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Abstract: The application of big data targeted advertising in the green supply chain makes the green
marketing of products more accurate and effective. This paper applies game theory to study the
decisions and coordination issues of a green supply chain in which the online retailer conducts big
data targeted advertising. A centralized model and two Stackelberg game models (an online-retailer-
led decentralized model and a manufacturer-led decentralized model) were constructed and solved.
The zero wholesale price-side-payment contract and greedy wholesale price-side-payment contract
were introduced into the green supply chain for coordination. The study found that: (1) the increase
in demand attenuation coefficient, green sensitivity coefficient, and big data targeted advertising
sensitivity coefficient will be beneficial to the growth of total consumer demand, supply chain profit,
and environmental benefit; (2) supply chain coordination is necessary because greenness, demand,
supply chain profit, and environmental benefit under the centralized model are higher than those
under two decentralized models; (3) two contracts can achieve the coordination of the green supply
chain, and the profits of the manufacturer and online retailer under the contract are greater than those
under the decentralized model. The results can provide insights for promoting green supply chain
operations.

Keywords: green supply chain; coordination; optimal decisions; big data targeted advertising;
greenness; online retailer

1. Introduction

In view of the shortage of resources, environmental degradation, and frequent disas-
ters, many countries have promulgated legislation to reduce the waste of resources and
protect the environment [1]. With increasing environmental awareness, consumers are more
willing to purchase environmentally friendly products at a premium [2]. Under pressure
from the promulgation of government regulations and increased consumer awareness of
environmental protection, the green supply chain has emerged. The green supply chain
considers environmental protection to minimize the negative impact of the supply chain on
the environment. The green supply chain plays an extremely important role in conserving
resources and protecting the environment [3,4]. More and more manufacturers are invest-
ing in green production and building green supply chains. For example, BYD Company
Limited (BYD) from Shenzhen, China, invested 10.627 billion yuan in the research and
development (R&D) of electric vehicles in 2021 [5].

As green production is being paid more attention, retailers are committed to green
marketing. In the e-commerce field, big data has helped the development of green market-
ing. Enterprises can discover knowledge [6], create value [7], and improve performance [8]
through big data. The application of big data targeted advertising in e-commerce marketing
has effectively improved the conversion efficiency of potential consumers to consumers.
In the green supply chain, online retailers are widely using big data targeted advertising
for green marketing [9]. For example, Suning, a large online retailer in China, uses big
data targeted advertising for green marketing of the products of the electric appliance
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manufacturer Hisense, which directly guides consumption and improves the brand loyalty
of the target segmentation [10]. JD’s self-operated retail stores used big data targeted
advertising to promote Huawei mobile phones, which significantly increased the sales of
these mobile phones [11]. Big data targeted advertising uses big-data-based user portraits
to locate target customer groups. Compared with traditional bombardment advertising,
big data targeted advertising makes advertising more effective and less likely to arouse
consumer disgust [12]. The reasonable application of big data targeted advertising for
green marketing has become an inevitable choice for online retailers. Therefore, big data
targeted advertising in the green supply chain is worthy of our attention.

However, competition is fierce in the green supply chain consisting of manufacturers
and online retailers. One example is the price war between Gome Electric (GOME), China,
and Gree Electric Appliances, Inc. of Zhuhai (GREE), China [13]. This is because manu-
facturers make green investments and online retailers make big data targeted advertising
investments, both of whom want to make more profits. Therefore, how manufacturers
and online retailers can make optimal decisions in the competition to maximize their own
profits is a very important issue.

When manufacturers and retailers compete in the supply chain, how to eliminate
the competition is also the focus of supply chain and operations management scholars.
Researchers propose a series of coordination contracts based on a wholesale price contract to
eliminate competition among supply chain members [14,15]. For example, the cost sharing
contract [16], the revenue sharing contract [14], etc. However, in the green supply chain
where the online retailer conducts big data targeted advertising, what kind of contract can
be accepted by both parties and coordinate the supply chain more simply and effectively?
This is also a very important issue.

Therefore, in this context, this paper focuses on the green supply chain composed of
a manufacturer and an online retailer, uses game theory to analyze the decision-making
problems of the green supply chain, and designs a zero wholesale price-side-payment
contract and a greedy wholesale price-side-payment contract to coordinate the supply
chain in different situations to eliminate competition. Through this paper, we answer the
following questions:

(1) In the green supply chain where the online retailer conducts big data targeted adver-
tising, what are the optimal decisions for the manufacturer and the online retailer?

(2) What influence will the model parameters have on the equilibrium results of the green
supply chain?

(3) Can the zero wholesale price-side-payment contract and the greedy wholesale price-
side-payment contract help to achieve the coordination of the green supply chain?

The remainder of this paper is organized as follows. A brief review of the literature is
presented in Section 2. Section 3 describes the problem and builds the model. Section 4
analyzes the model and introduces two contracts. Section 5 verifies the above propositions
through numerical analysis. Section 6 concludes the paper.

2. Literature Review

The following section will review studies that are closely relevant to our research.
These studies fall into three categories: namely, decisions of the green supply chain, coordi-
nation of the green supply chain, and the application of big data targeted advertising in the
supply chain.

2.1. Decisions of the Green Supply Chain

The research on the decisions of the green supply chain can be divided into two direc-
tions. The first is the decisions of the green supply chain under different power structures.
This has been studied by many scholars, and the centralized model, the Stackelberg game
model, and the Nash game model have been constructed [17–20]. The optimal decisions of
supply chain members under different power structures are obtained, and the influence of
channel structure on decisions and profits is demonstrated. This paper will adopt a similar
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logic to these studies and analyze both centralized and decentralized decision making. In
contrast to these studies, this paper uses contracts to coordinate the green supply chain and
eliminate competition between manufacturers and online retailers.

The second is the decisions of the green supply chain considering influencing factors
of the supply chain. With the development of the green supply chain, more and more
factors are being considered in the field of green supply chain operation decisions [21,22].
External policy factors such as government policies [23], government subsidies [24], and
the cap-and-trade mechanism [25] have been considered. Yan et al. [26] considered the
influence of consumer behavior on green supply chain decisions from the perspective
of consumers. Organizational behavioral factors such as risk aversion [27] and fairness
concerns [28] were considered as well. The influence of these factors on the decisions of the
green supply chain members is analyzed. Different from these studies, this paper considers
the green marketing behavior of the online retailer with big data targeted advertising in
the green supply chain.

In summary, the above literature involves a large number of studies on the decisions
of the green supply chain. However, these do not consider the big data targeted advertising
behavior of online retailers in the green supply chain. Therefore, the research on decisions of
the green supply chain is not enough. In this paper, wholesale price, retail price, greenness,
and big data targeted advertising intensity are used as decision variables. We use game
theory to obtain the equilibrium results under a centralized model and two decentralized
models. This has made new contributions to the decisions of the green supply chain.
This research can help members of the green supply chain make optimal pricing, green
investment, and big data targeted advertising investment decisions.

