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Abstract

This paper analyzes the impact of risk aversion and retailer’s cost lied factor
on supply chain decision-making in a hybrid channel supply chain system
consisting of a risk-averse manufacturer and a retailer. According to the ex-
pected utility maximization theory, this paper gets the optimal decision of the
manufacturer and retailer. First, it analyzes the impact of risk aversion factor
on pricing decisions of supply chain members when the information of the
retailer’s cost is public. Next, this paper considers the fact that the retailer has
advantages on cost information, analyzes the relations between the retailer’s
optimal cost lied factor and each parameter.
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1. Introduction

With the rapid development of e-commerce, more and more manufacturing
companies have established direct sales channels, forming a mix of channels
with traditional retail channels, such as Midea and Gree Electric Appliances, in
order to enhance corporate competitiveness and increase product sales. The dif-
ference between the supply chain under the hybrid channel and the traditional
supply chain is that the former can directly sell products to consumers, the
manufacturer and the retailer form a cooperative and competitive relationship.
In the hybrid channel supply chain, the supply chain members have different

cost and demand information, which will have a crucial impact on the member’s
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decision-making behavior and the benefit of the supply chain. Therefore, setting
a reasonable information sharing mechanism is important and necessary. Ac-
cording to the principal-agent model, agents usually conceal private information
in order to obtain more benefits. Similarly, supply chain members will conceal
or misrepresent relevant information in order to maximize their own interests.
For example, manufacturers may lie about cost information, and retailers may
lie about demand information. This paper mainly studies the impact of supply
chain member information asymmetry on the member’s pricing decisions in the
case of risk aversion.

This study considers a hybrid supply chain setting with a dominant manufac-
turer and a retailer who possesses cost information advantage. The retailer will
lie to manufacturer about costs. The Stackelberg game model is used to establish
the sequence of events between the manufacturer and the retailer. The manu-
facturer first offers a wholesale price contract to the retailer, and the retailer de-
cides order quantity and retail price. The rest of the paper is organized as fol-
lows. In Section 2, we conduct a literature review. In Section 3, we introduce the
parameters and assumptions of the model, and the Stackelberg game model with
manufacturer as the dominant one, retailer’s marginal cost is public informa-
tion. In Section 4, we analyze the Stackelberg game model with the retailer’s
marginal cost that is private information. In Section 5, we draw the conclusion

and some suggestions for future research.

2. Literature Review

At present, domestic and foreign scholars have some academic achievements on
the research of hybrid channel supply chain, but most of the research adopts the
complete rational hypothesis. However, in practice activities, behavioral factors
have important impacts on the decision-making behavior of supply chain mem-
bers, such as risk aversion. Chiang and Chhajed studied the dual channel pricing
decision problem under the condition of demand determination. Then, they
pointed out that manufacturers could influence retailers’ pricing decisions
through direct marketing channel, and the double-marginal utility is decreasing
[1]. Wang and Webster explored whether risk aversion would lead to higher re-
tailer retail prices and less orders [2]. Seyed Esfahani and Biazaran found that
the order quantity of goods is affected by the risk preference and fairness prefe-
rence of the members in the system [3]. Arcelus and Kumar found that in a sin-
gle-channel supply chain system, risk aversion reduces sales and redistributes
profits between retailers and manufacturers [4]. Ma and Zhang found an optim-
al pricing strategy in a hybrid channel supply chain system consisting of
risk-averse retailers and risk-neutral manufacturers [5]. Li and Hou analyzed the
impact of retailer’s risk aversion on pricing and order volume in supply chain
system [6].

In the supply chain system, there are many phenomena of information asym-

metry. The information asymmetry of members will lead to the two parties not
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being able to make the most effective decisions, as well as disrupting supply
chain coordination and reducing supply chain efficiency. In view of the informa-
tion asymmetry in the supply chain system, scholars have made specific analysis
on specific problems. Cachon studied the asymmetry of market demand infor-
mation between the buyer and the seller, and the buyer showed the real market
demand information to the seller by designing the contract menu [7]. Ha studied
the supply chain coordination problem of the buyer’s cost information for both
public and private information [8]. Esmaeili analyzed the situation where the
buyer has demand information and the seller has purchase cost information in
the supply chain system [9].

