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DECISION POLICIES ON PLAYERS’ DIFFERENT RISK COMBINATION
UNDER SUPPLIER ENCROACHMENT

Ping Chen, Bo Li∗ and Huafei Huang

Abstract. Literature concerning about the supply chain management problem is usually based on
perfect rationality. However, risk preferences have been proved to be an important role which influences
managers’ decisions significantly. This paper investigates a risk combination problem under supplier
encroachment with different risk preferences players. Assuming that the supply chain players may be
risk-averse, risk-neutral and risk-taking, we build a Stackelberg game model to explore the optimal
decisions and the impact of different risk combinations, respectively. We focus on two scenarios: the
consumers perceive uniform quality between the two channels and perceive differentiated quality be-
tween the two channels. We find that the retailer always prefers a risk-averse supplier, while the supplier
always prefers a risk-taking retailer. But the combination of a risk-averse supplier and a risk-taking
retailer is not always beneficial to the whole supply chain. Further, we conduct numerical experiments
to explore the risk combinations and the impacts of players’ selfish, aggressive and altruistic behaviors
on optimal decisions.
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1. Introduction

Nowadays, more and more upstream suppliers trend to invest in online channels to compete with traditional
retailers. In these dual-channel supply chains, suppliers can distribute products through the traditional channels
as well as directly to customers through their online channels. Under this circumstance, intensifying competition
arises between the retailers and their suppliers, which is called supplier encroachment. Recently, the proliferation
of online channels has made concerns about supplier encroachment a fever pitch [31]. It is shown that supplier
encroachment has two effects on decision making, that is, it enables the supplier to control the selling price in
the retail market, and consequently motivate him to reduce the wholesale price. Arya et al. [3] showed that
double marginalization could be mitigated and both the supplier and the retailer could benefit from supplier
encroachment if the latter effect is more efficient in the retail process. Although the existing literature has
considered various elements that may influence the effects of supplier encroachment, the members in the supply
chain are often assumed to be risk neutral. However, facing the volatile demand and fierce competition in the
market, decision makers may show different risk preferences [11,28]. Therefore, a consideration of risk preferences
is significantly important in setting a supplier encroachment problem.

Keywords. Supply chain management, supplier encroachment, risk preferences, Stackelberg game.

1 College of Management and Economics, Tianjin University, 300072 Tianjin, PR China.
∗Corresponding author: libo0410@tju.edu.cn

Article published by EDP Sciences c© EDP Sciences, ROADEF, SMAI 2020

https://doi.org/10.1051/ro/2019038
https://www.rairo-ro.org
mailto:libo0410@tju.edu.cn
https://www.edpsciences.org


1058 P. CHEN ET AL.

In fact, empirical and theoretical findings have shown that supply chain members’ risk preferences may result
in decisions deviating from the rational optimal decisions [11, 19, 28]. Schweitzer and Cachon [28] empirically
found that newsvendors either ordered too low or too high depending on their risk preferences. Brown and Tang
[6] showed that the subjects in the experiment tended to order less than the rational optimal quantity because
they were concerned about potential profit loss. Although there were some studies addressing this problem in
supply chain management models, most work paid more attention to risk-averse behavior rather than risk-taking
behavior. Practically, empirical findings have shown that decision makers may show risk-taking behavior under
certain circumstances [5, 28], but few researches have analytically addressed this problem. In addition, it is
unclear that how the supply chain members’ risk preferences influence their intention of choosing a partner.
Therefore, this paper will explore how the supply chain members make ordering decisions and choose a partner
when their opponent players show different risk preferences.

Above all, it motivates us to focus on the following questions:
(1) How do we characterize the different risk preferences of a decision maker and what are the optimal

decisions with different risk preferences? (2) How do risk preferences affect the players’ optimal decisions as
well as their utilities? (3) For the supplier or the retailer, what kind of partner (risk averse, risk neutral and
risk-taking) will he or she prefer to trade with? (4) How do players’ selfish, aggressive and altruistic behaviors
influence their preferences?

To address the above questions, we first propose a model to characterize the players’ risk preferences with
respect to two risk parameters including risk and pessimistic coefficients which can jointly model risk-neutral,
risk-averse as well as risk-taking behavior in a unified framework [20]. It facilitates us to explore the impact of
risk preferences on the optimal ordering quantities under supplier encroachment environment.

In this paper, we consider a supplier encroachment problem when players show different risk preferences (risk
averse, risk neutral and risk prone) under the Mean Conditional Value at Risk (Mean-CVaR) formulation. To
be specific, we consider a two-echelon supply chain consists of a supplier (he) and a retailer (she). The supplier
acts as the leader and supplies the fashion product to the traditional retailer as well as directly to consumers
through his online channel. We illustrate how to build the optimization models which can capture different
risk preferences for individual decision makers. Notice that to our best knowledge, this paper is the first in
the literature that addresses the risk preference choice problem in supply chains which includes risk neutral,
risk averse and risk prone players together. We also explore the impacts of the supply chain players’ selfish,
aggressive and altruistic behaviors on the optimal decisions and partner choices. So, we are significantly different
from all the other related works in the supply chain management literature.

The rest of the paper is organized as follows. Firstly, we take an overview of some related researches about
risk preference behaviors in supply chain management in Section 2. Then we introduce a general supplier
encroachment model with different risk preferences under uniform perceived quality based on Mean-CVaR
criterion in Section 3. We analyze the impact of the players’ risk preferences on optimal decisions, their utilities
as well as their choices of selecting a partner. We also provide numerical examples to gain more managerial
insights when players show selfish, aggressive and altruistic behaviors. In Section 4, we extend our model to
capture the situation when consumers perceive differentiated quality between the two channels. Finally, we
conclude with a summary and some future directions in Section 5.

2. Related literature

Papers on the supply chain management problem often assume that players are risk neutral. However, liter-
ature and practical experiences have shown that players’ risk preferences have significant impacts on managers’
decisions. For example, Qinghua [26] considered a supply chain coordination problem using revenue-sharing
contract. Assuming that the supplier and the retailer had risk-averse attitudes, they explored how the opti-
mal wholesale price, the order quantity, the quota of the revenue sharing and supply chain coordination were
influenced by their risk-averse preferences. Xie et al. [34] studied quality investment and price decision of a make-
to-order supply chain with uncertain demand. They analyzed three different supply chain strategies: Vertical
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Integration, Manufacturer Stackelberg and Supplier Stackelberg, with considering the risk-averse behavior of
the players. Demirag [14] pointed out that risk attitudes of retailers and buyers might play an important role
on the effectiveness of weather-linked promotions in the presence of seasonal weather uncertainty. They inves-
tigated the performance of weather-conditional rebates incorporating the impact of the retailer’s risk aversion
behavior based on mean-variance framework. They found out that the rebate program could increase the mean
profit and reduce the profit variance simultaneously. Liu and He [23] investigated the optimal order decision in
a supply chain with risk-averse decision-makers when demand and consumer returns were uncertain. By using
mean-variance objective framework, they illustrated the impacts of consumer returns and the supply chain
members’ risk attitudes on the optimal order decision. Wang and Hu [32] conducted the rational expectation
(RE) equilibrium analysis for a risk-averse newsvendor facing strategic customers. They found out that a risk-
averse newsvendor’s equilibrium price was lower than that of a risk-neutral retailer and the equilibrium stocking
quantity was higher than that of a risk-neutral one. Zhou [37] investigated the coordination of buyback policy
in a supply chain with a risk-averse supplier and a risk-averse retailer, and adopted Conditional Value at Risk
(CVaR) to estimate their risk attitude. Through establishing a Stackelberg game model, they showed that the
optimal order quantity decreased as the players’ risk aversion levels increased. Huynh and Pan [18] considered a
vendor managed inventory problem with a risk-neutral manufacturer and a risk-averse retailer who maximized
her expected utility. They made the conclusion that risk-averse retailer offered a lower price to the manufacturer
than that of risk-neutral one. Li et al. [22] introduced the retailer’s risk-averse behavior into a manufacturer
encroachment problem under demand information asymmetry. Using mean-variance decision framework, they
focused on revealing the influences brought by the retailer’s risk-averse behavior and the manufacturer’s selling
cost on the optimal decisions. Dai and Chao [13] studied a pricing policy preference problem by assuming that
the risk aversion coefficients of the agents were private information of the sales agents. They obtained the op-
timal compensation and pricing contracts under centralized pricing and delegated pricing settings. Then they
found that either strong risk aversion or high effort valuation could drive the agents to favor centralized pricing
over delegated pricing. Choi [10] adopted the mean-risk framework to uncover how the retailer’s risk-averse
behavior impacted its inventory decisions in a make-to-order quick response system. Cui et al. [12] studied a
risk-averse retailer’s optimal decision of introducing her store brand product under the mean-variance criterion.
Xue et al. [36] considered the diversification strategy for a risk-sensitive manufacturer with unreliable suppliers
under the mean-variance framework, and investigated the impact of the supplier’s cost or reliability on the
risk-averse manufacturer’s ordering decisions and customer service level. Liu et al. [24] investigated the effect
of risk aversion on the optimal policies of a dual-channel supply chain under symmetric information and asym-
metric information cases. They found that if the manufacturer overestimated the retailers risk aversion value,
the retailers’ expected profit would be lower if she shared her risk aversion information with the manufacturer.

