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Based on the uncertain market demand, this paper studies the sharing strategy of each main body of the closed-loop supply chain
for demand prediction information and introduces the variable of advertising efect into the model. Firstly, this paper constructs
a manufacturer-led Stackelberg game model based on a two-level closed-loop supply chain. Secondly, the manufacturer ad-
vertising mode and the retailer advertising mode are set up, and the infuence of information sharing is discussed in each
advertising mode. Finally, the conclusion and the proposition are verifed by example analysis. Te results show that in terms of
advertising, manufacturers prefer retailers to undertake, and retailers’ willingness is related to the mode of information sharing. In
order to achieve a “win-win” situation by sharing information, certain conditions should bemet.Te advertising efect is helpful to
increase product demand, retail price, advertising investment level, and profts of manufacturers and retailers and also promote
recycling activities. However, the impact on wholesale price will vary with diferent advertising subjects.

1. Introduction

Under the pressure of resource scarcity and environment
deterioration, manufacturing enterprises have gradually
started to pay attention to building green supply chain and
recycling and remanufacturing waste products. Te closed-
loop supply chain contains a reverse recovery chain, which
can achieve the purpose of saving resources and reducing
industrial waste by closing the fow of materials. Today,
research on closed-loop supply chain has involved many
aspects such as recycling channel selection and product
pricing decisions. In terms of recycling channel selection, in
2004, Savaskan et al. established three recycling modes, in
which the manufacturer, the retailer, and the entrusted third
party assume the recycling responsibility, respectively [1]. In
2020, Huang et al. combined the third-party recyclers,
manufacturers, and retailers into two new recycling modes
and fnally got the optimal recycling channel under the
decentralized decision-making model [2]. In 2022, Wang
and Qin established a mixed competitive recycling model
between manufacturers and retailers and considered the
impact of government subsidies on the recycling process [3].

In terms of pricing, in 2019, He et al. deduced the optimal
channel structure and pricing decision of manufacturers
under the three channel structures of dual-channel closed-
loop supply chain and studied the infuence of government
subsidy policy on supply chain [4]. In 2021, Xiaotong et al.
introduced the preference for online shopping and retail
service infuence into the closed-loop supply chain [5]. In
2022, Mondal and Giri found that government subsidies in
closed-loop supply chain can improve the green level of
products and thus expand sales [6].

Proper information sharing strategies can improve the
operation efciency of upstream and downstream compa-
nies in the supply chain and reduce corresponding costs.
Information sharing is particularly important for the closed-
loop supply chain. At present, the research on supply chain
information sharing can be divided into two aspects: de-
mand information sharing and cost information sharing.
Tis paper studies the former. In 1981, Winkler studied the
uncertainty of the market and demand and proposed to use
the normal distribution of random variables to build the
model [7]. In 2006, Yue et al. studied the pricing of com-
plementary goods under asymmetric supply chain demand
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information using the Winkler model [8]. In 2011,
Mukhopadhyay et al. discussed the pricing strategy of
complementary goods using the Stackelberg game in the case
of information asymmetry [9]. In 2019, Wei et al. introduced
the low-carbon awareness of consumers into the in-
formation sharing study of dual-channel supply chain and
proposed the model that only retailers can make predictions
[10]. In 2019, Li et al. constructed a supply chain model of
asymmetric demand between two manufacturers and
multiple retailers and introduced the infuence of sub-
stitutable products [11]. In 2019, Mingjun et al. introduced
government subsidies and green input into the research of
supply chain information sharing at the same time [12]. In
2021, Yu et al. used the evolutionary game to study the long-
term efects of information sharing on the manufacturers
using organic agriculture on the basis of proft matrix,
studied the method of joint prediction to realize information
sharing, and analyzed the advantages and disadvantages of
information sharing [13]. In 2022, Xiaoqing et al. summa-
rized and analyzed the research on contract design of supply
chain in the environment of asymmetric demand in-
formation [14]. In 2022, Qu et al. studied the information
sharing problem of virtual products from the perspective of
Nash game and Stackelberg game and determined the
equilibrium conditions of product pricing and quality efort
decision [15].

Nowadays, there are more and more kinds of alternative
products in the market, how to “stand out” from them is
a difcult problem, and most enterprises will choose to expand
the sales of products through advertising. Of course, adver-
tising will inevitably bring a certain cost, and how to balance
the investment of advertising and the increase of profts
brought by sales is a problem that enterprises need to study. In
2011, SeyedEsfahani et al. analyzed the equilibrium solutions of
Nash equilibrium, Stackelberg game, and cooperative game,
respectively, using the advertising cooperation model of
manufacturers and retailers [16]. In 2013, Yi studied the in-
fuence of the advertising efect on the decision making and
coordination performance of closed-loop supply chain node
enterprises under three decision modes: centralized, decen-
tralized, and advertising cooperation [17]. In 2017, Xie et al.
considered the level of advertising input in the study of dual-
channel closed-loop supply chain and analyzed the contract
coordination problem of supply chain under centralized and
decentralized decision making [18]. In 2019, Minli et al. also
considered advertising efect and corporate social responsibility
into the study of closed-loop supply chain and discussed them
through the model of manufacturers and retailers placing
advertisements separately [19]. In 2020, Zhang et al. studied the
infuence of channel rights structure and information structure
on supply chain pricing and advertising cooperation decisions
[20]. In 2022, Cao et al. studied the emergency problem of
closed-loop supply chain under the condition that the ad-
vertising efect is afected by emergencies, obtained the in-
fuence on product price and advertising input when the
disturbance quantity of advertising efect is positive and
negative, respectively, and proposed two toll system contracts
to coordinate the closed-loop supply chain after disturbance
[21]. In 2022, Asghari et al. studied pricing and advertising

decisions in closed-loop supply chains, studied advertising
schemes under diferent elastic efects, and solved them with
improved particle swarm optimization algorithm [22].

