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Abstract: In the context of developing the digital platform economy, trade-in programs have become
an effective strategy for e-commerce platforms to stimulate consumption. Many head e-commerce
platforms have launched their own trade-in programs. However, the existing research on trade-in
programs is still stuck in the traditional trade-in model. The purpose of this study is to explore
whether there is a new and more beneficial trade-in program. In this paper, we construct the
Stackelberg game model between a brand owner and a B2C e-commerce platform under two trade-in
programs and use optimization theory to obtain the equilibrium results of the model. The results
indicate that the performance improvement of the new-generation product will promote the increase
in two-generation products’ price under traditional trade-in programs, the price of the new-generation
product will increase, and the price of the previous-generation product will decrease under new
trade-in programs. The brand owner always prefers traditional trade-in to new trade-in. However, the
e-commerce platform prefers traditional trade-in to new trade-in just when the previous-generation
product is durable enough and the performance improvement of a new-generation product is small
enough; otherwise, it prefers new trade-in to traditional trade-in. These findings are beneficial to the
operational practices of e-commerce platforms and brand owners.

Keywords: e-commerce platforms; trade-in program; two-generation products; myopic consumer;
Stackelberg game

1. Introduction

With the advent of the Industry 4.0 era, digitalization has become the main theme and
many new information technologies have been birthed [1], such as blockchain [2], Internet
of Things [3], big data and cloud computing [4], and AI technologies [5]. Technology is
driving the digital transformation of enterprises, while at the same time, many brand own-
ers are increasingly favoring online sales. As a result, e-commerce platforms have become
an important sales channel [6–8]. The operation mode of e-commerce platform includes
business-to-consumer (B2C), business-to-business (B2B), and consumer-to-consumer (C2C),
etc. Brand owners have different cooperation methods with various e-commerce platforms.
For example, “Apple Product JD Self-operated Flagship Store” on JD.com and “Official
Apple Flagship Store” on Tmall.com, the former is that Apple sells its products to JD.com at
an agreed price, then JD.com sells its own products, and the latter is Apple’s official flagship
store opened on Tmall.com. The platform-based supply chain, similar to that consisting
of Apple and JD.com, has received attention from all walks of life. The combined use of
information technology and disciplinary crossover has also opened up new perspectives in
supply chain management research [9,10].

In China’s home appliance and automobile industry, the trade-in program has been
implemented for more than ten years. This program plays an important role in connecting
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the old product recycling-side and the new product sales-side, which not only brings
environmental benefits of reducing waste (environmental sustainability has become a
mainstream issue [11]) but also promotes consumption upgrades and stimulates demand
growth. In practice, there is a government-led trade-in program, and some enterprises
(manufacturers or retailers) independently promote the trade-in program. For example,
to further promote the expansion of consumer demand, improve resource and energy
efficiency, reduce environmental pollution, promote energy conservation and emission
reduction, and the development of circular economy, on 28 December 2020, the Ministry
of Commerce of China and other 12 departments issued the “Notice on Several Measures
to Boost Key Consumption and Promote the Release of Rural Consumption Potential”,
proposing a new round of trade-in program, and encourage qualified regions to subsidize
the elimination of old home appliances and furniture and purchase of green smart home
appliances and environmentally-friendly furniture. In addition, the business community
increasingly favors trade-in programs, such as Apple, Mi, and Think Pad. Besides, vari-
ous e-commerce platforms, such as JD.com, have successively launched several trade-in
programs [12].

A traditional trade-in program means that consumers can enjoy a certain discount
when exchanging their old one for a new one—we call this trade-in an “old-for-new”
(ON) program. It is worth emphasizing that most of the studies on trade-in programs
are aimed at the ON program, and most of them are theoretical studies [13,14]. There
is a dearth of research on a new trade-in model. However, in practice, it has emerged.
Note that JD.com implemented a new trade-in practice from 20 May to 30 June 2020 called
“value-preserved-for-new” (VPN) program. The consumers who participated in the VPN
program can enjoy full value preservation discounts by exchanging the old for the new;
that is, the previous-generation product did not depreciate when it was traded in. Certainly,
consumers who participated in this program need to pay a higher price than if they did
not participate. In the VPN program of JD.com, it was roughly 500 RMB higher than the
normal retail price.

It is precisely because the previous work lacks consideration of VPN, a new trade-in
program, that this paper focuses on the research on two different trade-in programs for the
B2C e-commerce platform. We build the Stackelberg game model between a brand owner and
a B2C e-commerce platform and use optimization theory to solve the model [13]. Then, we
compare the impacts of VPN and ON programs on the operations and profits of brand owners
and e-commerce platforms. The aim of our research is to find a more favorable trade-in
program for e-commerce platforms. The main contributions of this paper are as follows:

1. We consider VPN programs and compare the implementation effects of VPN and
ON programs. We also analyze the impacts of the two different trade-in programs on
the pricing decisions of brand owners and e-commerce platforms for two successive-
generation products and discuss their preferences for both trade-in programs, then
advise brand owners and e-commerce platforms on their choices.

2. Based on the two-stage sales of two successive-generation products, we develop
Stackelberg game models between a brand owner and a B2C e-commerce platform
with both trade-in programs and derive pricing strategies for two-generation prod-
ucts. Product rollover is often common in industry practice, and 3C products are
more representative, namely, computer, communications, and consumer electronic
products.

The rest of this paper is organized as follows. Section 2 is the literature review. Section 3
describes the research problem. Section 4 develops two game models with the ON and
VPN programs, respectively. In Section 5, the two Stackelberg game models are solved,
and then we compare the equilibrium results. Section 6 presents the numerical analysis to
simulate the results and examine the theoretical models. Section 7 presents the research
implications of this paper and points out the limitations and future extensions.
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2. Literature Review

In the academic circle, the supply chain has been deeply concerned with different
areas [15–17]. Among them, some scholars also focus on the trade-in problem in the supply
chain. This study primarily relates to two streams of literature.

