
Citation: Zhang, R.; Lu, Y.; Liu, B.

Pricing Decisions and Game Analysis

on Advanced Delivery and

Cross-Channel Return in a

Dual-Channel Supply Chain System.

Systems 2023, 11, 155. https://

doi.org/10.3390/systems11030155

Academic Editors: Marco Ardolino

and Luna Leoni

Received: 22 February 2023

Revised: 13 March 2023

Accepted: 15 March 2023

Published: 17 March 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

systems

Article

Pricing Decisions and Game Analysis on Advanced Delivery
and Cross-Channel Return in a Dual-Channel Supply
Chain System
Rong Zhang 1, Yuhao Lu 1 and Bin Liu 2,*

1 Research Center of Logistics, Shanghai Maritime University, Shanghai 201306, China
2 Business School, University of Shanghai for Science and Technology, Shanghai 200093, China
* Correspondence: liubin@shmtu.edu.cn

Abstract: Advanced delivery and cross-channel return are new phenomena in Omni-channel mar-
keting. This paper studies a dual-channel supply chain system composed of one online retailer, one
physical store, and their ordinary manufacturer. It intends to explore the pricing decisions of retailers
under four scenarios concerning the question whether deliver goods in advance and use cross-channel
return. We analyze the impact of the operation costs of physical stores and the transportation costs
of the online retailer on the above strategies, and with numerical examples, analyze the impact of
consumers’ perceived value on the profits of each scenario. The results show that the default rate of
consumers’ unpaid balance and the cross-channel return rate directly influences the online retailer’s
strategy choice. The pricing of the physical store is related to the proportion of unpaid balance and
return rate of the online retailer. Customers’ perceived value brought by advanced delivery leads
to profit changes in supply chain members and is influenced by the online retailer’s cross-channel
return strategy.

Keywords: dual-channel supply chain; advanced delivery; cross-channel return; pricing decision;
game analysis

1. Introduction

With the rapid development of e-commerce, the scale of online transactions has main-
tained rapid growth, which has a significant impact on the offline economy [1]. Especially
with the COVID-19 pandemic outbreak, for most product categories, consumers would
choose online channels. However, online consumption had some problems, such as slow
logistics and product quality not meeting consumers’ expectations. In recent years, the
number of packages on the day of the Double 11 has exceeded 1 billion, and it has become
a hot topic how to distribute packages on time. Therefore, logistics distribution teams
and online retailers need to cooperate. On the one hand, logistics distribution teams need
to increase their members, and on the other hand, online retailers need to start a new
mode of advanced delivery of goods. During the “Double 11 shopping carnival” period
in 2020, some retailers chose to deliver products in advance by cooperating with logistics
enterprises. After consumers paid the deposit, they delivered products to the nearest
post station immediately in advance and sent goods in time after receiving the balance
payment. They wanted to strengthen the timeliness of goods distribution and enhance
consumers’ shopping satisfaction. They used this method to cultivate consumers’ online
shopping habits. On the eve of the “618 shopping carnival” in 2021, the platform companies
announced that the pre-sale express had covered 300 cities in China, and 95% of the express
could reach consumers on the same day or the next day. The logistics supplier provides
this service to lay the foundation for advanced delivery. This measure also provides a new
idea for improving the speed of logistics distribution. Although e-commerce has brought
consumers many conveniences, the physical store’s sales power can still not be ignored.
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However, the return of goods purchased through online channels is also an important
issue. Online return has problems such as long cycles and processes, which brings low
perceived value to consumers. According to a survey report by Accenture [2]: in the United
States, the total return cost of electronic products handled by online retailers in 2011 reached
$16.7 billion, and 68% of these were defect-free returns. This phenomenon shows that
the reason why most consumers choose to return goods is not that the product quality
is low but only because the product does not meet their expectations. How to properly
handle returns has become an urgent problem for online retailers. Some retailers adopt
the cross-channel return strategy to solve this problem. For the returns generated after
purchasing goods from online retailers, consumers can choose to return the goods to the
designated physical stores with convenient procedures. This method optimizes the original
cumbersome return process and gives consumers various return options. The most famous
merchant that adopts cross-channel return is the giant retailer Wal-Mart. Customers enter
physical stores when choosing cross-channel returns, which may generate additional sales
profits. This method of cross-channel return will reduce the processing costs of a large
number of returns from the original channel, and then improve the efficiency of processing
returns, so that consumers who return goods from the original channel can receive refunds
faster. At the same time, for consumers, it also adds a way to choose to return goods in a
way that maximizes their profits.

This study makes the following contributions. First, it enriches the literature research
on dual-channel supply chains; it increases the amount of research on the problem of online
retailers’ advanced delivery, which is relatively lacking. Second, it makes contributions
to the research of cross-channel returns, especially on cross-channel returns under the
dual-channel competition model, which has hardly appeared in previous studies in the
literature. It is more realistic to add subsidies from online retailers to offline retailers
when studying cross-channel returns. Third, our research obtains the conditions for online
retailers to adopt advanced delivery and the cross-channel return method, which can be a
reference for retailers and has practical significance. This study combines the two concepts
of advanced delivery and cross-channel return. The purpose of these two mechanisms
is to enhance customers’ sense of consumption experience and attract target customers.
This paper compares the optimal decisions of retailers and manufacturers in four cases and
seeks to explore the profit maximization of supply chain members.

The remainder of this paper is arranged as follows. Section 2 reviews relevant literature.
In Section 3, we introduce the question and the model assumptions, and the model analysis
is shown in Section 4. Then, Section 5 presents the numerical results. Finally, Section 6
presents the conclusion and future research.

2. Literature Review

Scholars have researched the dual-channel supply chain in recent years. Dum-
rongsiri et al. [3] studied the manufacturer-dominated dual-channel supply chain. In
their study, consumers could choose their preferred purchase mode according to the
price of products and their perceived satisfaction from online retailers and physical stores.
Cai et al. [4] developed four retail models and analyzed the manufacturer’s income and
other factors. Ding et al. [5] found that the dual-channel supply chain can reduce operating
costs for the retailer and benefit manufacturers under certain conditions. Taghizadeh-
Yazdi et al. [6] proposed an integrated mathematical model to optimize the total profits of a
three-echelon supply chain, and put forward improvement suggestions through sensitivity
analysis. Ryan et al. [7] analyzed and compared the product channel selection under a
manufacturer’s self-built online direct selling model and a retailer’s online direct selling
model through the utility function model. Shi et al. [8] studied a dual-channel supply
chain consisting of a manufacturer, an online retailer, and a physical store. The online
retailer adopted wholesale contracts or drop-shipping contracts to complete online orders.
They also considered different power structures of the supply chain to study competition
among the three members. Huang et al. [9] investigated a manufacturer’s pricing under
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resale mode and agency mode according to the classification of consumer price preference.
Carrillo et al. [10] discussed the channel choice of retailers in a low-carbon environment.
Scholars have also conducted some research on the pricing of dual-channel supply chains.
Jia [11], based on a model consisting of a manufacturer’s own network platform and retailer
channel, discussed the optimal pricing decision of two channels under different power
structures. Erwin Widodo et al. [12] used response surface methodology to analyze pricing
effects on dual-channel supply chain systems. The authors used the game theory method
and treated online and retailer prices as independent variables to imitate real-world compe-
tition where there is no information sharing. Reza Pakdel Mehrabani et al. [13] studied the
influence of channel preferences on supply chain decision-making through a dual-channel
supply chain dominated by physical retailers. The authors found that there was a Pareto
interval for channel preference, which was beneficial to all members of the supply chain.
Yan [14] explored consumer channel preferences by using the utility function and Stackel-
berg game model. The author calculated the optimal pricing of retailers under centralized
and decentralized decision-making and analyzed the impact of channel preferences on pric-
ing. Zhao et al. [15] considered a supply chain model with dual channels, one is traditional
channel for retailers, and another is a direct sales channels for manufacturers.. This paper
analyzes the overall profit of the supply chain under the decentralized decision model and
centralized decision model by using the Stackelberg game model with the manufacturer
as the leader. Cho et al. [16] discussed a model combining pre-sales and cash sales. The
author analyzed the profit compared to using only cash sales, and found that more profit
could be achieved under the combination of pre-sales and selling in cash.