The above works all considered the risk-averse behaviors of the supply chain members, but there are some
studies demonstrating that decision makers sometimes show risk taking behaviors. For example, Sitkin and Pablo
[29] suggested that past successful experience of decision makers led to risk propensity, because the knowledge
that decision makers accumulated from the past success was likely to make risk seem reasonable. Carpenter et al.
[7] showed that when decision makers learned from their past experience and possessed sufficient knowledge
about the decision domain, they were also more likely to convert their risk-taking incentives to the actual risk
actions. Smith et al. [30] suggested that knowledge creation capability motivated organizations to take risk in
innovative activities, such as new product development. Xue [35] showed that due to the risk return association
of IT, organizations were likely to strategically take risk in adopting IT to pursue higher returns. These works
gave examples in which situation did managers take risky behaviors, however, they did not incorporated this
risk-taking behavior into supply chain management.

As risk-averse and risk-taking behaviors both exist in practice, some literature studies the combination of
risk-neutral, risk-averse and risk-taking behaviors in a unified framework. He et al. [16] developed a model
to determine optimal return policies for single-period products based on uncertain market demands and in
the presence of risk preferences. The impacts of risk-preferences on the supplier’s return policies and the re-
tailer’s order quantities were investigated. Hua et al. [17] studied how the risk attitude of the members affected
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decisions, profits and channel coordination. They proposed a Value-at-Risk formulation to capture the risk
bias of each supply chain member and found that manufacturer could not coordinate the channel with a risk-
prone or severely-risk-averse retailer by the traditional contracts. Choi et al. [11] proposed a mean-variance
(MV) formulation to capture the risk preference of each individual supply chain agent. They found that a
slightly risk averse supply chain coordinator can successfully coordinate with a slightly risk prone retailer but
not a very risk averse retailer. Using the Mean-CVaR framework, Jammernegg and Kischka [20] constructed a
newsvendor model to explore the optimal order quantity for an objective function when the inventory manager
showed risk-neutral, risk-averse as well as risk-taking behaviors. Qin et al. [25] reviewed the contributions for
analyzing the newsvendor problem and analyzed how the buyer’s risk profile moderated the newsvendor order
quantity decision. Arcelus et al. [1] evaluated the pricing and ordering policies of risk-neutral, risk-averse and
risk-seeking newsvendor-type retailers facing price-dependent stochastic demand and several sales-promotion
policies, namely pricing, rebates and advertising. They found that the more risk averse the retailer, the lower
its profit and the more it favored multiple promotion policies. Avinadav et al. [4] investigated the revenue
sharing contract used in the mobile applications (Apps) industry. They focused on how supply chain members’
different attitudes toward risk: averse, neutral and seeking behaviors affected equilibrium strategies and chain
performance. The above papers all have considered decision makers’ different risk attitudes, however, they have
not incorporated the supplier’s encroachment behavior, nor have they considered the decision makers’ choices
of choosing partners. We are the first to study how risk preferences impact supply chain players’ choices of
choosing partners under supplier encroachment.

3. Encroachment with uniform perceived quality

We consider a supplier encroachment problem with a supplier (he) and a retailer (she), the supplier produces
one product and sells to customers through the retailer and his own direct channel. To allow for the possibility
that the retailer may be more efficient in retail operations than the supplier, we assume that the supplier incurs
a per-unit selling cost c for each unit on direct channel and the selling cost of the retail channel is normalized
to 0 [3,15,21]. On the demand side, we assume potential consumers with a total mass of one are heterogeneous
in their valuation, δ, per unit of product quality, which we assume is uniformly distributed on [0, 1]. Here, we
outline the basic model and investigate a benchmark case that the consumers have the same recognition of
network channel and traditional channel, namely, consumers have uniform perceived quality on both channels.
In this case, for any given price p for the product, the net utility of a consumer with valuation δ is δ − p.
Therefore, all customers with δ ≥ p would buy the product. Hence demand is q = δ − p [15]. Without loss
of generality, we normalize that the product’s quality δ = 1. In order to characterize market uncertainty, we
further assume that q = 1 + ξ − p, where the random variable ξ has a probability density function g(·) and a
cumulative distribution function G(·) supported on [−U,U ], assuming E[ξ] = 0. Hence, we can yield the inverse
demand function p = 1 + ξ − q, where q is the total number of the product deployed for sale, including the
retailer’s ordering quantity qr and the supplier’s direct stock qs, p is the market clearing price.

According to Jammernegg and Kischka [20], we use a Mean-CVaR method to characterize the different risk
preferences of the supplier and the retailer. As p = 1 + ξ − q, then the expected profits of the supplier and the
retailer are:

E(πs) = E[(p− c)qs + wqr] = (1− qr − qs − c)qs + wqr (3.1)
E(πr) = E[(p− w)qr] = (1− qr − qs − w)qr. (3.2)

Then, we need deduce the ηi−CVaR value of the supplier and the retailer, where i = s, r. The CVaR criterion
measures the average profit falling below the ηi-quantile level v, where ηi(ηi ∈ (0, 1]) is a confidence indicator
specified by the decision maker to attain a certain level of profit v. vη(πi) is the player’s VaR, which is defined
as follows [2]:

vη(πi) = inf{Pr(πi ≤ v) ≥ ηi}. (3.3)
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Thus, the players’ ηi − CVaR value is defined as follows [27]:

CVaRη(πi) = E [πi|πi ≤ vη(πi)] . (3.4)

Furthermore, to simplify the computation, we use the following equivalent definition [27]:

CVaRη(πi) = max
v∈R

{
v +

1
ηi
E [min (πi − v, 0)]

}
. (3.5)

Then

CVaRη(πs) = max
v∈R

{
v +

1
ηs
E [min (πs − v, 0)

}
= max

v∈R

{
v +

1
ηs

∫ c+ v−wqr
qs

+qr+qs−1

−U
(qs (−c+ ξ − qr − qs + 1) + wqr − v) dG(ξ)

}
.