Firstly, this paper relates to work on trade-in strategies including exchanging the
old for the new or remanufactured one. Li et al. [18] proposed a method for designing a
specific trade-in program for market segments considering a B2B market. This method
can also evaluate the effectiveness and efficiency of the trade-in program. Zhang and
Zhang [19] studied the impact of customer purchasing behavior and remanufacturing
efficiency on the economic and environmental values of the trade-in program. They found
that when the remanufacturing efficiency is too high, the product’s durability will be high,
and regular customers are unwilling to participate in the trade-in. Xiao and Zhou [20]
considered that consumers have two options: trade-in for cash and upgrade. They studied
the implementation of corporate solutions and dynamic pricing decision-making and
showed that the mixed solution implemented by enterprises is better than a single solution.
Li et al. [21] considered monopolistic OEMs’ implementation of the trade-in program and
constructed a two-stage game model, their research show that monopolistic OEMs tend to
allow all consumers to participate in the trade-in program at the second stage. Zhu et al. [22]
studied the impacts of the trade-in program on duopoly competition, considering that one
company implements a trade-in program, while another company does not implement the
program. The research results show that enterprises that implement the trade-in program
have advantages in terms of market share and profit. Liu et al. [23] considered strategic
consumers with a trade-in program, and their results show that if the innovative value-
added of the new-generation product and the residual value of the old product are low
enough, the enterprise can follow the pre-announced pricing strategy. In addition, Cao
et al. [12] took a B2C e-commerce platform as a trade-in program implementation and Hu
et al. [24] considered the implementation period of the trade-in program, which provide
some inspiration for the research of this paper.

Secondly, this paper relates to the literature on product rollover strategies. Lim and
Tang [25] determined the optimal price of the two-generation products and the optimal
time to implement the product rollover strategy by comparing the profitability of a single-
product rollover strategy. That is, a new-generation product is launched while eliminating
the previous-generation product. They also established a dual-product rollover strategy
(i.e., when a new-generation product is launched, and the previous and new-generation
products are sold together on the market). They proposed the conditions that enterprises
are willing to implement the dual-product rollover strategy. Koca et al. [26] also discussed
eliminating a previous-generation product after the new-generation product is launched
and sold and analyzed dynamic pricing and inventory decision-making. Liang et al. [27]
found that the single-product rollover strategy is more valuable when the innovation of a
new-generation product is low and the number of strategic consumers is high (the two-stage
sales period described in this paper also considers the single-product rollover strategy).
Seref et al. [28] coordinated the launch time and pricing of two-generation products by
establishing an analysis model and obtained the best launch time and optimal pricing
strategy for new products. Liang et al. [29] considered the two-generation products of
monopoly enterprises and examined the innovation level of the new-generation product
and the production and pricing of the two-generation products. Finally, Ye et al. [30]
proposed that an enterprise’s innovation level determines its pricing strategy.

In summary, the previous literature on trade-in programs and product rollover strate-
gies provides a research method reference for the research on trade-in programs of e-
commerce platforms in this paper. For instance, optimization theory and Stackelberg game
theory. Compared with the existing literature, this paper considers the VPN program,
which is a new trade-in practice. We try to explore whether the VPN program is better than
the traditional ON program. Our research work not only provides theoretical references for
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e-commerce platforms to implement trade-in programs but also provides decision-making
references for brand owners’ product rollover strategies.

3. Problem Description

This paper considers a platform supply chain composed of a brand owner and a B2C
e-commerce platform with two-stage sales. The problem model framework is shown in
Figure 1. The brand owner signs product sales contracts with the e-commerce platform and
the brand owner is a leader in the supply chain and first determines the product agreement
price (that is, the wholesale price of brand authorization) for the e-commerce platform.
The e-commerce platform launches ON and VPN programs based on the consideration of
improving consumers’ consumption stickiness to the platform, stimulating consumption
upgrading, and fulfilling the recycling responsibility of e-commerce platforms. The two
corresponding model frameworks are shown in Figure 1a,b, respectively. Consumers who
participate in the ON program can get a certain rebate from the e-commerce platform by
returning the old product when they buy the new-generation product again. Consumers
who participate in the VPN program can get a full value rebate by returning the previous-
generation product when they buy a new-generation product again (that is, the previous-
generation product does not depreciate). The price of the VPN program (hereinafter the
VPN price) is higher than the normal retail price (the normal retail price refers to the full
price of the product when there are no activities). Note that the initial consumers who do
not participate in the VPN program will purchase the product at a price lower than the
VPN price; however, this type of consumer will face a significant depreciation of the old
product when buying the new-generation product.
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By constructing two Stackelberg game models, ON and VPN models, we aim to
obtain the optimal decision of the brand owner and the e-commerce platform under the
equilibrium situation. The decision-making idea of the research problem is that the brand
owner first determines the product agreement price given to the e-commerce platform,
and then the e-commerce platform makes the product retail pricing decision. The decision
sequence can be characterized by the timeline shown in Figure 2. The first-stage sales of
the ON model are as follows: At T = 0, the brand owner’s current-generation products
are sold and the brand owner signs a sales agreement with the e-commerce platform
to determine the first-stage product agreement price. The e-commerce platform then
determines the retail price at T = 0. The second-stage sales of the ON model are: the brand
owner first determines the agreement price of new-generation products at T = 1, and
then the e-commerce platform determines the retail price of new-generation products and
launches the ON program for the initial consumers who make purchases at the first stage.
The first-stage sales of the VPN model are: the brand owner first determines the agreement
price, and then the e-commerce platform launches the VPN program and determines the
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VPN price and the normal retail price. The second-stage sales of the VPN model are:
the brand owner first determines the agreement price of the new-generation products,
and then the e-commerce platform determines the retail price of the new-generation
products. Note that in this paper: (1) the sales period of the second stage is considered the
limited period after T = 1 since the implementation of trade-in programs often requires
consideration of the period of the activities. For example, Hu et al. [24] also considered the
limited period when studying the trade-in program and, in practice, the limited period of
the VPN program implemented by JD.com is 60 days. (2) We consider that once the product
price in each stage is determined, the price will no longer change in this stage. (3) For the
second stage, a current-generation product means being a previous-generation product.