The research on return is mainly divided into original channel return and cross-channel
return. Pei et al. [17] considered full return policy (FRP) and partial return policy (PRP), then
used the structural equation model to verify that the return depth of the online retailer has a
positive correlation with customers’ perceived return policy fairness and purchase intention.
Xu et al. [18] studied the impact of return cost, amount, and period on consumers’ returns
in the literature. Furthermore, Cao et al. [19] studied a company under the background of a
carbon tax policy. The company studied sells new products and remanufactured products.
Amir et al. [20] focused on a supply chain system consisting of two manufacturers and one
e-tailer. The manufacturers have their online store channel, and they are willing to adopt
another channel reseller or marketplace. Manufacturers provide return policies in their
online store channels as a competitive strategy to attract more customers. Hu et al. [21]
studied the effectiveness of dynamic pricing on the return rate against the problem of high
return rates of online retailers. Jin et al. [22] focused on the return strategy of omnichannel
retailers in a competitive setting and adopted the Hoteling model to derive the demand
function. They also combined the model elements, including the retailer’s price, online
return cost, customer heterogeneity, and forward-looking purchase behavior, and classified
the nature of consumers and return costs. Recently, Yan et al. [23] attempted to examine
whether it is beneficial to introduce the “buy online and return to store” (BORS) strategy in
a competitive market and considered full refund return policy and partial refund return
policy; they determined that the return rate and cross-selling profit were essential factors
for two retailers to adopt this strategy.

With the wide application of return services, scholars have gradually increased their
research on return policy in the dual-channel supply chain [24]. Li et al. [25] proposed two
return methods, namely direct return and indirect return, related to return strategies and
pricing in the dual-channel supply chain and divided them into four cases. Xu et al. [26] es-
tablished a dual-channel supply chain model consisting of retailers with capital constraints
and suppliers with sufficient funds. They studied the impact of cross-channel return and
free-riding behavior on the optimal pricing decision and profits of supply chain members.
They then analyzed the overall supply chain profit optimization when customers preferred
cross-channel return products. Radhi et al. [27] added different cross-channel return meth-
ods to their study to determine the optimal order quantity of retailers. Huang et al. [28]
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studied how different return strategies affect suppliers’ profits. The authors added stores
and national brand products to their basic model for research.

At present, scholars pay more attention to the same retailer’s strategy of cross-channel
return; but, in contrast to previous literature, this paper will focus on two competitive
retailers. We will consider the impact of advanced delivery and cross-channel return on the
pricing decisions and profits of the whole supply chain. Then, we will analyze changes in
four cases and determine the decision equilibrium.

3. The Model

Integrating online and the physical stores has become a general trend. Online trans-
portation costs and physical store operation costs are related to the pricing and other
behaviors of the two retailers. This paper will focus on the dual-channel supply chain com-
posed of retailers under the two competing modes of online retail and physical store retail.
Under the strategy of whether an online retailer adopts advanced delivery or cross-channel
return, this paper will focus on the following issues:

1. Which scenario is preferred for the online retailer whether choose the advanced
delivery strategy?

2. Which scenario is preferred for the online retailer and physical store to adopt a cross-
channel return strategy together?

3. How does the cost change in two retailers influence the pricing and profit of the supply
chain in four cases?

4. How does the perceived value added by the online retailer to consumers influence the
profits of supply chain members?

We consider supply chain system consisted of one manufacturer and one retailers
with dual channels. This paper will investigate four cases according to whether the online
retailer adopts the advanced delivery and cross-channel return strategy. Case 1 is a scenario
in which the online retailer does not adopt advanced delivery or the cross-channel return
strategy, denoted as scenario (N, N). Case 2 is a scenario in which the online retailer adopts
an advanced delivery strategy only, denoted as scenario (Y, N). Case 3 is a scenario in which
the online retailer adopts the cross-channel return strategy only, denoted as scenario (N, Y).
Lastly, case 4 is a scenario in which the online retailer adopts the advanced delivery and
cross-channel return strategies together, denoted as scenario (Y, Y).

3.1. Assumptions and Denotations

We make the following assumptions and denotations (Table 1) T for the following models:

1. Usually, the customer should provide a deposit for their desired goods until they
receive them. If consumers are dissatisfied with the goods or return them due to
quality problems, these products are no longer sold during this sales season. Their
values are recorded as 0;

2. When returning products across channels, the online retailer shall bear the return
expenses of the physical store and the freight back to the online retailer’s warehouse
because they are different retailers. Furthermore, it shall also give additional subsidies
to the physical store, which is recorded as e;

3. The online retailer does not consider operating costs, generally;
4. We assume that the total return rate of customers who buy products from the online

retailer remains unchanged. Only the proportion of returns from the original channel
will be apportioned after cross-channel returns are adopted;

5. The physical store does not provide a return service for the goods purchased by
customers from the physical store;

6. The manufacturer’s manufacturing cost is 0.
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Table 1. Modeling notations.

