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Abstract
This paper studies the impacts of risk inequity averse factor on supply chain performance
in the newsvendor context. We apply a downside-risk approach to depict the risk caused by
market demand uncertainty and develop the newsvendor model with a risk inequity averse
agent. Contrary to the prior literature, we extend inequity averse profits to a broader range by
including risk inequity aversion, and we find that risk inequity aversion has large impact on
supply chain agents performance.Moreover, we attempt to consider the situation which a risk
inequity averse retailer’s information is neglected by the supplier and performed a compar-
ative analysis on different scenarios. If the supplier is only concerned with the risk inequity
averse retailer while making decisions, the results range from worsening to improving. To
mitigate the negative utilities caused by the factor of risk inequity aversion, we propose a
mechanism that the risk-sharing parameter could achieve a better performance for a cer-
tain range. Several observations and managerial insights on risk inequity-averse newsvendor
models are gathered.

Keywords Risk inequity averse · Newsvendor problem · Risk-sharing mechanism · Supply
chain performance

This research was supported by National Natural Science Foundation of China (Grant Nos. 71571171,
71801210, 71631006).

B Li Hu
huli@ustc.edu.cn

Xia Yan
yanxia11@mail.ustc.edu.cn

Shaofu Du
sdu@ustc.edu.cn

1 School of Management, University of Science and Technology of China, No. 96, Jinzhai Road,
Hefei 230026, People’s Republic of China

2 School of Economics and Management, Southwest University of Science and Technology,
No. 59, Qinglong Road, Mianyang 621010, People’s Republic of China

123

http://crossmark.crossref.org/dialog/?doi=10.1007/s10479-018-3038-1&domain=pdf
http://orcid.org/0000-0003-2133-1450
http://orcid.org/0000-0001-6809-0610


898 Annals of Operations Research (2020) 290:897–921

1 Introduction

Recently, the issue of risk generated from the market demand uncertainty examined under
an operation management lens has become popular. In the presence of uncertainty, an indi-
vidual has risk preferences or attitudes, including risk-averse, risk-seeking and risk-neutral.
Furthermore, most research indicates that people often exhibit risk-averse preferences when
facing risk (Arrow 1971). This finding is also verified in real world practices; companies
pursue profit maximization and have different degrees of aversion to risk at the same time. In
particular, some studies indicate that the risk-averse preference has great impacts on decision
making in supply chain management. Eeckhoudt et al. (1995) give some examples of how
risk-averse retailers would not stock items due to high demand uncertainty. From the study
of Schweitzer and Cachon (2000), the experimental evidence suggests that decision makers
exhibit risk-averse behavior for some high-profit products. These examples are theoretical
evidence of the risk-averse factor influence on supply chain profits.

Additionally, some experimental studies explore the issue of risk aversion and inequity.
Cappelen et al. (2013) investigate the inner relationship between risk aversion and inequality
aversion under risky circumstances through the use of an experimental study on Dictator
and Ultimatum game. The experiment results indicate that the individual behavior of risk-
averse participants deviates from theoretical predictions if these participants notice that risk-
undertaking is inequitable. The authors conclude that if the participants are more risk-averse,
then they will be more averse to inequity. This point of view is also confirmed in practical
cases. In real life, most companies follow a simple wholesale price contract in the context of
supply chainmanagement. Due to the channel structure, retailers undertake all the operational
risk, and the suppliers decide the wholesale price that maximizes their own profits which
causes retailers order less quantity (Spengler 1950). It would be disadvantageous to the
supply chain profit and performance if the retailers had risk aversion and inequity inmind. For
instance, the seafood industry’s product is considered as delicate and highly perishable which
generates huge risk in the supply chain. To promote sustainable industrial development, the
seafood industry’s upstream and downstream enterprises could sign a treaty on risk-sharing,
which would reduce the loss and mitigate the inequitable risk undertaken by retailers. Real-
world examples in which risk equity concerns also exist include the automotive supply
chain. Toyota sells their automobiles all over the world, mainly in the American, European
and Chinese markets. As an automobile company, quality and safety problems usually cause
huge crises. For example, Toyota recalled cars in all of markets for potential accelerator pedal
issues to minimize risk and remain fair, even if these problems did not exist in some markets.

Motivated by the previous research, studying both risk-averse preference and fairness
behavior is meaningful. We propose the concept of risk inequity aversion as a behavioral
factor, which would affect the decision making of supply chain members. In contrast with
risk-averse, risk inequity-averse is generated by combining both risk aversion and inequity
aversion if one is thinking of the risk undertaking on behalf of others. We assume that the
supply chain member would not only be risk-averse but also very concerned that risk-sharing
is equitable. In terms of results, it is hard to tell whether the ultimate outcome is fair or not.
Even if the monetary payoffs might be evenly split, unequal risk allocation still exists for
both sides. Therefore, the risk inequity-averse factor cannot be ignored. In addition, we will
investigate the effects of this behavioral factor on supply chain members decisions makings
and the influence on profits and the overall performance of supply chain system.