2.2. Coordination of the Green Supply Chain

For a decentralized supply chain, coordination among supply chain members is very
important to their performance [29,30]. Researchers design different contracts for different
situations in the green supply chain. The profits of the supply chain members under the
contract are higher than those under decentralized decision making, and the sum of the
profits of the supply chain members under the contract is equal to that under centralized
decision making in order to achieve the coordination of the green supply chain [14,31,32].

Many scholars often use the cost sharing contract [16], revenue sharing contract [15],
and two-part tariff contract [33,34] to coordinate the green supply chain. Some scholars
have considered other contracts in the green supply chain [35]. For example, Zhang
et al. [36] used return contracts for green supply chain coordination. Xu et al. [37] used
a combination of the wholesale price contract, cost sharing contract, and two-part tariff
contract to coordinate the green supply chain. Heydaria et al. [38] designed a mixed
contract of greening cost sharing and revenue sharing to coordinate the green supply chain.
A coordinated supply chain can obtain more satisfied customers and more profits. Scholars
have made many attempts at contract design. These contracts are all extended on the basis
of the wholesale price contract.

Different from the above literature, this paper introduces the zero wholesale price-
side-payment contract and greedy wholesale price-side-payment contract into the green
supply chain based on the wholesale price contract and obtains the coordination conditions.
It extends the application of these two contracts and provides new contract options for
green supply chain members. Through the application of contracts, green supply chain
coordination can be achieved, supply chain members can receive more benefits, and the
supply chain can achieve greater environmental benefits.

2.3. Application of Big Data Targeted Advertising in the Supply Chain

With the development of big data, big data analysis technology has been applied in
all aspects of society [9]. In the field of marketing, big data analysis technology can help
companies obtain accurate consumer information, such as consumer purchase intention and
demand information [39,40]. The combination of big data and machine learning can help to
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understand consumers’ satisfaction [41], shopping habits [42], and preferences [43,44]. On
this basis, big data targeted advertising has gradually emerged. The method of predicting
the recommended location of the targeted advertisement [45] and the method of processing
consumer online big data [46] provide a guarantee for the precise arrival of the targeted
advertisement.

Some scholars have introduced big data targeted advertising into the supply chain
decision-making field and strive to obtain the optimal big data targeted advertising invest-
ment of supply chain members. Liu and Yi [9] first considered big data targeted advertising
in the supply chain and used game theory to solve the optimal decisions. Big data tar-
geted advertising has also been considered in the low-carbon supply chain [47] and the
closed-loop remanufacturing supply chain [48]. Liu and Yi [49] innovatively considered big
data targeted advertising in the green supply chain and solved optimal big data targeted
advertising decisions under different power structures. Li et al. [50] also considered big
data targeted advertising in the green supply chain and obtained green marketing decisions
for manufacturers and online retailers.

According to the above review, it can be found that there is not enough research
that considers big data targeted advertising in the green supply chain and on the issue of
green supply chain coordination. Therefore, it is necessary to study this issue. The most
relevant literature to this paper is the research of [49,50]. Based on the research of [50],
we divide consumers into known information consumers and potential consumers; based
on the research of [49,50], the new consumer demand function in the environment of big
data targeted advertising is obtained. On this basis, the optimal decisions of the supply
chain members are obtained. The zero wholesale price-side-payment contract and greedy
wholesale price-side-payment contract are then used to coordinate the green supply chain.

3. Problem Description and Model Construction

The research in this paper concerns a green supply chain composed of a manufacturer,
an online retailer, and green preference consumers. The product sales process of the green
supply chain is as follows. The manufacturer invests in green cost T to produce products
with a greenness of g and sells them to the online retailer at a wholesale price of ω. The
online retailer invests in big data targeted advertising cost B for green marketing with
a big data targeted advertising intensity of v and sells products to consumers at retail
price p. Consumer groups are divided into two types: known information consumers
and potential consumers [50]. Known information consumers will actively learn product
information and purchase spontaneously. They are loyal customers of products such as
Apple’s mobile phone ‘fruit fan’ and Xiaomi’s mobile phone ‘enthusiast’ [50], but their
numbers will gradually decline with an attenuation coefficient of λ. Potential consumers
will not purchase products spontaneously. Big data targeted advertising can identify
potential consumers, induce their consumption, and help them complete the conversion
from potential consumers to consumers. High green investment will increase the conversion
rate, and high retail price will reduce the conversion rate. To simplify the calculation, the
manufacturing cost of green products is assumed to be zero. The structure of the green
supply chain is shown in Figure 1.
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Table 1. Notations and descriptions.

Notations Descriptions

ω Wholesale price

p Retail price

g Greenness

v Big data targeted advertising intensity

q1 Demand of known information consumers

λ
Demand attenuation coefficient of known
information consumers

q2 Demand of potential consumers

r Conversion rate of potential consumers (0 < r < 1)

β Green sensitivity coefficient of potential consumers

e Big data targeted advertising sensitivity coefficient of
potential consumers

B Big data targeted advertising investment

h The investment cost coefficient of big data targeted
advertising

T Green investment

k Green investment cost coefficient

Q Total consumer demand

πm Manufacturer’s profit

πr Online retailer’s profit

πsc Supply chain’s profit

EB Environmental benefit

With reference to previous research [50,51], the conversion rate of potential consumers
is negatively impacted by retail price and positively impacted by greenness and big data
targeted advertising intensity. The conversion rate of potential consumers can be expressed
as:

r = −p + βg + ev (1)

The total consumer demand of the green supply chain is equal to the sum of known
information consumer demand and potential consumer demand. According to Equation (1),
the total consumer demand of the green supply chain can be expressed as:

Q = λq1 + rq2 = λq1 + (−p + βg + ev)q2 (2)

The manufacturer invests in green cost to enhance greenness by improving the technol-
ogy and other methods. With reference to previous research [16,17], the green investment
of the manufacturer can be expressed as:

T =
1
2

kg2 (3)

The online retailer invests in the cost of big data targeted advertising to promote the
conversion of potential consumers to consumers by delivering relevant advertisements to
potential consumers through their browsing history and other methods. With reference to
previous research [50], the big data targeted advertising investment of the online retailer
can be expressed as:

B =
1
2

hv2 (4)
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According to Equations (2) and (3), the profit function of the manufacturer is:

πm = ω(λq1 + (−p + βg + ev)q2)−
1
2

kg2 (5)

According to Equations (2) and (4), the profit function of the online retailer is:

πr = (p−ω)(λq1 + (−p + βg + ev)q2)−
1
2

hv2 (6)

According to Equations (5) and (6), the overall profit function of the green supply
chain is:

πsc = p(λq1 + (−p + βg + ev)q2)−
1
2

kg2 − 1
2

hv2 (7)

With reference to previous research [23,52], the environmental benefit function of the
green supply chain is:

EB = gQ (8)

4. Model Analysis

In this section, the equilibrium results under the centralized model are first obtained.
We then solve the equilibrium results under the decentralized models for two different
cases. Moreover, we introduce the zero wholesale price-side-payment contract to coordinate
the online-retailer-led green supply chain and the greedy wholesale price-side-payment
contract to coordinate the manufacturer-led green supply chain. The superscripts c, r,
and m represent the equilibrium situation under the centralized model, online-retailer-
led decentralized model, and manufacturer-led decentralized model, respectively. The
superscripts zs and gs represent the equilibrium situation under the zero wholesale price-
side-payment contract and greedy wholesale price-side-payment contract, respectively.