Diferent from the above studies, this paper introduces
the information asymmetry theory into the study of closed-
loop supply chain, considering the uncertainty of market
demand, and at the same time introduces the uncertainty
theory into the market prediction of manufacturers and
retailers, which makes the study more practical. On this
basis, the infuence of advertising efect is considered, and
the enterprise decision of manufacturer advertising mode
and retailer advertising mode is analyzed and compared,
trying to explore the optimal decision mode of diferent
supply chain subjects under diferent advertising modes.

2. Materials and Methods

Tis paper designs a two-stage closed-loop supply chain that
includes manufacturers and retailers. Manufacturers are
responsible for making products and wholesaling them to
retailers, who are responsible for selling them to consumers.
Considering the complexity of the model in this paper, it is
assumed that the manufacturer is responsible for both
product recycling and remanufacturing. Considering plac-
ing product advertisements, the paper sets up two adver-
tising models in which the manufacturer or the retailer
places advertisements separately. In this paper, a Stackelberg
game model dominated by manufacturers is constructed,
and retailers are the followers of the game.

Te main symbols of the model are described as follows.
Let us say that a is the quantity demanded in the market

when the price is zero and there is no advertising; q is the
demand for the product; p represents the unit retail price of
the product; β is the elasticity coefcient of demand to price;
λ represents the sensitivity coefcient of demand to ad-
vertising (also known as advertising efect in this paper); and
g is the intensity of advertising. Ten, the demand function
of this product can be expressed as follows:

q � a − βp + λg. (1)

Let cm represent the unit production cost of the new
product. cr represents the unit remanufacturing cost of used
products. Let Δ � cm − cr represent the unit cost saved in the
remanufacturing link. ω represents the unit wholesale price
of the product. Recovery cost consists of fxed cost and
variable cost. I represents the fxed cost paid for recycling
waste products, k represents the recovery efciency of waste
products, and τ represents the recovery rate of waste
products. According to previous studies, I � kτ2. In this
paper, k � 1/2, and I � τ2/2 can be obtained. Te variable
recovery cost is related to the unit recovery cost and recy-
cling volume. A represents the unit recovery cost of waste
products. C represents advertising input cost. According to
existing studies [19], the relationship between advertising
cost and advertising intensity is g �

���
cC

􏽰
; for each unit level

increase in advertising, the demand increases c units, which
is not only related to the production of advertising itself but
also related to the market environment. To simplify the
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calculation, c is assumed to be 2, so the advertising cost in
this study is C � g2/2. Te profts of the retailer and
manufacturer are denoted by πr and πm, respectively.

Tis paper assumes that the market demand is uncertain
and uses random variable a to represent the market demand.
According to Winkler’s research [7], the market demand is
composed of initial average demand a0 and random demand
ε, and then a � a0 + ε can be obtained. ε is a normally
distributed random variable, used to represent the un-
certainty of the market, with a mean of 0 and a variance of U.
Before making a decision, manufacturers and retailers
predict the market demand. In this paper, fm and fr are
used to represent the forecast of market demand by man-
ufacturers and retailers, respectively. Referring to existing
literature, fm � a + δm, fr � a + δr. In the above equation,
δm and δr are random variables subject to normal distri-
bution. Tey represent the error of manufacturer’s and
retailer’s prediction of market demand, respectively. Te
mean of δm and δr is 0, and the variance is Vr and Vm,
respectively. Since manufacturers and retailers refer to
historical data and use similar techniques to predict market
demand, δm and δr can be considered to be cocorrelated, and
ρ represents the correlation coefcient. Te covariance

matrix can be expressed as 􏽐 �
Vr Vrm

Vrm Vm

􏼠 􏼡, and then the

correlation coefcient can be expressed as ρ � Vrm/
�����
VrVm

􏽰
.

According toWinkler’s research results [7], we can know
that

E fm

􏼌􏼌􏼌􏼌􏼐 􏼑 � a0 + tm fm − a0( 􏼁,

E a fr

􏼌􏼌􏼌􏼌􏼐 􏼑 � a0 + tr fr − a0( 􏼁,

E fr fm

􏼌􏼌􏼌􏼌􏼐 􏼑 � a0 + sm fm − a0( 􏼁,

E fm fr

􏼌􏼌􏼌􏼌􏼐 􏼑 � a0 + sr fr − a0( 􏼁,

E afr, fm( 􏼁 � a0 + J fm − a0( 􏼁 + K fr − a0( 􏼁,

tm �
U

U + Vm

,

tr �
U

U + Vr

,

sm �
U + Vrm

U + Vm

,

sr �
U + Vrm

U + Vr

,

J �
tm sr − 1( 􏼁

srsm − 1
,

K �
tr sm − 1( 􏼁

srsm − 1
.

(2)

Tis paper assumes that the decision makers of this
supply chain are all economically rational. Both manufac-
turers and retailers aim to maximize their own profts. Tere
is no obvious diference between new products and rema-
nufactured products in quality and other aspects. For
consumers, remanufactured products are the same as new
products. In order to make the parameters and formulas of
this paper meaningful, this paper assumes that 0≤ β≤ 1,
q≥ 0, a> 0, λ≥ 0, 0≤ ρ≤ 1, p≥ω≥ cm ≥ cr, A≤∆, 0< τ < 1,
C> 0.