JTAER 2022, 17, FOR PEER REVIEW 5 
 

 

owner first determines the agreement price of new-generation products at T = 1, and then 
the e-commerce platform determines the retail price of new-generation products and 
launches the ON program for the initial consumers who make purchases at the first stage. 
The first-stage sales of the VPN model are: the brand owner first determines the 
agreement price, and then the e-commerce platform launches the VPN program and 
determines the VPN price and the normal retail price. The second-stage sales of the VPN 
model are: the brand owner first determines the agreement price of the new-generation 
products, and then the e-commerce platform determines the retail price of the new-
generation products. Note that in this paper: (1) the sales period of the second stage is 
considered the limited period after T = 1 since the implementation of trade-in programs 
often requires consideration of the period of the activities. For example, Hu et al. [24] also 
considered the limited period when studying the trade-in program and, in practice, the 
limited period of the VPN program implemented by JD.com is 60 days. (2) We consider 
that once the product price in each stage is determined, the price will no longer change in 
this stage. (3) For the second stage, a current-generation product means being a previous-
generation product. 

 
Figure 2. Decision timeline. 

The notation and description used in this paper, as summarized in Table 1. 

Table 1. Summary of notations. 

Notation Description 
The superscript  

i  = { , }i T M , denotes the ON and VPN model, respectively. 
The brand 

owner’s decision 
variables 

 

1 2( )i i
a ap p  The brand owner’s agreement price at first-stage sales (second-stage 

sales). 
The e-commerce 

platform’s 
decision 
variables 

 

1 2( )i i
r rp p  The e-commerce platform’s retail price at first-stage sales (second-stage 

sales). 

mp  The e-commerce platform’s VPN price at first-stage sales. 

tp  The e-commerce platform’s rebate price at second-stage sales. 
Parameters  

1 2( )c c  The brand owner’s unit production cost of current-generation products 
(new-generation products). 

Current-generation product pricing：
Agreement and retail price

New-generation product pricing：Agreement, retail and rebate price

First-stagesales Second-stagesales 

ON model: T=0 T=1Current-generation product pricing：Agreement, VPN and normal retail price New-generation product pricing：Agreement and retail price
VPN model: T=0 T=1

Figure 2. Decision timeline.

The notation and description used in this paper, as summarized in Table 1.

Table 1. Summary of notations.

Notation Description

The superscript
i i = {T, M}, denotes the ON and VPN model, respectively.

The brand owner’s
decision variables

pi
1a(pi

2a) The brand owner’s agreement price at first-stage sales (second-stage sales).
The e-commerce

platform’s decision
variables
pi

1r(pi
2r) The e-commerce platform’s retail price at first-stage sales (second-stage sales).

pm The e-commerce platform’s VPN price at first-stage sales.
pt The e-commerce platform’s rebate price at second-stage sales.

Parameters
c1(c2) The brand owner’s unit production cost of current-generation products (new-generation products).

s The e-commerce platform’s average net revenue per unit of old products recovered through ON and
VPN programs.

v Customer perceived value of current-generation products at first-stage sales, subject to auniform
distribution, let v ∼ U(0, 1).

r
Improvement rate of consumer-perceived value of new-generation products compared to
previous-generation products; that is, the customer-perceived value of new-generation products
is v(1 + r), where r > 0.

α

The remaining rate of customer-perceived value of the previous-generation products at
second-stage sales; that is, the initial consumer′s perceived value of the previous-generation
products at sec ond-stage sales is αv, where α ∈ (0, 1). The higher α value, the more durable the
previous-generation products.
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Table 1. Cont.

Notation Description

po

Recycling the price of old products at the second-hand market during the second-stage sales. Note
that, in the ON model, the rebate price set by the e-commerce platform is significantly higher than the
recycling price, otherwise the conditions for implementing the ON program are not available. Let po
be given exogenously.

β
The value-preservation rate of the brand′s previous-generation products, hence, β can be
expressed as β = po/pi

1r, β ∈ (0, 1).
τ Discount factor of sec ond-stage sales, τ ∈ (0, 1).

Functions
DT

1 The demand for current-generation products at first-stage sales.

DT
2o

The demand of initial consumers to trade-in for new-generation products with an ON program at
second-stage sales.

Di
2n The demand of new consumers to purchase new-generation products at second-stage sales.

DM
1j (DM

1nj) Demand for current-generation products with (without) a VPN program at first-stage sales.

DM
2oj

The demand of the initial consumers who had participated in a VPN program to trade-in for
new-generation products at second-stage sales.

DM
2onj

The demand of the initial consumers who did not participate in a VPN program to purchasing
new-generation products again at second-stage sales.

πi
B The brand owner’s profit.

πi
E The e-commerce platform’s profit.

Li
E The Lagrangian function of πi

E.

4. The Model
4.1. Product Demand

This paper describes product demand through consumer preferences. We assume that
consumers are short-sighted; that is, consumers only aim to maximize the utility of the
current stage sales (not the sum of the two-stage utility) [31,32]. Without loss of generality,
we normalize the size of the consumer population to 1. Consumers are heterogeneous
in the perceived value of products, and the customer perceived value v (alternatively
called “willingness to pay”) represents the diverse types of consumers in the market [33].
Referring to the studies by Li et al. [34], Sun et al. [35], and Wu [36], the relationship
between product demand and price is derived based on the consumer utility theory.