Let H(v) =
{
v + 1

ηs

∫ c+ v−wqr
qs

+qr+qs−1

−U (qs (−c+ ξ − qr − qs + 1) + wqr − v) dG(ξ)
}

, and dH2(v)
dv2 < 0, which

means H(v) is a concave function with v. Let dH(v)
dv = 0, thus v∗ = (G−1(ηs) + 1− qr − qs − c)qs + wqr.

Therefore,
CVaRη(πs) = (1− qr − qs − c+Ms)qs + wqr (3.6)

where Ms = G−1(ηs)− 1
ηs

∫ G−1(ηs)

−U G(ξ)dξ. Similarly, we can obtain the retailer’s η − CVaR value:

CVaRη(πr) = qrMr + (1− qr − qs − w)qr (3.7)

where Mr = G−1(ηr) − 1
ηr

∫ G−1(ηr)

−U G(ξ)dξ. Let Γ(πi) represents the Mean-CVaR utility function for player i,
then

Γ(πi) = (1− λi)E (πi|πi ≥ vηi(πi)) + λiE (πi|πi ≤ vηi(πi))

=
CVaR(πi) (λi − ηi)

1− ηi
+
E (πi) (1− λi)

1− ηi
(3.8)

where λi(0 ≤ λi ≤ 1) is a weighting factor, and represents the coefficient of pessimism. The higher λi the more
weight the manager puts to low profit. Thus, based on equations (3.7) and (3.8), we have

Γ(πs) =
CVaR(πs) (λs − ηs)

1− ηs
+
E (πs) (1− λs)

1− ηs

= qs (1− c− qr − qs) +
Msqs (λs − ηs)

1− ηs
+ wqr (3.9)

Γ(πr) =
CVaR(πr) (λr − ηr)

1− ηr
+
E (πr) (1− λr)

1− ηr

= (1− qr − qs − w)qr +
qrMr(λr − ηr)

1− ηr
· (3.10)

3.1. Players only care about themselves

The time line in the model is as follows. Firstly, the supplier establishes its wholesale price w. Secondly, the
retailer chooses its utility-maximizing ordering quantity qr. Finally, the supplier determines the initial stock qs
in the direct channel.
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Proposition 3.1. The optimal decisions under the different risk preferences are:

w∗ =
(3− c+Ns + 2Nr)

6
, q∗r =

2(c+Nr −Ns)
3

, q∗s =
(3− 5c− 2Nr + 5Ns)

6
,

where Nr = Mr(λr−ηr)
1−ηr and Ns = Ms(λs−ηs)

1−ηs .

As we can see from Proposition 3.1, if the supplier’s unit selling cost is higher than Ns−Nr, then the retailer
is willing to order products, otherwise, she will quit ordering. Thus, in order to guarantee the model practical
meaning, we set c ≥ Ns − Nr. In the same way, some additional conditions should be satisfied to make our
model reasonable, such as p ≥ w ≥ c and qs ≥ 0.

First, from p ≥ w, and p∗ = 1 − q∗r − q∗s , bring the optimal results in Proposition 3.1 into p∗, Then p∗ =
1 − q∗r − q∗s = 1/2 + c/6 − Nr/3 − Ns/6. Further, from p ≥ w, we can see that c ≥ 2Nr + Ns. That is,
c ≥ max(Ns −Nr, 2Nr +Ns).

Next, the conditions that w ≥ c, and qs ≥ 0 is considered. From w ≥ c and w∗ = (3− c+Ns + 2Nr)/6, there
is c ≤ (3 +Ns + 2Nr)/7. While from qs ≥ 0, there is c ≥ (3− 2Nr + 5Ns)/5.

Combining the above two formulas, we can obtain that c ≤ min((3+Ns+2Nr)/7, (3−2Nr +5Ns)/5). Above
all, set C1 = [max(Ns −Nr, 2Nr +Ns),min((3 +Ns + 2Nr)/7, (3− 2Nr + 5Ns)/5)].

so c ∈ C1. Too big or too small cost will lead to this supply chain collapse, and c will also affect the players’
choices of the partner with risk preference. Therefore, we have the utilities of the supplier and the retailer as
follows:

Γ(πr) = 2(c+Nr −Ns)2/9
Γ(πs) = (3− 2Nr + 5Ns − 5c)(3 + 2Nr +Ns − c)/36 + 4(c+Nr −Ns)2/9.

Then the utility of the entire supply chain is Γ(πc) = Γ(πs) + Γ(πr) = (9− 18c+ 29c2 + 40cNr + 20(Nr)2 −
58cNs + 18Ns − 40NrNs + 29Ns2)/36.

The proof is in Appendix A. Here, we assume that ξ follows a uniform distribution, that is ξ ∈ [−U,U ],

then g(ξ) = 1/2U,G(ξ) = (ξ + U)/2U . From the definition Mr = G−1(ηr)− 1
ηr

∫ G−1(ηr)

−U G(ξ)dξ. so G−1(ηr) =

2Uηr − U , and 1
ηr

∫ G−1(ηr)

−U G(ξ)dξ = Uη2
r .

From the above formulas, we can compute Mr = −U(ηr + 1)2 < 0.
Similarly, Ms = −U(ηs + 1)2 < 0, then Ni = U(ηi − λi).
Therefore, the players’ risk preferences could be characterized as follows:

(a) Risk-neutral if λi = ηi, then Ni = 0;
(b) Risk-averse if λi > ηi, then Ni < 0;
(c) Risk-taking ifλi < ηi, then Ni > 0; where i = r or s.

Obviously, ∂Ni
∂η > 0, ∂Ni

∂λ < 0, so the players tend to be more risk taking as Ni increases, i.e., the players
have higher risk tolerance as Ni increases. The optimal decisions and utilities are the functions of the players’
risk preferences, and then we can get the following propositions.

Proposition 3.2. The optimal wholesale price increases as the players become more risk taking. However, the
optimal order quantities increase as the player becomes more risk taking and decrease as the opponent player’s
risk tolerance increases.

As ∂w
∂Nr

= 1/3 > 0, ∂w
∂Ns

= 1/6 > 0, it is easy to understand that the retailer will accept a higher wholesale
price if her risk tolerance is high, and the supplier will also enhance the wholesale price when he becomes
more risk-taking. But, the wholesale price is more sensitive to the retailer’s risk preference, which indicates
that her risk preference impacts the wholesale price to a larger extent than the supplier’s does. As to the order
quantities, we have ∂qr

∂Nr
= 2/3 > 0, ∂qs

∂Ns
= 5/6 > 0, ∂qr∂Ns

= −2/3 < 0, ∂qs
∂Nr

= −1/3 < 0, obviously, if they
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become more risk-taking, their optimistic attitudes toward the market leading them to order more, but their
opponents’ optimistic forecast leading them to order less. Moreover, the risk preferences of the two players has
the same but opposite impact on the retailer’s order quantity, however, the supplier’s order quantity is more
influenced by his own risk preference. This may because the supplier can observe the retailer’s order decision
before he decides his order quantity on direct channel. Another thing we can find is that the order quantities
are more sensitive to the players’ risk preferences than the wholesale price, which may because the players’
expects toward the market impact their order decisions directly, then these impacts conduct to the wholesale
price decision.

Proposition 3.3. For the retailer, no matter what her risk preference is, she always benefits when choosing
a risk-averse supplier, while the supplier always benefits when choosing a risk-taking retailer. In addition, the
retailer’s utility increases as she becomes more risk-taking, while the supplier’s utility may increase or decrease
as his risk preference changes.