3. Model Analysis

3.1. Manufacturer AdvertisingModel. Under this model, the
advertising cost is borne by the manufacturer, and the
manufacturer is also responsible for the production and
recycling of the product, while the retailer is only responsible
for the sale of the product. Te two cases with and without
information sharing are considered, respectively. Te proft
expressions of the manufacturer and retailer are

πM
m � ω − cm + ∆τ − Aτ( 􏼁q −

g
2

2
−
τ2

2
,

πM
r � (p − ω)q.

(3)

Substitute it in equation (1) and obtain

πM
m � ω − cm + ∆τ − Aτ( 􏼁(a − βp + λg) −

g
2

2
−
τ2

2
,

πM
r � (p − ω)(a − βp + λg).

(4)

3.1.1. No Information Sharing. In the absence of information
sharing, the manufacturer only makes decisions based on fm.
However, after the manufacturer determines the advertising
input and wholesale price of the product, the retailer can infer
the manufacturer’s prediction information from it, so the
retailer makes decisions based on fm and fr. Te following
equation is the conditional expected proft function of the
manufacturer and retailer based on the forecast information:

E πM
m |fm􏼐 􏼑

N
� E ω − cm + ∆τ − Aτ( 􏼁(a − βp + λg) −

g
2

2
−
τ2

2
􏼢 􏼣|fm􏼠 􏼡, (5)

E πM
r |fm, fr􏼐 􏼑

N
� E [(p − ω)(a − βp + λg)]|fm, fr( 􏼁, (6)
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where z2πMN
r /z2p � − 2β< 0, and there is an optimal retailer

proft. According to the sequence of decisions, solve the
problem by backward induction, and let zπMN

r /zp � 0, and
we can get

p �
B + λg + ωβ

2β
, (7)

where B � E(a|fr, fm) � a0 + J(fm − a0) + K(fr − a0);
substitute it into equation (5); then, fnd the frst-order
conditions for ω, τ, and g, respectively, and then simulta-
neous zπMN

m /zω � 0, zπMN
m /zτ � 0, zπMN

m /zg � 0 can be
obtained as follows:

ωMN∗
�

B − 2Bm( 􏼁 β(A + ∆)
2

− 2􏽨 􏽩 + cm λ2 − 2β􏼐 􏼑

(A − ∆)
2β2 − 4β + λ2

, (8)

τMN∗
�
β 2Bm − βcm − B( 􏼁(A − ∆)

(A − ∆)
2β2 − 4β + λ2

, (9)

g
MN∗

�
λ βcm + B − 2Bm( 􏼁

(A − ∆)
2β2 − 4β + λ2

. (10)

Among them, Bm � E(a|fm) � a0 + tm(fm − a0),
(A − ∆)2β2 − 4β + λ2 < 0. Substituting equations (8) and (10)
into equation (7), we can obtain the following:

p
MN∗

�
Bm β2(A − ∆)

2
− 2β − λ2􏽨 􏽩 + B − βcm( 􏼁 λ2 − β􏼐 􏼑

β (A − ∆)
2β2 − 4β + λ2􏽨 􏽩

.

(11)

Ten, the conditional expected profts of the manufac-
turer and the retailer are as follows:

E πM
m |fm􏼐 􏼑

N∗
�

− B − 2Bm + βcm( 􏼁
2

2(A− )
2β2 − 8β + 2λ2

,

E πMN
r |fm, fr􏼐 􏼑

N∗
�

B − Bm( 􏼁 (A − ∆)
2β2 + λ2􏽨 􏽩 + β 2Bm − 3B( 􏼁 + β2cm􏽮 􏽯

2

β (A − ∆)
2β2 − 4β + λ2􏽨 􏽩

2 .

(12)

In addition, the following equation can be obtained:

E B
2

􏼐 􏼑 � a0
2

+ J
2

U + Vm( 􏼁 + K
2

U + Vr( 􏼁 + 2JK U + Vrm( 􏼁,

E Bm
2

􏼐 􏼑 � a0
2

+ tm
2

U + Vm( 􏼁,

E BBm( 􏼁 � a0
2

+ Jtm U + Vm( 􏼁 + Ktm U + Vrm( 􏼁.

(13)

Te unconditional expected proft of both parties can be
obtained by the following calculation:

E πM
m􏼐 􏼑

N∗
� E E πMN

m |fm􏼐 􏼑􏽨 􏽩,

E πM
r􏼐 􏼑

N∗
� E E πMN

r |fm, fr􏼐 􏼑􏽨 􏽩.

(14)

Te unconditional expected proft of manufacturers and
retailers without information sharing under this advertising
model can be obtained:

E πM
m􏼐 􏼑

N∗
�

− a0
2

+ 2βcma0 − J − 2tm( 􏼁
2

U + Vm( 􏼁 + 2K 2tm − 1( 􏼁 U + Vrm( 􏼁 − K
2

U + Vr( 􏼁 + β2cm

2(A − ∆)
2β2 − 8β + 2λ2

,

E πM
r􏼐 􏼑

N∗
�

(A − ∆)
2β2 + λ2􏽨 􏽩

2
J − tm( 􏼁

2
U + Vm( 􏼁 + K

2
U + Vr( 􏼁 + 2K J − tm( 􏼁 U + Vrm( 􏼁􏽨 􏽩 + β2 a0 − βcm( 􏼁

2
+ 3J − 2tm( 􏼁

2
U + Vm( 􏼁 + 6K 3J − 2tm( 􏼁 U + Vrm( 􏼁 + 9K

2
U + Vr( 􏼁􏽨 􏽩

β (A − ∆)
2β2 − 4β + λ2􏽨 􏽩

2 .

