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Considering market fluctuations and risk aversion, this paper analyzes the decisions of a dual-channel supply chain consisting of
one manufacturer and one retailer and compares the differences in the centralized structure, manufacturer-dominated structure,
retailer-dominated structure, and Nash equilibrium structure.+is paper also analyzes the impacts of market fluctuations and risk
aversion on supply chain profits. +e results show that the direct selling price is not influenced by market fluctuations and risk
aversion under the retailer’s risk aversion, and the manufacturer-dominated structure and the retail price, direct selling price, and
wholesale price in other power structures are negatively correlated with market fluctuations and risk aversion, but the order
quantity in the four power structures is positively correlated with market fluctuations and risk aversion, and the profits of supply
chain are impacted differently by the market fluctuations and risk aversion.

1. Introduction

+e popularity of the Internet and the enhancement of
consumers’ willingness to shop online have forced an in-
creasing number of enterprises to open online markets, such
as IBM, Lenovo, and Dell, and retail enterprises have also
launched online competition to improve their competi-
tiveness, such asWal-Mart, Gome, and SUNING.+e online
direct marketing channel has changed the original market
management mode and has rendered competition in the
existing market more intense, and it has also aggravated the
conflict between manufacturers and retailers. +erefore, the
operation of the dual-channel supply chain has widely been
concerned by scholars at home and abroad. However, the
dual-channel management model weakens the limitations of
the traditional market time and space, making the cognition
of both sides of the transaction more superficial. At the same
time, the virtual nature of the trading environment will bring
electronic contracts, product quality problems, and online
unfair competition, leaving the online market unstable. In

addition, the intensification of market competition will
bring market fluctuations and will also bring unpredictable
risks to manufacturers and retailers, causing manufacturers
and retailers to avoid risks and make decisions that are not
conducive to the development of supply chains. +erefore, it
is increasingly important to study the influence of supply
chain risk aversion and market fluctuations on supply chain
decision-making, especially the different risk-averse be-
haviors of supply chain members and the different influ-
ences of stochastic market fluctuations on supply chain
decision-making against the background of dual-channel
supply channels.

Currently, the research on risk aversion dual-channel
supply chains is mainly based on manufacturer-led struc-
tures, involving two models of supply chains. First one is the
centralized and decentralized models of traditional supply
chains. Li and Zhang [1] established a risk-averse dual-
channel supply chainmodel based on themethod of absolute
risk value and studied the pricing strategies of supply chains
under different power structures. +e influences of the
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manufacturer’s risk aversion and the retailer’s risk aversion
on different pricing were analyzed with an example. Xu et al.
[2] considered the problem of dual-channel supply chain
coordination when both the manufacturer and the retailer
are risk averse, using only price contracts and two-way
income sharing contracts to coordinate supply chains.
Zhang and Yao [3] considered the dual-channel supply
chain with consumer returns. +e influences of simulta-
neous risk aversion on supply chain decisions by manu-
facturers and retailers were studied by establishing
centralized and decentralized game models. Zhang and Yao
[4] studied the influences of consumer returns and market
demand fluctuations on risk-averse dual-channel decision-
making. Xu and Zhang [5] considered the coordination
problem based on price discounts when both the manu-
facturer and the retailer avoid risk in a dual-channel supply
chain with random demand. Yan et al. [6] considered the
dual-channel supply chain with a manufacturer-dominated
structure and risk aversion and analyzed the influence of risk
aversion on supply chain decisions when market demand is
disturbed. Yan et al. [7] considered a dual-channel supply
chain composed of a risk-averse supplier and a risk-neutral
retailer and established demand-disturbance and risk-averse
supply chain models under centralized and decentralized
modes, respectively.+e decisions of the supply chain before
and after demand fluctuation were compared.

Second is the decentralized supply chain model. Li et al.
[8] considered a two-stage supply chain composed of one
manufacturer and one retailer and analyzed the influence of
the risk aversion of both on supply chain decision-making
under competition and cooperation modes. Li et al. [9]
studied the supply chain of perishable products with leading
supplier and retailer’s risk aversion; they compared the
pricing strategies when the retailer is risk neutral, and the
retailer is risk averse based on the risk value and conditional
risk value and coordinated the supply chain by risk and
revenue-sharing contracts. Liu et al. [10] considered the
dual-channel supply chain of consumers’ residual, estab-
lished decentralized game models when both the manu-
facturer and retailer are risk averse, and compared the
different decisions of supply chains under complete infor-
mation and asymmetric information. Wang et al. [11]
studied the influence of risk aversion of the manufacturer
and the retailer at the same time on the decisions of the
supply chain under the condition of asymmetric informa-
tion and compared the equilibrium strategies under the
situations of information symmetry and asymmetric in-
formation. Wang et al. [12] studied information sharing in
the dual-channel supply chain under the retailer’s risk
preference and compared the decisions of the supply chain
in the information sharing mode. Chen and Hu [13] studied
the effects of risk aversion on the supply chain under the
three modes of dual-channel supply chains. It was found that
the risk aversions of the manufacturer and the retailer have
different influences on the supply chain, and the selling price
and wholesale price are the best in the dual-channel mode of
horizontal concentration. Shen and Liu [14] considered the
influences of risk aversion and carbon emissions efforts on
the decisions of supply chains under the three scenarios of

dual-channel supply chains when the manufacturer is
dominant.