4.1.1. Demand with ON Program

The two-stage consumer’s purchase decision is shown in Figure 3.
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Figure 3. Consumers’ purchasing decisions in ON model.

As shown in Figure 3, the utility of consumers purchasing current-generation products
at the first stage is v− pT

1r; hence, the demand for current-generation products is:

DT
1 = 1×

∫ 1

pT
1r

dv = 1− pT
1r. (1)

In the second stage, the utility of the initial consumers’ trade-in for new-generation
products with the ON program is v(1 + r)− pT

2r + pt, their utility for continuing to use
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previous-generation products is αv, and the boundary v when there is indifference between

the two utilities is v1∗ =
pT

2r−pt
1+r−α ; hence, the demand of initial consumers to trade-in for

new-generation products with the ON program is:

DT
2o = 1×

∫ 1

v1∗
dv = 1−

pT
2r − pt

1 + r− α
. (2)

The utility of new consumers purchasing new-generation products without the ON
program at the second stage is v(1 + r) − pT

2r. Then, the boundary v which makes the

consumer indifferent between purchasing and not purchasing can be given as v1∗ =
pT

2r
1+r ;

therefore, the demand of new consumers to purchase new-generation products without the
ON program is:

DT
2n = 1×

∫ pT
1r

v2∗
dv = pT

1r −
pT

2r
1 + r

. (3)

4.1.2. Demand with VPN Program

Similarly, the two-stage consumer’s purchase decision is shown in Figure 4.
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where the first item in the objective functions of the brand owner and the e-commerce 
platform is the sales profits of current-generation products at the first stage and the second 
item is the sales profits of new-generation products at the second stage (including the 
trade-in for new-generation products with the ON program and the purchase of new 
consumers). In Equation (6), the first inequality is the constraint condition that the 
demand of new consumers to purchase new-generation products is non-negative (i.e., 

≥2 0n
TD ). The second inequality is the constraint condition that the number of initial 

consumers to continue using previous-generation products is non-negative. The third 
inequality is the constraint condition that the demand of initial consumers to trade-in for 
new-generation products with the ON program is non-negative (i.e., ≥2 0o

TD ). 
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Figure 4. Consumers’ purchasing decision in VPN model.

Again, according to the consumer utility theory, the demands of purchasing current-
generation products with and without a VPN at the first stage are DM

1j = 1− pm, DM
1nj =

pm − pM
1rj, respectively. In the second stage, the initial consumers who had purchased

previous-generation products with the VPN program will all trade-in for new-generation
products; then, the demand of initial consumers trade-in for new-generation products
with a VPN program is DM

2oj = DM
1j − pm. The demand of the initial consumers who

did not participate in the VPN program to purchase new-generation products again is

DM
2onj = pm−

pM
2r−po

1+r−α . Moreover, the demand of new consumers to purchase new-generation

products is DM
2n = pM

1r −
pM

2r
1+r .

4.2. ON Model

The total profit of the players in the game is the sum of the discounted value of the
profits of the two-stage sales, and the optimal decision-making problem of the brand owner
and the e-commerce platform under the ON model can be obtained as follows:

max
pT

1a ,pT
2a

πT
B = (pT

1a − c1)DT
1 + τ(pT

2a − c2)(DT
2o + DT

2n) (4)

max
pT

1r ,pT
2r ,pt

πT
E = (pT

1r − pT
1a)DT

1 + τ[(pT
2r − pT

2a − pt + s)DT
2o + (pT

2r − pT
2a)DT

2n] (5)

s.t.


pT

1r −
pT

2r
1+r ≥ 0,

pT
2r−pt

1+r−α − pT
1r ≥ 0

1− pT
2r−pt

1+r−α ≥ 0,

, (6)
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where the first item in the objective functions of the brand owner and the e-commerce
platform is the sales profits of current-generation products at the first stage and the second
item is the sales profits of new-generation products at the second stage (including the
trade-in for new-generation products with the ON program and the purchase of new
consumers). In Equation (6), the first inequality is the constraint condition that the demand
of new consumers to purchase new-generation products is non-negative (i.e., DT

2n ≥ 0).
The second inequality is the constraint condition that the number of initial consumers to
continue using previous-generation products is non-negative. The third inequality is the
constraint condition that the demand of initial consumers to trade-in for new-generation
products with the ON program is non-negative (i.e., DT

2o ≥ 0).

4.3. VPN Model

Using the same procedure adapted to obtain the optimal decision-making problem
under a VPN model, we can derive it as follows:

max
pM

1a ,pM
2a

πM
B = (pM

1a − c1)(DM
1j + DM

1nj) + τ(pM
2a − c2)(DM

2oj + DM
2onj + DM

2n) (7)

max
pM

1r ,pM
2r ,pm

πM
E = (pm − pM

1a)DM
1j + (pM

1r − pM
1a)DM

1nj + τ(pM
2r − pM

2a − pm + s)DM
2oj + τ(pM

2r − pM
2a)(DM

2onj + DM
2n) (8)

s.t.


pM

1r −
pM

2r
1+r ≥ 0

pM
2r−po

1+r−α − pM
1r ≥ 0

pm −
pM

2r−po
1+r−α ≥ 0

1− pm ≥ 0

(9)

where for the objective functions of the brand owner, the first item is the sales profit of
current-generation products at the first stage (including initial consumers with and without
VPN program), and the second item is the sales profit of the new-generation products at
the second stage (including the purchases of new and initial consumers). For the objective
functions of the e-commerce platform, the first two items are the sales profits of current-
generation products purchased by initial consumers at the first stage with and without a
VPN program, respectively, the third item is the sales profit of the new-generation products
traded-in by the initial consumers with VPN program, and the last item is the sales profit
of the new-generation products purchased by new and the initial consumers who did
not participate in VPN program at the first stage. In addition, Equation (9) have the
same principles as Equation (6); they are the non-negative constraints on the number of
consumers in various decisions.