(15)

3.1.2. Information Sharing. In the case of information
sharing, both the manufacturer and the retailer make de-
cisions based on fm and fr. Te following equation is the

conditional expected proft function of the manufacturer
and the retailer based on the prediction information of both
sides:

E πM
m |fr, fm􏼐 􏼑

I
� E ω − cm + ∆τ − Aτ( 􏼁(a − βp + λg) −

g
2

2
−
τ2

2
􏼢 􏼣|fr, fm􏼠 􏼡,

E πM
r |fr, fm􏼐 􏼑

I
� E [(p − ω)(a − βp + λg)]|fr, fm( 􏼁.

(16)
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Te optimal retail price, wholesale price, recovery rate,
and advertising investment in information sharing under the
manufacturer’s advertising mode are

p
MI∗

�
B β(A − ∆)

2
− 3􏽨 􏽩 + cm λ2 − β􏼐 􏼑

(A − ∆)
2β2 − 4β + λ2

,

ωMI∗
�

B β(A − ∆)
2

− 2􏽨 􏽩 + cmλ
2

− 2βcm

(A − ∆)
2β2 − 4β + λ2

,

τMI∗
�

β B − βcm( 􏼁(A − ∆)

(A − ∆)
2β2 − 4β + λ2

,

g
MI∗

� −
λ B − βcm( 􏼁

(A − ∆)
2β2 − 4β + λ2

.

(17)

Ten, the conditional expected proft of the manufac-
turer and the retailer can be obtained:

E πM
m |fm, fr􏼐 􏼑

I∗
�

− B − βcm( 􏼁
2

2(A − Δ)2β2 − 8β + 2λ2
,

E πM
r |fm, fr􏼐 􏼑

I∗
�

β B − βcm( 􏼁
2

(A − ∆)
2β2 − 4β + λ2􏽨 􏽩

2 .

(18)

Similarly, the expected profts of manufacturers and
retailers without information sharing can be obtained under
this advertising model:

E πM
m􏼐 􏼑

I∗
� −

a0
2

− 2βcma0 + β2cm
2

+ J
2

U + Vm( 􏼁 + K
2

U + Vr( 􏼁 + 2JK U + Vrm( 􏼁

(A − ∆)
2β2 − 8β + 2λ2

,

E πM
r􏼐 􏼑

I∗
�
β a0 − βcm( 􏼁

2
+ J

2
U + Vm( 􏼁 + K

2
U + Vr( 􏼁 + 2JK U + Vrm( 􏼁

(A − ∆)
2β2 − 4β + λ2􏽨 􏽩

2 .

(19)

3.2. Retailer Advertising Model. Under this model, the ad-
vertising cost is borne only by the retailer, and the retailer is
also responsible for the sale of the product, while the
manufacturer is responsible for the production and recycling
of the product. In this section, the two cases with and
without information sharing are still considered. Under this
model, the proft expressions of manufacturers and retailers
are as follows:

πR
m � ω − cm + ∆τ − Aτ( 􏼁q −

τ2

2
,

πR
r � (p − ω)q −

g
2

2
.

(20)

3.2.1. No Information Sharing. Te following equation is the
conditional expected proft function of the manufacturer
and retailer based on the forecast information:

E πR
m|fm􏼐 􏼑

N
� E ω − cm + ∆τ − Aτ( 􏼁(a − βp + λg) −

τ2

2
􏼢 􏼣|fm􏼠 􏼡,

E πR
r |fr, fm􏼐 􏼑

N
� E (p − ω)(a − βp + λg) −

g
2

2
􏼢 􏼣|fr, fm􏼠 􏼡.

(21)

Te optimal retail price, wholesale price, recovery rate,
and advertising investment under the retailer advertising
mode without information sharing are
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p
RN∗

�

β2(A − ∆)
2 λ2 B − Bm( 􏼁 + βBm􏽨 􏽩 − β2 B + 2Bm( 􏼁

+λ4 B − Bm( 􏼁 + λ2β 3Bm − 2B( 􏼁 + β2cm λ2 − β􏼐 􏼑

(A − ∆)
2β4 − 4β3 + 2λ2β2

,

ωRN∗
�

β2 2Bm − B( 􏼁 (A − ∆)
2β − 2􏽨 􏽩 + B − Bm( 􏼁 β2λ2(A − ∆)

2
+ λ4􏽨 􏽩

+λ2β 4Bm − 3B( 􏼁 + β2cm λ2 − 2β􏼐 􏼑

(A − ∆)
2β4 − 4β3 + 2λ2β2

,

τRN∗
� −

β B − 2Bm( 􏼁 − λ2 B + Bm( 􏼁 + β2cm􏽨 􏽩(A − Δ)
(A − ∆)

2β2 − 4β + 2λ2
,

g
RN∗

�
λ B − Bm( 􏼁 (A − ∆)

2β2 + λ􏽨 􏽩 + β 2Bm − 3B( 􏼁 + λβ2cm

β (A − ∆)
2β2 − 4β + 2λ2􏽨 􏽩

.