It can be found from the above literature that the re-
search on dual-channel supply chains when the manufac-
turer is dominant has mainly involved the traditional mode
in the early stage and, in recent years, research on the
decentralized model has been relatively common. However,
there exists literature on risk-averse dual-channel supply
chains. Yan and Liu [15] studied the dual-channel supply
chain under dominant and risk-averse retailers and analyzed
the changes in the supply chain before and after demand
disruption under the decentralized mode. Fang et al. [16]
considered the dual-channel supply chain under dominant
and risk-averse retailers in the condition of stochastic de-
mand and analyzed the pricing and expected utility of the
centralized and decentralized models, which were estab-
lished. In the Nash equilibrium mode, Wang and Zhou [17]
considered the pricing of a dual channel of single and al-
ternative products. Li et al. [18] studied the dual-supply
chain of perishable products with a risk-averse retailer and
analyzed the influence of risk aversion on supply chain
decisions under a Nash equilibrium game and different
demand disruption scenarios. It can be seen that there has
been less literature on retailer-dominant and Nash equi-
librium structures.

In conclusion, the existing literature includes two cases:
on the one hand, the manufacturer and the retailer are risk
averse at the same time under a manufacturer-dominant
structure, while the retailer is risk averse when the retailer is
leading; on the other hand, the manufacturer and the retailer
are risk averse at the same time, or the retailer is risk averse
in a Nash equilibrium game. However, in fact, the different
power structures render the different attitudes of the
manufacturer and the retailer to the obvious risk: the
manufacturer has more rights when the manufacturer is
dominant, and the risk-averse attitude of the retailer as a
follower is more obvious, in greater accord with the psy-
chological expectations of the participants. +e manufac-
turer shows a more obvious risk-averse attitude when the
retailer is dominant. In addition, the effect of demand
fluctuations on the dual-channel supply chain has not been
studied under the condition of stochastic demand. +ere-
fore, in the aforementioned literature, the risk aversion of
the supply chain under a power balance was studied, and the
risk aversion of the follower was analyzed when the power
was not balanced, and this paper compares the decisions of
the two-channel supply chain by establishing game models
under the three different power structures of the centralized
mode—the manufacturer-dominant mode, retailer-domi-
nant mode, and Nash equilibrium mode—and analyzes the
influences of market fluctuations on the decisions of the
dual-channel supply chain to obtain different management
enlightenment and to improve the research on dual-channel
supply chain management. In addition, the widest impact of
these market models on environmental ecosystems could be
considered [19, 20].

+e rest of this paper is organized as follows. Section 2 is
the model description, which mainly explains the four types
of power structures and establishes the models. Section 3
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analyzes the risk-averse supply chain in the centralized
mode, the structure of a risk-averse retailer and a dominant
manufacturer, the structure of a dominant retailer and a
risk-averse manufacturer, and the Nash equilibrium struc-
ture of dual-risk aversion. Section 4 compares the decision-
making under different power structures and draws different
research conclusions. Section 5 is the numerical analysis to
draw analytic conclusions and the potential regular pattern.
Section 6 is a summary of the paper and suggestions for
future research.

2. Model Description

+is paper analyzes a dual-channel supply chain composed
of a manufacturer and a retailer and studies four different
power structures, namely, the centralized structure (c),
manufacturer-led structure (m-s), retailer-led structure (r-
s), and Nash equilibrium structure (n), as shown in Figure 1.
+emanufacturer can sell products through both the retailer
and a direct channel and determine wholesale prices and
direct selling prices, while the retailer can determine retail
prices. To make the manufacturer profitable, there is pr >w.

+e risk value is evaluated by the mean-variance method
according to the literature, such as H.-S. Lau and A. H.-L.
Lau [21] and Choi et al. [22], whereby the utility function of
the risk-averse supply chain is as follows:

u(π) � E(π) − k
������
var(π)


, (1)

where var(π) � E[π − E(π)]2, and it is the variance of the
profit of supply chain which is studied in the paper.

In addition, under a risk-averse supply chain, the in-
fluence of the market scale on decision-making is greater
than that of risk aversion and market fluctuation, that is,
a> kiσ, i � m, r. km and kr are the risk-aversion coefficients
of the manufacturer and retailer, respectively, and σ is the
fluctuation coefficient of market demand and σ > 0 [4]. For
comparative analysis, it is assumed that the supply chain has
the same attitude toward risk aversion [23], that is,
km � kr � k> 0.

+e demand functions of the retail channel and the
direct channel are as follows: according to Hua et al. [24] and
Huang et al. [25],

Dr � φa0 − αrpr + βpd,

Dd � (1 − φ)a0 − αdpd + βpr.
(2)

To simplify the operation, it is supposed that the
manufacturing cost is zero [26, 27], from which the profit
functions of the retailer andmanufacturer can be obtained as
follows:

πr � pr − w( Dr,

πm � pdDd + wDr,
(3)

where rmeans the retail channel, dmeans the direct channel,
D is the total demand of the supply chain, Dr is the retail
channel demand, Dd is the direction channel demand, πr is
the profit of the retailer, πm is the profit of the manufacturer,
φ is the consumer preference degree of the retail channel, a is

the potential random demand of the market, a � a + ε, and
ε ∼ N(0, σ2). αr and αd are the self-pricing sensitivity co-
efficients of the retail and direct channels, respectively, and β
is the cross-pricing sensitivity coefficient. At the same time,
it is assumed that the demand is more affected by the custom
price than cross-pricing, that is, αi > β, i � r, d.