Notation Notation Description

Decision variables
w Wholesale price for the product
p1 Selling price for a product of the physical store
p2 Selling price for a product of the online retailer

Parameters
ε The proportion of the returned product
φ The proportion of the cross-channel return product
β Matching probability of online retailer’ products to consumers
V The perceived value of consumers (evenly distributed within (0, 1))
v3 The increase in the perceived value of consumers when online retailer adopts an advanced delivery strategy
v4 The increase in the perceived value of consumers when online retailer adopts a cross-channel return strategy
U1 The surplus value of products purchased by consumers from the physical store
U2 The surplus value of products purchased by consumers from the online retailer
θ The proportion of consumers who do not pay the balance after paying the deposit
c1 Operating costs of the physical store
ct The transportation costs paid by the online retailer’
u The deposits paid by consumers
e The subsidies for the physical store for cross-channel returns from the online retailer

π1 The profit of the physical store
π2 The profit of the online retailer
πm The profit of the manufacturer
D1 The demand for the physical store
D2 The demand for the online retailer

3.2. The Model
3.2.1. The Scenario of (N, N)

Similar to the study of Shi et al. [8], in this case, the surplus value of products purchased
by consumers from a physical store is U1 = V − p1, and the surplus value of products
purchased from the online retailer is U2 = βV − p2. The surplus value of consumers is
nonnegative. At the same time, consumers will compare the surplus value of a physical
store and the online retailer. After that, they will choose the purchasing method with more
considerable surplus value to buy products(See Figure 1). Because the research object of
this paper is the dual-channel supply chain, consumer’s preferred purchasing method is
determined according to the utility function to ensure that the physical store and the online
retailer have demand:

D1
NN = 1− p1

NN − p2
NN

1− β
β >

p2
NN

p1
NN , (1)

D2
NN =

p1
NN − p2

NN

1− β
− p2

NN

β
β < 1− p1

NN + p2
NN . (2)

The profit of the physical store is shown in Formula (3). For this part of the unpaid
balance, the profit of the online retailer is one deposit more than the products sold in this
quarter. For the products returned in this sales season, the residual value is 0. The profit
function of the online retailer is shown in Formula (4). The manufacturer’s profit only
depends on the demand, and the return costs of the online retailer is borne by itself, and so
the manufacturer’s profit function is shown in (5):

π1
NN =

(
p1

NN − wNN − c1

)
D1

NN , (3)

π2
NN =

(
p2

NN − wNN − ct

)
D2

NN + uθD2
NN − p2

NNεD2
NN(1− θ), (4)

πm
NN =

(
D1

NN + D2
NN
)

wNN . (5)
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Figure 1. Dual-channel supply chain without advanced delivery or cross-channel return strategy. 
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3.2.2. The Scenario of (Y, N)

In this case (See Figure 2), the surplus value of products purchased by consumers
from the physical store is U1 = V − p1, but the online retailer has adopted the advanced
delivery strategy. It can increase the surplus value of consumers by adding a guarantee
to ensure that consumers receive products within a few days after paying the balance in
the sales interface. The surplus value of products purchased from the online retailer is
U2 = βV − p2 + v3, and the demand values of the physical store and the online retailer,
respectively, are solved according to the utility function, as shown in Formulas (6) and (7):

D1
YN = 1− p1

YN − p2
YN + v3

1− β
β >

p2
YN − v3

p1
YN , (6)

D2
YN =

p1
YN − p2

YN + v3

1− β
− p2

YN − v3

β
β < 1− p1

YN + p2
YN − v3. (7)
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Because the online retailer adopts the advanced delivery strategy, the products are
transported to the express station near the consumer after the consumer prepays the
deposit. Once the consumer cancels the balance payment, the online retailer will transport
the products back to the warehouse again. Compared with the scenario under which the
online retailer does not adopt the advanced delivery strategy, the online retailer will lose
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double transportation cost if the customer does not complete the balance payment. The
profit function is as follows:

π1
YN =

(
p1

YN − wYN − c1

)
D1

YN , (8)

π2
YN =

(
p2

YN − wYN − ct

)
D2

YN + (u− 2ct)θD2
YN − p2

YNεD2
YN(1− θ), (9)

πm
YN =

(
D1

YN + D2
YN
)

wYN . (10)

3.2.3. The Scenario (N, Y)

In this case (See Figure 3), the online retailer only adopts the cross-channel return
service. When the customer is not satisfied with the product, the customer can choose
to return it to the shipping address of the online retailer through the original channel.
Customers can also choose to return goods to the physical store designated by the online
retailer through the cross-channel return service, and the physical store will return the
goods to the online retailer after receiving the return. The online retailer then subsidizes
offline physical stores for each cross-channel returned product as e. We determine the
demand functions of the physical store and the online retailer according to the utility
function as shown in Formulas (11) and (12), respectively.

D1
NY = 1− p1

NY − p2
NY + v4

1− β
β >

p2
NY − v4

p1
NY , (11)

D2NY =
p1

NY − p2
NY + v4

1− β
− p2

NY − v4

β
β < 1− p1

NY + p2
NY − v4. (12)
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𝐷1
𝑌𝑌 = 1 −

𝑝1
𝑌𝑌−𝑝2

𝑌𝑌+𝑣3+𝑣4

1−𝛽
                                  𝛽 >

𝑝2
𝑌𝑌−𝑣3−𝑣4

𝑝1
𝑌𝑌 , (16) 

𝐷2
𝑌𝑌 =

𝑝1
𝑌𝑌−𝑝2

𝑌𝑌+𝑣3+𝑣4

1−𝛽
−

𝑝2
𝑌𝑌−𝑣3−𝑣4

𝛽
           𝛽 < 1 − 𝑝1

𝑌𝑌 + 𝑝2
𝑌𝑌 − 𝑣3 − 𝑣4. (17) 

Figure 3. Dual-channel supply chain with cross-channel return strategy only.

Since the online retailer and physical store are competing with each other, to ensure
that the physical store agrees to cross-channel returns, the online retailer will subsidize the
return expenses to physical store. At the same time, the physical store will return products
to the online retailer and the transportation expenses incurred will be borne by online
retailer. Then, the additional subsidy for each cross-channel return to the physical store by
the online retailer is e, and the profit function is as follows:

π1
NY =

(
p1

NY − wNY − c1

)
D1

NY + eφε(1− θ)D2
NY, (13)
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π2
NY =

(
p2

NY − wNY − ct

)
D2

NY + θuD2
NY−p2

NYεD2
NY(1− φ)(1− θ)− φεD2

NY(1− θ)
(

p2
NY + ct + e

)
, (14)

πm
NY =

(
D1

NY + D2
NY
)

wNY. (15)

3.2.4. The Scenario (Y, Y)

In this case (See Figure 4), the online retailer adopts both the strategy of advanced
delivery and the cross-channel return service. After the customer prepays the deposit, the
online retailer will deliver the goods to the customer’s nearest post station and deliver
them immediately after receiving the balance payment. If the customer chooses not to pay
the balance due to default, the online retailer will coordinate with the express company to
send the goods back. After receiving the cross-channel returned goods from customers, the
offline physical store will return them to the online retailer and charge a service fee of e.
We determine the demand functions of physical store and online retailer according to the
utility function as shown in Formulas (16) and (17), respectively.

D1
YY = 1− p1

YY − p2
YY + v3 + v4

1− β
β >

p2
YY − v3 − v4

p1
YY , (16)

D2
YY =

p1
YY − p2

YY + v3 + v4

1− β
− p2

YY − v3 − v4

β
β < 1− p1

YY + p2
YY − v3 − v4. (17)
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The profit function is as follows:

π1
YY =

(
p1

YY − wYY − c1

)
D1

YY + eφεD2
YY(1− θ), (18)

π2
YY =

(
p2

YY − wYY − ct

)
D2

YY + θD2
YY(u− 2ct)− p2

YYεD2
YY(1− φ)(1− θ),−φεD2

YY(1− θ) ∗
(

p2
YY + ct + e

)
, (19)

πm
YY =

(
D1

YY + D2
YY
)

wYY. (20)

4. Equilibrium Analysis and Discussions
4.1. Equilibrium Outcomes

According to the decision order, we obtained the optimal solutions in four cases
according to the reverse solution method and show the results in the Appendices A–I.
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Proposition 1. The prices of products sold by the online retailer with an advanced delivery strategy
is higher than the prices of products sold by the online retailer without an advanced delivery strategy,
and the prices of products sold by the online retailer with a cross-channel return strategy is higher
than the prices of products sold by the online retailer without a cross-channel return strategy.