There are some related researches on the cost information asymmetry of
supply chain members. In the context of asymmetric buyer cost information,
Corbett and Groote analyzed the optimal quantity discount contract that the
seller can provide [10]. Lau studied manufacturers with the advantage of pro-
duction cost information in a two-echelon system [11]. Moreover, Lau estab-
lished the Stackelberg game model in which the manufacturer’s production cost
was private information and the retailer dominated the game, the retailer pro-
vided a reverse quantity discount contract, and finally confirmed the validity of
the contract [12]. Yao and Yue studied the influence of information sharing
mechanism on channel decision-making in view of asymmetric information of
service cost [13], in addition, in the supply chain system where the supplier is a
leader and buyer cost information asymmetry. Wang and Yang found that the
supplier’s understanding of buyer cost information has an impact on the deci-
sion-making and performance of supply chain members [14].

Although there are many research results in the information asymmetry in the
supply chain system, most of the researches discuss the impact of asymmetric
information on the optimal decision-making behavior of supply chain members
from the risk aversion behavior factors or cost information. Moreover, most of
the research on supply chain coordination under information asymmetry estab-
lishes a single-channel two-level supply chain, which is not match the actual sit-
uation of most enterprises as a hybrid channel supply chain. In the actual opera-
tion of the enterprises, the retailer’s private cost information will also affect the
ordering decisions, such as inventory holding costs and product reprocessing
costs. Whether the retailer has the information advantage, or the manufacturer
has the information advantage, the party with the information advantage may lie
about the information and influence the supply chain’s performance in order to
maximize utility. Therefore, this paper considers the retailer’s private informa-
tion cost, and analyzes the impact of risk aversion coefficient and retailer cost
lied factor on the decision-making behavior of supply chain members in the hy-

brid channel supply chain of risk aversion.

3. The Stackelberg Game Model with Symmetric Information

The supply chain model discussed in this paper is shown in Figure 1. The
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Figure 1. The hybrid channel supply chain.

manufacturer is leader in the two-level supply chain, and he has two sales chan-
nels: 1) direct sales channels; 2) distribution channels. The wholesale price is w,
retail prices for direct and distribution channels are p, and p,, the sales vo-
lume under direct and distribution channels is g, and ¢, respectively. m is
the marginal cost of the retailer’s private information, A is the cost lied factor,
and cis the manufacturer’s marginal cost of production.

Assume that the total market demandis A=a+6, 6 ~ (O, 0'2) . And ais the
basic market demand scale, Jis the random variable of market demand fluctua-
tion. The sales volume of the distribution channel accounts for & proportion of
the total market demand, 0<6<1.

This paper considers that both manufacturers and retailers are risk averse,
where 77, and 7, respectively represent the risk aversion factors.

Utility function is U(7)= E(z)—nVar(xz), where 5 is the risk aversion
factors,and 7 >0.When 7 =0, the market decision maker is risk neutral.

The sales volume of direct sales channel ¢, and distribution channel ¢, are:
q, :(I—H)A—pe +k(pr —pe)

(1)
q,=04—p, +k(p.-p,)

where kis the price cross sensitivity coefficient,and 0<k <1.

In the Stackelberg game model with manufacturer as the dominant one, retail-
er’s marginal cost is public information. The game model is divided into two
stages: in the first stage, the manufacturer decides the wholesale price and the
selling price of the direct channel. Then, in the second stage, the retailer decides
the retail price of the traditional retail channel. According to the relationship be-
tween demand and price, we can know that determining price is equivalent to
determining sales volume. Therefore, it can be known that the retailer’s expected
profitis E(7,):

E(ﬂr) :(pr —w—m)q,, :(pr _w_m)[gA_p" +K(pe —p,)] @)

Considering that the retailer is risk-averse, then, his utility function is
U, (71',,):
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U,(7,)=(p,~w=m)[04=p,+K(p,~p,)|-nVar(z,)

(3)
=(p,—w-m)[04-p,+K(p,—p,)|-n,00(p, —w-m)