4.1. Centralized Model

Under centralized decision making, the manufacturer and online retailer work together
to make decisions with the goal of maximizing the overall benefits of the green supply
chain. The decision objective function of the green supply chain is shown in Equation (7).
Although the situation of centralized decision making is difficult to achieve in reality, it has
important theoretical significance because supply chain coordination is carried out on the
basis of centralized decision making.

Theorem 1. The equilibrium results under the centralized model are:

pc =
hkλq1

−Aq2
(9)

gc =
βhλq1

−A
(10)

vc =
ekλq1

−A
(11)

Qc =
hkλq1

−A
(12)

πsc
c =

hkλ2q1
2

−2Aq2
(13)

EBc =
βkh2λ2q1

2

A2 (14)

In the above equations, A = β2q2h + e2q2k− 2kh < 0.

Proof of Theorem 1. The proof process is shown in Appendix A.1. �



J. Theor. Appl. Electron. Commer. Res. 2022, 17 1041

Proposition 1. The green supply chain under the centralized model has the following characteristics:

(1) ∂gc

∂λ > 0, ∂vc

∂λ > 0, ∂pc

∂λ > 0, ∂Qc

∂λ > 0, ∂πsc
c

∂λ > 0, ∂EBc

∂λ > 0.

(2) ∂gc

∂β > 0, ∂vc

∂β > 0, ∂pc

∂β > 0, ∂Qc

∂β > 0, ∂πsc
c

∂β > 0, ∂EBc

∂β > 0.

(3) ∂gc

∂e > 0, ∂vc

∂e > 0, ∂pc

∂e > 0, ∂Qc

∂e > 0, ∂πsc
c

∂e > 0, ∂EBc

∂e > 0.

Proof of Proposition 1. The proof process is shown in Appendix A.2. �

From Proposition 1, we can see that under the centralized model, the increase in
the attenuation coefficient, green sensitivity coefficient, and big data targeted advertising
sensitivity coefficient will lead to an increase in retail price, greenness, big data targeted
advertising intensity, total consumer demand, overall profit of the supply chain, and
environmental benefit.

The reason for Proposition 1 is that, as the demand attenuation coefficient increases, the
demand of known information consumers will increase. As the green sensitivity coefficient
and the big data targeted advertising sensitivity coefficient increase, the conversion rate
of potential consumers will increase. The increase in the demand of known information
consumers and the conversion rate of potential consumers will lead to an increase in the
total consumer demand. The increase in total consumer demand leads to an increase in
the overall profit of the green supply chain. The manufacturer has sufficient motivation to
invest in green products and the online retailer has sufficient motivation to invest in the
intensity of big data targeted advertising. As a result, the greenness of products and the
intensity of big data targeted advertising will also increase. Green supply chain decision
makers will also raise the retail price to offset the increase in investment costs. Increased
greenness and demand lead to increased environmental benefits.

4.2. Online-Retailer-Led Model
4.2.1. Online-Retailer-Led Decentralized Model

Under the online-retailer-led decentralized model, the online retailer first determines
the retail price p and big data targeted advertising intensity v based on their own profit max-
imization. The decision objective function of the online retailer is shown in Equation (6).
The manufacturer determines the wholesale price ω and greenness g of the products to
maximize their own profit based on the online retailer’s decisions. The decision objective
function of the manufacturer is shown in Equation (5). The two parties follow the Stackel-
berg game, in which the online retailer is the leader and the manufacturer is the follower.
Backward induction is used to solve the Stackelberg game. The follower’s optimal decision
is solved first, and then the leader’s optimal decision is analyzed forward.

Theorem 2. The equilibrium results under the online-retailer-led decentralized model are:

vr =
ekλq1

−B
(15)

gr =
hq1λβ

−B
(16)

ωr =
λq1hk
−q2B

(17)

pr =
λq1h

(
3k− β2q2

)
−q2B

(18)

Qr =
λq1kh
−B

(19)

πm
r =

λ2q1
2kh2(2k− β2q2

)
2B2q2

(20)
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πr
r =

λ2q1
2kh

−2Bq2
(21)

πsc
r =

λ2q1
2kh
(

B + β2hq2 − 2hk
)

−2B2q2
(22)

EBr =
βkλ2q1

2h2

B2 (23)

In the above equations, B = 2β2hq2 + e2kq2 − 4kh < 0.

Proof of Theorem 2. The proof process is shown in Appendix A.3. �

Proposition 2. The green supply chain under the online-retailer-led decentralized model has the
following characteristics:

(1) ∂gr

∂λ > 0, ∂ωr

∂λ > 0, ∂vr

∂λ > 0, ∂pr

∂λ > 0, ∂Qr

∂λ > 0, ∂πm
r

∂λ > 0, ∂πr
r

∂λ > 0, ∂πsc
r

∂λ > 0, ∂EBr

∂λ > 0.

(2) ∂gr

∂β > 0, ∂ωr

∂β > 0, ∂vr

∂β > 0, ∂pr

∂β > 0, ∂Qr

∂β > 0, ∂πm
r

∂β > 0, ∂πr
r

∂β > 0, ∂πsc
r

∂β > 0, ∂EBr

∂β > 0.

(3) ∂gr

∂e > 0, ∂ωr

∂e > 0, ∂vr

∂e > 0, ∂pr

∂e > 0, ∂Qr

∂e > 0, ∂πm
r

∂e > 0, ∂πr
r

∂e > 0, ∂πsc
r

∂e > 0, ∂EBr

∂e > 0.

Proof of Proposition 2. The proof process is shown in Appendix A.4. �

From Proposition 2, we can see that under the online-retailer-led decentralized model,
the increase in the attenuation coefficient, green sensitivity coefficient, and big data targeted
advertising sensitivity coefficient will lead to an increase in retail price, wholesale price,
greenness, big data targeted advertising intensity, total consumer demand, manufacturer’s
profit, online retailer’s profit, overall profit of the supply chain, and environmental benefit.

The reason for Proposition 2 is that, as the demand attenuation coefficient increases, the
demand of known information consumers will increase. As the green sensitivity coefficient
and the big data targeted advertising sensitivity coefficient increase, the conversion rate
of potential consumers will increase. The increase in the demand of known information
consumers and the conversion rate of potential consumers will lead to an increase in the
total consumer demand. This is beneficial to the growth of the manufacturer’s profit and
online retailer’s profit. The manufacturer and online retailer will make decisions to increase
greenness and big data targeted advertising intensity to further expand demand. Therefore,
the environmental benefit will be increased. In addition, the manufacturer will also increase
the wholesale price to offset their own green investment. The online retailer will increase
the marginal profit of products by increasing the retail price, thereby further expanding
their own profit.

Comparing the above centralized model and online-retailer-led decentralized model,
Proposition 3 can be obtained.