Proposition 1 shows that when the online retailer adopts the advanced delivery
strategy or cross-channel return, it will increase the retail prices of its products. Adopting
the advanced delivery strategy will lose the retailer double the transportation cost for some
customers who do not pay the balance, and so it will increase the selling prices of products
to make up for this loss. When adopting cross-channel returns, the online retailer should
subsidize the physical store and bear freight. As a result, the online retailer will also make
up for these losses by increasing the selling prices of products.

Proposition 2. When v3 < 2ctθ
1−ε+θε and the online retailer has adopted the advanced delivery

strategy, the demand for the online retailer and the total demand will decrease while the demand for
physical store will increase. When v3 ≥ 2ctθ

1−ε+θε and the online retailer has adopted the advanced
delivery strategy, the demand for the online retailer and total demand will increase while the demand
for physical store will decrease.

Proposition 2 shows that when the advanced delivery strategy brings low perceived
value to consumers, the increased demand for advanced delivery cannot make up for
the decrease in demand caused by the price increase. The demand of the online retailer
decreases, and some customers are lost to the physical store while others do not buy
products at all. When the adoption of the advanced delivery strategy brings high perceived
value to consumers, the increased demand of the online retailer is higher than the demand
lost by the price rise. Some customers of the physical store will also turn to the online
retailer due to the advanced delivery strategy. Currently, the total demand increased.

Proposition 3. When v3 < 2ctθ
1−ε+θε , the manufacturer’s wholesale prices will decrease if the

online retailer adopts the advanced delivery strategy, while when v3 ≥ 2ctθ
1−ε+θε , the manufacturer’s

wholesale prices will decrease if the online retailer adopts the advanced delivery strategy.

According to Proposition 2, the total demand will decrease when the perceived value
is low. At this time, the manufacturer will choose to reduce wholesale prices to increase
the retailer’s demand. When the perceived value is high, the total demand of retailers will
increase. To maximize profits, the manufacturer will choose to increase wholesale prices to
expand profits.

Proposition 4. When v3 < 2ctθ
1−ε+θε and ε < 1−β

(2−β)(1−θ)
, or v3 ≥ 2ctθ

1−ε+θε and ε ≥ 1−β
(2−β)(1−θ)

, the

retailer’s prices at the physical store will decrease, while when v3 < 2ctθ
1−ε+θε and ε ≥ 1−β

(2−β)(1−θ)
, or

v3 ≥ 2ctθ
1−ε+θε and ε < 1−β

(2−β)(1−θ)
, the retail prices at the physical store will increase.

Proposition 4 shows that when the perceived value and return rate increases after the
online retailer adopts the advanced delivery strategy are large or small, the retail prices of
the physical store will decrease. The reason for this is that when the perceived value and
return rate are small, we know from propositions 1, 2, and 3 that the wholesale prices will
decrease. After the online retailer adopts the advanced delivery strategy, the prices are still
low due to the low return rate. The physical store will further increase profits by reducing
retail prices and attracting the online retailer’s customers. When the perceived value and
return rate are high, the wholesale prices will increase. At this time, the online retailer will
lose more customers due to the sharp increase in prices caused by high return rates. The
offline physical store will attract lost customers through price reductions. When one of the
perceived values or the return rate is significant and the other is small, the retail prices of
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the physical store will increase. The reason for this is that when the perceived value is low
and the return rate is high, the wholesale prices will decrease. When the perceived value is
low, the online retailer’s demand changes little. The physical store no longer needs to seize
the market share and maximize profits by appropriately increasing its prices. Furthermore,
when the perceived value is large and the return rate is low, the demand for the physical
store will decrease and the demand for online retailer will increase significantly. Due to the
low return rate and low prices, the physical store cannot further reduce its retail prices to
seize the market share, and thus the retail prices of the physical store will increase.

4.2. Impact of Physical Store Operation Costs on Supply Chain

Proposition 5. In the four cases studied, when the operating costs of the physical store increase,
the retail prices of the physical store and the retail prices of the online retailer will increase, and the
wholesale prices of the manufacturer will decrease.

Proposition 5 shows that no regardless of whether the online retailer adopts the
advanced delivery strategy or cross-channel return strategy, if the operating costs of the
physical store increase, the physical store will increase the retail prices to not lose profits.
At that time, the demand for the physical store will decrease and the manufacturer will
alleviate the decrease in the demand by reducing wholesale prices. Due to the decrease
in wholesale prices, the online retailer will increase retail prices at the expense of some
increased demand, to maximize profits.

4.3. Impact of Operating Costs on Total Demand

Proposition 6. In the four cases studied, if the operating costs of the physical store increase, the
total demand will decrease. Following from this, the total demand change caused by the change in
unit operating costs is the same, which is not affected by the online retailer’s strategy choice.

Proposition 6 shows that when the operating costs of the physical store increases, the
retail prices of the physical store will increase and the demand will decrease, and then part
of the demand will be transferred to the online retailer. At the same time, the retail prices
of the online retailer will also increase to increase profits. At this time, some consumers
who originally planned to buy products will refrain from making any purchases due to the
increase in dual-channel price. According to Proposition 5, in the four cases studied, the
change in the dual-channel price with operating costs is the same, so the change in the total
demand with operating costs is identical.

4.4. The Impact of Transportation Costs of Online Retailer on Supply Chain

Proposition 7. If the transportation costs of the online retailer increase, the retail prices will
increase and the wholesale prices will decrease. When ε > 1−β

(2−β)(1−θ)
and θ ≤ 1

2−β , the retail
prices of the physical store will increase with the increase in transportation costs, while when
ε ≤ 1−β

(2−β)(1−θ)
and θ ≤ 1

2−β , or θ > 1
2−β , the retail prices of the physical store will decrease with

the increase in transportation costs.

Proposition 7 shows that when the online retailer adopts the advanced delivery
strategy or cross-channel return strategy, the impact of transportation costs on wholesale
prices and online and physical store prices is the same, but the degree of the impact is
different. The rising transportation costs of the online retailer will lead it to increase retail
prices to reduce the loss of profits. At this time, it will reduce demand for its products. To
alleviate the impact of reduced demand on profits, the manufacturer will choose to reduce
wholesale prices to alleviate the reduced demand. For the physical store, its prices will
vary with the increase in online transportation costs. When the proportion of the unpaid



Systems 2023, 11, 155 11 of 22

balance payment is low, it can be divided into two cases according to the return rate. When
the return rate of the online retailer is relatively high, the physical store will also follow the
price increase, because the return rate of the online retailer being high causes profits to be
lost. Then, relatively high prices will be used to reduce the losses caused by the high return
rate. At this time, more demand will be transferred to the physical store; the physical store
will experience massive demand at this time. The physical retailer will choose to increase
prices and lose part of this demand to bring more profit. When the return rate of the online
retailer is low, prices will not increase much since the loss of demand will be smaller. Due to
the reduction in wholesale prices, the physical store will choose to reduce prices to attract
more consumers. When the proportion of the unpaid balance is high, the online retailer can
obtain part of the profits from consumers who have not paid their balances. No matter how
much the return rate of the online retailer is, the pricing of the physical store will decline to
further increase the demand for the physical store to obtain maximum profit.