On the one hand, as (∂Γ(πr))/(∂Ns) = −4(c+Nr −Ns)/9 ≤ 0 and (∂Γ(πs))/(∂Nr) = 2(c+Nr −Ns)/3 ≥ 0,
it is interesting to find that the retailer and the supplier have different preferences when choosing a partner to
trade. For the retailer, if she trades with a risk-averse supplier, the wholesale price will be lower, the supplier
will order less, which leads to the selling price increase or the retailer order more. All these cases are beneficial
to the retailer, and no wonder she prefers a risk-averse supplier. However, as to the supplier, if he chooses a
risk-taking retailer, the retailer will order more, also she can accept a higher wholesale price, which leads to a
much more retail profit. In this case, even if the supplier has to order less or the selling price is lower, this loss
can be offset by the increased retail profit.

On the other hand, since (∂Γ(πs))/(∂Ns) = (3 − 7c − 4Nr + 7Ns)/6, it is surprising that even though a
risk-averse supplier is the retailer’s favorite, it doesn’t mean it always bring harm to him. Specifically, in set C1,
when c ≤ (3 − 4Nr + 7Ns)/7, the supplier’s utility increases as he becomes more risk-taking, on the contrary,
it decreases with his risk tolerance increases. Actually, a risk-averse supplier has lower wholesale price, lower
online sales order, but more retail orders and higher selling price, which may bring him more money compared
to a risk-taking supplier. This implies that the retail profit is still the most important part to the supplier. As
to the retailer, we have (∂Γ(πr))/(∂Nr) = 4(c + Nr −Ns)/9 ≥ 0, so her utility increases as she becomes more
risk-taking.

Proposition 3.4. For the whole supply chain, when c ∈ C1 and c ≤ (9− 20Nr − 29Ns)/29, the combination of
a risk-taking retailer and a risk-taking supplier could achieve the most supply chain utility. When c ∈ C1 and
c ≥ (9− 20Nr − 29Ns)/29, the combination of a risk-taking retailer and a risk-averse supplier could achieve the
most supply chain utility.

As (∂Γ(πc))/(∂Nr) = 10(c + Nr − Ns)/9 ≥ 0, (∂Γ(πc))/(∂Ns) = (9 − 29c − 20Nr − 29Ns)/18, we can see
from Proposition 3.3, a risk-taking retailer can benefit the supplier without doing any harm to herself, certainly
it can benefit the whole supply chain too. A risk-averse supplier also do good to the retailer, however, it may
cause loss to him and to the total supply chain.

3.2. Players care about themselves and their opponents

On the other hand, players may show different attitudes towards their opponents’ gains. For example, two
clothing companies may consider opening new stores in the same area, then the profit will come from the
market of potential customers in this area. The objective of each company may differ a lot: One may consider
maximizing its own profit while the other one may consider suppressing the opponent’s profit or a combination
of both. It depends on the developing stage and corporate mind setting of a particular company. A new comer
or a conservative company tends to survive by maximizing its own profit, and an aggressive company cares
more about the gap between the two investors’ profits, while a well-established dominating company may care
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about minimizing the opponent’s profit, and a friendly company incorporated with cooperation awareness may
pursue the win-win outcome [33].

Then, similarly to Wang et al. [33], when players not only care about their own utilities, but also care about
their opponents’ utilities, we allow that the objective function of each player to be a linear combination of the
utility of both players. That is,

Φ(πi) = βiiΓ(πi)− βijΓ(πj),

where i, j = 1, 2 and i 6= j, βii ≥ 0, βii > |βij |. The nonnegativity of βii indicates that both players value their
own profits positively. When βij = 0, player i minds only his own utility. When βij > 0, player i is concerned
about the weighted gap between his and opponent’s obtainable utility. When βij < 0, player i is interested
in the weighted total obtainable utility for both players. In the latter case, we assume that βii > |βij |, which
indicates that player i minds his utility more than the opponent’s.

Then we have

Φ(πr) = β11Γ(πr)− β12Γ(πs) (3.11)
Φ(πs) = β22Γ(πs)− β21Γ(πr). (3.12)

To simplify the calculation, specify β11 = β22 = 1. Then we have the following proposition.

Proposition 3.5. If the players care not only about their own utilities, but also each other’s utility, then the
optimal decisions are:

w∗ =
1
6

[
3
(

1 +Nr +
c+Nr −Ns

1 + β12

)
− 4(c+Nr −Ns)

1 + β21
+

(c+Nr −Ns)β12

3 + β12(1− 2β21)

]
,

q∗r =
2(c+Nr −Ns)(1− β12β21)

(1 + β21)2(3 + β12(1− 2β21))
, q∗s =

F0 + β12F1

2(1 + β21)2(3 + β12(1− 2β21))
,

where F0 = 2β21 (3− 2c+Nr + 2Ns) + 3β2
21 (1− c+Ns)−5c−2Nr + 5Ns+ 3, F1 = −β2

21 (3− c+ 2Nr +Ns) +
2β21 (c+Nr −Ns)− 2β3

21 (1− c+ 2Ns)− c+Ns + 1.

Similarly, according to p ≥ w ≥ c, qs ≥ 0 and qr ≥ 0, we have c ∈ C2,

C2 =
[
max

(
0, Ns −Nr,

β2
12F10 + β12F9 + F8

β2
12F12 + β12F11 − 1

)
,min

(
1,
β2

12F4 + β12F3 + F2

β2
12F7 + β12F6 + F5

,
β12F14 + F13

β12F16 + F15

)]
where F2 ∼ F16 and the proof is shown in Appendix B.

As the expression of solutions under this situation is quite complicated, so we conduct some numerical
experiments to gain more managerial insights. As Ni = U(ηi − λi), we set Ni ∈ [−U,U ]. Set U = 0.1 and
c = 0.35. We are interested in exploring how optimal decisions and players’ utilities are impacted by their
attitude towards risk and the other ones’ utility. Specifically, we compare the following five cases through
numerical analysis in the following figures.

Case 0: β12 = β21 = 0 (green with no grid in the figures), players don’t care about each other’s utility, i.e.
both players are selfish.

Case 1: β12 = β21 = 0.1 , players care about the bad side of each other’s utility, i.e. both players are aggressive.
Case 2: β12 = β21 = −0.1 , players care about the bright side of each other’s utility, i.e. both players are

altruistic.
Case 3: β12 = −0.1, β21 = 0.1 (purple with grid lines in the figures), the retailer cares about the bright side

of the supplier’s utility, while the supplier cares about the bad side of the retailer’s utility, i.e. the
retailer is altruistic, while the supplier is aggressive.
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Figure 1. The supplier’s and the retailer’s utilities under uniform perceived quality.

Case 4: β12 = 0.1, β21 = −0.1 (blue with slashes in the figures), the retailer cares about the bad side of the
supplier’s utility, while the supplier cares about the bright side of the retailer’s utility, i.e. the retailer
is aggressive, while the supplier is altruistic.

Case 1 and case 2 are not shown in figures, because case 1 always shows the lowest utilities for the players and
the whole supply chain, while case 2 shows the highest utilities. It is easy to understand, when the players show
aggressive behaviors, it does harm to their earnings, while altruistic behaviors bring benefits to both players
and the entire chain. Therefore, we focus on the other three cases in which they cannot always be dominant
among cases.

From Figure 1a, we can see that no matter what the supplier’s risk preference is, he always trends to trade
with a risk-taking retailer. This is because the more optimistic the retailer forecast the market, she will order
more, and can accept a higher wholesale price, so the supplier can benefit with a risk-taking retailer. On the
other hand, the supplier’s utility changes little with his risk preference changes, which indicates that most of his
utility comes from the traditional channel and the retailer’s risk preference has significant impact on his gains.
Comparing different cases, we find that the supplier’s utilities under different cases are very close to each other.
Relatively speaking, case 4 achieves the most utility, while case 3 achieves the least, which indicates that even
though the supplier shows altruistic behavior, it brings him more benefit in return. However, it is surprising
that if the retailer shows altruistic behavior, the result is not as good as expected, since the supplier can achieve
less utility compared with the case when both players do not care about each other’s utility.