3. Decision Analysis under the Different
Power Structures

3.1. Decisions of the Centralized Structure. In the centralized
structure, the expected profit function of the supply chain is
as follows:

E πc(  � prDr + pdDd, (4)

where πc is the profit of the centralized supply chain, the
supply chain is risk averse, and the variance of supply chain
profit is as follows:

var πc(  � E πc − E πc(  
2

� φpr +(1 − φ)pd 
2σ2. (5)

+e utility function of the centralized supply chain is as
follows:

u πc(  � E πc(  − k

�������

var πc( 



� pr φa − αrpr + βpd(  + pd (1 − φ)a − αdpd + βpr 

− kσ φpr +(1 − φ)pd .

(6)

+e first-order optimal conditions of the utility function
of the supply chain in relation to the retail price and the
direct selling price are as follows:

zu πc( 

zpr

� φ(a − kσ) − 2αrpr + 2βpd, (7)

zu πc( 

zpd

� (1 − φ)(a − kσ) − 2αdpd + 2βpr. (8)

According to formulas (7) and (8), the Hessel matrix of
the utility function is as follows:

− 2αr 2β

2β − 2αd

  � 4αrαd − 4β2 > 0. (9)

+e value of the Hessel matrix is positive, so there is the
optimal value of pcr and pcd in the centralized supply chain,
obtained according to formulas (7) and (8):

pcr �
(a − kσ) φαd +(1 − φ)β 

2 αrαd − β2 
, (10)

pcd �
(a − kσ) φβ +(1 − φ)αr 

2 αrαd − β2 
. (11)

According to formulas (10) and (11), the quantity of
market demand is obtained as follows:

Qc � E(D) �
a + kσ

2
. (12)
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Proposition 1. In the centralized supply chain, the coefficient
of risk preference and market demand fluctuation are neg-
atively correlated with retail price and direct selling price and
positively correlated with order quantity.

Proof. +e first-order derivatives of k and σ are obtained
according to formulas (10) and (11).

zpcr

zk
� −

σ φαd +(1 − φ)β 

2 αrαd − β2 
< 0,

zpcr

zσ
� −

k φαd +(1 − φ)β 

2 αrαd − β2 
< 0,

zpcd

zk
� −

φβ +(1 − φ)αr 

2 αrαd − β2 
< 0,

zpcd

zσ
� −

k φβ +(1 − φ)αr 

2 αrαd − β2 
< 0.

(13)

+e first-order derivatives of σ and k are obtained
according to formula (12):

zQc

zk
�
σ
2

,

zQc

zσ
�

k

2
.

(14)

It can be known from the model description that σ is the
fluctuation coefficient of market demand and σ > 0 and k is
the degree of risk aversion and k> 0, so it can be obtained
that (zQc/zk) � (σ/2)> 0 and (zQc/zσ) � (k/2)> 0.

+us, Proposition 1 is tenable.
As seen from Proposition 1, the retail price and the direct

selling price decrease with the increases in risk aversion and
market fluctuation, but the order quantity is increased with
the increases in risk preference and market fluctuation,
showing that the greater that the risk is and the greater that
the market fluctuation is, the lower that the retail price and
direct selling price are. +erefore, the goal of stabilizing the
market share can be achieved by reducing the retail price and
the direct selling price, as well as increasing the order

quantity; at the same time, the risk caused by risk aversion
and market fluctuations can be reduced. □

3.2. Models under the Risk-Averse Retailer and Dominant
Manufacturer. +e variance is obtained by the expected
profit function as follows:

var πr(  � E πr − E πr(  
2

� σφ pr − w(  
2
. (15)

+e utility function of the retailer is as follows:

u πr(  � E πr(  − k

�������

var πr( 



� pr − w(  φa − φkσ − αrpr + βpd( .
(16)

+efirst-order derivative of the retailer is obtained by the
utility function:

zu πr( 

zpr

� φa − φkσ − 2αrpr + βpd + αrw. (17)

+erefore, the optimal price of the retail is calculated
when the manufacturer is dominant:

pr �
φa − φkσ + βpd + αrw

2αr

. (18)

+e expected profit function of the manufacturer is as
follows according to formula (18).

E πm(  �
w

2
φa + φkσ + βpd − αrw(  + pd (1 − φ)a

− αdpd +
β
2αr

φa − φkσ + βpd + αrw( .

(19)

+erefore, the optimal conditions of the wholesale price
and the direct price can be obtained:

zE πm( 

zw
� − αrw + βpd +

1
2

(a + kσ), (20)

zE πm( 

zpd

� βw + 2
β2

2αr

− αd pd +(1 − φ)a +
φβ
2αr

(a − kσ).