The derivative of the retailer’s utility function with the retail price p, can be

obtained as follows.
aUF (”V )/apr
=0A4-2p, —2kp, +kp, +(1+k)(m+w)
-n,00%0°U, (x,)/ap} —2-2k <0

Obviously, the second derivative of the utility function with respect to the retail
price is less than 0, indicating that the retailer has a unique optimal pricing deci-
sion p,.

p, =(04+kp,—1,60)/(2+2k)+(w+m)/2 (4)

By analyzing the Equation (4) of the optimal retail price, it is found that the
optimal retail price of the traditional retail channel will increase with the whole-
sale price w and the direct price p,, and the retail price also increases with the
retailer’s marginal cost m. In addition, the optimal retail price decreases with the
retailer’s risk aversion 7,

Then, the manufacturer will determine the best wholesale price and the best
direct price according to the retailer’s best retail price. First, the manufacturer’s
expected revenue function and utility function expressions are obtained: E (ﬂ'e)
and U, (7,)

E(ﬂe) = (pf _c)qc’ +(W_c)qr
=(p.—c)[(1-0)4~p, +k(p,~ p.)]
+(w—c)[6’A -p, +k(pe -p, )]

U,(7)=(p.~c)[(1-0)4=p, +k(p, - p.)]
+(w—c)[9A—pr+k(pe—pr)} (5)
-n.0[(p.—c)(1-0)+(w-c)6]

The manufacturer’s utility function differentiates the wholesale price wand the
direct price p respectively:
oU, (x,)/ow=kp, +(04+n,00+c)[2-n,00 —w(1+k)-m(1+k)/2
oU,(z,)/op, =(1-0) A+c+ck/(2+2k)-n,0(1-0)
+kO(A-n,0)/(2+2k)+km/2+ wk
= p (K +4k+2) [(1+k)
o°U, (z,)/ow* =—(1+k) <0
O°U, (x,)[op? ==k +4k+2) [(1+K) <0
Since the second derivative is less than 0, it can know that there exists a

unique optimal solution for both wholesale price and direct price. The above

formula can be used to obtain the manufacturer’s optimal wholesale price w’
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and optimal direct selling price p’.

w' =k*[(1-0) d+c—n,0(1-0)+(k0A—kOn,o +ck)/(2+2k)
+km/2]/(4k+2)+(k2 +4k+2)
+[(04+0n,0+c—2n,00)/(2+2k)-m/2] /(4K +2)

pi =[(1-0) A+ c+(kOA—kbn,o +ck)/(2+2k)—n,0(1-0)+km/2 |+ W'k

Proposition 1: In the hybrid channel supply chain where the retailer’s cost is
public information, exist: Jp, / on, <0, op. / on, <0, ow / on, >0,
ow'Jon, <0, op.[on, =0, op.[on, <0.

It’s easy to see that the optimal retail price of retailer is decreasing in the risk
aversion factors of retailer and manufacturer. The manufacturer’s optimal
wholesale price is increasing in the retailer’s risk aversion factor and decreasing
in the manufacturer’s risk aversion factor. The optimal direct selling price is de-
creasing in the risk aversion factors of manufacturer, and not affected by retail-
er’s risk aversion.

Proof: The optimal retail price, the optimal wholesale price and the optimal
direct selling price were differentiated with respect to the risk aversion factors of

retailer and manufacturer, and the following results can be obtained:
op, [on, =-0c/(4+4k) <0
op, o, =—o(1-0)—ko (1-0)/(4k +2)
~00 (k> + 4k +2) [ (1+/) (4, +2) ] <0
ow'[on, =0c/(2+2k)>0
ow'[on, = ko (1-0)/(4k +2) - 0o (& + 4k +2) [ (1+ k) (4k+2)] <O

op, [on, =0
op.[on, =-o(1-0)—ko (1-0)/(4k +2)
00 (k> +4k+2) [ (1+ k) (4, +2)] <0

4. The Model with Asymmetric Cost Information

In the hybrid channel supply chain, the retailer’s marginal cost is private in-
formation, and the retailer will determine the appropriate cost lied factor A in
order to maximize his utility. This means that the retailer’s marginal cost of
public disclosure is Am.When A >1, the retailer is over-reporting marginal
cost information, or A =1, the retailer is not lying about marginal cost infor-
mation, or A <1, the retailer is under-reporting marginal cost information. In
this case, the manufacturer can only decide the wholesale price and direct selling
price according to the cost information disclosed by the retailer and the retailer’s
pricing and ordering decisions. When the retailer conceals its true cost informa-
tion, the decision variable is denoted with NV,