As to the retailer (see Fig. 1b), risk-taking attitude is still beneficial for her because she has advantage in
selling products. However, the supplier opens up an online channel and competes with her, so she doesn’t like him
to be more risk-taking, because this means the supplier can seize a larger market share. Besides, different cases
have different influences on the retailer’s utilities, and it is more complex. Specifically, under most conditions,
the retailer can gain more utility if she is altruism, while she gains less under other conditions. In fact, similar
to the supplier, the retailer’s utility under case 3 is lower than case 0 under some conditions, which means the
altruistic behavior is not always beneficial to the players. We also can find that there exists a small region where
the retailer’s altruistic behavior brings her more benefit than the case when no one cares about each other’s
utility, and less than the case when the supplier is altruism.

To the whole supply chain, just as discussed above, a risk-taking retailer is preferred by the supplier and also
benefits herself. Therefore, the retailer’s risk-taking behavior is beneficial to the entire supply chain. However,
even though the supplier’s risk preference barely has any impact on his utility, his risk-taking behavior will
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Figure 2. The whole supply chain utility under uniform perceived quality.
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Figure 3. The supplier’s and the retailer’s utilities under uniform perceived quality.

reduce the retailer’s utility considerably. In order to achieve the optimal supply chain utility, a combination of a
risk-taking retailer and a risk-averse supplier would be the best choice. Among different cases, it is interesting to
find that there is a half probability that supplier altruism or retailer altruism can achieve the most total utility
or the worst utility. This is not a good signal because altruistic behavior is not always benefit the whole supply
chain. In fact, in most conditions, when the supplier’s risk tolerance is lower than the retailer’s, the supplier
altruism is beneficial to the supply chain, and vice versa.

Through the numerical experiments, we find that the supplier’s online operational cost has significant impact
on the players’ choices of risk combination and utilities under different cases. To be specific, we assume that the
supplier has a smaller cost, i.e. c = 0.25, in which case the retailer’s advantage in selling product is weakened.

From Figure 3a, we can see that if the supplier’s cost reduces, it doesn’t change his preference for the retailer,
but will impact his utility under different risk tolerances. Actually, when the supplier’s selling disadvantage
is alleviated, being optimistic (risk-taking) is beneficial to him. However, the selling cost does not change the
supplier’s relative utility position under different cases. But, we can find a bigger region where the supplier’s
utilities under three cases are overlapped.
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Figure 4. The whole supply chain utility under uniform perceived quality.

For the retailer, when her selling advantage is weakened, it doesn’t change her risk preference towards the supplier
and her own risk tolerance. But her utility under this situation is lower than Figure 1b. Another interesting finding is
that to a large extent the retailer’s altruistic behavior is always benefit to her, while the supplier’s altruistic behavior
is not preferred by the retailer except the situation when the supplier is extremely risk averse and the retailer is
extremely risk-taking. It is hard to understand that the retailer’s utility is much smaller than the supplier’s. Why
does her altruistic behavior bring her more benefit, while supplier altruism does notThis is because even though the
retailer has to accept a higher wholesale price and make less orders, she earns less money than that in other cases;
however, as she is altruism, her utility has much to do with the supplier’s utility, which is much more than hers, so
the increase of the supplier’s utility improves her utility indirectly.

As to the whole supply chain, it shows different shapes compared to those in Figure 2. Similarly, a risk-taking
retailer is still beneficial to the whole supply chain. However, when the supplier’s selling cost is sufficiently low,
the players’ altruistic behaviors have impact on optimal risk combinations. When the supplier is altruism, a
combination of a risk-taking retailer and a risk averse supplier can achieve the most total utility; when the
retailer shows altruistic behavior, a combination of a risk-taking retailer and a risk-taking supplier is most
beneficial to the whole supply chain. Comparing different cases, it is surprising to find that retailer altruism is
more beneficial to the whole supply chain in most region except when the retailer is extremely risk-taking and
the supplier is extremely risk-averse. This is because when the supplier is extremely risk-averse, his utility drops
very quickly and the retailer’s altruistic behavior cannot compensate his loss in this case. But if the supplier
shows altruistic behavior, the retailer can achieve her highest utility in this region, and then the supplier’s
expected utility is higher. Further, in this small region, we find a good signal that no matter retailer altruism or
supplier altruism are beneficial to the entire supply chain, and can achieve higher utility than that when both of
them are selfish. Another interesting finding is that when the supplier is altruism, supplier being conservative is
better than being risk-taking. However, when neither of the retailer nor the supplier shows altruistic behavior,
it is no big difference when the supplier’s risk tolerance changes. But if both of them are risk-averse, then the
utility of the total supply chain is severely damaged (Fig. 4).

4. Encroachment with differentiated perceived quality

In the above section, we have explored the optimal decisions when consumers perceive no quality difference
between retail channel and online channel, however, in practice, consumers typically perceive lower product
quality when they shopping online.
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In this case, we suppose the consumer’s valuation through the retailer channel is δ and a valuation of θδ
through the direct channel [8,9,15], where θ ∈ (0, 1], representing the consumers’ acceptance of network, θ also
can be interpreted as the intensity of competition between the two channels, and the bigger θ means the two
channels are highly replaceable. When the price for the online channel is low enough relative to that for the retail
channel, that is, θpr ≥ ps, both channels have positive demand. Consumers with δ ∈ [pr−ps1−θ , 1] buy product
through the retail channel, and consumers with δ ∈ [psθ ,

pr−ps
1−θ ] buy product through online channel, while

consumers with δ ∈ [0, psθ ] buy nothing. Then the market is thus segmented, we can obtain qr = 1− pr−ps
1−θ , qs =

pr−ps
1−θ −

ps
θ , hence q = qr + qs = 1 − ps

θ . Similarly, in order to characterize market uncertainty, we assume
q = 1+ξ− ps

θ , then the respective inverse demand functions are pr = 1+θξ−qr−θqs, and ps = θ(1+ξ−qr−qs),
where pr and ps correspond to the market-clearing prices of the direct channel and the retail channel products
respectively.

Then we have

E(πs) = E[(ps − c)qs + wqr] = (θ(1− qr − qs)− c)qs + wqr. (4.1)
E(πr) = E[(pr − w)qr] = (1− qr − θqs − w)qr. (4.2)

CVaRη(πs) = max
v∈R

{
v +

1
ηs
E [min(πs − v, 0)]

}
= max

v∈R

{
v +

1
ηs
E[min((θ(1 + ξ − qr − qs)− c)qs + wqr − v, 0)]

}
= max

v∈R

{
v +

1
ηs

∫ 1
θ ( v−wqrqs

+c)+qr+qs−1

−U
((θ(1 + ξ − qr − qs)− c)qs + wqr − v) dG(ξ)

}
.

Let H(v) = v + 1
ηs

∫ 1
θ ( v−wqrqs

+c)+qr+qs−1

−U ((θ(1 + ξ − qr − qs)− c)qs + wqr − v)dG(ξ), then

dH(v)
dv

= 1 +
1
ηs

∫ 1
θ ( v−wqrqs

+c)+qr+qs−1

−U
(−1)dG(ξ) + 0− 0

= 1− 1
ηs
G

(
1
θ

(
v − wqr
qs

+ c

)
+ qr + qs − 1

)
.

dH2(v)
dv2 = − 1

ηs
1
θqs
g( 1
θ (v−wqrqs

+ c) + qr + qs− 1) < 0, so H(v) is a concave function with v. Let dH(v)
dv = 0, thus

v∗ = (θ(G−1(ηs) + 1− qr − qs)− c)qs + wqr.
Therefore,

CVaRη(πs) = (θ(G−1(ηs) + 1− qr − qs)− c)qs + wqr −
θqs
ηs

∫ G−1(ηs)

−U
G(ξ)dξ

= (θ(1− qr − qs)− c)qs + wqr + θqsMs.