(21)
+e Hessel matrix is as follows:

w

Customer

r-s

Pr

w

Customer

m-s

Pr

pd

Customer

c

Pr

w

Customer

n

Pr

pd Retailerpd
Risk-averse

retailer
Risk-averse

retailer
pd

Risk-averse
retailer

Risk-averse
manufacturer 

Risk-averse
manufacturer 

Risk-averse
manufacturerManufacturer

Figure 1: +e structures of the dual-channel supply chain.
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− αr β

β
β2

αr

− 2αd

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
� 2 αrαd − β2 > 0, (22)

where − αr < 0 and 2(αrαd − β2)> 0, and the Hessel matrix is
definitely positive, so there is the optimal wholesale price and
direct price. Combining formulas (20) and (21), the optimal
direct price pmd, the optimal wholesale price wm, and the
optimal retail price pmr and the optimal order quantity Qm can
be obtained when the manufacturer is dominant as follows:

pmd �
φβ +(1 − φ)αr a

2 αrαd − β2 
, (23)

wm �
φαd +(1 − φ)β a

2 αrαd − β2 
+
φkσ
2αr

, (24)

pmr �
φ β2 + αrαd  + 2(1 − φ)βαr a

4αr αrαd − β2 
+
φ(2a − kσ)

4αr

,

(25)

Qm � E(D) �
a

2
−
φ αr − β( (a − kσ)

4αr

. (26)

Proposition 2. When themanufacturer is dominant, and the
retailer is risk averse, the direct selling price is not affected by
risk aversion and market fluctuation; the wholesale price and
order quantity increase with the increases in risk aversion and
market fluctuation, while the retail price decreases with the
increases in risk aversion and market fluctuation.

Proof. +e first-order derivatives of k and σ are obtained by
formulas (23)–(25) as follows:

zpmd

zk
� 0,

zpmd

zσ
� 0,

zwm

zk
�
φσ
2αr

> 0,

zwm

zσ
�

φk

2αr

> 0,

zpmr

zk
� −

φσ
4αr

< 0,

zpmr

zσ
� −

φk

4αr

< 0,

zQm

zk
�
φ αr − β( σ

4αr

> 0,

zQm

zσ
�
φ αr − β( k

4αr

> 0.

(27)

We can see that Proposition 2 is proved.

Proposition 2 shows that, in the manufacturer-led
Stackelberg game, the direct selling price has nothing to do
with the risk aversion of the retailer and market fluctuations,
but the wholesale price and order quantity are positively
correlated with the risk aversion of the retailer and market
fluctuations, and the retail price is negatively correlated with
the risk aversion of the retailer and market fluctuations. In
the noncooperative game dominated by the manufacturer,
the manufacturer will increase wholesale prices to earn more
benefits, while the retailer will reduce retail prices to avoid
risks and then obtain a greater market share, thus increasing
the interest conflicts between the manufacturer and
retailer. □

3.3. Models under the Dominant Retailer and the Risk-Averse
Manufacturer. In the retailer-led models, the manufacturer
first decides the wholesale price and direct price, and the
retailer decides the retail price; the models can be solved by
backward induction.

First, according to Shi et al. [28] and Liu et al. [29], the
profit of the retailer is supposed to bem; then m � pr − w, so
pr � w + m, from which the utility function of the manu-
facturer is obtained as follows:

u πm(  � E πm(  − k

�������

var πm( 



� w φa − αr(w + m) + βpd  + pd (1 − φ)a − αdpd

+ β(w + m) − kσ φw +(1 − φ)pd .

(28)
It is known that the first-order derivatives of prd and wr

are obtained by the utility function of the manufacturer:
zπc

zw
� φ(a − kσ) − 2αrw + 2βpd − αrm, (29)

zπc

zpd

� (1 − φ)(a − kσ) − 2αdpd + 2βw + βm. (30)

+en, the Hessel matrix is definitely positive, so there is
the optimal wholesale price and direct price. Combining
formulas (29) and (30), the optimal wholesale price wr and
direct price prd are obtained as follows:

prd �
(a − kσ) φβ +(1 − φ)αr 

2 αrαd − β2 
,

wr �
(a − kσ) φαd +(1 − φ)β a

αrαd − β2
− pr.

(31)

Inserting prd and wr into the expected profit function of
the retailer yields the new function E(πr):

E πr(  � pr − w( Dr

� 2pr −
(a − kσ) (1 − φ)β + φαd 

αrαd − β2
 

· φa − αrpr +
β(a − kσ) φβ +(1 − φ)αr 

2 αrαd − β2 
⎛⎝ ⎞⎠.

(32)
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+en, the first-order derivative of prr is obtained
according to E(πr):

zE πr( 

zpr

� − 4αrpr + 2φa +
(a − kσ) φ α2r + β2  + 2(1 − φ)βαr 

αrαd − β2
.

(33)

Letting the first derivative be equal to zero yields the
optimal retail price prr:

prr �
(a − kσ) φ α2r + β2  + 2(1 − φ)βαr 

4αr αrαd − β2 
+
φa

2αr

. (34)

Inserting formula (34) into formulas (26) and (29), the
optimal wholesale price wr, the optimal direct price prd, and
the optimal order quantity Qr are obtained in the retailer-led
models

wr �
(a − kσ) (1 − φ) 3αrαd + β2  + 2φβαr 

4αr αrαd − β2 
−
φa

2αr

, (35)

prd �
(a − kσ) φβ +(1 − φ)αr 

2 αrαd − β2 
, (36)

Qr � E(D) �
(a + kσ) φβ +(2 − φ)αr 

4αr

. (37)

Proposition 3. When the retailer is dominant, and the
manufacturer is risk averse, the retail price, wholesale price, and
direct selling price decrease with the increases in risk aversion and
market fluctuations, but the order quantity is the opposite.