(22)

Obtain the conditional expected proft of the manu-
facturer and the retailer:

E πR
m|fm􏼐 􏼑

N∗
�

− β B − 2Bm( 􏼁 + λ2 Bm − B( 􏼁 + β2cm􏽨 􏽩
2

2β2 (A − ∆)
2β2 − 4β + 2λ2􏽨 􏽩

,

E πR
r |fr, fm􏼐 􏼑

N∗
�

β − λ2􏼐 􏼑 B − Bm( 􏼁 (A − Δ)2β2 + λ2􏽨 􏽩 + β 2Bm − 3B( 􏼁 + β2cm􏽮 􏽯
2

2β2 (A − ∆)
2β2 − 4β + 2λ2􏽨 􏽩

2 .

(23)

Ten, the unconditional expected proft of manufac-
turers and retailers without information sharing under the
retailer advertising model can be obtained:

E πR
m􏼐 􏼑

N∗
�

2βλ2 − λ4 − β2􏼐 􏼑 a0
2

+ J
2

U + Vm( 􏼁 + K
2

U + Vr( 􏼁 + 2JK U + Vrm( 􏼁􏽨 􏽩

+ 4βλ2 − λ4 − 4β2􏼐 􏼑 a0
2

+ tm
2

U + Vm( 􏼁􏽨 􏽩 − β4cm
2

+ 2β3cma0

+ 2λ4 − 6βλ2 + 4β2􏼐 􏼑 a0
2

+ Jtm U + Vm( 􏼁 + Ktm U + Vrm( 􏼁􏽨 􏽩

2β2 (A − ∆)
2β2 − 4β + 2λ2􏽨 􏽩

2 ,

E πR
r􏼐 􏼑

N∗
�

2β − λ2􏼐 􏼑 a0
2

􏽨􏽮 + J
2

U + Vm( 􏼁 + K
2

U + Vr( 􏼁 + 2JK U + Vrm( 􏼁􏼃

[ A( − ∆β4 + λ2 − 3β􏼐 􏼑
2

+ 2β2 λ2 − 3β􏼐 􏼑(A − ∆)
2
􏽩 + a0

2
􏽨 + tm

2

U( +Vm􏼁􏼃 (A − ∆)
4β4 + 2β − λ2􏼐 􏼑

2
− 2β2(A − ∆)

2 2β − λ2􏼐 􏼑􏼔 􏼕 + a0
2

􏽨

+Jtm U + Vm( 􏼁 + Ktm U + Vrm( 􏼁􏼃 (A − ∆)
4

􏽨 4β2 − 2β4 − 2βλ2􏼐 􏼑 + 2 λ2􏼐

− 3β􏼁 (A − ∆)
2

􏼐 β2 + 2β − λ2􏼑􏽩 + β3cm βcm − 2a0( 􏼁􏽯

2 (A − ∆)
2β2 − 4β + 2λ2􏽨 􏽩

2 .

(24)
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3.2.2. Information Sharing. Te following equation is the
conditional expected proft function of the manufacturer

and the retailer based on the prediction information con-
ditions of both sides.

E πR
m|fr, fm􏼐 􏼑

I
� E ω − cm + ∆τ − Aτ( 􏼁(a − βp + λg) −

τ2

2
􏼢 􏼣|fr, fm􏼠 􏼡,

E πR
r |fr, fm􏼐 􏼑

I
� E (p − ω)(a − βp + λg) −

g
2

2
􏼢 􏼣|fr, fm􏼠 􏼡,

(25)

Te optimal retail price, the optimal wholesale price, the
optimal recovery rate, and the optimal advertising in-
vestment in the information sharing of the retailer adver-
tising mode are

p
RI∗

�
B (A − ∆)

2β2 − 3β + λ2􏽨 􏽩 + βcm λ2 − β􏼐 􏼑

(A − ∆)
2β3 − 4β2 + 2λ2β

,

ωRI∗
�

B (A − ∆)
2β2 − 2β + λ2􏽨 􏽩 + βcm λ2 − 2β􏼐 􏼑

(A − ∆)
2β3 − 4β2 + 2λ2β

,

τRI∗
�

β(A − ∆) B − βcm( 􏼁

(A − ∆)
2β2 − 4β + 2λ2

,

g
RI∗

�
λ βcm − B( 􏼁

(A − ∆)
2β2 − 4β + 2λ2

.

(26)

Obtain the conditional expected proft of the manu-
facturer and the retailer:

E πR
m|fr, fm􏼐 􏼑

I∗
�

− B − βcm( 􏼁
2

2(A − Δ)2β2 − 8β + 4λ2
,

E πR
r |fr, fm􏼐 􏼑

I∗
�

B − βcm( 􏼁
2 2β − λ2􏼐 􏼑

2 (A − Δ)2β2 − 4β + 2λ2􏽨 􏽩
2 .

(27)

By the same token, the unconditional expected proft of
manufacturers and retailers when they share information in
this advertising mode can be obtained:

E πR
m􏼐 􏼑

I∗
�

a0 − βcm( 􏼁
2

− J
2

U + Vm( 􏼁 + K
2

U + Vr( 􏼁 + 2JK U + Vrm( 􏼁􏽨 􏽩

2(A − ∆)
2β2 − 8β + 4λ2

,

E πR
r􏼐 􏼑

I∗
�

2β − λ2􏼐 􏼑 a0 − βcm( 􏼁
2

+ J
2

U + Vm( 􏼁 + K
2

U + Vr( 􏼁 + 2JK U + Vrm( 􏼁􏽨 􏽩

2 (A − ∆)
2β2 − 4β + 2λ2􏽨 􏽩

2 .

(28)

3.3.Model Comparison andAnalysis. According to the value
range and limiting conditions of each variable, it can be
known that β(A − ∆)2 − 2< 0, β − λ2 > 0, (A − ∆)2β2 − 4β +

2λ2 < 0, β(A + ∆)2 − 2> 0, (A − ∆)2β2 − 2β + λ2 < 0.