4.5. Impact of Transportation Cost on Total Demand

Proposition 8. When ct <
v3(1−ε−θε)

2θ , the online retailer adopting the advanced delivery strategy

will increase the total demand, while when ct ≥ v3(1−ε−θε)
2θ , the online retailer adopting the

advanced delivery strategy will decrease the total demand. When ct < − 1
2 e[2 + β + β(−1 + θ)ε] +

v4

(
− 1

φ + 1
εφ−θεφ

)
, the online retailer adopting the cross-channel return strategy will increase the

total demand, while when ct ≥ − 1
2 e[2 + β + β(−1 + θ)ε] + v4

(
− 1

φ + 1
εφ−θεφ

)
the online retailer

adopting the cross-channel return strategy will decrease the total demand.

Proposition 8 shows that when the online retailer adopts two strategies, these two
strategies are closely related to transportation costs. When transportation costs are low, the
profit loss of the online retailer is low. Meanwhile, the rising range of retail prices is also low.
When the retail prices in the physical store rise, the online retailer can attract consumers by
increase the consumers’ perceived value due to adopting strategy. When transportation
costs are high, the rise in dual-channel retail prices becomes more significant. Although the
adoption of strategies can attract some consumers, the number of consumers lost due to
high prices is greater than the number of new consumers, and so the total demand is in a
downward trend.

Proposition 9. When the transportation costs of the online retailer increase, the total demand will
decrease. The total demand will decrease even more under the change in unit transportation cost
after adopting the advanced delivery or cross-channel strategy.

Proposition 9 states that when the transportation cost increases, the prices of the online
retailer will increase, and the demand will decrease. Some of the demand is transferred
to the physical store, and some of the demand is lost due to potential consumers giving
up their intention to buy, which results in a decrease in the overall demand. In addition,
under the adoption of the advanced delivery or cross-channel return strategy, commodity
prices are high. At this time, prices increase due to the increase in transportation costs,
and more customers will be lost than when this strategy is not adopted, resulting in the
demand declining more.

5. Numerical Examples
5.1. The Impact of Transportation Costs on the Profits of the Online Retailer

We take β = 0.7, ε = 0.25, c1 = 0.1, u = 0.2, v4 = 0.05, v3 = 0.05, e = 0.02, θ = 0.1, and φ = 0.3,
because it should be satisfied with u more than 2ct, ct taking [0.015, 0.09]. We calculate the
profits of the online retailer in four cases when the transportation costs take different values
in Table 2. When the transportation costs increase, the profits of the online retailer will
decrease. In the four cases studied, the profits of the online retailer decrease significantly
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with adopting two strategies. The reason for this is that the transportation costs increase
under the adoption of the advanced delivery strategy. The profits of the unpaid balances
are further reduced, and this affects the overall profits of the online retailer. When the
online retailer adopts the cross-channel return service, the transportation costs increase and
the costs of the online retailer recovering returns from the physical store further increases.
This affects overall profits. Therefore, the adoption of the two strategies has the greatest
impact on the online retailer’s profits.

Table 2. Online retailers’ profit changes with transportation costs.

ct π2
NN*

π2
YN*

π2
NY*

π2
YY*

0.015 0.00431 0.00758 0.00621 0.01005
0.03 0.00288 0.00528 0.00427 0.00712
0.045 0.00173 0.00339 0.00269 0.00469
0.06 0.00088 0.00192 0.00147 0.00277
0.075 0.00031 0.00086 0.00062 0.00135
0.09 0.00003 0.00022 0.00013 0.00044

5.2. The Impact of Unpaid Balance Ratio on the Profits of the Online Retailer

We take c1 = 0.1, β = 0.7, ε = 0.25, ct = 0.08, u = 0.2, v4 = 0.05, v3 = 0.05, e = 0.02, and
φ = 0.3, and θ belongs to [0, 0.5]. wherein it adopts only the advanced delivery and only
the cross-channel return strategy, receptively, which are shown in Figures 5 and 6.
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Figures 5 and 6 show that regardless of whether the online retailer has adopted the
cross-channel return strategy, when the proportion of the unpaid balances of deposits is low,
it is more profitable for the online retailer to adopt the advanced delivery strategy. When
the proportion of the unpaid balances is high, it is more profitable to choose not to adopt the



Systems 2023, 11, 155 13 of 22

advanced delivery strategy. The online retailer will adopt the advanced delivery strategy
when the proportion of balance payments is low. Because these commodity merchants earn
profits, there is a difference of twice the freight under the strategy of advanced delivery.
When this proportion is low, the online retailer can make up for the loss of freight according
to the increase in demand because of the increase in consumer utility. When the proportion
is high, the increased profits brought by the increased demand cannot make up for the
freight loss. The online retailer can determine whether to adopt the advanced delivery
strategy according to the nonpayment balanced proportion of similar products in previous
years. We can also know from the figures above that the decision to choose whether to
adopt advanced delivery is more profitable in the case wherein the online retailer adopts a
cross-channel return strategy. Under the same proportion of unpaid balances, the profit
difference in the case wherein the online retailer adopts the cross-channel return strategy is
more significant than that of not adopting the cross-channel return strategy. The reason for
this is that the overall demand after adopting the cross-channel return strategy is higher
than that without adopting this strategy. When the proportion of unpaid balances is the
same, the number of unpaid balances is also greater and the impact on profits is more
significant than that without adopting the cross-channel return strategy.

5.3. The Impact of Cross-Channel Return Rate on the Profits of the Online Retailer

We take c1 = 0.1, β = 0.7, ε = 0.25, ct = 0.08, u = 0.2, v4 = 0.05, v3 = 0.05, e = 0.02, and
θ = 0.1, and φ belongs [0.1, 0.5]. We can obtain the profits of the physical store and the online
retailer in the scenarios wherein the online retailer adopts a cross-channel return strategy
without and with an advanced delivery strategy, which is shown in Figures 7 and 8.
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We can see from Figure 7 that regardless of whether the online retailer has adopted
the advanced delivery strategy, the physical store will not cooperate with the online retailer
to start the cross-channel return service only when the cross-channel return rate is lower
than 0.2. The reason for this is that when the cross-channel return rate is low, the profits
gained by the physical store’s subsidies from the online retailer cannot compensate the
losses caused by the reduced demand. We can see from Figure 8 that regardless of whether
the online retailer has adopted the advanced delivery strategy, when the cross-channel
return rate is lower than 0.4, the online retailer will adopt the cross-channel return service.
In this case, the profit will be higher than before.