The retailer’s public utility function is U (ﬂrN )

7

uY (ﬂf’):(prN -w" —/Im)[QA—pfv +k(p[fv —pfv)]—n,ﬂa(p:v -w" —/Im)
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In order to keep consistent with the behavior of false reporting costs, retailers
will determine the optimal retail price based on the published cost information
while pursuing the utility maximization.

According to the retailer’s public utility function, the optimal retail price is
P

p =(04+kp,—n,00)/(2+2k)+(w+Am)/2 (6)

Then, the manufacturer determines the optimal wholesale and direct selling
price based on the retailer’s public cost information. By differentiating the man-
ufacturer’s utility function with the wholesale price and the direct price, it is
found that there exists only the optimal wholesale price w"* and the optimal
direct selling price p.".

By substituting p"* into w"" and p", the following results can be ob-
tained.

w' =kx[(1-0)A+c-n,0(1-0)+(kOA—kOn,o +ck)/(2+2k)
+k/1m/2]/(4k+2)+(k2 +4k+2)
*[(04+0n,0+c-2n,00)/(2+2k) - Am/2]/(4k +2)

pl =[(1-0)A+c+(kOA—kOn,o+ck)[(2+2k)

7
~n,0(1-0)+kim/2 |+ w""k 7

Theorem 1: In the hybrid channel supply chain, the optimal retail price of the
retailer with asymmetric cost information, the optimal wholesale price and the
direct selling price of the manufacturer are: p"*, w"*, p¥*.

Next, this paper analyzes the impact of retailer cost lied factor on the optimal
pricing decision of supply chain members.

Proposition 2: In the hybrid channel supply chain where the retailer’s cost is
private information, there exist: dp)'" /04 >0, ow"" /a1 <0, op)*[o4=0.

Proposition 2 indicates that when the retailer’s cost lie factor is larger, the re-
tail price he sets is higher, and the wholesale price set by the manufacturer will
be lower. However, increasing the retail price will reduce the sales volume.
Therefore, the retailer needs to determine the optimal cost lied factor based on
actual utility.

Proof: The optimal retail price, the optimal wholesale price and the optimal
direct selling price are respectively derived from the retailer’s cost misstatement

factor to obtain the following formula.

apJor=ml4>0
ow" oA =-m/2<0 (8)
oY oa=0

According to the above analysis results, the actual total utility functions of re-

tailer, manufacturer and supply chain can be obtained.
UY(z')=(p) —w" —m)[04=p!" +k(p)" = p)")]

—n,00(p)" —w"" —m)
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e

v (=)

(X =c)[(1-0) 4= pY" +k(p," - p)")]
(W' =) 04=p, +k(p)" = p,")]
—n.0] (" =€)(1-0)+ (" ~c)e ]
Up=Ug +U 9)

Under the condition that the retailer has cost information advantage, he will
decide the optimal lied factor to maximize his utility. Similarly, the optimal cost
lied factor A° can be obtained by deriving the retailer’s actual utility function
to the lied factor.

5. Comparative Statics

In the model, we use mathematical analysis to investigate retailer and manufac-
ture’s optimal decision, and some parameters’ influence on the optimal decision.
Then, we numerical analyze the relationship between A and various variables.
Figures 2-4 can be obtained through example analysis. Figure 2 shows the in-
fluence of retailer’s risk aversion factor 7, , with A=1,m=0.3,c=0.5,
k=0.5,0=0.5. Figure 3 shows the influence of retailer’s real cost m, with
A=1,n =0.5,c=0.5k=0.56=0.5. Figure 4 shows the influence of the price
cross sensitivity coefficient 5, with 4=1,m=0.3,c=0.5,7, =0.5,6=0.5.

