evident during the global pandemic. Liu(2021) analyzes that
with the continuous upgrading of global trade interconnection and foreign trade, cross-border e-commerce businesses quietly
spread all over the world. In the case of the global epidemic, cross-border e-commerce business is safer and more convenient,
so that global consumers can buy their favorite goods without leaving their homes. Han et al. (2024) states that the trade
volume brought by cross-border e-commerce industry is rising in the foreign trade volume and has become the main channel
of foreign trade.

As a strategic driver of economic integration and trade globalization, cross-border e-commerce possesses immense potential
and profitability, fundamentally transforming international trade (Zhou et al., 2023). In order to create greater profit space for
our foreign trade enterprises and create more wealth for the society(Qiao & Qi, 2018). In 2023, the cross-border e-commerce
import and export volume of Ningbo reached 230.2 billion yuan, increasing by 14.8% year-on-year and contributing 1.6
percentage points to the growth of the city's total foreign trade exports. According to the data released by the General
Administration of Customs in 2015-2025, the total volume of cross-border e-commerce imports and exports has increased
year by year, rising from 36.02 billion yuan in 2015 to 23.700 billion yuan in 2024, with a year-on-year growth of 5. 7%in
2025. Feindt et al. (2002) believes that in a complex social environment, the development of e-commerce has increased more
positions and promoted employment. According to the data of the National Engineering Laboratory of E-commerce
Transaction Technology, in 2024, the number of e-commerce practitioners in our country increased by approximately 2.94%
year-on-year, reaching 70 million. The development of cross-border e-commerce will inevitably become the development
direction of cross-border trade in the future and play a huge role in promoting economic growth. Cha et al. (2023) deems that
e-commerce activity is on the rise, creating significant opportunities for small and large businesses to operate and provide
products and services globally, with the global cross-border e-commerce market estimated to be worth around $780 billion in
2019 and expected to reach around $4,842 billion by 2026. Similarly, other estimates suggest that there will be about 18 billion
cross-border e-commerce orders in 2025, compared to 3.2 billion in 2015. Cross-border e-commerce is gradually evolving
into a significant force driving the liberalization of global trade and economic integration, exerting a profound influence on
national competitiveness, enterprise internationalization, and consumer welfare.

The pricing of cross-border e-commerce is a very complex issue, because it involves multiple subjects and links, including
production, import and export, transportation, sales, etc. In this process, due to the uncertainty of foreign demand for cross-
border goods, the price competition in the consumer market is fierce, and Chinese goods win in the export market with better
quality and lower price. However, pricing is an important decision for the profit of multiple parties, which is often affected
by multiple factors, such as cost, market demand and competition. Azadeh et al. (2017) demonstrates that pricing is the core
issue of cross-border e-commerce research. Therefore, the pricing of cross-border e-commerce needs to consider multiple
factors in order to achieve the optimal pricing strategy. First, the pricing of cross-border e-commerce needs to take into account
the cost factor. Since cross-border e-commerce involves multiple links, including production, import and export,
transportation, etc., the cost will increase accordingly. In pricing, these cost factors need to be taken into account
comprehensively to determine the final selling price. In addition, it is also necessary to consider the impact of exchange rate
fluctuations, taxes and other factors on the cost. Secondly, the pricing of cross-border e-commerce needs to take into account
market demand factors. The market demand of cross-border e-commerce is often uncertain, so it is necessary to take into
account changes in market demand and pricing strategies of competitors when pricing. Li et al. (2014) believes that when the
market demand is high, the price can be appropriately raised to obtain higher profits. Finally, the pricing of cross-border e-
commerce needs to take into account the impact of multiple agents. Cross-border e-commerce involves many subjects,
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including manufacturers, importers and exporters, transporters, and sellers. In pricing, the interests of these subjects need to
be taken into account comprehensively to achieve the optimal pricing strategy. At the same time, the rights and obligations of
each entity need to be taken into account to ensure the stable operation of the entire supply chain.

At present, the pricing of cross-border e-commerce is mainly carried out from three aspects: cross-border logistics costs,
exchange rate fluctuations and market competition. The logistics costs of cross-border e-commerce are relatively high,
including sea transport, air transport, tariffs, insurance and other costs, so suppliers need to consider these cost factors to
develop pricing strategies. Due to exchange rate fluctuations, the monetary value of cross-border e-commerce can be affected,
so suppliers need to consider exchange rate risk to develop pricing strategies. The cross-border e-commerce market is highly
competitive, and suppliers need to consider the price and quality of competitors in order to develop competitive pricing
strategies. However, there are still some problems in the pricing of cross-border e-commerce that need to be optimized. For
example, pricing strategy is not flexible enough, pricing data is not accurate enough, personalized pricing is lacking, foreign
demand and consumer preferences are not fully considered, and factors such as inventory are not considered in cross-border
commodity pricing. Shen(2021) believes that due to the complexity of cross-border e-commerce supply chain, suppliers need
to flexibly adjust pricing strategies to adapt to market demand and changes. However, some suppliers' pricing strategies are
too rigid to be adjusted in a timely manner. Pricing decisions need to rely on accurate data support, however, because cross-
border e-commerce involves multiple countries and regions, the collection and analysis of data becomes more difficult, so
suppliers need to find more accurate data sources. The needs and preferences of cross-border e-commerce consumers vary, so
suppliers need to adopt personalized pricing strategies to meet consumer needs. However, some vendors lack the ability to
personalize pricing. Therefore, cross-border e-commerce supply chains need to optimize pricing strategies to improve market
competitiveness and consumer satisfaction.
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Fig. 1. Traditional Pricing flow chart

The inventory management of cross-border e-commerce is a very important issue, which directly affects the operation
efficiency and profit of enterprises. He et al. (2020) deems that when making inventory decisions, enterprises need to take
into account multiple factors, including warehouse rental or self-construction, commodity delivery time, order quantity, etc.
In cross-border e-commerce, due to the uncertain delivery time of goods, enterprises need to be more cautious and flexible in
inventory management. First of all, the rental or self-construction of warehouses is a key factor in the inventory management
of enterprises. When choosing a warehouse, companies need to consider factors such as the location, area, and facilities of the
warehouse, as well as the cost of renting or self-building. When choosing a warehouse, enterprises need to take these factors
into account to ensure the efficiency and cost of inventory management. Secondly, goods delivery time and order volume are
also important factors in enterprise inventory management. Das et al. (2023) believes that in cross-border e-commerce, the
delivery time of goods is uncertain, which requires enterprises to be more cautious and flexible in inventory management. In
the case of uncertain order volume, enterprises need to timely adjust the inventory of goods according to market demand and
supply capacity to ensure the balance of supply and demand. Finally, the inventory shortage or backlog of goods in the
warehouse is also a problem for enterprise inventory management. If there is a shortage or backlog of goods in the warehouse,
it means that the inventory is not optimal at this time, and the enterprise needs to adjust (Zhu et al., 2022). When adjusting
inventory, enterprises need to comprehensively consider market demand, supply capacity, warehouse capacity and other
factors to ensure the efficiency and cost of inventory management.