When the return rate is high, the profit is higher if the online retailer chooses not
to adopt the cross-channel return service. When the cross-channel return rate is low, the
online retailer will adopt the cross-channel return service. Due to the low return rate, the
total amount of subsidies paid to the physical store is small. This can be compensated by
increasing sale prices and demand due to the increased utility of the cross-channel return
service to consumers. Once the cross-channel return rate is high, if the online retailer cannot
compensate r through these two aspects, it will not adopt the cross-channel return service.
At the same time, the change in the online retailer’s profits is more obvious when it adopts
the advanced delivery strategy. The reason for this is that after adopting the advanced
delivery strategy, the retail prices and demand will also rise. Under the same cross-channel
return rate, there will be more overall returns, which will have a more significant impact
on profits. Therefore, when the cross-channel return rate is between [0.2, 0.4], it benefits
both the physical store and the online retailer; the physical store will cooperate with the
online retailer to adopt the cross-channel return service. When the cross-channel return
rate is not in this range, the cross-channel return service should not be provided.

5.4. Impact of Perceived Value of Advanced Delivery on the Profits of Supply Chain Members
5.4.1. The Online Retailer Does Not Adopt Cross-Channel Return Strategy

We use β = 0.7, ε = 0.25, ct = 0.08, u = 0.2, e = 0.02, θ = 0.1, c1 = 0.08, and φ = 0.3, and we
obtain the profits of each member of the supply chain and the whole supply chain without
cross-channel return, as shown in Figures 9–11.
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not adopt cross-channel return strategy.

From Proposition 3, we determine that the manufacturer’s wholesale prices will
decrease after the online retailer adopts the advanced delivery strategy if v3 < 2ctθ

1−ε+θε ,
while the wholesale prices will increase if v3 ≥ 2ctθ

1−ε+θε . Furthermore, the online retailer
has less increased demand due to its adoption of the advanced delivery strategy when
v3 < 0.02. Currently, Proposition 1 shows that the price increase is small, and the change in
total demand is also very small. The change in defaulting customers is small. Proposition 3
shows that when wholesale prices decrease, the online retailer’s profits are more significant,
and the overall profit in the supply chain is greater under the adoption of the advanced
delivery strategy. If the online retailer adopts the advanced delivery strategy, the loss of
demand for the physical store is small. Due to the reduction of wholesale prices, the physical
store can increase retail prices to increase its profits. On the contrary, the manufacturers’
demand will decrease, and changing wholesale prices cannot recover profits by increasing
demand. If 0.02 ≤ v3 < 0.07, the total demand will rise, and the manufacturer will increase
wholesale prices for its own interests. Due to the rise in the manufacturer’s wholesale
prices and the online retailers’ adoption of the advanced delivery strategy to attract more
customers, the physical store can only choose to increase retail prices in order to make
up for the loss of profits. The online retailer will thus lose customers due to these price
increases. At this time, the increased profits cannot compensate for the loss of defaulting
customers. The profits are not as good as when the strategy is not adopted. The overall
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profit of the supply chain is not as good as the overall profit when the advanced delivery
is not adopted. If v3 ≥ 0.07, the online retailer will increase its demand through high
perceived value and maintain a steady increase in demand by raising retail prices again.
The increased profits resulting from this exceed the losses caused by defaulting customers,
and the overall supply chain profits are also better than those without adopting the strategy.

5.4.2. Online Retailer Adopts Cross-Channel Return Strategy

We use β = 0.7, ε = 0.25, ct = 0.08, u = 0.2, e = 0.02, θ = 0.1, c1 = 0.08, v4 = 0.2, and
φ = 0.3, and we obtain the profits of each member of the supply chain and the whole supply
chain without the adoption of the cross-channel return strategy, as shown in Figures 12–14.
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From the three figures, we can see that the changes in the physical store and the
manufacturer are consistent with those when a cross-channel return strategy is not adopted.
When the online retailer adopts the cross-channel return strategy, the perceived value
to consumers increases by a very small amount, and when the online retailer does not
adopt the advanced delivery strategy, the profits is greater. The reason for this is that the
increased demand caused by adopting the advanced delivery strategy is small. Due to
the rising demand caused by adopting the cross-channel return strategy, the number of
defaulting customers increases. The loss felt by the online retailer is more severe than
the profits gained through the increased demand and the decrease in wholesale prices. If
adopting the advanced delivery strategy increases the consumers’ demand significantly,
the profits under the adoption of the advanced delivery strategy are always greater than
those when it is not adopted. The reason for this is that adopting the cross-channel return
strategy ensures an increase in demand. Currently, the loss of consumers under the price
increase strategy and the adoption of the advanced delivery strategy has a small impact
on the online retailer’s profits. It can still ensure that the profits are greater than the loss
suffered through defaulting customers due to the increase in demand and prices. Therefore,
the profits gained through the adoption of the advanced delivery strategy are always
greater than those when the advanced delivery is not adopted, and the overall profit is also
consistent with the profit change in the online retailer.

6. Conclusions and Future Research

In this paper, we consider the dual-channel supply chain with the advanced delivery
and cross-channel return strategies. We use the Stackelberg game model to determine the
optimal decisions of the manufacturer and the dual-channel retailers. Through equilibrium
analysis and numerical–experimental analysis, we compare the pricing and profit realities
in four cases and draw the following conclusions.

Firstly, when the proportion of unpaid balances is low, the online retailer will adopt
the advanced delivery strategy. When the proportion of cross-channel returns is moderate,
the online retailer and the physical store will jointly adopt the cross-channel return strategy.

Secondly, when the online retailer adopts the advanced delivery strategy, the online
retailer’s prices will always increase. When the added perceived value is very small, the
demand of the online retailer and manufacturer will decrease, but the physical store’s
demand will increase, and the manufacturer’s wholesale prices will reduce. At this time, if
the return rate of the online retailer is low, the retail prices of the physical store will also
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decrease, and vice versa. Furthermore, when the added perceived value is significant, the
online retailer’s demand and the manufacturer’s demand will increase, the physical store’s
demand will decrease, and wholesale prices will increase. If the return rate of the online
retailer is low, the retail prices of the physical store will rise. If the return rate is high, the
retail prices of physical store will decrease.

Furthermore, in the four cases studied, if the transportation costs of the online retailer
increase, the retail prices of the online retailer will increase and the wholesale prices will
decrease. At the same time, the prices of the physical store are related to the proportion
of unpaid balances and the return rate of the online retailer. In terms of total demand, the
transportation costs will directly affect the total demand when the online retailer adopts the
advanced delivery or cross-channel return strategies. With the increase in the transportation
costs, the total demand will decrease in all four cases. With the increase in transportation
costs, the profits of the online retailer will decrease, and the loss is more serious when the
strategy is adopted.

Lastly but not less importantly, when the added perceived value of the advanced
strategy is very small, the online retailer’s profits, the manufacturer’s profits, and total
profits are greatest in scenario (N, Y) and the physical store’s profits are most significant
in scenario (Y, N). When the added perceived value of the advanced strategy is large, the
online retailer’s profits, manufacturer’s profits, and total profits are greatest in scenario
(Y, Y), and the physical store’s profits are greatest in scenario (N, N).