Proof. +e first derivatives of k and σ are obtained according
to formulas (34)–(37):

zprr

zk
� −

σ φ α2r + β2  + 2(1 − φ)βαr 

4αr αrαd − β2 
< 0,

zprr

zσ
� −

k φ α2r + β2  + 2(1 − φ)βαr 

4αr αrαd − β2 
< 0,

zwr

zk
� −

σ (1 − φ) 3αrαd + β2  + 2φβαr 

4αr αrαd − β2 
< 0,

zwr

zσ
� −

k (1 − φ) 3αrαd + β2  + 2φβαr 

4αr αrαd − β2 
< 0,

zprd

zk
� −

σ (1 − φ)αr + φβ 

2 αrαd − β2 
< 0,

zprd

zσ
� −

k (1 − φ)αr + φβ 

2 αrαd − β2 
< 0,

zQr

zk
�
σ (2 − φ)αr + φβ 

4αr

> 0,

zQr

zσ
�

k (2 − φ)αr + φβ 

4αr

> 0.

(38)

+erefore, Proposition 3 can be proved.

It can be seen from Proposition 3 that, in the game
structure dominated by the retailer, the risk aversion of the
manufacturer and market fluctuations can reduce the retail
price, direct selling price, and wholesale price, and the man-
ufacturer will reduce the direct selling price andwholesale price
to avoid risks. Although the retailer is dominant, the risk

aversion and market fluctuations of the manufacturer also
affect the final decision of the retailer; that is, increasing sales
can be achieved by reducing the retail price. □

3.4. Models under the Nash Equilibrium Structure. In the
Nash equilibrium structure, the manufacturer and the re-
tailer are risk averse and make decisions at the same time;
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that is, the manufacturer decides the wholesale price and the
direct selling price, and the retailer decides the retail price
simultaneously.

Combining formulas (17), (29), and (30), the optimal
retail price pnr, the optimal direct selling price pnd, the
optimal wholesale price wn, and the optimal order quantity
Qn can be obtained as follows:

pnr �
(a − kσ) φ 4αrαd − β2  + 3(1 − φ)βαr 

6αr αrαd − β2 
, (39)

pnd �
(a − kσ) φβ +(1 − φ)αr 

2 αrαd − β2 
, (40)

wn �
(a − kσ) φ 2αrαd + β2  + 3(1 − φ)βαr 

6αr αrαd − β2 
, (41)

Qn � E(D) �
a + kσ

2
−
φ(a − kσ) αr − β( 

6αr

. (42)

Proposition 4. Under the Nash equilibrium structure, the
degree of risk aversion and market fluctuations are negatively
correlated with the retail price, direct selling price, and
wholesale price and are positively correlated with the order
quantity.

Proof. +e first-order partial derivatives of k and σ can be
obtained by formulas (39)–(42):

zPnr

zk
� −

σ φ 4αrαd − β2  + 3(1 − φ)βαr 

6αr αrαd − β2 
< 0,

zPnr

zσ
� −

k φ 4αrαd − β2  + 3(1 − φ)βαr 

6αr αrαd − β2 
< 0,

zpnd

zk
� −

σ βφ(1 − φ)αr 

2 αrαd − β2 
< 0,

zpnd

zσ
� −

k βφ(1 − φ)αr 

2 αrαd − β2 
< 0,

zwn

zk
� −

σ φ 2αrαd + β2  + 3(1 − φ)βαr 

6αr αrαd − β2 
< 0,

zwn

zσ
� −

k φ 2αrαd + β2  + 3(1 − φ)βαr 

6αr αrαd − β2 
< 0,

zQn

zk
�

σ 4αr − β(  

6αr

> 0,

zQn

zσ
�

k 4αr − β(  

6αr

> 0.

(43)

It can be seen that Proposition 4 is proved.

It can be seen from Proposition 4 that, under the Nash
equilibrium structure, the manufacturer reduces the direct
selling price and wholesale price to avoid risk, the retailer re-
duces retail prices and increases the order quantity to avoid risk
at the same time, and the conclusion is similar to Proposition 3,
while the extent of price reductions and order quantity increases
is different. In addition, risk aversion and market fluctuations
also reduce the performance of supply chains.

From Proposition 1 to Proposition 4, it can be seen that,
regardless of power structure, risk aversion and market
fluctuations are negatively correlated with retail prices and
positively correlated with order quantity, indicating that the
retailer is greatly affected. Under a manufacturer-led
structure, risk aversion and market fluctuations are inde-
pendent of direct selling prices, positively correlated with
wholesale prices, and negatively correlated with retail prices,
direct selling prices, and wholesale prices in other game
structures, indicating that the gamemodel under a dominant
manufacturer and risk-averse retailer has a greater impact
on the decisions of dual-channel supply chains. In addition,
the results of Nash equilibrium decisions are close to those in
a centralized supply chain, indicating that the double
marginal effect of supply chains can be reduced to some
extent in the Nash equilibrium structure. □

4. Comparative Analysis of Dual-Channel
Supply Chain Decisions under Different
Power Structures

Proposition 5. Under different power structures, the direct
selling price has the following relationship:

pmd >pcd � prd � pnd. (44)

Proof. From formulas (23) and (11), it can be determined
that the relationship between pmd and pcd is as follows:

pmd − pcd �
φβ +(1 − φ)αr a

2 αrαd − β2 
−

(a − kσ) φαd +(1 − φ)β 

2 αrαd − β2 

�
φαd +(1 − φ)β kσ
2 αrαd − β2 

> 0.

(45)

Furthermore, from formulas (11), (36), and (40), it can
be obtained that pcd � prd � pnd.

+us, Proposition 5 is proved.