The inventory decision of a cross-border e-commerce supply chain mainly considers the following aspects, maintaining the
appropriate inventory level, inventory management and inventory distribution. Suppliers need to reduce inventory levels as
much as possible while ensuring timely delivery. Therefore, suppliers need to make inventory planning according to market
demand and sales forecast. Suppliers need to manage the inventory, including regular inventory, goods inspection, fresh-
keeping, etc. Inventory management helps to avoid loss and waste of goods. Cross-border e-commerce involves many
countries and regions, and suppliers need to determine the distribution of inventory according to market demand and logistics
costs and other factors. At present, there are still a series of problems in the inventory management of cross-border e-commerce
supply chains, such as too much or too little inventory, inaccurate inventory data, and non-standard inventory management.
Some suppliers may over-maintain inventory, leading to inventory overhang and capital occupation; Other suppliers may
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choose too little inventory to meet consumer demand in a timely manner. Inventory decisions need to rely on accurate data
support, however, because cross-border e-commerce involves multiple countries and regions, the collection and analysis of
data becomes more difficult, so suppliers need to find more accurate data sources. Some suppliers lack effective inventory
management methods and processes, resulting in loss and waste of goods. Luo et al. (2022) demonstrates that the inventory
decision of a cross-border e-commerce supply chain is very important, because it is directly related to the supplier's capital
occupation, logistics costs and consumer satisfaction. Too much inventory will occupy too much capital, resulting in capital
turnover, and too little inventory will lead to failure to meet consumer demand. Therefore, inventory management needs to
find a balance point, both to meet consumer demand, but also to reduce capital occupation as much as possible, cross-border
e-commerce logistics costs are relatively high, including sea transport, air transport, tariffs, insurance and other costs. Miao
et al. (2019) believes that inventory management needs to consider logistics cost factors and reduce logistics cost through
reasonable inventory planning and inventory distribution. Inventory management is also directly related to consumer
satisfaction. Too much inventory can lead to obsolescence, damage, or waste, while too little inventory can lead to failure to
meet consumer demand in a timely manner. Therefore, inventory management requires inventory planning according to
market demand and sales forecast to meet consumer demand.
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Fig. 2. Traditional Inventory decision flow chart

Ahi et al. (2022) demonstrates that traditional pricing and inventory are not optimal pricing and inventory, and the coordination
of pricing and inventory in cross-border e-commerce overcomes the limitations of traditional research on pricing and inventory.
Pricing and inventory coordination can help suppliers reduce capital footprint. Through reasonable pricing strategy and
inventory planning, suppliers can reduce inventory levels as much as possible, thus reducing capital occupation, and pricing
and inventory coordination can also reduce logistics costs. Through reasonable pricing strategy and inventory planning,
suppliers can reduce inventory overstocking and logistics costs, improve logistics efficiency, and pricing and inventory
coordination can also improve consumer satisfaction. Through reasonable pricing strategy and inventory planning, suppliers
can meet consumer demand in a timely manner and improve consumer satisfaction. Pricing and inventory coordination are
very important for cross-border e-commerce supply chains. Reasonable pricing strategy and inventory planning can help
suppliers improve capital utilization efficiency, reduce logistics costs, improve inventory turnover and meet consumer demand,
so as to improve suppliers' market competitiveness and consumer satisfaction. In addition, the integration and optimization of
inventory and pricing will affect the competitiveness of enterprises.

Revenue sharing contracts can effectively coordinate cross-border supply chain pricing and inventory, as it can motivate all
participants in the supply chain to work together to achieve optimal pricing and inventory decisions. The following are specific
reasons: Encourages collaboration: Revenue sharing contracts can motivate all participants in the supply chain to work
together to achieve optimal pricing and inventory decisions. This is because revenue sharing contracts allow all participants
in the supply chain to share profits, thereby motivating them to work together to achieve optimal pricing and inventory
decisions. Optimizes pricing and inventory decisions: Revenue sharing contracts can optimize pricing and inventory decisions,
thereby improving the efficiency and effectiveness of the supply chain. This is because revenue sharing contracts allow all
participants in the supply chain to jointly consider factors such as market demand, sales forecasts, and logistics costs, thereby
achieving optimal pricing and inventory decisions. Reduces costs and risks: Revenue sharing contracts can reduce costs and
risks in the supply chain. This is because revenue sharing contracts allow all participants in the supply chain to jointly bear
costs and risks, thereby reducing costs and risks in the supply chain. In summary, revenue sharing contracts can effectively
coordinate cross-border supply chain pricing and inventory.However, the mechanism of how revenue sharing contracts can
be integrated and coordinated is not yet clear. Therefore, this article aims to conduct research on this topic.

The contributions of our work to the literature on commodity pricing and inventory in cross-border e-commerce are as follows:
First, we obtain optimal pricing and inventory decisions by solving optimization methods and through joint decision-making,
which have not been effectively addressed in the existing literature. Secondly, there are few studies on the pricing and
inventory of cross-border e-commerce in the existing literature, and this paper also considers consumer psychology. Through
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the research of this paper, it is found that cross-border e-commerce can obtain the optimal pricing and inventory under the
joint decision of pricing and inventory, so that the multiple parties of the supply chain can obtain the maximum profit. Finally,
through the analysis of this paper, it is found that tariffs will affect the decisions of suppliers and retailers, and the sharing
ratio will also affect the interests of both parties and even the profits of the supply chain.

Based on this, assuming that the cross-border e-commerce supply chain is a two-tier supply chain composed of suppliers and
retailers, and suppliers only provide one product to retailers. Market demand depends on price and inventory levels. Using
game theory, we established four models, namely centralized, decentralized, retailer-led revenue sharing, and surplus revenue
sharing, and analyzed them from both analytical and numerical perspectives to determine the optimal decision-making. The
main purpose of this study is to find answers to the following questions:

What inventory level will retailers maintain? How should cross-border goods be priced?

Why should retailers share revenue with manufacturers? What is the economic impact on retailers?
Will sharing of surplus income, including consumers, have a positive impact?

How do import tariffs and export rebates affect supply chain profits?

How does revenue sharing ratio affect supply chain profits?

The remaining sections of this article are arranged as follows: the literature review will be presented in the next section.
Section 3 provides a description of the problem, symbols, and assumptions. Section 4 develops the proposed models and
analyzes the optimal decision-making and profitability of channel members. In Section 5, numerical illustrations are provided.
Section 6 summarizes the entire article and provides guidance for further research.

2. Literature review
2. Icross-border e-commerce supply chain pricing

Yan et al. (2022) believes that logistics service and product price are two factors that affect consumers' purchasing
behavior. Guo(2022) demonstrates that commodity pricing will affect consumers' purchase decisions. When making purchase
decisions, customers are not only concerned about price, but make a comprehensive comparison of the benefits and costs of
alternative products, and then choose products. When pricing, enterprises must also analyze the benefits and costs of products
according to customers' ideas. In agricultural production, reasonable pricing is beneficial for farmers to maximize profits in
production activities. If farmers decide the price of their inputs strategically, their returns will be higher. Under revenue-
sharing contracts, the value of strategic pricing to farmers decreases with the increase of market competition. Under wholesale
contracts, the value of strategic pricing to farmers may increase or decrease in market competition. In addition, Jain et al.
(2023) believes that different geographical locations of farmers and different pricing rules will have different impacts on
farmers' interests. The same is true of cross-border e-commerce products, and reasonable pricing decisions can help enterprises
get higher returns. Shi-Zhen et al. (2016) demonstrates that the practice of e-commerce shows that the trust and convenience
perceived by online consumers are affected by the order of payment and delivery. Online sellers can improve the shopping
experience of online consumers by providing different payment schemes. Therefore, sellers' pricing of goods will have an
impact on consumers' purchasing behavior. Dasgupta et al. (2003) demonstrates that charging different prices to buyers with
different purchase standards improves the profit of sellers. When all sellers in the market use a tiered pricing strategy, price
wars among sellers that cause regular price fluctuations in the market are also prevented. The study found that when consumers
realize that others (consumers in a dominant position) are buying the same product online for a better price. Liu et al.
(2022) believes that at present, the pricing of service portfolios by network service providers in the market is not scientific,
and arbitrary and temporary pricing is still relatively common. Dynamic pricing is also becoming a common pricing model in
supply chain product pricing, and the Internet is transforming the automotive industry as traditional manufacturer and dealer
structures face a growing threat from third-party e-tailers. Manufacturers can address these challenges with dynamic pricing
and direct-to-customer business models. Biller et al. (2005) argues that, in fact, by coordinating production and inventory
decisions with dynamic pricing, firms can increase profits and improve supply chain performance.