Proposition 1. Comparison of decision variables in diferent
situations:

(1) If and only if B<Bm, qMI∗ > qMN∗, pMI∗ <pMN∗,
ωMI∗ <ωMN∗, τMI∗ < τMN∗, gMI∗ <gMN∗.

(2) If and only if B<Bm, qRI∗ > qRN∗, pRI∗ <pRN∗,
ωRI∗ <ωRN∗, τRI∗ < τRN∗, gRI∗ >gRN∗.

(3) qMN∗ < qRN∗, pMN∗ >pRN∗, ωMN∗ >ωRN∗,
τMN∗ < τRN∗, gMN∗ <gRN∗.

(4) qMI∗ < qRI∗, pMI∗ >pRI∗, ωMI∗ >ωRI∗, τMI∗ < τRI∗,
gMI∗ <gRI∗.

(1) and (2) in Proposition 1 illustrate the infuence of
information sharing on manufacturers’ and retailers’ re-
spective decision variables.When themanufacturer’s market
demand forecast is higher than that of the retailer, in-
formation sharing will lead to lower unit recycling, wholesale
price, and retail price of the product and higher demand.Te
advertising efect is better when the information is not

Discrete Dynamics in Nature and Society 7



shared in the manufacturer model, and the opposite is true
in the retailer model.

(3) and (4) describe the infuence of the subject of ad-
vertising on each decision variable. It can be seen that under
the condition of no information sharing, the wholesale price
of products in the manufacturer’s advertising model is
higher, but the product demand, recovery rate, and ad-
vertising investment are lower. Terefore, if the decision
makers pay more attention to the increase of demand, they
should choose the retailer advertising mode as much as
possible. However, if it is more inclined to reduce the ad-
vertising cost, it is more suitable to choose the manufacturer
advertising mode.

Proposition 2. Te comparison of manufacturers’ profts
under diferent circumstances is as follows:

(1) If and only if (B − Bm)(Bm − βcm)> 0, E(πM
m |

fm)I∗ >E(πM
m |fm, fr)

N∗ ; if and only if U(J + K) +

JVm + KVrm − tm(U + Vm)> 0, E(πM
m )I∗ >E

(πM
m )N∗ .

(2) If and only if (B − Bm)[λ2(B − Bm) + 2βBm

− 2β2cm]> 0, E(πR
m|fm)I∗ >E(πR

m|fm, fr)
N∗ ; if and

only if λ2[J2(U + Vm) + K2(U + Vr) + 2JK

(U + Vrm)] + 2tm[J(U + Vm) + K(U + Vrm)] + tm
2

(U + Vm)(λ2 − 2β)> 0, E(πR
m)I∗ >E(πR

m)N∗ .

Proposition 2 describes the impact of information
sharing on manufacturers’ profts under two advertising
models. It can be seen that when diferent conditions are
met, manufacturers can strive for greater profts through
information sharing. In other words, information sharing is
valuable to manufacturers only under these conditions.

Proposition 3. Te proft comparison of retailers under
diferent circumstances is as follows:

(1) If and only if (B − Bm)[(A− )2β2 + λ2 − 2β] (B−{

Bm)[(A − ∆)2β2+ λ2] + 2β(Bm − 2B) + 2β2cm}< 0,
E(πM

r |fr)
I∗ >E(πM

r |fm, fr)
N∗ ; if and only if

[(A − ∆)2β2 + λ2 − 2β] [J(J − 2tm)(U + Vm)+􏼈 2K

(J − tm)(U + Vrm) + K2(U + Vr) + tm
2(U + Vm)]

[(A − ∆)2β2 + λ2] + 2β[(U + Vm)(3Jtm − 2J2 − tm
2)

+K(U + Vrm)(3tm − 4J) − 2K2(U + Vr)]}> 0,
E(πM

r )I∗ >E(πM
r )N∗ .

(2) If and only if (B − Bm)[(A − ∆)2β2 + λ2 − β]+

β(Bm − 2B) + β2cm < 0, E(πR
r |fr)

I∗ >E(πR
r |fm,

fr)
N∗ ; if and only if β2cm − βa0 < 0,

E(πR
r )I∗ >E(πR

r )N∗ .

Proposition 3 describes the impact of information
sharing on retailers’ profts under the two advertising
models. Under certain conditions, retailers can achieve more
profts through information sharing.

Corollary 1. It follows from Propositions 2 (1) and 3 (1) that
in the manufacturer advertising model, if and only if
(A − ∆)2β2 + λ2 − 2β< 0, (B − Bm)[(A − ∆)2β2 + λ2] + 2

β2cm + 2β(Bm − 2B)> 0, and B>Bm > βcm, manufacturers
and retailers are more likely to share information when
making decisions.

Corollary 2. According to Propositions 2 (2) and 3 (2), in the
retailer advertising mode, when the following two conditions
are met, manufacturers and retailers will be more inclined to
share information:

(1) B>Bm and (B − Bm)[(A − ∆)2β2 + λ2 − β] + β
(Bm − 2B) + β2cm < 0.

(2) B<Bm, (B − Bm)[(A − ∆)2β2 + λ2 − β] + β(Bm−

2B) + β2cm < 0, and λ2(B − Bm) + 2βBm − 2β2cm < 0.