5. Results and Analysis
5.1. Model Results

This paper considers that the brand owner is the leader of the platform supply
chain and the e-commerce platform is its follower (e.g., Apple and JD.com mentioned
above). To obtain equilibriums of the Stackelberg game, the Backward Induction Method is
adopted [37–39].

Solving the ON model first. By finding the Hessian Matrix of the e-commerce plat-
form’s objective function πT

E , we can obtain that πT
E is the joint concave function with

respect to pT
1r, pT

2r and pt. Solving by constructing a Lagrangian function, which can be
written using the Lagrangian multiplier method and KKT as follows:

LT
E(pT

1r, pT
2r, pt, λ1, λ2, λ3, η1, η2, η3) = πT

E − λ1(pT
1r −

pT
2r

1 + r
− η1

2)− λ2(
pT

2r − pt

1 + r− α
− pT

1r − η2
2)− λ3(1−

pT
2r − pt

1 + r− α
− η3

2), (10)

where λ1, λ2, λ3 ≥ 0, η1, η2, η3 are slack variables (this allows these inequality constraints
to be converted into equation constraints). Therefore, the reaction functions of the e-



J. Theor. Appl. Electron. Commer. Res. 2022, 17 883

commerce platform’s pricing decisions are obtained by taking first-order conditions (FOC)
of LT

E as follows:

pT
1r =

τpT
2a − 2pT

1a − 2
τ(1 + r)− 4

, (11)

pT
2r =

[τ(1 + r)− 2]pT
2a − (1 + r)pT

1a − (1 + r)
τ(1 + r)− 4

, (12)

pt =
τ(1 + r)pT

2a − 2(1 + r)pT
1a + (α + s)[τ(1 + r)− 4]− τ(1 + r)2 + 2(1 + r)

2[τ(1 + r)− 4]
. (13)

Substituting the above reaction functions Equations (11)–(13) into the brand owner’s
objective function πT

B . Similarly, we can obtain that πT
B is the joint concave function with

respect to pT
1a and pT

2a. Therefore, taking the FOC of πT
B , the brand owner’s optimal

agreement prices at two-stage sales can be obtained as the following Lemma 1.

Lemma 1. The brand owner’s optimal agreement prices at two-stage sales under the ON model are:

pT∗
1a =

(1 + r)[4(1 + c1) + τ(s− α)]− 2α(1 + c1)

4[2(1 + r)− α]
, (14)

pT∗
2a =

2(1 + r)2 − (1 + r)[2(α− c2)− s]− αc2

2[2(1 + r)− α]
. (15)

Substituting Equations (14) and (15) into Equations (11)–(13), the e-commerce plat-
form’s optimal pricing decisions can be obtained as the following Lemma 2.

Lemma 2. The e-commerce platform’s optimal retail prices at two-stage sales and rebate prices at
second-stage sales under the ON model are:

pT∗
1r =

τ(1 + r + c2)− 2c1 − 6
2[τ(1 + r)− 4]

, (16)

pT∗
2r =

2[τ(1 + r)− 2][−2(1 + r)2 + αc2 + X]− (1 + r)[2α(3 + c1)− 8(1 + r) + Y]
4[α− 2(1 + r)][τ(1 + r)− 4]

, (17)

p∗t =
−τ(1 + r)2 + (1 + r)[2τ(α + s) + 2(1− c1) + c2τ]− 8(α + s)

4[τ(1 + r)− 4]
, (18)

where X = (1 + r)[2(α− c2)− s], Y = (1 + r)[τ(α− s)− 4(1 + c1)].

According to Lemma 1 and Lemma 2, the optimal profit of the platform supply chain
members under the ON model can be expressed as the optimal decisions:

πT∗
B = (pT∗

1a − c1)(1− pT∗
1r )+τ(pT∗

2a − c2)[1−
pT∗

2r − p∗t
1 + r− α

+ pT∗
1r −

pT∗
2r

1 + r
], (19)

πT∗
E = (pT∗

1r − pT∗
1a )(1− pT∗

1r )+τ(pT∗
2r − pT∗

2a − p∗t + s)(1−
pT∗

2r − p∗t
1 + r− α

) + τ(pT∗
2r − pT∗

2a )(pT∗
1r −

pT∗
2r

1 + r
). (20)

Next, we solve the VPN model. Similarly, we construct a Lagrangian function of πM
E

as follows:

LM
E (pM

1r , pM
2r , pm, γ1, γ2, γ3, γ4, φ1, φ2, φ3, φ4) = πM

E − γ1(pM
1r −

pM
2r

1+r − φ1
2)− γ2(

pM
2r−po

1+r−α − pM
1r − φ2

2)− γ3(pm −
pM

2r−po
1+r−α − φ3

2)
−γ4(1− pm − φ4

2),
(21)

where γ1, γ2, γ3, γ4 ≥ 0, φ1, φ2, φ3, φ4 are slack variables (similarly, this converts the in-
equality constraints into equation constraints). According to FOC of LM

E , we can drive the



J. Theor. Appl. Electron. Commer. Res. 2022, 17 884

reaction functions of the e-commerce platform’s retail price and VPN price and further
substitute them into πM

B ; then, the brand owner’s optimal agreement prices at two-stage
sales can be obtained as the following Lemma 3.

Lemma 3. The brand owner’s optimal agreement prices at two-stage sales under the VPN model are:

pM∗
1a =

2c1(1− τ) + τ(s− 3) + 2
4(1− τ)

, (22)

pM∗
2a =

2(1 + r)2 − (1 + r)[2(α− c2)− β]− αc2

2[2(1 + r)− α]
. (23)

Substituting Equations (22) and (23) into the objective function πM
E , the e-commerce

platform’s optimal pricing strategy set {pM∗
1r , pM∗

2r , p∗m} can be derived by solving it in the
same way as the ON model. In particular, we should explain that due to the complexity
of the expression of the analytical solution, the relevant analysis of the optimal pricing
strategy set {pM∗

1r , pM∗
2r , p∗m} will be discussed in Section 6 with a numerical simulation.