Proposition 3. The relationship between greenness, big data targeted advertising intensity, retail
price, total consumer demand, overall profit of the supply chain, and environmental benefit is as
follows:

(1) gc > gr, vc > vr, Qc > Qr, πsc
c > πsc

r, EBc > EBr.
(2) When β2hq2 + e2kq2 − kh < 0, pc < pr; when β2hq2 + e2kq2 − kh > 0, pc > pr.

Proof of Proposition 3. The proof process is shown in Appendix A.5. �

From Proposition 3, we can see that the greenness, big data targeted advertising
intensity, total consumer demand, overall profit of the supply chain, and environmental
benefit under the online-retailer-led decentralized model are all lower than that under the
centralized model. The relationship of retail price under the two models is affected by the
model parameters.

The reason for Proposition 3 is that the decentralized model increases the intermediate
process of wholesale products from the manufacturer to the online retailer. The price
competition between the two parties in this process prevents both parties from making the
same cost input as the centralized model. Therefore, the greenness and big data targeted
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advertising intensity are lower under the decentralized model. This also leads to the total
consumer demand, overall profit of the supply chain, and environmental benefit that cannot
reach the level under the centralized model. In addition, under the decentralized model,
the online retailer will price products according to different circumstances to obtain more
profits.

From Proposition 3, we can know that under the online-retailer-led decentralized
model, the optimal decisions, profits, and environmental benefit cannot reach the situation
as under the centralized model. Therefore, it is necessary to carry out the supply chain
contract design and coordinate the green supply chain.

4.2.2. Coordination Model with the Zero Wholesale Price-Side-Payment Contract

A zero wholesale price-side-payment contract means that the manufacturer wholesales
the products to the online retailer at a wholesale price of zero, and then the manufacturer
receives a fixed payment from the online retailer. For example, some farmers supply fresh
agricultural products to supermarkets at a zero wholesale price and receive compensation
in the form of fixed payments. There are similar applications in the fashion industry and
the power industry [53]. In the online-retailer-led green supply chain, the online retailer
has the power to dominate the supply chain. Therefore, the contract is acceptable to both
parties.

Under the zero wholesale price-side-payment contract situation, the online retailer
determines the intensity of big data targeted advertising of vzs and the retail price of pzs.
Then, the manufacturer produces green products with a greenness of gzs and wholesales
them to the online retailer at a zero wholesale price. After the sale is over, the online retailer
compensates the manufacturer for a fixed payment X. In order to make the overall profit of
the supply chain and environmental benefit reach those under the centralized model, the
following conditions need to be met: gzs = gc, vzs = vc, pzs = pc.

At this time, the profits of the manufacturer and online retailer are:

πm
zs = 0 ∗ (λq1 + (−pc + βgc + evc)q2)−

1
2

kgc2 + X (24)

πr
zs = (pc − 0)(λq1 + (−pc + βgc + evc)q2)−

1
2

hvc2 − X (25)

When the green supply chain is coordinated, the profits of the manufacturer and
online retailer under the zero wholesale price-side-payment contract are greater than those
under the online-retailer-led decentralized model, namely πm

zs > πm
r and πr

zs > πr
r.

According to Equations (20), (21), (24), and (25), we can obtain:

0 ∗ (λq1 + (−pc + βgc + evc)q2)−
1
2

kgc2 + X >
λ2q1

2kh2(2k− β2q2
)

2B2q2
(26)

(pc − 0)(λq1 + (−pc + βgc + evc)q2)−
1
2

hvc2 − X >
λ2q1

2kh
−2Bq2

(27)

Substituting Equations (9)–(11) into Equations (26) and (27), the range of X can be
obtained:

λ2q1
2h2k

(
(2kh−β2q2h)

2
(2k+3β2q2)+kB+β2q2h(β2q2−2k)

)
2q2 A2B2 < X <

λ2q1
2h2k(2e2q2k2−4hk2+hβ4q2

2)
2q2 A2B (28)

From the above analysis, Proposition 4 can be obtained.

Proposition 4. When the zero wholesale price-side-payment contract is used for online-retailer-led
green supply chain coordination, the online retailer’s fixed payment to the manufacturer satis-

fies
λ2q1

2h2k
(
(2kh−β2q2h)

2
(2k+3β2q2)+kB+β2q2h(β2q2−2k)

)
2q2 A2B2 < X <

λ2q1
2h2k(2e2q2k2−4hk2+hβ4q2

2)
2q2 A2B , the

green supply chain has reached coordination.
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4.3. Manufacturer-Led Model
4.3.1. Manufacturer-Led Decentralized Model

Under a manufacturer-led decentralized model, the manufacturer first determines the
wholesale price ω and greenness g of the products based on their own profit maximization.
The decision objective function of the manufacturer is shown in Equation (5). The online re-
tailer determines the retail price p and big data targeted advertising intensity v to maximize
their own profit based on the manufacturer’s decisions. The decision objective function of
the online retailer is shown in Equation (6). The two parties follow the Stackelberg game,
in which the manufacturer is the leader and the online retailer is the follower. Backward
induction is also used to solve the Stackelberg game.

Theorem 3. The equilibrium results under the manufacturer-led decentralized model are:

ωm =
λq1k

(
e2q2 − 2h

)
q2C

(29)

gm =
βhλq1

−C
(30)

pm =
λq1k

(
e2q2 − 3h

)
q2C

(31)

vm =
λq1ke
−C

(32)

Qm =
λq1kh
−C

(33)

πm
m =

λ2q1
2kh

−2Cq2
(34)

πr
m =

λ2q1
2k2h

(
2h− e2q2

)
2C2q2

(35)

πsc
m =

λ2q1
2kh
(
2hk− e2kq2 − C

)
2C2q2

(36)

EBm =
βkλ2q1

2h2

C2 (37)

In the above equations, C = β2hq2 + 2e2kq2 − 4kh < 0.

Proof of Theorem 3. The proof process is shown in Appendix A.6. �

Proposition 5. The green supply chain under the manufacturer-led decentralized model has the
following characteristics:

(1) ∂gm

∂λ > 0, ∂ωm

∂λ > 0, ∂vm

∂λ > 0, ∂pm

∂λ > 0, ∂Qm

∂λ > 0, ∂πm
m

∂λ > 0, ∂πr
m

∂λ > 0, ∂πsc
m

∂λ > 0, ∂EBm

∂λ >
0.

(2) ∂gm

∂β > 0, ∂ωm

∂β > 0, ∂vm

∂β > 0, ∂pm

∂β > 0, ∂Qm

∂β > 0, ∂πm
m

∂β > 0, ∂πr
m

∂β > 0, ∂πsc
m

∂β > 0,
∂EBm

∂β > 0.

(3) ∂gm

∂e > 0, ∂ωm

∂e > 0, ∂vm

∂e > 0, ∂pm

∂e > 0, ∂Qm

∂e > 0, ∂πm
m

∂e > 0, ∂πr
m

∂e > 0, ∂πsc
m

∂e > 0,
∂EBm

∂e > 0.

Proof of Proposition 5. The proof process is shown in Appendix A.7. �

From Proposition 5, we can see that, under the manufacturer-led decentralized model,
the increase in the attenuation coefficient, green sensitivity coefficient, and big data targeted
advertising sensitivity coefficient will lead to an increase in the retail price, wholesale price,
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greenness, big data targeted advertising intensity, total consumer demand, manufacturer’s
profit, online retailer’s profit, overall profit of the supply chain, and environmental benefit.