2.2 cross-border e-commerce supply chain inventory

According to Wang et al. (2022), inventory management (e.g. loss of sales) is a central issue in supply chain management.
Najafnejhad et al. (2021) In supply chain management, supplier management of inventory plays a crucial role in the production
system. It is not only important for suppliers to manage inventory, but also necessary for retailers to manage inventory. In
addition, Cai et al. (2024) believes that the sales effort of enterprises will affect product inventory, and the risk aversion of
inventory managers has a significant impact on the inventory management mode preference of supply chain members. The
research of Li et al. (2015) shows that in dual-channel, consumer demand is affected by inventory level, and the customer
cannot ignore the dependence of demand on inventory level when ordering goods. Chen et al. (2024) Persistent supply chain
problems endanger the prosperity of businesses and their suppliers due to supply chain instability, which increases the
likelihood of overstocking (having too many goods that consumers don't want) or overstocking (not actually having enough
goods that buyers like). Jauhari et al. (2021) believes in finding the optimal shipment quantity, production allocation, shipment
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number, safety factor, defect rate and productivity to minimize supply chain costs. Similarly, in the cross-border e-commerce
supply chain, enterprises can effectively reduce their costs and maximize their profits by finding the optimal inventory level.
Zhou et al. (2024) believes that the inventory level of products will also be affected by many external factors, for example,
the long journey of cross-border goods will be affected by the transportation time. The delay of transportation time and the
change of inventory adjustment time will have an impact on the inventory level of each node enterprise in the supply chain
(Kano, 2018).

As seen, some of the literature mentioned above considers the impact of consumer behavior on product pricing or inventory,
while another part of the literature considers the impact of producer production scale on product pricing. However, there is
relatively little literature that simultaneously considers product pricing and inventory, and even fewer studies on the factors
affecting profits in cross-border e-commerce supply chains. Most of the existing research on pricing or inventory based on
revenue-sharing contracts is focused on suppliers as leaders. Based on this, this paper introduces tariffs in the study of pricing
and inventory in cross-border e-commerce, explores the relationship between supply chain profits and pricing and inventory,
and establishes a revenue-sharing contract model led by retailers to investigate the changes in supply chain profits with the
sharing ratio.

3. Related work
3.1 Problem description

In this section, a cross-border e-commerce supply chain consisting of one supplier and one retailer was analyzed under the
principles of profit maximization for both parties, considering cooperation and non-cooperation scenarios and the role of
revenue-sharing contracts. Specifically, in the case of cooperation, both parties consider maximizing supply chain profits
rather than their own interests. In the case of non-cooperation, both parties are selfish and only consider maximizing their own
profits. As the leader of the supply chain, the decision-making party makes decisions, and the follower adjusts their decisions
accordingly to maximize profits in this situation. The overseas supplier sells products to the retailer at a wholesale price W,
and the retailer incurs a sales cost of ¢ per item sold to consumers. In addition, a storage fee of CK is generated for each item
in inventory after it is received.Consumers have a basic demand of a, but market demand is affected by price and inventory.
With the rapid development of e-commerce in the context of the Internet, cross-border purchases have entered people’s lives,
and cross-border e-commerce has emerged. The self-operated transaction model of cross-border e-commerce, in which
product suppliers send goods to retailers for platform sales, such as JD.com’s self-operated model, and domestic retailers
purchase goods from foreign suppliers and sell them directly to consumers, such as the four major brands VANKYO, VANTOP,
SNAPTAIN, and HEIMVISION on the Wantro website, has expanded consumer purchasing channels. To promote the rapid
development of cross-border e-commerce, the government has introduced a series of supportive policies,such as logistics
subsidies and tariff reductions. In this paper, import tariffs and export tax rebates are considered, and the import tariff rate is
higher than the export tax rebate rate. Consumers have a sensitivity to price of 0<b<l and a sensitivity to inventory of
0<6<1.Based on this, it is assumed that the cross-border e-commerce supply chain is a second-tier supply chain consisting of
one supplier and one retailer, and that the supplier only provides one product to the retailer. The goal of this paper is to seek
an optimal pricing and inventory strategy that maximizes profits for both the cross-border e-commerce and overseas supplier
during the continuous operation period, namely, maximizing the value of sales revenue minus costs. It is assumed that the
supplier’s production capacity is infinite and can satisfy the retailer’s demand for goods at any time, so the supplier’s inventory
is not considered and only the retailer’s inventory is considered. It is assumed that the retailer’s purchase quantity is fixed at
K each time and all previous inventory can be sold before the next purchase. The portion of consumer demand that has cleared
customs is delivered directly to consumers, while the remaining portion incurs inventory costs in the warchouse. The
manufacturer faces a price-dependent demand from the retailer and supplies finished products to the retailer. The retailer
directly transacts with consumers and delivers the goods to them as quickly as possible based on their demand, as shown in
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Assuming that the maximum objectives of both the supplier and retailer under decentralized decision-making are to maximize
their own interests, as independent decision-makers, the supplier acts as the leader and the retailer as the follower in
decentralized decision-making. The supplier and retailer are in a dynamic game of complete information, and time is
continuous, which is suitable for the Stackelberg game model. Under revenue-sharing contracts, the retailer acts as the leader
and the supplier as the follower, and they are also in a dynamic game of complete information, which is suitable for the
Stackelberg game model. A represents the inventory investment cost coefficient, which is the ratio of actual investment to total
investment, where total investment includes storage subsidies provided by the government, and AK? represents the inventory
investment cost paid by the retailer for building a warehouse. Assuming that the purchase quantity is K, the number of goods
entering the warehouse is K-D. When the supplier exports goods, there is an export tax rebate policy, and when the retailer
imports goods, it needs to pay import tariffs. The export tax rebate rate is t;, and the unit import goods are taxed at t,. The
export tax rebate amount obtained by the supplier is , and the tariff cost paid by the retailer is . Assuming that the market
demand D is related to the basic demand a, the sensitivity of consumers to price b, and the sensitivity of consumers to inventory
level 8, consumers will worry about not being able to buy the product and choose to believe in the quality of the product and
place an order immediately when the inventory level is low. When the inventory level is high, consumers have a psychological
perception that the product is due to an inventory backlog caused by poor sales, and the demand of consumers is negatively
correlated with the inventory level. Therefore, D=a-bP-0K. Assuming that the inventory cost of the product is calculated per
piece.

3.2 Notations and assumptions

The following notations are used for developing the proposed model:

symbol meaning

w Unit wholesale price

P Unit selling price

D Market demand

c Unit cost of products sold

Cy Cost per unit of product inventory

t) Export tax rebate rate for unit products of suppliers
t Specific duty on each unit of goods imported by retailers
Tm Supplier profit

TR Retailer profit

m, The overall profit of the supply chain

b Consumer sensitivity to price

a Basic needs

0 Consumer sensitivity to inventory

K Product inventory level

B The proportion of revenue sharing

A Inventory investment cost factor

The following assumptions are made for establishing the proposed model:
Assumption 1 The manufacturer and the retailer are responsible for maximizing their own objectives. They work as
independent decision makers with the manufacturer as the Stackelberg leader and the retailer as the Stackelberg follower in

case of decentralized policy.

Assumption 2 In order to make sure the non-negativity of the optimal decisions, it is assumed that a >bP -0k ,
0° <w+4bwl, 0> <2+4b1,0 < 2t,.

Assumption 3 The inventory cost of goods is calculated on a piece-by-piece basis.

Assumption 4 The retailer's purchase quantity is fixed at K each time, it can sell all the goods in the previous purchase before
the next purchase.

Assumption 5 Overseas suppliers have unlimited capacity to produce and supply products, and can supply the corresponding
quantity of products according to the needs of buyers at any time.