Proposition 4. Te infuence of advertising efect on the
optimal decision variables and respective profts of manufac-
turers and retailers under diferent advertising modes and
diferent information sharing modes is as follows: pMN∗, pMI∗,
pRN∗, pRI∗, ωMN∗, ωMI∗, gMN∗, gMI∗, gRN∗, gRI∗, τMN∗,
τMI∗, τRN∗, τRI∗, qMN∗, qMI∗, qRN∗, qRI∗, πMN∗

m , πMI∗
m , πRN∗

m ,
πRI∗

m , πMN∗
r , πMI∗

r , πRN∗
r , and πRI∗

r are positively correlated
with λ, and ωRN∗ and ωRI∗ all are negatively correlated with λ.

In this paper, λ represents the sensitivity of market
demand to advertising, refecting advertising efect. It can be
seen from Proposition 4 that the demand for products is
proportional to the advertising efect, which will encourage
manufacturers to increase advertising eforts, and manu-
facturers will increase the recycling of products. Under the
mode of advertising, the same quality condition, if con-
sumers prefer to advertise products, you can increase the
demand for product advertising, the infuence of the retailers
can improve the product at the retail level, due to the in-
creased cost of advertising, and the retail price will increase
without a decrease in demand and profts, so the wholesale
price will increase and then increase the profts of manu-
facturers and retailers. Under the retailer advertising model,
the increase in market demand will make the production of
products achieve economies of scale. In order to encourage
retailers to continue to vigorously advertise to increase the
demand, manufacturers will reduce the wholesale price on
the premise of ensuring their own profts.

4. Simulation Analysis

In order to verify the above conclusions and propositions
more intuitively, this section analyzes the infuence of
various parameters on supply chain equilibrium results
under diferent circumstances through simulation.

4.1. Design of the Simulation Analysis. Table 1 lists the pa-
rameter values.

4.2. Te Efect of Advertising. Figure 1 shows the infuence
curve of the advertising efect λ on the wholesale price of
products. It can be seen that the advertising efect has op-
posite efects on the optimal wholesale price in the two
advertising modes, which are directly proportional and
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inversely proportional, respectively, and the decreasing rate
in the retailer advertisingmode is smaller than the increasing
rate in the manufacturer advertising mode. When the
manufacturer is responsible for advertising, the increase in
advertising efect will lead to the increase in product sales,
which will stimulate the manufacturer to increase the ad-
vertising efort. In the absence of advertising, higher prices
may result in lower sales, but if this is compensated for by
increased profts from advertising, manufacturers can still
increase wholesale prices. When an advertisement is placed
by a retailer, at a higher advertising efect, the sales of the
same advertising efect will be much more than those of the
manufacturer. So, in order to encourage retailers to increase
their advertising eforts, manufacturers would rather lower
wholesale prices in order to achieve higher sales and profts.

Figure 2 shows the infuence curve of advertising efect λ
on product retail price p. It can be seen that the retail price
will increase with the increase of the advertising efect under
the two advertising models. When the advertising efect is
less than a certain value, the retail price in the manufac-
turer’s advertising mode is higher, and the opposite is true
when the advertising efect is greater than this value. Under
the same advertising efect, the advertising cost of the retailer
advertising mode is higher, so even if the wholesale price
decreases with increasing advertising efect, the retail price
will not decrease. When the advertising efect is large, the
sales volume in the retailer advertising model is more
sensitive to the change of the advertising efect, which makes
the retail price increase rate in this advertising model much
higher than that in the manufacturer advertising model.
Terefore, when the advertising efect reaches a certain
value, the retail price of the retailer advertising mode will be
greater than that of the manufacturer advertising mode.

Figure 3 depicts the infuence curve of advertising efect
λ on manufacturer’s proft πm. Te manufacturer’s proft is
always proportional to the advertising efect. Since the re-
tailer can know the consumer’s demand more directly, it is
assumed that the retailer can predict the market demand
more accurately. After information sharing, manufacturers
will get more accurate forecast value, which enables man-
ufacturers to more accurately control the cost input and
production scale of products, thus increasing profts. When
the advertising efect is large, the retailer advertising model
will maximize the proft of the manufacturer, and when the

advertising efect is small, the opposite is true. Although it
can be seen in Figure 1 that the wholesale price under the
retailer’s advertisingmode is lower, the wholesale price is not
the only factor that afects the manufacturer’s proft. When
the advertising efect reaches a certain value, the sales vol-
ume under the retailer’s advertising mode will increase
exponentially, ofsetting the reduced proft due to the de-
crease of the wholesale price. In this case, the manufacturer
does not have to bear the advertising cost, and the increase of
advertising efect will increase the recovery rate and reduce
the production cost. Tis is also one of the reasons why the
manufacturer’s proft is much higher than that when it
advertises.

Table 1: Basic value and range of the parameter.

Parameter Base value and
range of values

a0 120
β 0.8
cm 5
Δ 1.5
A 1
λ 0.8 (0-1)
U 400 (225–625)
Vm 100 (1–256)
Vr 81 (1–256)
Vrm 0

110

105

100

95

90

85

80

75

70

65
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

λ

ω

Advertising by retailers
Advertising by manufacturer

Figure 1: Impact of λ on wholesale prices.