The reason for Proposition 5 is similar to that of Proposition 2.
Comparing the above centralized model and manufacturer-led decentralized model,

Proposition 6 can be obtained.

Proposition 6. The relationship between greenness, big data targeted advertising intensity, retail
price, total consumer demand, overall profit of the supply chain, and environmental benefit is as
follows:

(1) gc > gm, vc > vm, Qc > Qm, πsc
c > πsc

m, EBc > EBm.
(2) When β2hq2 + e2kq2 − kh < 0, pc < pm; when β2hq2 + e2kq2 − kh > 0, pc > pm.

Proof of Proposition 6. The proof process is shown in Appendix A.8. �

From Proposition 6, we can see that the greenness, big data targeted advertising
intensity, total consumer demand, overall profit of the supply chain, and environmental
benefit under the manufacturer-led decentralized model are all lower than that under the
centralized model. The relationship of retail price under the two models is affected by the
model parameters.

The reason for Proposition 6 is similar to that of Proposition 3.
From Proposition 6, we can know that under the manufacturer-led decentralized

model, the optimal decisions, profits, and environmental benefit cannot reach the situation
as under the centralized model. Therefore, it is necessary to carry out the supply chain
contract design and coordinate the green supply chain.

4.3.2. Coordination Model with the Greedy Wholesale Price-Side-Payment Contract

A greedy wholesale price-side-payment contract means that the manufacturer whole-
sales the product to the online retailer at the wholesale price (the wholesale price is equal
to the retail price). Then, the online retailer obtains a fixed payment from the manufacturer
for compensation. This is another contract corresponding to the zero wholesale price-side-
payment contract. In the manufacturer-led green supply chain, the manufacturer has the
power to dominate the supply chain. Therefore, the contract is acceptable to both parties.

Under the greedy wholesale price-side-payment contract situation, the manufacturer
produces green products with a greenness of ggs and wholesales them to the online retailer
at the wholesale price equal to the retail price of pgs. Then, the online retailer invests in
the intensity of big data targeted advertising of vgs and sells green products to customers
at the retail price of pgs. After the sale is over, the manufacturer compensates the online
retailer for a fixed payment Y. In order to make the overall profit of the supply chain and
environmental benefit reach those under the centralized model, the following conditions
need to be met: ggs = gc, vgs = vc, pgs = pc.

At this time, the profits of the manufacturer and online retailer are:

πm
gs = pc(λq1 + (−pc + βgc + evc)q2)−

1
2

kgc2 −Y (38)

πr
gs = (pc − pc)(λq1 + (−pc + βgc + evc)q2)−

1
2

hvc2 + Y (39)

When the supply chain is coordinated, the profits of the manufacturer and online
retailer under the greedy wholesale price-side-payment contract are greater than those
under the manufacturer-led decentralized model, namely πm

gs > πm
m and πr

gs > πr
m.

According to Equations (34), (35), (38), and (39), we can acquire:

pc(λq1 + (−pc + βgc + evc)q2)−
1
2

kgc2 −Y >
λ2q1

2kh
−2Cq2

(40)
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(pc − pc)(λq1 + (−pc + βgc + evc)q2)−
1
2

hvc2 + Y >
λ2q1

2k2h
(
2h− e2q2

)
2C2q2

(41)

Substituting Equations (9)–(11) into Equations (40) and (41), the range of Y can be
obtained:

λ2k2q1
2h
((

2h− e2q2
)

A2 + e2q2C2)
2q2 A2C2 < Y <

λ2q1
2kh
((

2h− q2hβ2)C + A2)
2q2 A2C

(42)

From the above analysis, Proposition 7 can be obtained.

Proposition 7. When the greedy wholesale price-side-payment contract is used for manufacturer-
led green supply chain coordination, the manufacturer’s fixed payment to the online retailer satisfies
λ2k2q1

2h((2h−e2q2)A2+e2q2C2)
2q2 A2C2 < Y <

λ2q1
2kh((2h−q2hβ2)C+A2)

2q2 A2C , the green supply chain has reached
coordination.

5. Numerical Analysis

In this section, the propositions of the previous section will be intuitively explained
through numerical analysis to verify the effectiveness of the model. According to previous
research [40,41], we set the model parameters as q1= 20,000, q2= 30,000, β = 0.6, e = 0.3,
k = 8000, h = 6000.

5.1. Impact of Model Parameters

Let λ ∈ (0.8, 0.9), Figure 2 can be obtained.
It can be seen from Figure 2 that, whether it is a centralized model or a decentralized

model, as λ increases, the decision variables, total consumer demand, profits, and environ-
mental benefit will increase. This is consistent with Propositions 1, 2, and 5. Therefore, an
increase in the attenuation coefficient of known information consumers will help the green
supply chain to obtain more demand, profits, and environmental benefit. Manufacturers
and online retailers must understand and meet customer demand, establish long-term
partnerships with customers, and treat customer complaints correctly to improve customer
satisfaction. For customers who have already withdrawn, manufacturers and online retail-
ers should analyze the reasons for the withdrawal of customers, summarize experiences,
and improve products to inhibit the withdrawal of more similar customers.

Let λ = 0.8, β ∈ (0, 0.6), and Figure 3 can be obtained.
It can be seen from Figure 3 that, whether it is a centralized model or a decentralized

model, as β increases, the decision variables, total consumer demand, profits and envi-
ronmental benefit will increase. This is consistent with Propositions 1, 2, and 5. Similarly,
an increase in the green sensitivity coefficient of potential consumers will help the green
supply chain obtain more demand, profits, and environmental benefit. This finding of
our study is supported by [15,47,49]. Both manufacturers and online retailers can guide
consumers’ green concepts through television propaganda, online propaganda, etc., and
promote consumer purchase of green products. Manufacturers and online retailers can also
offer incentives to consumers who have purchased green products. Motivated consumers
should create a new trend of green consumption by recommending green products to
relatives and friends and communicating with the community. Manufacturers and online
retailers can also provide customers with service experience to improve the emotional
identity of consumers and promote the strengthening of consumer green awareness.

Let β = 0.6, e ∈ (0.1, 0.3), and Figure 4 can be obtained.
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It can be seen from Figure 4 that, whether it is a centralized model or a decentralized
model, as e increases, the decision variables, total consumer demand, profits, and environ-
mental benefit will increase. This is consistent with Propositions 1, 2, and 5. Similarly, an
increase in the sensitivity coefficient of big data targeted advertising of potential consumers
will help the green supply chain to obtain more demand, profits, and environmental benefit.
When big data targeted advertisements are delivered, online retailers should follow up
on the potential consumers they obtain and quickly make feedback and strategic adjust-
ments to ensure the effective conversion of potential consumers. It is also necessary to
optimize the content of targeted advertising, such as reducing the number of words in the
advertisement, increasing the proportion of pictures, etc., to maximize consumer interest.