The optimal profit of the platform supply chain members under the VPN model can
be expressed as the optimal decisions:

πM∗
B = (pM∗

1a − c1)(1− pM∗
1r ) + τ(pM∗

2a − c2)(1−
pM∗

2r − pM∗
1r β

1 + r− α
+ pM∗

1r −
pM∗

2r
1 + r

), (24)

πM∗
E = (1− p∗m)[p

∗
m − pM∗

1a + τ(pM∗
2r − pM∗

2a − p∗m + s)] + (pM∗
1r − pM∗

1a )(p∗m − pM∗
1r ) + τ(pM∗

2r − pM∗
2a )(p∗m −

pM∗
2r − pM∗

1r β

1 + r− α
+ pM∗

1r −
pM∗

2r
1 + r

). (25)

5.2. Analysis of Results

Taking the first-order derivatives of the brand owner’s optimal pricing strategy set
{pT∗

1a , pT∗
2a } with respect to the related parameters and then determining their positive and

negative, Proposition 1 can be obtained.

Proposition 1. When the e-commerce platform implements the ON program, the correlation
between the optimal product agreement price and related parameters is described as:

(1) Both pT∗
1a and pT∗

2a are positively correlated with the net revenue brought by recycling of per
unit of old products (s value).

(2) Both pT∗
1a and pT∗

2a are negatively correlated with the remaining rate of customer perceived
value of the previous-generation products at second-stage sales (α value).

(3) If s > α, pT∗
1a is positively correlated with discount factor (τ value) and improvement rate of

consumer-perceived value of new-generation products (r value). If s < α, they are negatively
correlated. If s = α, pT∗

1a = 1+c1
2 , which is only linearly correlated with the unit production

cost of current-generation products (c1 value).
(4) pT∗

2a and τ are not correlated (this means that the discount factor will not affect the agreed
price of new-generation products).

According to Proposition 1, we know that under the ON program, the values of the key
parameters have a great influence on the optimal agreement price of brand owners, which
reveals that brand owners should determine the agreement price given to e-commerce
platforms based on the relationship between the magnitude of the s-value and the α-value.

By taking the first-order derivatives of the brand owner’s optimal pricing strategy set
{pM∗

1a , pM∗
2a } with respect to the related parameters and then determining their positive and

negative, Proposition 2 can be obtained.

Proposition 2. When the e-commerce platform implements the VPN program, the correlation
between the optimal product agreement price and related parameters is described as:
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(1) pM∗
1a is positively correlated with the net revenue brought by recycling per unit of old products

(s value), negatively correlated with discount factor (τ value), and does not correlate with α, β,
or r values.

(2) pM∗
2a is negatively correlated with α value, positively correlated with β value, and has no

correlation with s, τ values.

Combining Proposition 1 with Proposition 2, we can obtain the following findings.
First, when the net revenue brought by the recycling of old products increases, the agree-
ment price of the new-generation products will be higher under the ON model; however,
there will be no change under the VPN model. Second, when the remaining rate of
customer-perceived value of the previous-generation products increases, the agreement
price of the previous-generation products at the first stage will be lower under the ON
model, however, there is still no change under the VPN model. Third, when the value
preservation rate of the previous-generation products increases, the agreement price of the
new-generation products will be higher under the VPN model; however, this time there is
no change under the ON model.

Conclusion 1. The impact mechanism of relevant parameters on pricing shows a large difference
under traditional trade-in (ON program) and under new trade-in (VPN program); that is, the
implementation of different trade-in programs on e-commerce platforms will change pricing strategies.

Taking the first-order derivatives of the e-commerce platform’s optimal pricing strategy
set {pT∗

1r , pT∗
2r , p∗t } with respect to the related parameters and then determining their positive

and negative, Proposition 3 can be obtained.

Proposition 3. When the e-commerce platform implements the ON program, the correlation
between the optimal product retail price, rebate price, and related parameters is described as:

(1) pT∗
2r and p∗t are positively correlated with s value, while pT∗

1r is not correlated with s value.
(2) pT∗

2r is negatively correlated with α value, p∗t is positively correlated with α value, while pT∗
1r

is not correlated with α value.
(3) If c2 < (1+r)(1+c1)

2 , pT∗
1r , pT∗

2r , and p∗t are all positively correlated with τ value. If c2 >
(1+r)(1+c1)

2 , pT∗
1r , pT∗

2r , and p∗t are all negatively correlated with τ value. If c2 = (1+r)(1+c1)
2 ,

pT∗
1r , pT∗

2r , and p∗t are all not correlated with τ value.

Proposition 3 indicates that when the net revenue brought by the recycling of old
products increases, the retail price of the new-generation products and the rebate price at the
second stage will be higher, while the retail price of the previous-generation products will
not be changed. In addition, when the remaining rate of customer-perceived value of the
previous-generation products increases, the retail price of the new-generation products will
be lower and the rebate price will be higher, while the retail price of the previous-generation
products will not be changed.

Furthermore, by comparing pT∗
2a pM∗

2a , we can obtain:

pT∗
2a − pM∗

2a =
(1 + r)(s− β)

2[2(1 + r)− α]
. (26)

Proposition 4. If s > β, then pT∗
2a > pM∗

2a , that is, the brand owner’s agreement price of the
new-generation products is higher under the ON model than under the VPN model. If s < β,
then pT∗

2a < pM∗
2a , that is, the agreement price of the new-generation products is higher under the

VPN model. If s = β, then pT∗
2a = pM∗

2a , that is, the agreement prices under the two models are
indistinguishable.
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Proposition 4 indicates that the relationship between the magnitude of the s-value
and the β-value determines the agreement price of the new-generation products under
the two trade-in programs. The brand owner will set different agreement prices for the
new-generation products based on two parameter values—β and s.