Proposition 3: For parameter changes, the optimal lied factor A° has fol-
lowing characters.

200 o ‘ ‘ o R
L - nezol B

- n.=0.5

optimal lied factorA*

0.8 B

0.0 0.2 04 0.6 0.8 1.0
Ny

Figure 2. The relationship between 7, and A".
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201

1.8

1.6

1.2

optimal lied factor ™

1.0

0.8

0.6 [ 1

Figure 3. The relationship between mand 2.

201

optimal lied factorA™

0.8

0.6 - 1

Figure 4. The relationship between kand A".

1) A" isdecreasingin 7, and 7,.

2) A" isdecreasing in m.
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3) A" isincreasing in &

Figure 2 shows that the retailer’s optimal cost lied factor 1" is negatively
correlated with the retailer’s risk aversion factor 7, under three different man-
ufacturer risk aversion factor coefficients (7, =0.1;0.5;0.7 ). In other words,
when the retailer chooses to disclose false cost information, the optimal cost lied
factor of the retailer will decrease in the retailer and manufacture’s risk aversion
factor.

Figure 3 shows that the retailer’s optimal cost lied factor 1° is negatively
correlated with the retailer’s real cost m. In other words, retailer’s optimal cost
lied factor is decreasing in his real production cost. Moreover, there is a certain
threshold of production cost. When the production cost is lower than the thre-
shold, the retailer’s cost lied factor is greater than 1, indicating that the retailer
will overstate the production cost. When the production cost is higher than the
threshold, the cost lied factor will be less than 1.

Similarly, under three different manufacturer risk aversion factor coefficients,
Figure 4 shows that the retailer’s optimal cost lied factor A" is positively cor-
related with the price cross sensitivity coefficient & When the retailer chooses to
disclose false cost information, the retailer with a higher price cross sensitivity

coefficient has a greater lied factor.

6. Conclusions

This paper obtains the optimal pricing decision of retailers and manufacturers
by establishing a risk-averse hybrid channel supply chain model with retailers’
cost information asymmetry. Furthermore, we also analyze the impact of the risk
aversion of supply chain members on the optimal pricing strategy, and the im-
pact of retailer’s cost lied factors on supply chain member decision variables.
The study finds that 1) the optimal retail price is decreasing in the retailer and
manufacturer’s risk aversion factor; 2) the optimal wholesale price is increasing
in the retailer’s risk aversion factor, but it’s decreasing in the manufacturer’s risk
aversion factor; 3) the direct selling price is decreasing in the manufacturer’s risk
aversion factor, but retailer’s risk aversion has no effect on it.

In all, this paper mainly discusses the retailer uses private cost information to
choose the optimal cost lied factor to pursue the utility maximization model. In
addition to the relationship between the optimal price and risk aversion factor of
supply chain members, we also found that the optimal cost lied factor of retailer
is negatively correlated with risk aversion degree and production cost, and posi-
tively correlated with cross price sensitivity coefficient. In addition, by analyzing
the impact of retailers’ cost lied behavioral on the pricing decisions of supply
chain members, it is found that the optimal retail price is positively correlated
with the lied factor, the optimal wholesale price is negatively correlated with the
misstatement factor, and there is no correlation between the optimal direct sell-
ing price and the lied factor. In general, the retailers’ lied behavioral is beneficial

to himself but not to the manufacturer. Therefore, manufacturer should take

DOI: 10.4236/jssm.2019.123030

448 Journal of Service Science and Management


https://doi.org/10.4236/jssm.2019.123030

S.J. Xiong, L. Y. Xiong

measures to encourage retailer to share his cost information.

This paper studies the retailer’s cost as private information, and the manufac-
turer’s cost is public information. In the future, we can explore the situation
where manufacturer and retailer’s costs are private information. In addition, it is
also a meaningful research issue to design a reasonable contract coordination
mechanism to encourage retailer to share his private cost information actively,
thereby improving the overall performance of retailer, supplier and supply
chain. Finally, the analysis of this paper is based on the mathematical model, and

more in-depth analysis can be done through empirical research.
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