A comprehensive comparison of the above figures shows that the greenness, big data
targeted advertising intensity, total consumer demand, overall profit of the supply chain,
and environmental benefit under the centralized model are always higher than those under
the decentralized model. This is consistent with Propositions 3 and 6. This finding of
our study is supported by [13,47–49]. Therefore, under centralized decision making, the
greenness of the products purchased by consumers is the highest, the number of potential
consumers transformed into consumers is the largest, the consumer demand is the largest,
the profit of the entire supply chain is the largest, and the environmental benefit is the
largest. It is necessary for the green supply chain to coordinate in the form of contractual
cooperation under decentralized decision making.

5.2. Coordination Contract

Here, we set λ = 0.8 in addition to the original model parameter settings. Substituting
the values of the parameters into the above equations, πsc

c = 21,333.33, πsc
r= 8858.13,

πm
r = 3838.52, and πr

r = 5019.61 can be obtained. At this time, πsc
c 6= πsc

r. The green
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supply chain is in an uncoordinated state. Under the zero wholesale price-side-payment
contract, the value range of X: 147,838.52 < X< 160,313.72. From this, we obtain the changes
in the manufacturer’s profit, online retailer’s profit, and overall profit of the supply chain
when X changes within the range, as shown in Table 2.

Table 2. Profits change with X.

X πm
r πm

zs πr
r πr

zs πsc
c πsc

zs

147,838.52 3838.52 3838.52 5019.61 17,494.81 21,333.33 21,333.33

149,917.72 3838.52 5917.72 5019.61 15,415.61 21,333.33 21,333.33

151,996.92 3838.52 7996.92 5019.61 13,336.41 21,333.33 21,333.33

154,076.12 3838.52 10,076.12 5019.61 11,257.21 21,333.33 21,333.33

156,155.32 3838.52 12,155.32 5019.61 9178.01 21,333.33 21,333.33

158,234.52 3838.52 14,234.52 5019.61 7098.81 21,333.33 21,333.33

160,313.72 3838.52 16,313.72 5019.61 5019.61 21,333.33 21,333.33

It can be seen from Table 2 that when the value range of X is (147,838.52, 160,313.72)
in the green supply chain coordinated with a zero wholesale price-side-payment contract,
both the manufacturer’s profit and online retailer’s profit increase compared to those under
the online-retailer-led decentralized model (πm

zs > πm
r, πr

zs > πr
r), and the overall profit

of the supply chain is equal to that under the centralized model (πsc
zs = πsc

c). At this
time, the green supply chain is coordinated, and the manufacturer and online retailer
have reached the goal of ‘win-win’. However, the specific value of X is determined by
the bargaining power of the manufacturer and online retailer. This finding is consistent
with [53]. It can be seen from the value range of X that a zero wholesale price-side-payment
contract is actually somewhat ideal. However, it has applicability for the green supply
chain consisting of small start-up manufacturers and large online retailers.

It can be seen from the model parameter settings that πsc
c= 21,333.33, πsc

m = 4597.56,
πm

m = 2438.10, and πr
m = 2159.46. At this time, πsc

c 6= πsc
m. The green supply chain

is in an uncoordinated state. Under the greedy wholesale price-side-payment contract,
the value range of Y: 50,159.46 < Y< 66,895.23. From this, we obtain the changes in the
manufacturer’s profit, online retailer’s profit, and overall profit of the supply chain when Y
changes within the range, as shown in Table 3.

Table 3. Profit change with Y.

Y πm
m πm

gs πr
m πr

gs πsc
c πsc

gs

50,159.46 2438.10 19,173.87 2159.46 2159.46 21,333.33 21,333.33

52,948.76 2438.10 16,384.57 2159.46 4948.76 21,333.33 21,333.33

55,738.06 2438.10 13,595.27 2159.46 7738.06 21,333.33 21,333.33

58,527.36 2438.10 10,805.97 2159.46 10,527.36 21,333.33 21,333.33

61,316.66 2438.10 8016.67 2159.46 13,316.66 21,333.33 21,333.33

64,105.96 2438.10 5227.37 2159.46 16,105.96 21,333.33 21,333.33

66,895.23 2438.10 2438.10 2159.46 18,895.23 21,333.33 21,333.33

It can be seen from Table 3 that when the value range of Y is (50,159.46, 66,895.23) in
the green supply chain coordinated with a greedy wholesale price-side-payment contract,
both the manufacturer’s profit and online retailer’s profit increase compared to those under
the manufacturer-led decentralized model (πm

gs > πm
m, πr

gs > πr
m), and the overall

profit of the supply chain is equal to that under the centralized model (πsc
gs = πsc

c). At
this time, the green supply chain is coordinated, and the manufacturer and online retailer
have reached the goal of ‘win-win’. However, the specific value of Y is determined by
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the bargaining power of the manufacturer and online retailer. This finding is consistent
with [53]. It can be seen from the value range of Y that a greedy wholesale price-side-
payment contract is actually somewhat ideal. However, it has applicability for the green
supply chain consisting of large manufacturers and small online retailers.

6. Conclusions

In the era of big data, the application of big data targeted advertising has become very
common. This paper studied the green supply chain in which the online retailer invests in
big data targeted advertising and the manufacturer invests in greenness. First, equilibrium
results under the centralized model were solved, and the effects of model parameters on
equilibrium results were analyzed. Second, the online-retailer-led decentralized model was
considered. Equilibrium results were obtained, the effects of model parameters on equi-
librium results were analyzed, and a comparison with the centralized model was carried
out. The introduction of the zero wholesale price-side-payment contract coordinates the
online-retailer-led decentralized model. Third, the manufacturer-led decentralized model
was considered. Equilibrium results were obtained, the effects of model parameters on
equilibrium results were analyzed, and a comparison with the centralized model was car-
ried out. The introduction of the greedy wholesale price-side-payment contract coordinates
the manufacturer-led decentralized model. Finally, through numerical analysis, the validity
of the model was verified, the related propositions were intuitively explained, and the
opinions were provided for the supply chain.

This study has the following theoretical implications: (1) This study can guide the
decision making of members in the green supply chain where the online retailer conducts
big data targeted advertising, enriching the research in the field of supply chain decision
making. (2) This study analyzed the influence of model parameters on the optimal decisions
of supply chain members, which can further guide the development of the green supply
chain. (3) This study introduced two new contracts for green supply chain coordination,
which contributes to the research on green supply chain contracts. This study has the
following practical implications: (1) Manufacturers and online retailers can obtain optimal
decisions by quantifying relevant parameters. (2) The introduction of two new contracts is
of great significance to the cooperation and contract formulation of members in the green
supply chain.