Conclusion 2. The agreement price of the new-generation products is independent of which
trade-in program is implemented and depends only on the relationship between the magnitude of s
and β values.

6. Numerical Simulation

In view of the complexity of the model’s analytical solution, this section uses a numer-
ical simulation to further analyze the two-stage pricing of platform supply chain members
under the ON and VPN models and compare the influence of the main parameters on
the profits of the members to obtain useful conclusions that guide the members of the
platform supply chain to make reasonable pricing and implement a more favorable trade-in
program. Note that, based on the survey of JD.com, we have scaled down the survey data
appropriately to better present the results. Thus, we set the basic parameter values as
follows: c1 = 0.01, c2 = 0.02, α = 0.6, β = 0.7, r = 0.1, τ = 0.8, s = 0.5.

Due to the lack of analysis of the optimal pricing strategy set {pM∗
1r , pM∗

2r , p∗m} in
the previous sections. Therefore, firstly, the change trend of the strategy set with main
parameters is given.

6.1. Impacts of Main Parameters on {pM∗
1r , pM∗

2r , p∗m}

Given that other parameters remain unchanged, we simulate the change trend of the
strategy set {pM∗

1r , pM∗
2r , p∗m} in a certain interval of the parameters s, α, τ, and β, as shown

in Figure 5.
Figure 5a shows that as s value gradually increases from 0 to 0.5, pM∗

1r and pM∗
2r

gradually increases, while p∗m decreases slightly. The retail price difference between the two-
stage scales and the price difference between the retail price and the VPN price gradually
shrinks. In Figure 5b, when α value gradually increases in the interval (0,1), pM∗

1r and pM∗
2r

first increase and then decrease, and p∗m gradually decreases. Put another way, this shows
that the more durable the previous-generation products, the lower the retail price of the
new-generation products. Thus, we obtain that the durability of the previous-generation
products will restrict the pricing of new-generation products. In practice, enterprises will
be prone to use relevant technical means to reduce the service life of previous-generation
products and other unethical behavior. In Figure 5c, as τ value increases from 0.7 to 0.8, pM∗

1r ,
pM∗

2r and p∗m all gradually increases. In addition, when the discount factor τ is relatively
low (such as in this case, τ < 0.743), the retail price of new-generation products will be
higher than the VPN price. When the discount factor τ is relatively high (such as in this
case, τ > 0.743), the retail price of the new-generation products will be lower than the VPN
price. According to Figure 5d, when β value gradually increases in the interval (0.6,1), both
pM∗

1r and p∗m gradually decrease, while pM∗
2r gradually increases. This indicates that if the

value-preservation rate of previous-generation products is higher, the retail price and VPN
price at the first stage will be lower and the retail price of new-generation products at the
second stage will be higher.
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Figure 5. Impacts of main parameters on the optimal pricing strategy set {pM∗
1r , pM∗

2r , p∗m }. (a) The
impact of s on {pM∗

1r , pM∗
2r , p∗m }; (b) The impact of α on {pM∗

1r , pM∗
2r , p∗m }; (c) The impact of τ on {pM∗

1r ,
pM∗

2r , p∗m }; (d) The impact of β on {pM∗
1r , pM∗

2r , p∗m }.

6.2. Impacts of Improvement Rate r on Pricing with Two Trade-In Programs

Further, we analyze the impacts of the improvement rate of consumer-perceived value
of new-generation products compared to previous-generation products on pricing with two
trade-in programs. Given other parameters unchanged, the change trend of the optimal
pricing with improvement rate r is obtained as shown in Figure 6.

According to Figure 6a, when the e-commerce platform implements the ON program,
in the process, the improvement rate increases from 0% to 30% and pT∗

1a , pT∗
2a , pT∗

1r and
pT∗

2r gradually increase, except the rebate price p∗t gradually decreases. This indicates
that the overall performance improvement of the new-generation products will promote
the agreement and retail prices increase of the two-generations products, the greater the
performance improvement, the higher the price will increase, and the e-commerce platform
will reduce the rebate price under the ON program. In addition, there are two thresholds
for r. When r is greater than the threshold (26.83% and 3.23% in this case, respectively),
the new-generation products are available at higher retail and agreement prices than the
previous-generation products. When r is less than the threshold, the situation is the opposite.
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Figure 6. Impacts of improvement rate r on the pricing with two trade-in programs. (a) The impact
of r on the pricing under ON model; (b) The impact of r on the pricing under VPN model.

Figure 6b shows that when the e-commerce platform implements the VPN program,
with the increase of r, pM∗

1a does not change (this is consistent with Proposition 2), pM∗
2a

and pM∗
2r gradually increase and pM∗

1r and p∗m gradually decrease, which indicate that the
performance improvement of the new-generation products has increased the agreement
and retail prices of the new-generation products. Additionally, at the same time, the retail
price and the VPN price of the previous-generation products have decreased. This shows
that the performance improvement of the new-generation products has a promoting effect
on the retail and agreement prices of the new-generation products and inhibits the retail
price and the VPN price of the previous-generation products.

Conclusion 3. Pricing decisions of the brand owner and the e-commerce platform are affected by
related parameters and depend on whether the e-commerce platform implements the ON or VPN
program. If the performance of the new-generation products is greatly improved, the product price
of the two-generations products will rise under the ON program, and only the product price of the
new-generation products will rise under the VPN program, which will inhibit the product price of
the current-generation products.