Based on the above assumptions, the profit functions of the supplier and retailer are derived as follows:

I, =(w=—c)D+t,wK (1)

2
I, = PD-wD-C, (K -D)-t,K —%/mz @
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4. Model development and analysis

This paper will study the optimal pricing and inventory coordination strategies of cross-border e-commerce suppliers and
retailers by establishing four models: the centralized decision-making model, the decentralized decision-making model, the
retailer-led revenue-sharing contract model, and the sharing of excess profits revenue-sharing contract model. By studying
the behavior of suppliers and retailers under centralized and decentralized decision-making, a win-win optimal pricing and
inventory strategy can be obtained through comparison.

4.1 Pricing and inventory coordination of cross-border e-commerce supply chain under decentralized decision-making

Under decentralized decision-making, both the supplier and retailer act as rational economic agents and first consider
maximizing their own interests. In the Stackelberg game model, the supplier acts as the leader and decides the wholesale price
to be offered to the retailer, while the retailer acts as the follower and first decides the selling price and inventory level of the
product.

Proposition 1: Under decentralized decision-making, there exists an optimal wholesale price w for the supplier, and an
optimal inventory level and optimal product pricing for the retailer

26° (Cy +1,)(0-24,)+b7c(0° +c)+bOM (021, )~ bCF +2abC 3)
e 26C
20 (Cy +1,)(0-2t, ) +b’c( 67 4
26C[CF +60°M +2b0(Cyc +1,) |+(bC 56" (Coxt)(0-20)+0'c(0" +¢) @
+bOM (6 -21,)—bCF +2abC
B = 4b2C>
B[ 2 (C +4,)(0-2)+b°¢(6° +¢)+ bOM (6-24)=bCF +2abC |~ 2bC[2b (C, +1,)-0M | ((5)
K, =
26C°

Among them, F' = a—-bC,

Proof Proofs of Proposition 1 and subsequent propositions are given in Appendix.

Corollary 1: Under centralized and decentralized decision-making, the retailer’s product pricing will gradually decrease with
the increase of the export tax rebate rate and gradually increase with the increase of the import tariff rate. The retailer’s
inventory will also increase with the increase of the export tax rebate rate and decrease with the increase of the import tariff
rate.

-2bw6 OP, 1 oK, 2bw 0K, —2b

> - > - 07
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ot 2bC o, 2bC
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oP, b(C—-07)-4b"(Cy +1,)-200M 0 O 4p°0C +2b* (c-0)(0-21,) o K b*0[4b(Cy +1,)+20M | .
—= <0,—= >0,—= >

o, 4b°C? ot, 4b°C? ot 2bC?
oK bO[2b” (0-24)]-4b"C .

—= <0.
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As can be seen from the above, the export tax rebate rate t; is a decreasing function of the price P, gradually decreasing with
the increase of the tax rebate rate, while the import tariff rate t is an increasing function of the price P, and the product pricing
will gradually increase with the increase of the tariff rate. The export tax rebate rate t; is an increasing function of the inventory
K, and the inventory will gradually increase with the increase of the export tax rebate rate, while the import tariff rate #, is a
decreasing function of the inventory K, and the inventory will gradually decrease with the increase of the import tariff rate.
The reason for this situation may be that the export tax rebate reduces the cost of the retailer, and the product pricing of the
retailer decreases accordingly, making the product sell well, so the inventory increases; conversely, the same is true.

4.2 Pricing and inventory coordination of cross-border e-commerce supply chain under centralized decision-making
Under centralized decision-making, the common goal of the supplier and retailer is to maximize the profit of the supply chain.

At this time, the wholesale price that the supplier offers to the retailer does not matter. Therefore, the profit function of the
supply chain is:

Hg=PD—cD—CK(K—D)+t]wK—t2K—%/1K2 ©)
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Proposition 2: Under centralized decision-making, there exists a unique optimal solution between cross-border e-commerce
suppliers and retailers, which maximizes the profits of both parties.

P AC—BO* +2b0(Cy —t,w+t,) (7
i 2bC
K - BO-2b(Cy —tyw+1,) (8)
J
c

Among them, 4 =a+bc—~bC, B=bc—bC, —a C=2b1-6&
By substituting Eq. (4) and Eq. (5) into Eq. (3), the profit of supply chain under centralized decision-making is

[AC-BO* +260(Cy ~t,w+1,)—E ][ 2aC - AC - BO” +2b0(C,c —tyw+1,) | ©)

o ~4bBCO(Cy —tw+1,)-80> (C —tw+1,)’ —4bA[ BO-2b(C, —tlw+t2)J2
¢ 4bC?
Among them, E = 2bC(c—Cy )

Corollary 2: In cross-border e-commerce, it is not necessarily better for the export tax rebate rate to be higher or for the
import tariff rate to be higher. There exists a unique optimal tax rebate rate and import tax rate that maximizes the profit of
the supply chain.

(-26w0)[ 2aC— AC - BO® +260(Cy +1,) |+ (-2bw0)[ AC - BO" +2b0(C; +1,)-E | (10)
. +4bOBCw+16b*w(Cy +1,)~166*An[ BO-2b(Cy +1,) |
v 86" (402+2-6°)
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_ —4bBCO-16b" (Cy —t,w)+16b°A[ BO-2b(C ~1,w)]
8b* (4bA+2-6")

2

0’11 o'l . . . o
So to sum up, because P £ <0,—5% < 0, With the increase of the export tax rebate rate, more companies will join the cross-
¢ 1 Z‘2

border e-commerce industry, which increases competition among companies and forces some companies to start price wars,
resulting in reduced profits. Therefore, it is not necessarily better for the export subsidy amount to be higher. If the import
tariff rate is too low, foreign goods will flood in, causing domestic products to be unsalable, and domestic products will not
be able to go out. With the increase of the import tariff rate, some foreign companies will give up cross-border sales due to
high tax rates. If the tax rate keeps increasing and some products are preferred by domestic consumers, cross-border e-
commerce will try to pass on the import tariffs to consumers, which will make price-sensitive consumers give up cross-border
purchases and thus be unfavorable to the development of cross-border e-commerce. Revenue sharing contracts can coordinate
pricing and inventory management through a reasonable pricing strategy, coordinated inventory management, sharing
information and data, and a reasonable income distribution plan. Through revenue-sharing contracts, all links in the supply
chain can work together to achieve win-win goals.

4.3Pricing and inventory coordination of cross-border e-commerce supply chain under revenue-sharing contract

4.3.1The revenue-sharing ratio is determined by the retailer

A good contract can help both parties maximize profits. Under a revenue-sharing contract, the retailer signs a contract with
the supplier to obtain more homogeneous products at a lower price. They agree to share a portion of the revenue with the

supplier, where the retailer retains a portion £ (0<f<1) of the sales revenue and shares 1-f of the revenue with the supplier.
Therefore, the profit functions of the retailer and supplier are as follows:

! =(ﬂP—w)D—CK(K-D)—tzK—%ﬂKZ (12)
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I, =(w—c)D+1,wK +(1- B) PD (13)
If the revenue-sharing model is led by the retailer, then under this model, the retailer has a better understanding of consumer

demand. Therefore, the supplier has to accept the revenue-sharing ratio agreed upon by the retailer in the revenue-sharing
model. Therefore, under this model, the optimal pricing and inventory of the retailer should be calculated first:

pe 2abpA+2b"A(w=C, )+bpo* (C, —2w)+ BO(G +2bt,) (14)
! 2b8(2bA - B 6%)
1 :bwﬂ—aﬂQ—G—ﬂ)tz (15)
2bA — 6*

Among them, G = bC; (2+6). The profit functions of the supplier is:

2b,6’(w—c)(/3H+CK1—w1+ﬁJ+ﬂtzL)(2b/1—/392)+4b/3211w(bw9—a9/3—6—2btz) (16)
_+(1-B)[2abBA+ 26°A(w=C )+ G (C, = 2w)+ PO(G + 261, ) |(BH + C,d —wl + J + B, L) (262~ 6
4bp° (262~ pO° )
Among them, H =2a(1-b4),1 =2b°A,J = GO-b6*Cy, L = 2b0

The profit function of the supplier is a convex function, so there exists an optimal solution for the wholesale price of the
supplier.