By analyzing the decisions and coordination issues of the green supply chain, the
following conclusions can be drawn. (1) Regardless of whether it is a centralized model
or a decentralized model, the increase in the demand attenuation coefficient of known
information consumers and the green sensitivity coefficient and big data targeted adver-
tising sensitivity coefficient of potential consumers will all have a beneficial impact on
the green supply chain. An increase in these three parameters will lead to an increase in
the total consumer demand, manufacturer’s profit, online retailer’s profit, supply chain’s
profit, and environmental benefit. (2) Compared to two decentralized models, the green
supply chain under a centralized model can obtain more consumer demand, profit, and
environmental benefit. (3) The zero wholesale price-side-payment contract can achieve
the coordination of the online-retailer-led green supply chain. When the fixed payment
meets certain conditions, the profits of the manufacturer and online retailer under the zero
wholesale price-side-payment contract are greater than those under the online-retailer-led
decentralized model. (4) The greedy wholesale price-side-payment contract can achieve the
coordination of the manufacturer-led green supply chain. When the fixed payment meets
certain conditions, the profits of the manufacturer and online retailer under the greedy
wholesale price-side-payment contract are greater than those under the manufacturer-led
decentralized model.

The management implications of this study are as follows.

(1) Manufacturers must correctly understand the real product needs of consumers and
actively carry out product improvements and green investment. Online retailers must
meet consumer service needs and improve consumer satisfaction. As a result, the
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increase in the attenuation coefficient of known information consumers is promoted,
and the withdrawal of consumers is inhibited.

(2) In order to increase the green sensitivity of consumers, both manufacturers and online
retailers must actively promote green products to create a new fashion for green
consumption. In reality, the environmental awareness of consumers is constantly
increasing, which is very important for the development of the green supply chain.

(3) When big data targeted advertisements are delivered, online retailers should optimize
the content of the targeted advertisements and adopt quick response strategies, such
as issuing coupons to potential consumers waiting for conversion. As a result, the in-
crease in the sensitivity coefficient of big data targeted advertising and the conversion
rate of potential consumers is improved.

(4) Whether it is an online-retailer-led green supply chain or a manufacturer-led green
supply chain, manufacturers and online retailers should trust each other, agree on a
fixed payment fee acceptable to both parties, and coordinate the green supply chain
by adopting a zero wholesale price-side-payment contract or a greedy wholesale
price-side-payment contract. The application of the contract ensures that both parties
can obtain more profits and the green supply chain can obtain higher environmental
benefits.

Although this paper has obtained some meaningful results, it also has certain limita-
tions. First of all, this research was conducted under the condition that the members of
the green supply chain are completely rational. Existing research has shown that not all
supply chain members are completely rational. Therefore, future research can explore the
green supply chain under the bounded rationality of supply chain members. Secondly, this
research only studied the green supply chain where online retailers conduct big data tar-
geted advertising. As big data receives increasing attention, more and more manufacturers
are carrying out big data targeted advertising. Future research could also consider this
situation.
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Appendix A

Appendix A.1. The Proof of Theorem 1

According to Equation (7), the Hessian matrix of πsc with respect to p, g, and v can be
obtained as: −2q2 βq2 eq2

βq2 −k 0
eq2 0 −h

 (A1)



J. Theor. Appl. Electron. Commer. Res. 2022, 17 1052

From Equation (A1), it can be known that when A = β2q2h + e2q2k− 2kh < 0, πsc

is the joint concave function of p, g, and v. Let ∂πsc
∂p = 0, ∂πsc

∂g = 0, and ∂πsc
∂v = 0, we can

acquire pc, gc, and vc, as shown in Equations (9)–(11).
Substituting Equations (9)–(11) into Equation (2), the optimal consumer demand can

be obtained as shown in Equation (12).
Substituting Equations (9)–(11) into Equation (7), the optimal overall profit of the

supply chain can be obtained as shown in Equation (13).
Substituting Equations (9)–(11) into Equation (8), the environmental benefit can be

obtained as shown in Equation (14).

Appendix A.2. The Proof of Proposition 1

Let gc, vc, pc, Qc, πsc
c, and EBc take the partial derivatives of λ, β, and e, respectively,

we can obtain:
∂gc

∂λ = βhq1
−A > 0, ∂vc

∂λ = ekq1
−A > 0, ∂pc

∂λ = hkq1
−Aq2

> 0, ∂Qc

∂λ = hkq1
−A > 0, ∂πsc

c

∂λ = hkλq1
2

−Aq2
> 0,

∂EBc

∂λ = 2βh2kλq1
2

A2 > 0.
∂gc

∂β =
λhq1(−A+2β2hq2)

A2 > 0, ∂vc

∂β = 2ekλq1βhq2
A2 > 0, ∂pc

∂β = 2h2kλβq1
A2 > 0, ∂Qc

∂β =

2λh2kq1βq2
A2 > 0, ∂πsc

c

∂β = h2kλ2q1
2β

A2 > 0, ∂EBc

∂β =
h2kλ2q1

2(A−4β2hq2)
A3 > 0.

∂gc

∂e = 2λhq1βq2ek
A2 > 0, ∂vc

∂e =
kλq1(2e2kq2−A)

A2 > 0, ∂pc

∂e = 2hk2λeq1
A2 > 0, ∂Qc

∂e = 2λhk2q1eq2
A2 >

0, ∂πsc
c

∂e = hk2λ2q1
2e

A2 > 0, ∂EBc

∂e = 4βh2k2λ2q1
2eq2

−A3 > 0.

Therefore, Proposition 1 can be proved.

Appendix A.3. The Proof of Theorem 2

Let p = ω + i, and substitute this into Equation (5). According to Equation (5), the
Hessian matrix of πm with respect to ω and g can be obtained as:[

−2q2 eq2
eq2 −h

]
(A2)

From Equation (A2), it can be known that πm is the joint concave function of ω and g.
Let ∂πm

∂ω = 0 and ∂πm
∂g = 0, we can acquire:

gr = − β(evq2 − iq2 + λq1)

−2k + β2q2
(A3)

ωr = − k(evq2 − iq2 + λq1)

q2(−2k + β2q2)
(A4)

Substituting Equations (A3) and (A4) into Equation (6), it is easy to understand that
πr is the joint concave function of i and v. Let ∂πr

∂i = 0 and ∂πr
∂v = 0, we can obtain:

ir =
λq1h

(
β2q2 − 2k

)
q2B

(A5)

vr =
ekλq1

−B
(A6)

Substituting Equations (A5) and (A6) into Equations (A3) and (A4), we can acquire gr

and ωr, as shown in Equations (16) and (17).
Therefore, the optimal retail price can be obtained as shown in Equation (18).
Substituting Equations (15)–(18) into Equations (2) and (5)–(8), we can acquire Qr, πm

r,
πr

r, πsc
r, and EBr, as shown in Equations (19)–(23).
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Appendix A.4. The Proof of Proposition 2

Let gr, vr, pr, ωr, Qr, πm
r, πr

r, πsc
r, and EBr take the partial derivatives of λ, β, and e,

respectively, we can obtain:

∂gr

∂λ = βhq1
−B > 0, ∂vr

∂λ = ekq1
−B > 0, ∂pr

∂λ =
hq1(β2q2−3k)

Bq2
> 0, ∂ωr

∂λ = hkq1
−Bq2

> 0, ∂Qr

∂λ = hkq1
−B >

0, ∂πm
r

∂λ =
h2kλq1

2(2k−β2q2)
B2q2

> 0, ∂πr
r

∂λ = hkλq1
2

−Bq2
> 0, ∂πsc

r

∂λ =
hkλq1

2(3β2q2h+e2kq2−6kh)
−B2q2

> 0,

∂EBr

∂λ = 2h2kλq1
2β

B2 > 0.
∂gr

∂β =
λhq1(−B+4β2hq2)

B2 > 0, ∂vr

∂β = 4λekhq1βq2
B2 > 0, ∂pr

∂β =
2λkq1βh(e2q2+2h)

B2 > 0, ∂ωr

∂β =

4λkh2q1β

B2 > 0, ∂Qr

∂β = 4λh2kq1βq2
B2 > 0, ∂πm

r

∂β =
h2kλ2q1

2β(2β2q2h−e2kq2+4kh)
B3 > 0, ∂πr

r

∂β =

2h2λ2q1
2βk

B2 > 0, ∂πsc
r

∂β =
h2kλ2q1

2β(3B−2e2kq2)
B3 > 0, ∂EBr

∂β =
h2kλ2q1

2β(2e2kq2−3β2q2h−4kh)
B3 > 0.