Then

Γ(πs) =
1− λs
1− ηs

E(πs) +
λs − ηs
1− ηs

CVaRη(πs)

=
1− λs
1− ηs

[(θ(1− qr − qs)− c)qs + wqr]

+
λs − ηs
1− ηs

[(θ(1− qr − qs)− c)qs + wqr + θqsMs]

= (θ(1− qr − qs)− c)qs + wqr + θqsNs.
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Similarly, we can obtain the retailer’s utility

Γ(πr) =
1− λr
1− ηr

E(πr) +
λr − ηr
1− ηr

CVaRη(πr)

=
1− λr
1− ηr

[(1− qr − θqs − w)qr] +
λr − ηr
1− ηr

[(1− qr − θqs − w)qr + θqrMr]

= (1− qr − θqs − w)qr + θqrNr,

where Nr and Ns are defined as before.

4.1. Players only care about themselves

The time line has been descriped above, so we can gain the following proposition.

Proposition 4.1. When supplier encroachment with differentiated perceived quality, the optimal decisions with
different risk preferences players are:

w∗ =
8− θ(6 + c− 8Nr) + θ2(1− 6Nr +Ns)

2(8− 5θ)
,

q∗r =
2(1 + c− θ(1−Nr +Ns))

8− 5θ
,

q∗s =
−8c+ θ(6 + 3c+ 8Ns)− θ2(3 + 2Nr + 3Ns)

2θ(8− 5θ)
·

In addition, we explore the effects of players’ risk preferences on their utilities and the whole supply chain
utility. Therefore, we have the following proposition.

Proposition 4.2. When players only care about their own utilities, supplier encroachment with differentiated
perceived quality does not change the players’ risk preferences towards their partners.

The proof of Propositions 4.1 and 4.2 is in Appendix C.

4.2. Players care about themselves and their opponents

According to Section 3, we have

Φ(πr) = Γ(πr)− β12Γ(πs) (4.3)
Φ(πs) = Γ(πs)− β21Γ(πr) (4.4)

where β12 and β21 are defined as before. The expression of solutions under this situation is quite complex, so
we carry out numerical experiments to gain managerial insights. Similarly, set c = 0.35, U = 0.1, θ = 0.85, We
also focus on Case 0, Case 3 and Case 4 for the same reason as in Section 3.

Comparing Figure 5a with Figure 1a, we can see that there are some differences between them. When
consumers perceive lower quality of the product on the direct channel, which is common in reality, the direct
price is consequently lower than the retail price. When the retailer or both of them are over-optimistic about the
market, they will order too much, which results in the direct price falling to the wholesale price. However, the
direct price cannot be lower than the wholesale price, otherwise the retailer should order the product directly
through online channel. In this situation, the direct price is equal to the wholesale price, but the supplier should
not prepare any product online, because he is better off when he sales product through the retailer. Figure 5a
also shows that the above situation would not appear when supplier shows altruistic behavior, this may be
because the supplier would not occupy too much market share when he is altruism. But we can see that the
generous behavior of supplier also bring himself the most utility. Similar to Figure 1a, the supplier also prefers
a risk-taking retailer, but his utility is not so sensitive to his own risk attitude.
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Figure 5. The supplier’s and the retailer’s utilities under differentiated perceived quality.

c

0.10

0.05

0.00

0.05

0.10

Nr

0.10

0.05

0.00

0.05

0.1

Ns

0.15

0.20

0.25

Figure 6. The whole supply chain utility under differentiated perceived quality.

As to the retailer (see Fig. 5b), when supplier shows altruistic behavior, it is more beneficial to trade with a
risk averse supplier, which is similar to Figure 1b. Surprisingly, when retailer shows altruistic behavior or the
players are indifferent towards each other’s utility, and then the retailer is beneficial to trade with a risk-taking
supplier. This is because in this situation, the online sales are zero, which is the most favored by the retailer.
The supplier is more risk taking, the wholesale price is lower, and consequently the retailer is happy to see it.
But there exists a region when both the supplier and the retailer are risk-taking that neither supplier altruism
nor retailer altruism brings more benefit to the retailer than nobody cares about each others utility.

Comparing those in Figures 1 and 5, we can also find out that the supplier’s utility is slightly decreasing while
the retailer’s utility is slightly increasing. This indicates that when consumers perceive lower quality through
online shopping, even though the direct price is consequently reduced, it is still harm to the supplier. When the
situation becomes serious, the supplier cannot achieve any needs on the direct channel.
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As to the whole supply chain, a risk-taking retailer is always beneficial to the whole supply chain, because
the retail channel is still an important sales channel, and her optimistic attitude toward the market is quite
important. However, when supplier shows altruistic behavior, a risk averse supplier is more beneficial to the
whole system, this may be because the retailer can play all the power to sell products at this time, which
benefits the supplier’s traditional channel in turn. But, when retailer shows altruistic behavior or the players
are indifferent towards each other’s utility, the supplier’s risk attitude is not quite sensitive to the whole supply
chain’s utility. This may be because the supplier put zero stock online, which hurts the supplier’s utility but
brings benefit to the retailer, so in this case the whole supply chain’s utility is not commonly changed (Fig. 6).

5. Conclusions

In this paper, a dual-channel supply chain consisting of a supplier and a retailer who show different risk
preferences are considered. The supplier is leader and sells products through both retail channel and online
channel. We adopt Mean-CVaR criterion to measure players’ risk attitude. Using Stackelberg game model, we
explore two scenarios based on the consumers’ perceived quality through this two channels: uniform perceived
quality or differentiated perceived quality. We find out that the retailer always prefers a risk-averse supplier,
while the supplier always prefers a risk-taking retailer. However, a risk-averse supplier and a risk-taking retailer
is not always the best combination for the whole supply chain. Then, we extend our model to capture that
players show different attitudes towards their opponents’ gains. We find that players’ choices of choosing a
partner is impacted by their selfish, aggressive and altruistic behaviors. Furthermore, we perform experiments
to explore the impact of supplier’s selling cost and the players’ selfish, aggressive and altruistic behaviors on
optimal utilities and risk combinations.

However, this paper also shows some limitations. For example, we assume that the price is a clearing price.
In practice, the prices on retail channel and online channel can be determined and are dynamic with time.
Moreover, we show that the players’ risk preferences, their selfish, aggressive and altruistic behaviors and the
supplier’s selling cost all influence players’ choices. In fact, many other factors also influence their choices of
choosing a partner to trade with, such as power, loss-averse, forward looking or myopic. It would be interesting
to cover these factors in further research.
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Appendix A

∂Γ(πs)
∂qs

=
λs − ηs
1− ηs

Ms + 1− qr − 2qs − c = 0,

then

qs =
1− qr − c

2
+

1
2
λs − ηs
1− ηs

Ms.

As to the retailer,
∂Γ(πr)
∂qr

=
λr − ηr
1− ηr

Mr + 1− 2qr − qs − w +
qr
2

= 0,
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thus

qr =
1 + c− 2w

2
+
λr − ηr
1− ηr

Mr −
1
2
λs − ηs
1− ηs

Ms.