20B(BH +Cyl + BJ + Bt,L)(2b4- 07 )+ 2be pI (2bA~ B6° ) - 4b 3, (abB + G +2bt,) (17)
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The price and inventory of the retailer are:
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Proposition 3: Under a cooperative contract, as the revenue-sharing ratio increases, the profit of the retailer improves, but to
some extent, it deteriorates the profit of the supplier.

The profit functions of the retailer is:
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2abpA+2b" 2 (w-Cy)
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Therefore, it can be concluded that when the price and demand for the product are positive, the revenue-sharing ratio is a
monotonically increasing function of the profit function of the retailer. The larger the share retained by the retailer, the smaller
the share shared with the supplier, and the greater the profit obtained by the retailer, while the profit obtained by the supplier
will decrease.

Corollary 3: Under a revenue-sharing contract, the wholesale price of overseas suppliers will be affected by tariffs, decreasing
with the increase of import tariffs, and the export tax rebate rate has a minimum limit.
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From the above reasoning, it can be concluded that the wholesale price is a monotonically increasing function of the import
tariff. Therefore, as the import tariff rate increases, the wholesale price of the supplier will also increase, ultimately leading to
an increase in the selling price of the product when sold by the retailer to the consumer. The wholesale price is a quadratic
function of the export tax rebate rate, and the second derivative of the export tax rebate rate is greater than zero, so the function
is a concave function with a unique minimum value, which is the lower limit value of the tax rebate rate.

4.3.2 The revenue-sharing ratio is determined by the excess income

Under this revenue-sharing contract, the supplier wholesales the product to the retailer at a price lower than w, denoted as w.
The retailer carries out promotional activities and sells the product to consumers at a price lower than the selling price p. If
the retailer sells more products at the lower wholesale price provided by the supplier, the retailer needs to distribute the excess

income to the supplier in proportion to 8 (0<B<1). At this point, the demand function of consumers is D, =a —bP, — 0K,

and the excess demand is D;-D. Therefore, the profit functions of the retailer and supplier are as follows:

I, = (w —¢) D, +t,wK, +(D, - D) B(1-B) (26)
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In this case, assuming that the market demand is known, the retailer will make efforts to sell the goods in order to obtain a
lower wholesale price from the supplier and share 1-p of the excess income with the supplier. At this point, the retailer still
determines the price and inventory of the product. the optimal pricing and inventory of the retailer should be calculated first:
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There exists an optimal solution for the wholesale price of the supplier:
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The price and inventory of the retailer are:
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Proposition 4: Under a revenue-sharing contract, a mandatory revenue-sharing ratio leads to higher product pricing; when
excess income sharing is agreed upon, the retailer’s purchase quantity increases, and the profit of the supply chain also
increases.
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When sharing excess income, the profit of supply chain
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The profit of the supply chain is
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because w, <w, P, < P,K, > K,D, > D,IT¢ —TI, >0

5. Numerical illustration

In order to verify the validity of the model, this paper focuses on the relationship between pricing, inventory and profit, and
the relationship between tariff and commodity pricing, inventory and profit. Therefore, some examples are further used to
study the cooperation under the revenue sharing contract. Through investigation, it is found that according to the average
value of A company's cross-border products in off-peak seasons, as sumew=20, Cx=10, c=5, a=500, b=0.8, 6=0.2, ¢,=0.11,
1>=0.13, 1=0.2, and draw the relationship between the profit of supply chain and cross-border commodity pricing, inventory,
import and export tax rate in the case of centralized decision making, as shown in Fig. 2 and Fig. 3. Fig. 2 shows that in the
case of centralized decision, The relationship between profit and inventory in the cross-border e-commerce supply chain. As
can be clearly seen from the figure, the relationship shows a fluctuation pattern, which means that the profit of the supply
chain will fluctuate with the change of the inventory. The wave crest in the figure decreases to the right, but there is a unique
highest point. This phenomenon shows that there is a single optimal pricing and inventory strategy for centralized decision-
making that maximizes the profits of the entire supply chain. In the actual operation process, supply chain managers need to
formulate appropriate pricing and inventory strategies according to market demand, cost and other relevant factors. By
observing the volatility trends in Fig. 2, managers can find the optimal strategy to maximize profits. This has important
practical significance for enterprises, because in the competitive market environment, enterprises need to constantly optimize
supply chain management, reduce costs, and improve profitability. Fig. 3 shows the relationship between supply chain profit
function and import and export tax rate. As you can see from the diagram, the relationship takes on a parabolic shape. This
means that, within limits, there is a single tariff on imports and exports that maximises the profits of the supply chain. This
finding has important reference value for policy makers and enterprise managers. For policymakers, appropriate import and
export tariff policies will help promote the development of cross-border e-commerce and improve the efficiency and
profitability of the entire supply chain. Policymakers can follow the parabolic relationship in Figure 3 to find the best import
and export tax rates to maximize supply chain profits. For enterprise managers, understanding the relationship between import
and export tax rates and supply chain profits is helpful to better cope with the changes of tax policies and optimize the operation
strategy of enterprises. When the tax rate changes, enterprises can adjust their pricing and inventory strategies according to
the paraboloid relationship in Fig. 3 to adapt to the new market environment and maximize profits. In conclusion, through the
analysis in Fig. 4 and Fig. 5, it can be concluded that there is an optimal pricing and inventory strategy, as well as an optimal
import and export tax rate in centralized decision-making, which maximizes the profit of the cross-border e-commerce supply
chain. This conclusion has important theoretical guidance and practical significance for supply chain managers and policy
makers. In decentralised decision-making, cross-border suppliers need to consider the impact of wholesale prices on their
profits.
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Fig. 4. Relationship between profit and pricing and Fig. 5. Relation between profit function and import tariff
inventory in centralized decision-making and export rebate rate under centralized decision

As shown in Fig. 6, assuming W is unknown, the relationship between supplier profit and wholesale price is presented as a
parabola with an upward opening. This indicates that within a certain range, there is an optimal value of wholesale price,
which maximizes the profit of suppliers, and suppliers need to weigh a variety of factors when setting wholesale price.
Although excessively high wholesale prices can bring higher profits to suppliers, they may also cause some retailers to give
up purchasing products from the suppliers, thus affecting the stability of the entire supply chain. This is because retailers, as
rational economic agents, seek to maximise their profits. When wholesale prices are too high, retailers may choose to buy
products from other suppliers or adjust their sales strategies to reduce costs and increase profits. Therefore, suppliers need to
reasonably set wholesale prices on the premise of ensuring their own profits, so as to maintain a good cooperative relationship
with retailers. When wholesale prices are known, retailers need to develop appropriate commodity pricing and inventory
strategies based on market demand, costs and other relevant factors. At this point, the relationship between the retailer's profit
function and commodity pricing and inventory can be plotted. By analyzing this relationship, retailers can find the optimal
pricing and inventory strategies to maximize profits. In the actual operation process, retailers may face a variety of
uncertainties, such as fluctuations in market demand and changes in competitors' strategies. Therefore, retailers need to
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constantly adjust their pricing and inventory strategies according to the actual situation to respond to market changes.
Meanwhile, retailers also need to maintain good communication and collaboration with suppliers to ensure the stable operation
of the supply chain. In the decentralized decision-making situation, the interest relationship between suppliers and retailers is
more complex. In order to maintain the stability of the entire supply chain, suppliers should consider the interests of retailers
while pursuing the maximization of their own profits. Retailers need to formulate appropriate pricing and inventory strategies
to maximize their profits in the process of responding to market changes. In conclusion, in the case of decentralized decision-
making, suppliers and retailers in the cross-border e-commerce supply chain need to reasonably formulate wholesale prices,
commodity pricing and inventory strategies according to market demand, cost and other relevant factors, so as to maximize
their respective profits. At the same time, both sides also need to maintain a good cooperative relationship to ensure the stable
operation of the entire supply chain. Through the analysis of the relationship between supplier profit and wholesale price, as
well as the study of the relationship between retailer profit function and commodity pricing and inventory, it is helpful to
better understand the operation mechanism of cross-border e-commerce supply chain under decentralized decision-making,
and provide effective guidance for actual operation, as shown in Fig. 7. Under the revenue sharing contract where the retailer
forces the revenue sharing ratio, the profit of retailer and supplier is affected by the revenue sharing ratio . Assume K=100
and P=100, as shown in Figure 6. Under the given data assumption, when the revenue-sharing ratio gradually increases, the
retailer's profit will also increase, while the supplier's profit will decrease. The reason for this phenomenon may be that when
the retailer shares part of the revenue to the supplier, the supplier is willing to wholesale the goods to the retailer at a lower
price, thus reducing the cost of the retailer and increasing the profit of the retailer. However, suppliers suffered a certain loss
of profits by selling goods wholesale at lower prices. In real life, suppliers may take other measures, such as improving
production efficiency and reducing raw material costs, to increase their own profits. It is worth noting that under the revenue-
sharing contract, the entire supply chain is in a profitable state and never suffers a loss. It is of great significance to maintain
the stable operation of the supply chain.
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Fig. 6. Relation between supplier's Fig. 7. Dispersion decision is retailer Fig. 8. Relationship between profit and
profit and commodity wholesale price profit the relationship between income sharing ratio and inventory
in decentralized decision making commodity pricing