∂gr

∂e = 2λhq1βq2ek
B2 > 0, ∂vr

∂e =
λkq1(e2kq2+4hk−2β2hq2)

B2 > 0, ∂pr

∂e =
2eλkq1h(3k−β2q2)

B2 >

0, ∂ωr

∂e = 2λk2q1eh
B2 > 0, ∂Qr

∂e = 2λhk2q1eq2
B2 > 0, ∂πm

r

∂e =
2h2k2λ2q1

2e(β2q2−2k)
B3 > 0, ∂πr

r

∂e =

4hk2λ2q1
2e

B2 > 0, ∂πsc
r

∂e =
hk2λ2q1

2e(2B−e2kq2)
B3 > 0, ∂EBr

∂e = 8h2k2λ2q1
2eβq2

−B3 > 0.

Therefore, Proposition 2 can be proved.

Appendix A.5. The Proof of Proposition 3

Comparing the optimal situation under the centralized model and online-retailer-led
decentralized model, we can acquire:

gc− gr =
βh2λq1(2k−β2q2)

AB > 0,vc− vr =
eλkhq1(2k−β2q2)

AB > 0,Qc−Qr =
h2λkq1(2k−β2q2)

AB >

0,πsc
c − πsc

r =
h3λ2kq1

2(2k−β2q2)
2

−2q2 AB2 > 0.

As pc − pr =
λkq1(2k−β2q2)(β2hq2+e2kq2−kh)

q2 AB , when β2hq2 + e2kq2 − kh < 0, pc < pr;

when β2hq2 + e2kq2 − kh > 0, pc > pr.

Therefore, Proposition 3 can be proved.

Appendix A.6. The Proof of Theorem 3

According to Equation (6), the Hessian matrix of πr with respect to p and v can be
obtained as: [

−2q2 eq2
eq2 −h

]
(A7)

From Equation (A7), it can be known that πr is the joint concave function of p and v.
Let ∂πr

∂p = 0 and ∂πr
∂v = 0, we can acquire:

pm =
−e2ωq2

2 + hωq2 + βghq2 + hλq1

2hq2 − e2q22 (A8)

vm =
e(ωq2 − βgq2 − λq1)

−2h + e2q2
(A9)

Substituting Equations (A8) and (A9) into Equation (5), it is easy to understand that
πm is the joint concave function of ω and g. Let ∂πm

∂ω = 0 and ∂πm
∂g = 0, we can obtain ωm

and gm, as shown in Equations (29) and (30).
Substituting Equations (29) and (30) into Equations (A8) and (A9), we can acquire pm

and vm, as shown in Equations (31) and (32).
Substituting Equations (29)–(32) into Equations (2) and (5)–(8), we can obtain Qm,

πm
m, πr

m, πsc
m, and EBm, as shown in Equations (33)–(37).
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Appendix A.7. The Proof of Proposition 5

Let gm, vm, pm, ωm, Qm, πm
m, πr

m, πsc
m, and EBm take the partial derivatives of λ, β,

and e, respectively, we can obtain:

∂gm

∂λ = βhq1
−C > 0, ∂vm

∂λ = ekq1
−C > 0, ∂pm

∂λ =
kq1(e2q2−3h)

Cq2
> 0, ∂ωm

∂λ =
kq1(e2q2−2h)

Cq2
> 0,

∂Qm

∂λ = hkq1
−C > 0, ∂πm

m

∂λ = hkλq1
2

−Cq2
> 0, ∂πr

m

∂λ =
hk2λq1

2(e2q2−2h)
−C2q2

> 0, ∂πsc
m

∂λ =
hkλq1

2(e2kq2−2kh+C)
−C2q2

> 0, ∂πsc
m

∂λ = 2βh2kλq1
2

C2 > 0.
∂gm

∂β =
λhq1(−C+2β2hq2)

C2 > 0, ∂vm

∂β = 2λekhq1βq2
C2 > 0, ∂pm

∂β =
2λkq1βh(e2q2−3h)

−C2 > 0,

∂ωm

∂β =
2λkhq1β(e2q2−2h)

−C2 > 0, ∂Qm

∂β = 2λh2kq1βq2
C2 > 0, ∂πm

m

∂β = h2kλ2q1
2β

C2 > 0, ∂πr
m

∂β =

2h2k2λ2q1
2β(e2q2−2h)
C3 > 0, ∂πsc

m

∂β =
h2kλ2q1

2β(2C−β2hq2)
C3 > 0, ∂EBm

∂β =
h2kλ2q1

2(C−4β2hq2)
C3 > 0.

∂gm

∂e = 4λhq1βq2ek
C2 > 0, ∂vm

∂e =
λkq1(C−4e2kq2)

−C2 > 0, ∂pm

∂e =
eλkq1h(2β2q2+4k)

C2 > 0, ∂ωm

∂e =

2λkq1ehq2β2

C2 > 0, ∂Qm

∂e = 4λhk2q1eq2
C2 > 0, ∂πm

m

∂e = 2hk2λ2q1
2e

C2 > 0, ∂πr
m

∂e =
hk2λ2q1

2e(2β2hq2−C)
−C3 > 0,

∂πsc
m

∂e =
hk2λ2q1

2e(3C−2β2hq2)
C3 > 0, ∂EBm

∂e = 8βh2k2λ2q1
2eq2

−C3 > 0.

Therefore, Proposition 5 can be proved.

Appendix A.8. The Proof of Proposition 6

Comparing the optimal situation under the centralized model and manufacturer-led
decentralized model, we can acquire:

gc− gm =
βhλkq1(2h−e2q2)

AC > 0, vc− vm =
eλk2q1(2h−e2q2)

AC > 0, Qc−Qm =
hλk2q1(2h−e2q2)

AC

> 0, πsc
c − πsc

m =
hλ2k3q1

2(2h−e2q2)
2

−2q2 AC2 > 0.

As pc − pm =
λkq1(2h−e2q2)(β2hq2+e2kq2−kh)

q2 AC , when β2hq2 + e2kq2 − kh < 0, pc < pm;

when β2hq2 + e2kq2 − kh > 0, pc > pm.
Therefore, Proposition 6 can be proved.
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