From Proposition 5, it can be seen that, under the game
structure dominated by the manufacturer, the direct selling
price is the largest, and the direct selling price is the same in
the centralized structure and the retailer-led and the Nash
equilibrium structures because the direct selling price is not
affected by risk aversion when the manufacturer is a leader.
It is also an indirect statement that the risk aversion will
reduce the direct selling price under other power structures.
It further shows that the impact of the manufacturer-led
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power structure on the direct selling price is greater than that
the influences of risk aversion and market fluctuations on
the direct selling price since there exist risk aversion and
market fluctuations in other power structures, but the direct
selling price is the same; otherwise, the direct selling price
should be the same under any power structure. □

Proposition 6. Under different power structures, the retail
price satisfies the following relationships:

pmr >prr >pnr >pcr. (46)

Proof. From formulas (10), (25), (34), and (39), the results
are as follows:

pmr − prr �
φ β2 + αrαd  + 2(1 − φ)βαr a

4αr αrαd − β2 
+
φ(2a − kσ)

4αr

−
(a − kσ) φ α2r + β2  + 2(1 − φ)βαr 

4αr αrαd − β2 
+
φa

2αr

�
β φβ +(1 − φ)αr 

2αr αrαd − β2 
> 0,

prr − pnr �
(a − kσ) φ α2r + β2  + 2(1 − φ)βαr 

4αr αrαd − β2 
+
φa

2αr

−
(a − kσ) φ 4αrαd + β2  + 3(1 − φ)βαr 

6αr αrαd − β2 

�
φ(a + 5kσ)

12αr

> 0,

pnr − pcr �
(a − kσ) φ 4αrαd − β2  + 3(1 − φ)βαr 

6αr αrαd − β2 
−

(a − kσ) φαd +(1 − φ)β 

2 αrαd − β2 

�
φ(a − kσ)

6αr

> 0.

(47)

Proposition 6 is proved from the procedure above.

First, from Proposition 6, we can see that the retail price
of the decentralized supply chain is greater than that of the
centralized supply chain, which shows that the retailer will
achieve its goal by increasing retail prices under certain
conditions to obtain more benefits in a noncooperative
game, similar to the traditional supply chain. Second, the
retail price under the structure led by the manufacturer is the
largest, and the retail price is the smallest under the cen-
tralized structure, showing that the retail price is not only
affected by risk aversion and market fluctuations but also by

the wholesale price because, under the manufacturer’s
leadership, the manufacturer increases the wholesale price to
maximize its own income, leading to an increase in retail
price, which will directly reduce the market demand and
reduce the supply chain performance. □

Proposition 7. In the decentralized supply chain, there is a
relationship between the wholesale prices under different
power structures: wm >wn >wr.

Proof. From formulas (24), (35), and (41), the results can be
obtained as follows:

wm − wn �
φαd +(1 − φ)β a

2 αrαd − β2 
+
φkσ
2αr

−
(a − kσ) φ 2αrαd + β2  + 3(1 − φ)βαr 

6αr αrαd − β2 

�
φ(a + 3kσ)

6αr

+
φ 2αrαd + β2  + 3(1 − φ)βαr kσ

6αr αrαd − β2 
> 0,

wn − wr �
(a − kσ) φ 2αrαd + β2  + 3(1 − φ)βαr 

6αr αrαd − β2 
−

(a − kσ) (1 − φ) 3αrαd + β2  + 2φβαr 

4αr αrαd − β2 
+
φa

2αr

�
(13φ − 9)αrαd +(5φ − 3)β2 +(6 − 12φ)βαr a − (13φ − 9)αrαd +(5φ − 3)β2 +(6 − 12φ)βαr kσ

12αr αrαd − β2 
+
φa

2αr

> 0 +
φa

2αr

> 0.

(48)
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Proposition 7 is proved.
Proposition 7 shows that the wholesale price is the

largest under the structure of a risk-averse retailer and a
dominant manufacturer, the wholesale price is the smallest
under the structure of a risk-averse manufacturer and a
dominant retailer, and the wholesale price is decided by the
manufacturer, demonstrating that the power structure has a
great influence on the wholesale price. At the same time,
according to Propositions 2–4, it can be seen that the
wholesale price is positively correlated with risk aversion and
market fluctuations when the manufacturer is dominant,
while the wholesale price is negatively correlated with risk
aversion and market fluctuations under the retailer-led
structure and Nash equilibrium structure, so the wholesale
price is the greater in the manufacturer-led structure. □

Proposition 8. Under the different power structures, the
order quantity satisfies the following relationship:
Qc >Qn >Qr >Qm.

Proof. From formulas (12), (26), (37), and (42), it can be
seen that the comparison expressions are valid as follows:

Qc − Qn �
(a + kσ)

2
−

a

2
+
φ(a − kσ)

6αr

�
φ(a − kσ)

6αr

> 0,

Qn − Qr �
(a + kσ)

2
−
φ αr − β( (a − kσ)

6αr

−
(a + kσ) φβ +(2 − φ)αr 

4αr

�
φ αr − β( (a + 5kσ)

12αr

> 0,

Qr − Qm �
(a + kσ) φβ +(2 − φ)αr 

4αr

−
a

2
+
φ(a − kσ) αr − β( 

4αr

�
kσ(1 − φ) αr + φβ( 

2αr

> 0.