At the same time, Fig. 8 also shows that the profit gap between retailers and suppliers shrinks as the proportion of revenue
sharing increases. When $=0.64, the profit difference decreases to 0, that is, the profit of retailer and supplier reaches balance.
However, when the retailer's profit is higher than the supplier's profit, the profit gap begins to widen again. This means that
in some cases, a high proportion of revenue sharing may lead to uneven profit distribution, thus affecting the relationship
between supply chain partners. To sum up, under the revenue-sharing contract in which the retailer forces the proportion of
revenue shared, the profit of the retailer and the supplier is affected by the proportion of revenue shared. Reasonable revenue
sharing ratio helps to maximize the profit of the supply chain and maintain a good relationship between supply chain partners.
To achieve this goal, retailers and suppliers need to work closely together to adjust the revenue-sharing ratio based on market
demand, costs and other relevant factors in order to maximize supply chain profits and partnership stability. In the actual
operation process, both parties also need to pay attention to market changes and constantly optimize revenue sharing strategies
to cope with the uncertain market environment. When £=0.5, #,=0.11, the relationship between wholesale price and import
tariff is drawn, as shown in Fig. 9. It can be seen from the figure that there is a negative correlation between import tariff and
wholesale price, which indicates that when import tariff increases, retailers and suppliers in cross-border e-commerce supply
chain will face a series of challenges. First, Retailers need to consider the cost of tariffs when buying products. Price-sensitive
retailers may reduce their preference for this product because of the higher tariff costs and seek other, more competitive
products. This will lead to a decline in the market demand for cross-border goods, thus affecting the profitability of retailers.
Secondly, even if retailers are willing to bear the cost of tariffs to buy products, they are likely to pass on the cost of tariffs to
consumers in the retail link. This will lead to higher retail prices for cross-border goods, and price-sensitive consumers may
turn away from buying the goods in favor of alternatives with price advantages. This phenomenon further aggravates the
decrease in cross-border commodity market demand. In order to cope with the decrease in market demand caused by tariff
increase, suppliers may choose to lower wholesale prices to attract retailers to buy. Although such a strategy may lead to a
decline in the profit of suppliers, through export tax rebates or export subsidies and other policies, suppliers can make up part
of the loss, so as to maintain their profit level to a certain extent. However, lowering wholesale prices is not a long-term
solution. Suppliers need to constantly improve their competitiveness, improve production efficiency, reduce costs, optimize
product structure and other ways to cope with the increase of tariff costs. In addition, suppliers can also seek communication
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and cooperation with government departments to obtain more policy support to reduce the impact of tariffs on their business.
As shown in Fig. 8 and Fig. 9, commodity pricing and inventory are also affected by tariffs.
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Fig. 9. Wholesale prices under revenue sharing contracts the relationship with import tariffs

As can be seen from Fig. 9, when the import tariff is determined, the price of the commodity is relatively lower when the
export tax rebate rate is high. This is because the export tax rebate reduces the operating cost of the supplier to some extent,
and the operating cost decreases. If the supplier adopts the sales strategy of small profit and high turnover, he will reduce the
wholesale price and sell to the retailer. Retailers will adopt the same strategy to lower the retail price of their products and sell
them to consumers. When the export tax rebate rate is fixed, with the increase of the import tariff rate, the tariff cost will
increase, and merchants will try to transfer the tariff or not let their benefits change too much, which will lead to the increase
of commodity prices. As can be seen from Fig. 10, when the export rebate rate is certain, the increase of import tariff will
indeed have an impact on the cross-border e-commerce supply chain. A rise in commodity prices may reduce demand and
build up inventories. This shows that it is crucial for companies to pay attention to inventory management in the face of tariff
changes. Inventory management is an important part of supply chain management, which involves the control of inventory
level, the optimization of inventory cost and the response to market demand. With import tariffs rising, companies need to
take a number of measures to deal with inventory overhang. First of all, enterprises need to strengthen the forecast and analysis
of market demand in order to grasp the market changes more accurately. Through in-depth understanding of market demand,
enterprises can adjust production plans and inventory strategies in advance to reduce the risk of overstocking. Second,
enterprises can reduce inventory costs by optimizing purchasing and production processes. For example, purchasing on
demand, reducing production batches and improving production efficiency are adopted to reduce inventory holding costs and
unsalable risks. In addition, enterprises can adjust product mix and pricing strategies to cope with the increase of tariff costs.
For example, introducing more competitive products or adopting more flexible pricing strategies to entice consumers to buy
and thus reduce inventory pressure. In the process of inventory management, enterprises also need to maintain good
communication and collaboration with suppliers, retailers and other partners. By sharing information, coordinating planning
and execution, all parties can jointly address the challenges posed by tariff changes and reduce the risk of overstocking. In
conclusion, when the export tax rebate rate is fixed, the increase of import duties may lead to the rise of commodity prices
and inventory overhang. To cope with this challenge, enterprises need to strengthen inventory management and reduce the
risk of overstocking by forecasting market demand, optimizing purchasing and production processes, adjusting product mix
and pricing strategies, etc. At the same time, enterprises also need to maintain good communication and collaboration with
their supply chain partners to jointly cope with the impact of tariff changes.
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6. Conclusions