6.3. Preferences of Two Trade-In Programs

Consistent with the above, α remains in the interval (0, 1) and r in the interval (0,
0.3). The impacts of α and r on the optimal profit of the brand owner and the e-commerce
platform with the two trade-in programs are obtained when the other parameters are
unchanged, as shown in Figure 7. Based on the level of their own profits under the two
trade-in models, the preference of the brand owner and the e-commerce platform for
trade-in programs can be analyzed.

Figure 7a shows that with the gradual increase of α, the brand owner’s optimal profit
gradually decreases under the VPN program but decreases first and then increases under
the ON program. As r gradually increases, the brand owner’s optimal profit has shown
an increasing trend under the two trade-in programs. This indicates that whether the e-
commerce platform implements the ON or VPN programs, the performance improvement
of the new-generation products is conducive to increasing the brand owner’s total profit of
the two-stage; hence, the brand owner has the motivation to improve the performance of the
new-generation products actively. However, when the e-commerce platform implements
the VPN program, the more durable the previous-generation products, the less profit the
brand owner can obtain. When the e-commerce platform implements the ON program, the
brand owner can gain more profits when the durability of previous-generation products
is low enough or high enough, and the brand owner will receive less profits when the
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durability is at an intermediate level. In addition, a more important conclusion is that the
brand owner’s optimal profit is always higher under the ON program than under the VPN
program. Thus, the brand owner prefers the ON to the VPN program.
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Figure 7. Impacts of remaining rate α and improvement rate r on optimal profits with two trade-in
programs. (a) Impacts on the brand owner’s optimal profit; (b) Impacts on the e-commerce platform’s
optimal profit.

According to Figure 7b, the change trend of the e-commerce platform’s profit with α
and r is similar to that of the brand owner. With the increase of r, the e-commerce platform’s
profit shows an increasing trend under both trade-in programs. With the increase of α,
the e-commerce platform’s profit under the VPN model gradually decreases, and this
shows a trend of first decreases and then increases under the ON model. Similarly, the
performance improvement of the new-generation products always brings higher profits
to the e-commerce platform. In summary, the performance improvement of the new-
generation products is beneficial to the supply chain system, and the system’s members
can achieve a win-win situation. In addition, when α and r change in a large range,
the e-commerce platform’s profit is higher under the VPN program than under the ON
program. Only when the r value is small enough and the α value is large enough, the
e-commerce platform can obtain higher profits by implementing the ON program than the
VPN program. This indicates a key conclusion that when the performance improvement
of new-generation products is small enough and the durability of previous-generation
products is strong enough, the e-commerce platform prefers the ON program; otherwise,
the e-commerce platform prefers the VPN program.

Conclusion 4. Regardless of the implementation of an ON or VPN program, the performance
improvement of the new-generation products can enable the brand owner and the e-commerce
platform to achieve a win-win situation. The greater the performance improvement is, the higher the
total profits of the brand owner and the e-commerce platform are.

6.4. The Dominant Scenario of Two Trade-In Programs

How does the combination of retail price (ON program) and trade-in price (VPN
program) influence e-commerce platforms to choose better trade-in programs? To answer
this question, we obtained two profit indifference curves (profits remain equal under both
trade-in programs) by varying the trade-in and retail prices based on simulation, as shown
in Figure 8.
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Figure 8. The dominant scenario of trade-in program (varying the trade-in and retail prices).

As can be seen in Figure 8, the ON program is dominant in regions 1 and 3 and the
VPN program is dominant in region two. This is because, in the dominant region, the
e-commerce platform has a profit advantage when implementing the corresponding trade-
in program. Note that, according to our description of the model background, in reality,
the VPN price is higher than the normal retail price. Therefore, region three is unlikely
to appear and regions one and two are prone to occur. Figure 8 shows a good practical
application, that is, to provide a reference for the e-commerce platform to implement a
trade-in program and formulate pricing strategies.

7. Conclusions

A trade-in program is an important sales strategy for the online marketing of e-commerce
platforms. It can not only bring incremental sales to e-commerce platforms but also enhance
supply chain benefits. In this paper, we consider the implementation of ON and VPN
programs in an e-commerce platform and construct two-stage Stackelberg game models
between a brand owner and an e-commerce platform (including the first-stage sales of
current-generation products and the second-stage sales of next-generation products) with the
two trade-in programs, respectively. We investigate the optimal decision-making problems
regarding agreement price, retail price, rebate price, and VPN price. Furthermore, we discuss
the impacts of the two trade-in programs on the optimal profits of supply chain members.
Finally, we give suggestions for supply chain members to select trade-in programs.

This study’s contribution to academic literature is threefold. Firstly, we propose a new
trade-in program, that is, a “value-preserved-for-new” program, which means that the
consumers who participated in this program can enjoy full value preservation discounts by
exchanging the old for the new product. The new trade-in program enriches the study of
online marketing strategies, thereby also filling a gap in the literature.

Secondly, our study will expand the literature on product rollover strategies by study-
ing the pricing of two-generation products, in particular, by identifying the impacts of the
performance improvement of the next-generation products on the profit of brand owners.

Thirdly, this study well extends the supply chain pricing research from single-stage
sales to two-stage sales. The supply chain members under two-stage sales need to make
decisions based on the total profit of both stages, rather than just limiting to maximizing
the current profit.

The practical implications of this research can be directed mainly at e-commerce
platforms and brand owners. For e-commerce platforms, they can make decisions about
which trade-in program to implement based on our research findings; and develop rea-
sonable pricing mechanisms. For brand owners, their practical insights lie in how to
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improve next-generation product performance as well as develop beneficial contracts for
e-commerce platforms.

Our research has a number of limitations. The results of this study are based on
our assumption that the previous-generation products are sold at the first stage and the
new-generation products are sold at the second stage. We do not consider the situation
where the previous-generation products will continue to be sold at the second stage. In
future studies on trade-in programs, we will further investigate the impact of dual-product
rollover on the decision-making of supply chain members. In addition, we can further
expand our sales channels to omnichannel.
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