180
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160
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140
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Advertising by retailers
Advertising by manufacturer

Figure 2: Impact of λ on retail prices.
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Figure 4 shows the infuence trend of the advertising
efect λ on retailer’s proft πr. It can be seen that the retailer’s
proft is always proportional to the advertising efect. When
the manufacturer is responsible for advertising, the retailer
can always gain more profts under the information sharing
model, but it needs to be discussed separately when the
retailer is responsible for advertising. When the advertising
efect is less than a certain value, retailers will gain more
profts if they choose not to share information, while when
the advertising efect is greater than a certain value, in-
formation sharing is more benefcial to retailers, and the rate
of proft increase is larger than other cases. In the retailer
advertising mode, when the advertising efect is small, the
retail price is low, and the product sales are small, but the
wholesale price is relatively high, resulting in low proft for
the retailer. At this time, the retailer’s only advantage is the
high accuracy of market demand forecast. If information
sharing is carried out, its advantage will be weakened,
resulting in lower profts. When the advertising efect is at
a large value, the wholesale price drops, and sales increase
exponentially, making the proft growth rate maximum.

4.3. Te Efect of Market Variance. Figure 5 illustrates the
impact of a manufacturer’s forecast variance Vm on its proft
πm. It can be seen that the proft of the manufacturer is
always inversely proportional to its prediction variance, and
the rate of proft decline when information is not shared is
larger than that when information is shared under the same
advertising mode. Te larger the variance of the manufac-
turer’s forecast is, the larger the forecast error will be, which
will damage its proft, and the manufacturer will prefer the
retailer’s advertising model. Under the retailer’s advertising
mode, the manufacturer can increase the demand without
bearing the advertising cost, and under the same advertising

efect, the sales volume under the retailer’s advertising mode
can reach several times of that under the manufacturer’s
advertising mode, which can increase the manufacturer’s
proft and make up for the reduced proft due to the
wholesale price.

Figure 6 shows the impact of the manufacturer’s forecast
variance Vm on the retailer’s proft πr. It is known that the
retailer’s proft is directly proportional to the manufacturer’s
forecast variance when information is not shared and in-
versely proportional otherwise. Te larger the value in the
manufacturer’s advertising model, the lower the accuracy of
the manufacturer’s prediction, so the retailer can use the
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Figure 3: Impact of λ on manufacturer’s proft.
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Figure 4: Impact of λ on retailer’s proft.
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Figure 5: Impact of Vm on manufacturer’s proft.
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error to improve the proft. If information is not shared in
the manufacturer’s advertising mode, the closer the man-
ufacturer’s forecast variance to the retailer is, the greater the
retailer’s proft growth rate is and the smaller the retailer’s
proft growth rate is otherwise. It can be seen that, contrary
to the retailer, the manufacturer is more inclined to the
retailer’s advertising mode at this time, and both parties can
seek proft maximization through the coordination contract.

Figure 7 shows the infuence trend of retailer’s forecast
variance Vr on manufacturer’s proft πm. It can be seen that
under the two advertising models, the increase of retailer’s

forecast variance is disadvantageous to the manufacturer,
and the information sharing can improve themanufacturer’s
proft. Other things being equal, manufacturers will prefer
the retailer advertising model.

Figure 8 shows the trend of infuence of retailer’s forecast
variance Vr on its proft πr. It can be seen that the increase of
retailer’s forecast variance has a restraining efect on the
increase of retailer’s own proft. In the manufacturer ad-
vertising mode, retailers are more inclined to share in-
formation, but in the retailer advertising mode, they are
more inclined to not share information. Te larger the

3100

2900

2700

2500

2300

2100

1900
0 32 64 96 128 160 192 224 256

Vm

Π
r

No information sharing under manufacturer advertising
Information sharing under manufacturer advertising
No information sharing under retailer advertising
Information sharing under retailer advertising

Figure 6: Impact of Vm on retailer’s proft.
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Figure 7: Impact of Vr on manufacturer’s proft.
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variance of the retailer’s forecast, the more inaccurate the
forecast market demand, which will damage the retailer’s
proft to a certain extent.

5. Conclusions and Prospects

In this paper, we construct a two-stage closed-loop supply
chain, select the manufacturer recovery mode, study the
demand forecast information sharing problem of the supply
chain, and introduce the advertising efect into the model.
Tis paper constructs a Stackelberg game model, discusses
the problem of information sharing in the supply chain
when the manufacturer is the dominant enterprise, sets up
a model in which the manufacturer and the retailer put
advertising separately, and analyzes the impact of adver-
tising efect on the decision variables of the enterprise and
the proft of the manufacturer and the retailer under dif-
ferent circumstances. Te main conclusions are as follows.

Te research shows that manufacturers prefer retailers to
advertise whether the demand forecasting information is
shared or not. Retailers prefer manufacturers to advertise
when information is shared, and vice versa when in-
formation is not shared.

Under the two advertising modes, the sharing of demand
forecasting information may not increase the profts of all
members of the supply chain, and only when certain con-
ditions are met can information sharing achieve a “win-win”
situation. Te accuracy of demand information, the size of
advertising efect, the stability of market demand, and other
factors will afect the decision of both manufacturers and
retailers on information sharing. When information sharing
can only increase the proft of one party, the other party can
make some compromises, such as signing a coordination
contract to make up for the loss of the other party.

Under the two advertising modes, the advertising efect
has a promoting efect on the retail price, sales volume,
recovery rate, advertising intensity, and the proft of

manufacturers and retailers. However, the efect of adver-
tising on wholesale price is positive only in the case of
manufacturer's advertising model and reverse in the case of
retailer's advertising model..

Tis paper also has some limitations. In terms of ad-
vertising, only manufacturers and retailers are designed to
advertise separately. In future research, the mode of joint
advertising can be considered. Tis article only compares
and analyzes the results with or without information sharing
under each advertising mode. In further research, the design
of the contract in each mode can be considered to promote
information sharing between the supply chain members and
make the research more realistic.
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