The characteristics of a cross-border e-commerce supply chain include global consumer demand and order production. Due
to the unique nature of cross-border e-commerce, consumers can purchase goods from anywhere, while suppliers can produce
goods from anywhere. This means that the supply chain must be able to manage and coordinate various production and
logistics activities globally to meet consumer demands. In addition, cross-border e-commerce supply chains require high
flexibility and adaptability to deal with the complexity and uncertainty of international trade. The supply chain must be able
to cope with various currency, language, cultural, and legal differences, as well as handle international logistics and customs
procedures. Finally, cross-border e-commerce supply chains also require high visibility and transparency to ensure that
consumers and suppliers can track the status of orders and logistics processes. This helps to enhance consumer trust and
satisfaction, while also reducing errors and delays in the supply chain. In summary, the cross-border e-commerce supply chain
is a highly complex and global system that requires flexibility, adaptability, visibility, and transparency to meet global
consumer demand and order production.One of the key factors behind the success of any modern supply chain is close
collaboration among channel members. This study focuses on a two-tier sustainable supply chain, where the manufacturer
and retailer have a division of labor and cooperation. Under centralized decision-making, the manufacturer and retailer
cooperate only to pursue the maximization of supply chain profits. Under decentralized decision-making, the supplier and
retailer act as rational businessmen, each considering the maximization of their own profits. Therefore, to explore the
relationship between supply chain profits and the inventory and product pricing of retailers and suppliers, this study establishes
profit functions under decentralized decision-making, centralized decision-making, and revenue-sharing contracts, and draws
the following conclusions: 1. Whether under centralized or decentralized decision-making, the profits of cross-border e-
commerce supply chains are affected by export tax rebates and import tariffs. It is not the case that higher export tax rebates
or higher import tariffs are better; only the optimal tax rate can promote the development of e-commerce. 2. Under centralized
and decentralized decision-making, there exists a unique optimal pricing and inventory that maximizes the profit of the cross-
border e-commerce supply chain, and import tariffs and export tax rates affect the pricing and inventory of cross-border
products.3. Under a revenue-sharing contract signed between overseas suppliers and domestic retailers, the method of sharing
excess income will have a certain impact on the profit of the supply chain. Sharing excess income with the supplier can
increase the profit of the supply chain. 4. Under a revenue-sharing contract, the retailer improves their own business situation
by sharing part of the income with the supplier, but it may harm the supplier to some extent. 5. Under different sharing methods
in a revenue-sharing contract, the profit of the supply chain when sharing excess income is higher than when sharing income
is mandatory. 6. When faced with an increase in tariffs, suppliers may sell products to retailers at a reduced price to prevent
the products from becoming unsold. 7. In cross-border e-commerce, retailers can effectively reduce warehousing costs and
ultimately reduce operating costs by coordinating with suppliers. The conclusions of this study are based on certain
assumptions, and due to the complexity of the market environment, future research can consider the following aspects: on the
one hand, consumer demand has a certain impact on channel selection, so based on consumer preferences, the substituted
ability of domestic homogeneous products for cross-border products can be considered. On the other hand, due to the
uncertainty of market demand, decision-making problems between cross-border retailers and suppliers can be studied under
uncertain environments, and the impact of factors such as deferred payment on the profits of cross-border e-commerce supply
chains can be researched.
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Appendix

The profit functions of suppliers and retailers are respectively

M, =(w=—c)D+t,wK (A1)
M, = PD-wD—C, (K -D)t,K —%/IKZ (A2)
The profit function of the supply chain is
Hg:PD—cD—CK(K—D)+tle—tzK—%le (A.3)
Proof of Proposition 1 Now,Derive the formula (3)
oIl
£ =q—2bP -0k +bc-bC,,
P (A.4)
(A.5)

arl,
— = 0= P)-C ~0C, +1w—1,-2K

M1 2 01
Y.L\ B
oP oK OPoK

Because the second derivative is less than zero, the expression of this function is convex and has a unique maximum point.

oIl oIl

Leta— =0,— =0. The optimal pricing is obtained as follows
P
_AC—-BO* +2b0(Cy —t,w+1,)
i 2bC (A.6)
The optimal inventory is
BO-2b(Cy —tyw+1,) (A7)
K, = c
Among them, A = a +bc—bC,, B=bc—bCy —a C=2bA—-6"
Proof of corollary 1
Substituting Eqs. (A.6-A.7) into Eq. (A.3), the profit of supply chain under centralized decision-making is
[AC—-BO" +2b0(C ~tw+1,)~ E || 2aC~ AC—BO> +2b0(C, —tw+1, )| (A.8)
2
0 —~4bBCO(Cy —tpw+1,)~8b* (Cy w1, ) —4bA[ BO-2b(C —tw+1,) |
¢ 4bC?
Among them, E = 2bC(c—Cy ).
(-2bw8)[ 2aC - AC - BO" +2b0(C, ~tw+1,) |+ (-2bw0)[ AC-BO> +260(C,c ~tpw+1,)~ E | (A.9)
O, +4bOBCw+16b"w(Cy —tyw+1,)~166"w[ BO-2b(~w+1,)]
N 4C’
(A.10)

T 8b™w(0° —w—4bw)
o 4hC?

2

because 8* < w +4bwA, e £ <0.

1
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2b6] 2aC — AC = BO* +2b0(C, —tyw+1,) |+ 2b60[ AC—BO” +2b0(Cy —tyw+1,)~E | (A11)
oIt} -4bBCO-16b (C; —tw+1,)+166°A[ BO-2b(C —tyw+1,) |
or, 4bC?
oMy 86 (0° —2-4b4) (A12)
ot; 4bC?
217/

because 0° < 2+4b1,—= <0.

ot,
To sum up,In centralized decision-making, the profit function graph of supply chain is a convex function about T1 and T2,
and there are only optimal export tax rebate rate and import tariff rate in the profit function of supply chain to maximize the

. oy, oIt
profit of supply chain.Let—= = 0,—= = 0 ,when
tl Z2
(~2bw0)[ 2aC~ AC— BO? +2b0(C,, +1,) |+ (-2bwd)| AC—BO” +2b0(C, +1,)~E | (A13)

_ +4bOBCw+16b"w(C +1,) 1602w BO-2b(C, +1,)]
8b*w’ (4bA+2-6°)
260 2aC — AC - BO> +2b0(C, —t,w) |+ 266 AC - BO* +2b0(C, ~t,w)~E | (A.14)
_ —4bBCO-16b° (C, —1,w)+16b°A[ BO-2b(C, ~t,w) ]
8b* (4bA+2-0")

1

2

The profit of the supply chain reaches the maximum.
Proof of Proposition 2

Take the first derivative of the retailer's profit function (2)

M, 4 2bP- 0K +bw—bC, (A.15)
P
e = w0~ PO-0C, ~ 3K, (A.16)
2 2 2
oM, pc0, s 10Ty
oP oK oPoK

The second derivative is less than 0, so the retailer's profit function is a convex function with a unique maximum point.

Let o, = 0,ai =0, get the retailer's decision
oK
P _C(F+bw)+92(M—bw)+2b¢9(CK+t2) (A.17)
e 2bC
_—2b(CK+t2)—9(M—bw) (A.18)
- C

Among them, M =a+bC, [J According to the retailer's strategy, the supplier makes the optimal decision, and brings Eq.
(A.11) and Eq. (A.12) into Eq. (A.1). The supplier’s profit function is

w (w=c)[bO° (M ~bw)+26°0(Cy +1,)=bC(F +bw)+2abC |~ 4b*tw(Cy +1,) = 2b0t w(M —bw) (A.19)
" 2bC

Take the first derivative of Eq. (A.13) and get

! [p0>(M —bw)+2620(Cy, +1,)~BC(F + bw)+ 2abC]- (w - c\b20? +b°C)—4b%, (C,c +1,)— 266k, (M — bw)+ 266k, w (A.20)
ow 2bC
oI, 26°(204-6° -C) (A21)

ow’ 2bC



356

Because 26, < 0 + C, Then there is a second-order function less than 0, so the profit function of the supplier is a convex

function.
!
Let—= 8w =0, the optimal wholesale price of suppliers is
267 (C +1,)(0-24)+bc(0” +c)+bOM (0 -2t,) ~ bCF +2abC
Y= 2bC
Among them, F' =a—-bC, .