Finally,

∂Γ(πs)
∂w

=
1− qr − 2qs − c

2
+

1
2
λs − ηs
1− ηs

Ms + qs − w + qr = 0,

so

w∗ =
3− c

6
+

1
6

(
λs − ηs
1− ηs

Ms + 2
λr − ηr
1− ηr

Mr

)
,

q∗r =
2c
3

+
2
3

(
λr − ηr
1− ηr

Mr −
λs − ηs
1− ηs

Ms

)
,

q∗s =
3− 4c

6
− 1

3
λr − ηr
1− ηr

Mr +
5
6
λs − ηs
1− ηs

Ms.

Γ(πr) =
2
9

(
c+

λr − ηr
1− ηr

Mr −
λs − ηs
1− ηs

Ms

)2

.

Γ(πs) =
1
36

(
3− 2

λr − ηr
1− ηr

Mr + 5
λs − ηs
1− ηs

Ms − 5c
)(

3 + 2
λr − ηr
1− ηr

Mr +
λs − ηs
1− ηs

Ms − c
)

+
4
9

(
c+

λr − ηr
1− ηr

Mr −
λs − ηs
1− ηs

Ms

)2

=
3− 6c+ 7c2

12
+

1
2
− 7c

6
λs − ηs
1− ηs

Ms +
2c
3
λr − ηr
1− ηr

Mr +
1
3

(
λr − ηr
1− ηr

Mr

)2

− 2
3
λr − ηr
1− ηr

Mr
λs − ηs
1− ηs

Ms +
7
12

(
λs − ηs
1− ηs

Ms

)2

.

Let Nr = λr−ηr
1−ηr Mr, and Ns = λs−ηs

1−ηs Ms, then

Γ(πr) =
2
9

(c+Nr −Ns)2,

Γ(πs) =
1
36

(3− 2Nr + 5Ns − 5c)(3 + 2Nr +Ns − c) +
4
9

(c+Nr −Ns)2

=
3− 6c+ 7c2

12
+

1
2
Ns −

7c
6
Ns +

2c
3
Nr +

1
3
N2
r −

2
3
NrNs +

7
12
N2
s .

Appendix B

Φ(πr) = Γ(πr) − β12Γ(πs), Φ(πs) = Γ(πs) − β21Γ(πr), then ∂Φ(πs)
∂qs

= 1 − c + Ns − qr − 2qs + qrβ21, then

qs = 1
2 (1− c+Ns − qr + qrβ21). As to the retailer, ∂Φ(πr)

∂qr
= 1

2 (1 + c+ 2Nr −Ns − 2qr − 2w− 2qrβ21 + β12(1−
c+Ns − qr − 2w + qrβ

2
21)) = 0, thus qr = −1−c−2Nr+Ns+2w−β12+cβ12−Nsβ12+2wβ12

(1−β21)(−2−β12+β12β21) . Finally, substituting qr and
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qs to Φ(πs), let ∂Φ(πs)
∂w = 0, we can get the optimal decisions:

w∗ =
1
6

[
3(1 +Nr +

c+Nr −Ns
1 + β12

)− 4(c+Nr −Ns)
1 + β12

+
(c+Nr −Ns)β12

3 + β12(1− 2β21)

]
,

q∗r =
2(c+Nr −Ns)(1− β12β21)

(1 + β12)2(3 + β12(1− 2β21))
,

q∗s =
F0 + β12F1

2(1 + β21)2(3 + β12(1− 2β21))
·

According to p ≥ w ≥ c, qs ≥ 0 and qr ≥ 0, we have

c ∈
[
max

(
0, Ns −Nr,

F8 + β12F9 + β2
12F10

−1 + β12F11 + β2
12F12

)
,min

(
1,
F2 + β12F3 + β2

12F4

F5 + β12F6 + β2
12F7

,
F13 + β12F14

F15 + β12F16

)]
·

where

F2 = −3− 2Nr −Ns − 3(1 + 2Nr −Ns)β21,

F3 = −4(1 +Ns)− 2(1 + 2Nr −Ns)β21 + 2(1 + 2Nr −Ns)β2
21,

F4 = −1−Ns + (1− 2Nr + 3Ns)β21 + 2(1 +Nr)β2
21,

F5 = −7− 3β21,

F6 = 2(−6− β21 + β2
21),

F7 = −3 + 5β21 + 4β2
21,

F8 = −2Nr −Ns − 3Nrβ21,

F9 = −Nr − 3Ns − (Nr +Ns)β21 + 2Nrβ2
21,

F10 = −Ns −Nsβ21 + (Nr +Ns)β2
21,

F11 = −(3 + β21),
F12 = −1 + β21 + β2

21,

F13 = −3 + 2Nr − 5Ns − 2(3 +Nr + 2Ns)β21 − 3(1 +Ns)β2
21,

F14 = −1−Ns − 2(Nr −Ns)β21 + (3 + 2Nr +Ns)β2
21 + 2(1 +Ns)β3

21,

F15 = −5− 4β21 − 3β2
21,

F16 = −1 + 2β21 + β2
21 + 2β3

21.

Appendix C

∂Γ(πs)
∂qs

= θNs + θ(1 − qr − qs) − θqs − c = 0, then qs = θ−θqr+θNs−c
2θ . As to the retailer, ∂Γ(πr)

∂qr
= 1 −

qr − w + qr( θ2 − 1) + θNr + 1
2 (c − θ − θNs + θqr) = 0, thus qr = 2+c−2w−θ+2θNr−θNs

2(2−θ) . Finally, let ∂Γ(πs)
∂w =

(8−θ(6+c−8Nr)+θ2(1−6Nr+Ns)−2w(8−5θ)
4(2−θ)2 = 0, so

w∗ =
8− θ(6 + c− 8Nr) + θ2(1− 6Nr +Ns)

2(8− 5θ)
,

q∗r =
2(1 + c− θ(1−Nr +Ns))

8− 5θ
,

q∗r =
−8c+ θ(6 + 3c+ 8Ns)− θ2(3 + 2Nr + 3Ns)

2θ(8− 5θ)
·
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Thus,

Γ(πr) =
2(2− θ)(1 + c− θ(1−Nr +Ns))2

(8− 5θ)2
,

Γ(πr) =
c2(8− θ)− 2θc(4 +Ns(8− θ)− θ − 4θNr)

4θ(8− 5θ)

+
θ(4 + θN2

s (8− θ) + 2θNs(4− θ)− θ2 + 4θ2N2
r + 8θNr(1− θ − θNs))

4θ(8− 5θ)
·

So we have

∂Γ(πr)
∂Ns

= −4θ(2− θ)(1 + c− θ(1−Nr +Ns))
(8− 5θ)2

≤ 0,

∂Γ(πs)
∂Nr

=
2θ(1 + c− θ(1−Nr +Ns))

8− 5θ
≥ 0,

∂Γ(πr)
∂Nr

=
4θ(2− θ)(1 + c− θ(1−Nr +Ns))

(8− 5θ)2
≥ 0,

∂Γ(πs)
∂Ns

=
−c(8− θ) + θ(4− θ − 4θNr +Ns(8− θ))

2(8− 5θ)
·

Therefore, when c is in the feasible region, the results of players choosing partners and risk sensitivity analysis
are similar to Proposition 3.3.

For the whole supply chain, as

∂Γ(πc)
∂Nr

=
2θ(12− 7θ)(1 + c− θ(1−Nr +Ns))

(8− 5θ)2
≥ 0,

∂Γ(πc)
∂Ns

=
cL1 − θ(16− θ(4 + 48Nr)− (3− 28Nr)θ2 +NsL1)

2(8− 5θ)2
,

where L1 = 64 − 32θ − 3θ2. So when c is in the feasible region, the results of optimal risk combinations are
similar to Proposition 3.4.