(49)

+erefore, Proposition 8 is proved.
As seen from Proposition 8, the order quantity in the

centralized structure is the largest, which is the same as that
of the traditional supply chain, and the order quantity under
the centralized supply chain is the largest under the coop-
erative game whether or not there is risk aversion and
market fluctuation. In the decentralized supply chain, the
order quantity is the smallest under the manufacturer-led
structure because the direct selling price is the highest in the
four power structures, and the wholesale price is also the
largest, increasing the retail price that is the largest for the
retailer, which wants to maximize the profit and reduce the
market demand to a certain extent. Under the Nash equi-
librium structure, both the manufacturer’s and the retailer’s

risk aversion and simultaneous decision-making will greatly
reduce the bilateral effect caused by the asymmetric
information. □

5. Example Analysis

To verify the above propositional conclusions and find
potentially valuable information for this example, the rel-
evant parameters are set according to the research as-
sumptions and conditions as follows: a � 100, αr � αd � 2,

β � 1, σ � 2,φ � 0.6, and k � 1.
It can be seen that the given data meet the assumptions

according to the following comparison expression:
αrαd − β2 > 0.

5.1. Decision Comparison of the Dual-Channel Supply Chain.
It can be seen from Table 1 that the total profit of the
centralized supply chain is the greatest, showing that the
parameters of the centralized supply chain are optimal, and
the overall optimization can be realized; the total profit of the
supply chain is the smallest when the manufacturer domi-
nates the supply chain. At the same time, we can also see that
the profit and utility of the manufacturer and the retailer are
the greatest under their own domination, indicating that, in
the decentralized supply chain, each wants to maximize its
own profit, leading to increased selling prices, which affect
market demand. In addition, due to the influence of risk
aversion and market fluctuation, the utilities of the manu-
facturer and retailer are obviously less than their respective
profits, indicating that risk aversion and market fluctuation
reduce the efficiency of the supply chain.

5.2. Impacts of Risk Aversion and Market Fluctuations on
Supply Chain Profits under Different Power Structures. To
show more clearly and intuitively the influence of risk
aversion and market fluctuations on supply chain decision-
making, this part considers risk aversion and market fluc-
tuations as the unknown parameters, and the remaining
parameters are established according to the data in this
chapter. Simulation analysis will be performed using
MATLAB software, version 2014.

5.2.1. Influences of Risk Aversion and Market Fluctuations on
the Profits of the Supply Chain under the Centralized
Structure. It can be seen from Figure 2 that the total profits
of the centralized supply chain decrease with the increases in
risk aversion and market fluctuations at the same time, and
the changing trends of risk aversion and market fluctuation
regarding the supply chain are the same; that is, all of them
are the open-down parabolas under given conditions. At the
same time, it can be seen from Figure 2 that the profits of the
centralized supply chain reach the maximum without risk
aversion or market fluctuations.

5.2.2. Influences of Risk Aversion and Market Fluctuations on
Supply Chain Profits under the Manufacturer-Dominant
Structure. It can be seen from Figure 3 that the profit of the

Discrete Dynamics in Nature and Society 9



manufacturer increases with the increases in risk aversion
and market fluctuation. When the risk aversion of the re-
tailer and the fluctuations of market demand reach the
maximum, the profits of the manufacture are maximized,
showing that the risk aversion of the retailer is positively
correlated with market fluctuations because, when the

manufacturer is dominant and the retailer is risk averse, the
wholesale price and order quantity increase with the in-
creases in risk aversion and market fluctuation, while the
direct selling price remains unchanged, so the manufac-
turers’ profits increase.

Figure 4 shows that the profit of the retailer decreases
with the increases in the risk aversion of the retailer and
market fluctuation, and the trend is the same under risk
aversion and market fluctuations—a parabola with opening
facing down. At this time, the power of the retailer is small,
and then the risk aversion of the retailer is relatively obvious,
and the retail price will be lower. At the same time, market
fluctuation will also lead to a decrease in retail price, so the
retailer must reduce the retail price in exchange for market
share to avoid market risk. In addition, the increase in
wholesale price eventually leads to a decrease in total profit,
which produces a bilateral effect and aggravates the conflict
between the manufacturer and the retailer.

As seen from Figures 3 and 4, risk aversion and market
fluctuation will increase the manufacturer’s revenue and
cause the retailer to lose, producing a profit conflict in the
supply chain and bringing greater difficulties to supply chain
management.

5.2.3. Influences of Risk Aversion and Market Fluctuations on
Supply Chain Profits under a Retailer-Dominant Structure.
It can be seen from Figure 5 that, when the retailer is
dominant and the manufacturer is risk-averse, the manu-
facturer’s profit decreases with the increases in risk aversion
and market fluctuation, and the overall trend is the same
because risk aversion and market fluctuations reduce the
manufacturer’s direct sale price and wholesale price. Al-
though the order quantity of the retailer increases, the
overall profit of the manufacturer decreases due to the in-
fluence of bilateral effects. It can be seen that the trend in the
manufacturer’s profits is the opposite of Figure 3, which
shows that the influences of the power structure, risk
aversion, and market fluctuation on the manufacturer’s
profits are different.

Figure 6 shows that, when the retailer is dominant and
the manufacturer is risk averse, the retailers’ profits increase
with the increases in risk aversion and market fluctuation,
and the impacts of risk aversion and market fluctuation on
the retailer’s profits are the same. Compared with Figure 4, it

Table 1: +e value of the dual-channel supply chain.