This paper studies the dual-channel supply chain system under the dual-channel
competition mode, which has educational significance for online retailers to adopt the
advanced delivery and cross-channel return strategies. Furthermore, online retailers should
consider the overall profits of the supply chain members to maximize the overall profits
of the supply chain if they are the leaders in the channel. Of course, there are several
aspects that deserve further research. First, in this study, we assumed that the residual
value of returned products is 0. However, the returned products can be resold if the
packaging is intact. In future research, the returned products can be classified differently.
Additionally, we also assumed that the cross-channel return cost is 0. However, the cost
of processing returns through offline channels often requires investment, and this can be
investigated in future research. Second, this paper considers that the competing retailers
are in single-channel sales. In future research, we can consider that the retailers have a
dual-channel supply chain and conduct cross-channel return research under the condition
of dual-channel cooperation. Furthermore, this article does not consider the return of offline
physical stores for the simple calculation purposes. In future research, we can also consider
the situation in which both channels provide return services. Third, this paper takes the
manufacturer as the leader and the retailer as the follower, but in the actual market, there
may be a market structure similar to that of Gome, Suning, and other retailers as the leader.
In future research, we can discuss the model of early delivery and cross-channel return
with the retailer as the leader, and further improve the research of these two aspects.
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Appendix A

Proof of solving the optimal solution of the model when the manufacturer is the leader
and the two retailers are followers.
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Here, we illustrate the outcomes under scenario (N, N):
∂2π1

NN

∂p1
2 = −2

1−β < 0, which shows π1(p1) concave in p1; ∂2π2
NN

∂p2
2 = − 2+2(−1+θ)ε

(1−β)β
< 0,

which shows π2(p2) concave in p2, and ∂2πm
NN

∂w2 = − 2[2+β+β(−1+θ)ε]
(4−β)β[1+(−1+θ)ε]

< 0, which shows

πm(w) concave in w. Therefore, let ∂πm
NN

∂w = 0, and we find the value of w and substitute
it into the solution to get the other values in Table A1. The optimal decisions in scenario
(Y, N), scenario (N, Y), and scenario (Y, Y) are listed in Tables A2–A4, respectively.

Table A1. Optimal decision in scenario (N, N).

(N, N)

wNN∗ β(3−c1)(1+(−1+θ)ε)+2 (−ct+θu)
2(2+β+β(−1+θ)ε)

.

p1
NN∗

8 + 8c1 − 2ct + 2θu + 2(−1 + θ)(4 + 4c1 − 2ct + 2θu)ε− 4(β + β(−1 + θ)ε)2

+(1 + (−1 + θ)ε)(5 + c1 + 2ct − 2θu + 2(5 + c1)(−1 + θ)ε)β
2(4−β)(1+(−1+θ)ε)(2+β+β(−1+θ)ε)

.

p2
NN∗ (−2β2+β(5+c1))(1+(−1+θ)ε)+2(ct−θu)

2(4−β)(1+(−1+θ)ε)
.

Table A2. Optimal decision in scenario (Y, N).

(Y, N)

wYN∗ β(3−c1)(1+(−1+θ)ε)+2(−ct−2ctθ+θu+v3−v3ε+v3θε)
2(2+β+β(−1+θ)ε)

.

p1
YN∗

4(β + β(−1 + θ)ε)2 − (1 + (−1 + θ)ε)(5 + c1 + 2ct − 2θu + 2(5 + c1)(−1 + θ)ε)β

−(4ct − 2v3)β(1 + (−1 + θ)ε) + 2
(

−4− 4c1 + ct + 2ctθ − θu− 2v3 + (−1 + θ)

(−4− 4c1 + 2ct + 4ctθ − 2θu− 3v3)ε− 2v3(−1 + θ)2ε2

)
2(4−β)(1+(−1+θ)ε)(2+β+β(−1+θ)ε)

.

p2
YN∗ (−2β2+β(5+c1−2v3))(1+(−1+θ)ε)+2(ct+2ctθ−θu+3v3−3v3ε+3v3θε)

2(4−β)(1+(−1+θ)ε)
.

Table A3. Optimal decision in scenario (N, Y).

(N, Y)

wNY∗ 2 (−ct+θu+v4)+2(−1+θ)ε(v4+(ct+e)φ)+β((−1+θ)ε)(3−c1+e(−1+θ)εφ)
2(2+β+β(−1+θ)ε)

.

p1
NY∗

2(4 + 4c1 − ct + θu + v4) + 6(−1 + θ)v4ε + 2(−1 + θ)(4 + 4c1 − 2ct + 2θu)ε + 4v4
(
−1 + θ)2ε2

−4(β + β(−1 + θ)ε)2 + 2(−1 + θ)εφ(ct − 3e + 2(ct − e)(−1 + θ)ε) + β(1+(−1+θ)ε)
(5+c1+2ct − 2θu− 2v4+2c1(−1+θ)ε+2(−1+θ)(5− v4)ε− (−1+θ)ε(2ct+3e+2e(−1+θ)ε)φ).

2(4−β)(1+(−1+θ)ε)(2+β+β(−1+θ)ε)

p2
NY∗

−2(ct − θu + 3v4) + 2β2(1 + (−1 + θ)ε) + 2(−1 + θ)ε(−3v4 + (ct + e)φ)
−β(1 + (−1 + θ)ε)(5 + c1 − 2v4 − e(−1 + θ)εφ)

2(−4+β)(1+(−1+θ)ε)
.

Table A4. Optimal decision in scenario (Y, Y).

(Y, Y)

wYY∗
2(−ct(1 + 2θ) + θu + v3 + v4) + 2(−1 + θ)ε(v3 + v4 + (ct + e)φ) + β(1 + (−1 + θ)ε)

(3− c1 + e(−1 + θ)εφ)
2(2+β+β(−1+θ)ε)

p1
YY∗

−2θu− 2(4 + 4c1 − ct + v3 + v4 − 4ε) + 8c1ε + 6(v3 + v4)ε− 2θ(4 + 4c1+2(−1+θ)u+3v3+3v4)ε

−4(−1 + θ)2(v3 + v4)ε2 + 4(β + β(−1 + θ)ε)2 + 4ct(θ + (−1 + θ)(1 + 2θ)ε)−
2ct(−1 + θ)ε(1 + 2(−1 + θ)ε)φ + 2e(−1 + θ)ε(3 + 2(−1 + θ)ε)φ− β(1 + (−1 + θ)ε)(

5 + c1 + 2ct + 4ctθ − 2θu− 2v3 − 2v4 − 10ε + 2ε(c1(−1 + θ) + v3 + v4 − θ(−5 + v3 + v4))
−(−1 + θ)ε(2ct + e(3 + 2(−1 + θ)ε))φ

)
2(−4+β)(1+(−1+θ)ε)(2+β+β(−1+θ)ε)

p2
YY∗

−2(ct + 2ctθ − θu + 3(v3 + v4)) + 2β2(1 + (−1 + θ)ε) + 2(−1 + θ)ε
(−3(v3 + v4) + (ct + e)φ)− β(1 + (−1 + θ)ε)(5 + c1 − 2v3 − 2v4 − e(−1 + θ)εφ)

2(4−β)(1+(−1+θ)ε)
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Appendix B. Proof of Proposition 1

The prices of the online retailer in the scenario wherein it adopts the advanced delivery
and cross-channel return strategies minus the prices when these are not adopted result in
the following:

p2
YY∗ − p2

NY∗ = p2
YN∗ − p2

NN∗ =
2{[1 + (−1 + θ)ε](−3 + β)v3 − 2ctθ}

(−4 + β)[1 + (−1 + θ)ε]
> 0,

and

p2
YY∗ − p2

YN∗ = p2
NY∗ − p2

NN∗ =
2[1 + (−1 + θ)ε](−3 + β)v4 + (−1 + θ){2ct + e[2 + β + β(−1 + θ)ε]}εφ

(−4 + β)[1 + (−1 + θ)ε]
> 0.