Acknowledgements. The authors are grateful to the editor and the anonymous reviewers for their valuable and construc-
tive comments. This work is supported by the National Nature Science Foundation of China under Grant No.71472133.
and International (Regional) Cooperation and Exchange Program of the National Natural Science Foundation of China
under Grant No. 71881330167.

References

[1] F. Arcelus, S. Kumar and G. Srinivasan, Risk tolerance and a retailer’s pricing and ordering policies within a newsvendor
framework. Omega 40 (2012) 188–198.

[2] P. Artzner, F. Delbaen, J. M. Eber, and D. Heath, Thinking Coherently. Risk 10 (1997) 68–71.

[3] A. Arya, B. Mittendorf and D.E.M. Sappington, The bright side of supplier encroachment. Marketing Sci. 26 (2007) 651–659.

[4] T. Avinadav, T. Chernonog and Y. Perlman, The effect of risk sensitivity on a supply chain of mobile applications under a
consignment contract with revenue sharing and quality investment. Int. J. Prod. Econ. 168 (2015) 31–40.

[5] A.J. Bostian, C.A. Holt and A.M. Smith, Newsvendor “Pull-to-Center” effect: adaptive learning in a laboratory experiment.
Manuf. Ser. Oper. Manage. 10 (2008) 590–608.

[6] A.O. Brown and C.S. Tang, The impact of alternative performance measures on single-period inventory policy. J. Ind. Manage.
Optim. 2 (2006) 297–318.

[7] M.A. Carpenter, T.G. Pollock and M.M. Leary, Testing a model of reasoned risk-taking: governance, the experience of principals
and agents, and global strategy in high-technology IPO firms. Strategic Manage. J. 24 (2003) 803–820.

[8] L. Chen, S.M. Gilbert and Y. Xia, Product line extensions and technology licensing with a strategic supplier. Prod. Oper.
Manage. 25 (2016) 1121–1146.



DECISION POLICIES ON PLAYERS’ 1075

[9] W.Y.K. Chiang, D. Chhajed and J.D. Hess, Direct marketing, indirect profits: a strategic analysis of dual-channel supply-chain
design. Manage. Sci. 49 (2003) 1–20.

[10] T.M. Choi, Impacts of retailer’s risk averse behaviors on quick response fashion supply chain systems. Ann. Oper. Res. 268
(2018) 1-19.

[11] T.M. Choi, D. Li, H. Yan and C.H. Chiu, Channel coordination in supply chains with agents having mean-variance objectives.
Omega 36 (2008) 565–576.

[12] Q. Cui, C.H. Chiu, X. Dai and Z. Li, Store brand introduction in a two-echelon logistics system with a risk-averse retailer.
Transp. Res. Part E: Logist. Transp. Rev. 90 (2016) 69–89.

[13] Y. Dai and X. Chao, Price delegation and salesforce contract design with asymmetric risk aversion coefficient of sales agents.
Int. J. Prod. Econ. 172 (2016) 31–42.

[14] O.C. Demirag, Performance of weather-conditional rebates under different risk preferences. Omega 41 (2013) 1053–1067.

[15] A. Ha, X. Long and J. Nasiry, Quality in supply chain encroachment. Manuf. Serv. Oper. Manage. 18 (2015) 280–298.

[16] J. He, K.S. Chin, J.B. Yang and D.L. Zhu, Return policy model of supply chain management for single-period products.
J. Optim. Theory App. 129 (2006) 293–308.

[17] S. Hua, H. Jianmin, Y. Haowei and H. Shubin, Analysis of two-echelon supply chains with risk-bias participators. In Vol. 2 of
International Conference on Intelligent Computation Technology and Automation (ICICTA). IEEE (2008) 621–625.

[18] C.H. Huynh and W. Pan, Operational strategies for supplier and retailer with risk preference under VMI contract. Int. J.
Prod. Econ. 169 (2015) 413–421.

[19] W. Jammernegg and P. Kischka, Risk-averse and risk-taking newsvendors: a conditional expected value approach. Rev. Manage.
Sci. 1 (2007) 93–110.

[20] W. Jammernegg and P. Kischka, Risk preferences and robust inventory decisions. Int. J. Prod. Econ. 118 (2009) 269–274.

[21] Z. Li, S.M. Gilbert and G. Lai, Supplier encroachment under asymmetric information. Manage. Sci. 60 (2013) 449–462.

[22] Q. Li, B. Li, P. Chen and P. Hou, Dual-channel supply chain decisions under asymmetric information with a risk-averse retailer.
Ann. Oper. Res. 257 (2017) 423–447.

[23] J. Liu and Y. He, Coordinating a supply chain with risk-averse agents under demand and consumer returns uncertainty. Math.
Prob. Eng. 2013 (2013) 289572.

[24] M. Liu, E. Cao and C.K. Salifou, Pricing strategies of a dual-channel supply chain with risk aversion. Transp. Res. Part E:
Logist. Transp. Rev. 90 (2016) 108–120.

[25] Y. Qin, R. Wang, A.J. Vakharia, Y. Chen and M.M. Seref, The newsvendor problem: Review and directions for future research.
Eur. J. Oper. Res. 213 (2011) 361–374.

[26] P. Qinghua, Coordinating a two-level supply chain with risk-averse preferences based on revenue-sharing contract. In: Control
Conference, CCC 27th 2008. IEEE, Chinese (2008) 774–779.

[27] R.T. Rockafellar, and S. Uryasev, Optimization of Conditional Value-at-risk. J. Risk 2 (2000) 21–41.

[28] M.E. Schweitzer and G.P. Cachon, Decision bias in the newsvendor problem with a known demand distribution: Experimental
evidence. Manage. Sci. 46 (2000) 404–420.

[29] S.B. Sitkin and A.L. Pablo, Reconceptualizing the determinants of risk behavior. Acad. Manage. Rev. 17 (1992) 9–38.

[30] K.G. Smith, C.J. Collins and K.D. Clark, Existing knowledge, knowledge creation capability, and the rate of new product
introduction in high-technology firms. Acad. Manage. J. 48 (2005) 346–357.

[31] B. Tedeschi, New Level of Competition: When a Supplier gets into its Customers’ Business. New York Times (2005).

[32] T. Wang and Q. Hu, Risk-averse newsvendor model with strategic consumer behavior. J. Appl. Math. 2013 (2013) 636259.

[33] Z. Wang, W. Xing and S.C. Fang, Two-person knapsack game. J. Ind. Manage. Optim. 6 (2010) 847–860.

[34] G. Xie, W. Yue, S. Wang and K.K. Lai, Quality investment and price decision in a risk-averse supply chain. Eur. J. Oper.
Res. 214 (2011) 403–410.

[35] L. Xue, Governance-knowledge fit and strategic risk taking in supply chain digitization. Decis. Support Syst. 62 (2014) 54–65.

[36] W. Xue, T.M. Choi and L. Ma, Diversification strategy with random yield suppliers for a meanCvariance risk-sensitive manu-
facturer. Transp. Res. Part E: Logist. Transp. Rev. 90 (2016) 90–107.

[37] Y. Zhou, Q. Chen, X. Chen and Z. Wang, Stackelberg game of buyback policy in supply chain with a risk-averse retailer and
a risk-averse supplier based on CVaR. PloS one 9 (2014) e104576.


	Introduction
	Related literature
	Encroachment with uniform perceived quality
	Players only care about themselves
	Players care about themselves and their opponents

	Encroachment with differentiated perceived quality
	Players only care about themselves
	Players care about themselves and their opponents

	Conclusions
	Compliance with ethical standards

	
	
	
	References