The retailer's optimal decision to bring Eq. (A.14) into Eq. (A.11) and Eq. (A.12) is as follows

26C[CF+0°M +2b0(Cy +1,) [+ (bC=b6" )| 26° (C, +1,)(0-21,)+e(6 +.c) +bOM (0~ 21, )~ bCF + 2abC |
o a'c?
b0 26> (C +1,)(0-20) +b°c (67 +¢)+ bOM (021,) ~bCF +2abC |~ 2bC[2b(Cy +1,) - OM |
o 26C”

Proof of corollary 2

OP,  —2bwé OaP. L o oK, 2bw O@Kj 2%

(A.22)

(A.23)

(A.24)

Centralized decision-makinga—t‘l’ = nC < ,a—t"z’ B >0, o e >0, . — <.
Decentralized decision-making,because 6 < 27,
ap, _ b(C-0")-4b> (Cy +1,)—2b0M 0 ap, _4b’0C+ 20’ (c-0*)(0-21,) o
o, 4b°C* ’ o, 4b°C* ’
oK _b *0[4b(Cy +1, +29M] oK bO[2b° (0-24)]-4b°C
E 26C° o a, 26C” <0

Proof of Proposition 3

Under the revenue sharing contract,the proportion of revenue sharing is determined by retailers themselves.The profit function

of retailers and suppliers is as follows

:(,BP—w)D—CK(K—D)—tzK—%lKZ

I, =(w—c)D+1,wK +(1- ) PD
Optimal Pricing and Inventory of Retailers

2abBA+2b" A (w—Cy )+ b0 (Cc —2w)+ BO(G +2bt, )
e 2b5(2bA— pO7)

bwl —af0—-G-2bt,
YV VE

(A.25)

(A.26)

(A.27)

(A.28)

Bringing Eq. (A.12) and Eq. (A.13) into Eq. (A. 11) gives the supplier's profit function as follows

26 (w—c)pH +Cl =wi + I + ft, L)(Zbi ,849 +4bﬂtw 0-abp—G-2bt,)
(H paabpa +2b% Aw—C, )+ bpo*(C, —2w+ﬂ96+2bt YﬁH+CI Wi+ fJ + pLL)2bA— 6°)

4bp* (262 - p6°*)

where H = 2a(1—bi),[ =2b*A,J = G@—bHZCK,L =2b0
Derive Eq. (A. 29)

(A.29)
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2p(BH +C,l ~wl+BJ + Bt,L)(2bA= BO°) 261 (262~ BO° ) (w—c)+4bB’t, (bw0 - ablf ~ G- 2br, )

: A.30)
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1
The profit function of the supplier is a convex function, so—= =0 is an optimal solution to the wholesale price of the
W

supplier when.
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Bring wi into Py and K
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The supplier's profit function is
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The retailer's profit function is
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Proof of corollary 3
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ow _2bB°LX, 86 Bt + X, X, X, SL—2bBOIX, <0

ot, 4bBIX, +21X, X, —8b* B0t

where, X, =2bA—-B6*, X, =1-B,X, =1-2bp0".
Proof of Proposition 4

The proportion of income sharing is determined by excess income.The profit function of retailers and suppliers is as follows,

I, = (w1 —C)D1 +twK, —i—(D1 —D)Pl(l—ﬁ) (A.39)
. 1 A.40

I, = RD, —wD, = Cy (KI_DI)_tZK]_E/IKIZ-(DI_D)PI(I'[;) ( )

M, _ p(a-0K,)~2pP +b(w,~Cy )+ D(1- §)

oR (A.41)
21—[c

0 ~=-2bf <0

oR (A.42)

oIt

~=wl-C, -60C, —t,—AK, — BOP,

oK, w K kb  — BOR (A.43)
217¢

0 Hz =-1<0.

oK, (A.44)

The retailer has a unique optimal commodity pricing and inventory of

P AP+ A, B2 WbO® +2b” Bw, + B0 D +2b01, 3

‘ 2b8(2b8- 56 (A.45)
¢ = ABEB(WO-2t,)+(D-ap0)(1-p)
‘ 2Wp- PO (A.46)

Among them,Y = C (1+6),4, =b0C, —2bY,
X =2a-Cp 0 +20Y, A =bX +0+b0’C, — DO —2bD, A, =2bD -0 —2b’C,.

Substituting Eq.(A.45) and Eq.(A.46) into Eq.(A.39) gives the profit function of the supplier as follows

2p(w ) (268~ B0°)(B* A - BA, 20" B, + 2601, - 200 )+ 45*tw(26 - B0° [ 4B +b(w0-20,)+(D-ap0)(1-B)
. +(1—ﬂ)[ﬂZA5 - B4, -2 Bw, + 2bF°0r, - 2aB*0° -2 D (20 - 0 )][A,ﬁz + A f=2p"wbo" +2b*Bw, + 0D + 2001, ' | (A.47)
" 45 (265~ p0°)

2B(2bB-B0°)(B A - BA, ~2b" Bw, +2b 501, ~2a B0 )~ 4b° B* (w; —c) (268 - B6° )

+4p°1, (268~ B0 ) AB+bp(wO-20,)+(D-ap0)(1-B)]

+4b 501w, (2bﬂ—ﬁ292)—2b2ﬁ(1—/3)[A1ﬁ2 + A, B-2B7wbO* +2b* fw, +,B332D+2b€t2/32]
o +(1 —,H)[,BZAS - BA, =20 B, + 20501, ~2aB'0° ~28D(2b3 - 0 )](—mzba2 +26°)
o, 4p? (205 5°6*) (A.48)
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e (268-5707)(8b8°0r, —8b7 B ) —4b” B(1- B) (26 B—2b5°67)
o : iV <0 (A.49)
, 4p° (26— p07)

So the supplier has a unique optimal wholesale price at this time.

bBOC, —2bp(Y +1,) (A.50)

2af-bp (X -2,0+U)-pO(1- )
4 (265~ 6°)
—aﬂza(l—/})+D(l—ﬁJ

—[-bC, +D(1-B)](265 - B*6* ) +2a°0* (1- B)+ 2b%c p+ 2 31, {
2af-bp* (X -20,0+U)-po(1-B)
—[-bC, +D(1-B)|(268- B0 )+ 200" (1- B)-2 (268 - B°0°
~2b*B(1-B) (b’ (X +201,)- BO(1- B)+[-bC, + D(1- B)](268 - 0" )} 22 (265 - 6" )
W=
4p (28- B0 )Z [(2bﬂ - B0")(4bB°01, —2b5°0° - 4b°B) - 26 0" (1- ﬂ)]

+(1ﬁ)<2bzﬂ2bﬂ292){ )D}Zﬂ(Zb,Bﬂzez)z

2

Among them, 4, = 4, + DO, A, = 4ab— A — D> —2 4,0 +2D0. So the retailer's optimal pricing and inventory are

AP+ 4B+ B0’ D+2b61, 5
2(2bB- B0 )(B* A~ BA, +2bB01, ~2a3'07 ) +4b* Bc (205~ 67
+4p°t, (268~ B0 )| 4,p-20,pp+(D-ap0)(1-B)]
+4bB*0n (268 0% )-26" B(1- B)| A S + 4B+ 07 D+2b01," |
(1- ,B)[ﬁZAS - B4, +2bB0t, ~2ap3'0" - 2D (265~ B0 )](—2521792 +2b°B)
40’ B(1-B)(-28°b6° +2b* B) (268 - 50" ) (8b5°04, 85" B )

(A.51)

+
+(2b*B-28°b0°)

k= 208(26p-p'0°)
AB-20bp+(D-ap0)(1-p) (A52)
28(268- B0°) (B A; - BA, +2b 01, —2a 07 )+ 46> Bc (20— B6°)
+4 1 (268 B0° )| 4B -2,bB+(D-ap’0)(1- )]
+4bf3 01, (263~ 07 )26 B(1- B)| A B + 4B+ B0’ D+ 2001, 5" |
b0 +(1- ﬂ)[/}ZAS — BA,+2b/0t, ~2af30* 2D (23~ 0 )](—2521792 +2b°3)
‘o 40’ B(1- B)(-2°b0° +2b° B) (263~ 5°0° ) (8b8°0r, —8b° B* )
‘ 24— B0
PP - AP+ A,B-2°wbO> +2b” fw, + 6’ D +2b6t,
‘ 2b(268 - 5°0°)
2abpA+2b"2(w=Cy ) +bBO” (C —2w)+ BO(G+2bt;) _ 0 (A.53)
2bB(2bA — BO*)
KK = AL +bB(wO-2t,)+(D—aB’0)(1- ) _bwo—ap0-G-2bt, _ 0

263 — 6> 2b — 6>
(A.54)
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