Appendix C. Proof of Proposition 2

D2
YY∗ − D2

NY∗ = D2
YN∗ − D2

NN∗ =
[−2ctθ+v3(1 − ε + θε)]{−2+β[−2+β+(− 3+β) (− 1+θ)ε]}

(−4 + β)(1− β)β[1 + (−1 + θ)ε][2 + β + β(−1 + θ)ε]
,

D1
YY∗ −D1

YY∗ = D1
YN∗ −D1

NN∗ =
[3 + 2(−1 + θ)ε][−2ctθ + v3(1− ε + θε)]

(−4 + β)(1− β)[1 + (−1 + θ)ε][2 + β + β(−1 + θ)ε]
,

DYY∗ − DNY∗ = DYN∗ − DNN∗ =
−2ctθ + v3(1− ε + θε)

(4− β)β[1 + (−1 + θ)ε]
.

Appendix D. Proof of Proposition 3

wYY∗ − wNY∗ = wYN∗ − wNN∗ =
−2ctθ + v3(1−ε + θε)

2+β + β(−1+θ)ε
,

Appendix E. Proof of Proposition 4

p1
YY∗ − p1

NY∗ = p1
YN∗ − p1

NN∗ =
[−1 + β + (2− β)(1− θ)ε][−2ctθ + (1− ε + θε)v3]

(−4 + β)[1 + (−1 + θ)ε][2 + β + β(−1 + θ)ε]

Appendix F. Proof of Proposition 5

In the four cases studied, we use the prices of the physical store, the online retailer, and
the manufacturer to derive the operating costs of the physical store. We obtain the following:
∂p∗1
∂c1

= 1
4−β + 1

2[2+β+β(−1+θ)ε]
> 0 and ∂w∗

∂c1
= − 1

2 + 1
2+β+β(−1+θ)ε

< 0, ∂p∗2
∂c1

= β
8−2β > 0.

Appendix G. Proof of Proposition 6

We can determine the following:

∂D∗

∂c1
=

1
2 (−4+β)

< 0.

Appendix H. Proof of Proposition 7

In scenario (N, N), the prices of the online retailer, the wholesale prices, and the
prices of the physical store are derived from the transportation costs, respectively, ac-

cording to the optimal solution. We obtain the following: ∂pNN∗
2
∂ct

= 1
(4−β)[1+(−1+θ)ε]

> 0,

∂wNN∗

∂ct
= − 1

2+β+β(−1+θ)ε
< 0 and ∂pNN∗

1
∂ct

= −1+β+(2−β)(1−θ)ε
(4−β)[1+(−1+θ)ε][2+β+β(−1+θ)ε]

.
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In scenario (Y, N), the prices of the online retailer, the wholesale prices, and the
prices of the physical store are derived from the transportation costs, respectively, ac-

cording to the optimal solution. We obtain the following: ∂pYN∗
2

∂ct
= 1+2θ

(4−β)[1+(−1+θ)ε]
> 0,

∂wYN∗

∂ct
= − 1+2θ

2+β+β(−1+θ)ε
< 0 and ∂pYN∗

1
∂ct

= [−1+β+(2−β)(1−θ)ε](1+2θ)
(4−β)[1+(−1+θ)ε][2+β+β(−1+θ)ε]

.
In scenario (N, Y), the prices of the online retailer, the wholesale prices, and the

prices of the physical store are derived from the transportation costs, respectively, ac-

cording to the optimal solution. We obtain the following: ∂pNY∗
2

∂ct
= 1+(1−θ)εφ

(4−β)[1+(−1+θ)ε]
> 0,

∂wNY∗

∂ct
= − 1+(1−θ)εφ

2+β+β(−1+θ)ε
< 0 and ∂pNY∗

1
∂ct

= [−1+β+(2−β)(1−θ)ε][1+(1−θ)εφ]
(4−β)[1+(−1+θ)ε][2+β+β(−1+θ)ε]

.
In scenario (Y, Y), the prices of the online retailer, the wholesale prices, and the

prices of the physical store are derived from the transportation costs, respectively, ac-

cording to the optimal solution. We obtain the following: ∂pYY∗
2

∂ct
= 1+2θ+(1−θ)εφ

(4−β)[1+(−1+θ)ε]
> 0,

∂wYY∗

∂ct
= − 1+2θ+(1−θ)εφ

2+β+β(−1+θ)ε
< 0 and ∂pYY∗

1
∂ct

= [−1+β+(2−β)(1−θ)ε][1+2θ+(1−θ)εφ]
(4−β)[1+(−1+θ)ε][2+β+β(−1+θ)ε]

.
In the four cases studied, the derivative of the physical store’s retail prices to transporta-

tion costs, and the return rate of the online retailer has a same critical point ε∗ = 1−β
(2−β)(1−θ)

.
If ε < ε∗,the prices of the physical store will decrease with the increase in transporta-

tion costs of the online retailer. On the contrary, they will increase with the increase in
transportation costs. It is obvious that ε∗ > 0. Therefore, we need to discuss the relationship
between ε* and 1. We obtain this when θ ≤ 1/(2− β), then 0 < ε∗ < 1. If θ > 1/(2− β),
then ε∗ > 1. On this basis, we obtain the following conclusions:

∂p∗1
∂ct

> 0 ε > 1−β
(2−β)(1−θ)

and θ ≤ 1
2−β

∂p∗1
∂ct

< 0 ε ≤ 1−β
(2−β)(1−θ)

and θ ≤ 1
2−β , or θ > 1

2−β

.

Appendix I. Proof of Proposition 9

In the four cases studied, the total demand is derived from the transportation costs:

∂DNN∗

∂ct
=

1
(−4 + β)β[1 + (−1 + θ)ε]

< 0,
∂DYN∗

∂ct
=

1 + 2θ

(−4 + β)β[1 + (−1 + θ)ε]
< 0,

∂DNY∗

∂ct
=

1 + ε(φ− θφ)

(−4 + β)β[1 + (−1 + θ)ε]
< 0, and

∂DYY∗

∂ct
=

1 + ε(φ− θφ) + 2θ

(−4 + β)β[1 + (−1 + θ)ε]
< 0.
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