Decision
parameters

Power structure
Centralized structure

(c)
Manufacturer-dominant structure

(m-s)
Retailer-dominant structure

(r-s)
Nash equilibrium structure

(n)
pd 23.19 23.33 23.19 23.19
pr 26.13 34.02 33.78 31.03
w 26.97 16.03 21.23
Q 51 42.65 43.35 46.1
E(π) 1266.20 1162.67 1163.39 1227.29
E(πm) 1054.88 885.96 1020.22
E(πT) 107.79 277.43 207.07
um 1054.88 848.17 932.14
ur 99.33 277.43 195.31
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Figure 2: +e trend of total profit in the supply chain under the
centralized structure.
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Figure 3: +e trend of the manufacturer’s profits under the
manufacturer-dominant structure.
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can be seen that risk aversion and market fluctuations have
the opposite effects on the profits of the retailer under
different power structures.

From Figures 3–6, it can be seen that the profits of the
dominators under the different power structures are posi-
tively correlated with risk aversion and market fluctuation,
while the profits of the followers are affected in the opposite
manner, showing that the power structure, risk aversion, and
market fluctuation affect the interests of the participants in
the supply chain.

5.2.4. Influences of Risk Aversion and Market Fluctuations on
Supply Chains Profit under the Nash Equilibrium Structure.
As seen in Figure 7, under the Nash equilibrium structure,
the trend in the manufacturer’s profit is similar under risk
aversion and market fluctuations, except that the magnitude
of the change is different. As seen in Figures 3 and 5, the
different power structures have different impacts on the
manufacturer’s decision-making in the case that the risk
aversion and market fluctuation are the same.

Under the Nash equilibrium structure, risk aversion, and
small market fluctuations are positively correlated with the
retailer’s profits when their value is small, whereas they are
negatively correlated with the retailer’s profit, and the trend
in the retailer’s profits is an inverted “u” parabola that is
maximal and opened downward, changing regularly under
the influence of risk aversion and market fluctuation.
Compared with Figures 3–8, it can be seen that the different
power structures and attitudes toward risk have different
effects on the profits of the manufacturer and the retailer in
decentralized decision-making. +erefore, we can see that
the power structure, risk aversion, and market fluctuation
affect the decisions of the supply chain.

From Figures 2–8, the following management implica-
tions can be obtained. First, although risk aversion and
market fluctuations will affect the decisions of the supply
chain, the degree of risk aversion and the size of market
fluctuations are not unlimited, so the upper limit of the retail
price, wholesale price, and direct selling price cannot be
increased all the time, requiring the supply chain to coor-
dinate the conflicts among the stakeholders in the supply
chain under the influence of bilateral effects. Second, the
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Figure 4: +e trend of the retailer’s profits under the manufac-
turer-dominant structure.

012345

0
5

10
15

20

–500

0

500

1000

k
σ

E(
π m

)

Figure 5: +e trend of the manufacturer’s profits under the re-
tailer-dominant structure.
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Figure 6: +e trend of the retailer’s profits under the retailer-
dominant structure.
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Figure 7: +e trend of the manufacturer’ profits under Nash
equilibrium.
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decisions of the dominators are relatively optimal, but under
the decentralized decision, the total profits of the supply
chain are not maximized. For the supply chain managers,
whether there is risk aversion or market fluctuation or not,
the conflicts still exist in the decentralized structure. Finally,
the profits and utility of supply chains are quadratic func-
tions of risk aversion and market fluctuations, showing that
the influences of risk aversion and market fluctuations on
the supply chain have a certain regularity. How to reduce the
negative effects under the influences of risk aversion and
market fluctuation is a practical problem that the managers
should consider; after all, uncertain factors always exist in
real life, so the risk cannot be avoided.

6. Conclusions

+is paper studies the dual-channel and risk-averse supply
chain with the manufacturer and retailer under stochastic
demand and the influences of risk aversion and market
fluctuations on the decisions of the manufacturer and re-
tailer in different power structures, and it compares the
different decisions and analyzes the influences of power
structures, risk aversion, and market fluctuations on the
profits of the dual-channel supply chain using example
analysis.

+rough the above analysis, we draw the following
conclusions: first, the direct selling price is not affected by
risk aversion or market fluctuations under the manufac-
turer-dominant structure, and the retail price, the direct
selling price, and the wholesale price under the other power
structures, except for the manufacturer-dominated struc-
ture, are negatively correlated with the risk aversion and
market fluctuations, with a strictly monotonically decreasing
trend. Second, the order quantity is associated with the risk
aversion and market fluctuations, regardless of the power
structures, and the order quantity in the centralized struc-
ture is maximal and is minimal under the manufacturer-led
structure. Finally, the influences of risk aversion and market
fluctuations on the participants in the supply chain are
different under different power structures, and in the cen-
tralized and Nash equilibrium structures, the change curve
of supply chain profits is a parabola with a downward

opening. +e trends of the manufacturer’s profits and the
retailer’s profits are the opposite under the manufacturer-led
structure and retailer-led structure.

+is paper not only considers the influences of power
structures, risk aversion, and market fluctuations on the
dual-channel supply chain but also analyzes the behavior of
the risk attitudes of the followers using the dominant power
structure. +e results are thus practical and meaningful.
However, the interest conflicts of dual-channel supply chain
participants in decentralized decision-making are not ana-
lyzed, and future research should examine how to coordinate
the profit conflict between the manufacturer and the retailer
under different power structures, risk aversion, and market
fluctuations so that more complete and practical conclusions
can be drawn for supply chain management to provide some
experience.
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