Despite the fact that the importance of risk-averse behavior and fairness are well-studied,
our understanding is limited on the impacts of risk inequity-averse behaviors considered in
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the existing literature. To fill this research gap, our research goal is to investigate how the
risk inequity-averse behavior influences the decision making between a risk-neutral supplier
and a risk inequity-averse retailer in the context of the newsvendor problem, with a particular
emphasis on the following research questions. First, how does risk inequity aversion affect
supply chain performance and each members profit? The methods of capturing the practical
risk and the risk inequity-averse behavior are important in the modeling part. Second, com-
pared to the benchmark model, what impacts would bear on the supply chain system if the
risk inequity-averse factor is neglected by supply chain members? Two cases are proposed
and comparative analysis is conducted. Third, how can we achieve a Pareto improvement of
supply chain performance by proposed a risk-sharing mechanism?

To address these research questions, we develop an analytical model to examine the
impact of the risk inequity-averse factor. We study a two-echelon supply chain by applying
a Stackelberg game with the supplier as the leader to investigate his optimal wholesale price,
and with the retailer as the follower to decide the optimal order quantity in the context of
a newsvendor problem. The methods of capturing risk and inequity characterization are the
theoretical foundation. First, we concentrate on modelling the inequity. Numerous studies
focus on modelling inequity or fairness in operation contexts (Rabin 1993; Fehr and Schmidt
1999; Bolton and Ockenfels 2000). Our model setting is in the spirit of the research work
on inequity aversion by Fehr and Schmidt (1999), which is more consistent with the supply
chain background. Thus, we model risk inequity aversion in the utility function and negative
utility would be yield if risk-taking is unequal.

Additionally, the method of risk capture is also vital in modeling. Previous research cap-
tures the risk of demand uncertainty in the context of newsvendors, which refer to it as the
overstock and understock perspectives. However, we would apply the semi-deviation mea-
surement to depict downside-risk for the following reasons. On the one hand, it is known that
risk generates favorable and unfavorable outcomes; the favorable outcome is considered to be
an actual gain and the unfavorable is a loss, both of which are asymmetric (Tversky and Kah-
neman 1991). Experimental studies also verify this point that participants focus more on the
losses deviate from the mean. On the other hand, using downside risk measurement is more
realistic than former approaches. In reality, the supply chain members cannot precisely dis-
tinguish between different types of risk, such as overstock and understock risk. They believe
that the overall risk generates unfavorable outcomes by deviating from expected profits. In
view of this, we will apply a downside risk measurement to investigate a risk inequity averse
newsvendor problem in the model section.

In summary, we develop a model with risk inequity aversion by applying a downside
risk measurement and inequity aversion model in the utility functions. This analytical model
explicitly captures the unfavorable risk in reality, and also illustrates how this behavior factor
impacts on the decision making. We explore the existence of a unique optimal order quantity
for decentralized retailer and a best-response wholesale price for supplier. Moreover, the risk
inequity-averse factor can result in a centralized supply chains utility and profit becoming
worse, while the decentralized supplier and retailers utilities become even worse off than the
centralized one. If the retailer is more risk inequity-averse, the optimal quantity will be less
ordered. Nevertheless, the relationship between the best-response wholesale price and risk
inequity is implicit. We propose two cases in the following study; one is where the supplier
knows the retailer has risk inequity aversion, whichwould influence the decisionmaking. The
other one is neglected by the supplier. Interestingly, in the latter case, we find that the retailer
will reduce optimal order quantity. Meanwhile, the supplier will increase his best-response
wholesale price, which induces worse supply chain performance than in the prior case. To
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solve this problem, we propose a risk-sharingmechanismwhich realizes Pareto improvement
of supply chain performance.

Our study contributes to existing the literature on risk inequity averse supply chain mem-
bers in the context of the newsvendor problem in three aspects. First, we propose risk inequity
averse behavior and extend the analysis of the unfairness of risk-taking; the existing research
on fairness or equity only considers the monetary payoff and not the risk taking. Second, a
different method of capturing risk is applied in our study. It is more reasonable to employ
downside-risk measurement to depict unfavorable outcomes, since the retailer cannot intu-
itively and explicitly distinguish the risk generated from either overstock or understock in
practical cases. Third, we clarify the importance of risk inequity-averse behavior and design
a risk-sharing mechanism which can achieve supply chain coordination and Pareto improve-
ment under certain conditions.

The rest of this paper is organized as follows. In Sect. 2, we elaborate a literature review
in three aspects. In Sect. 3, we present the benchmark model and risk inequity averse model
and perform comparative analysis under different scenarios. In Sect. 4, we study the risk-
sharing mechanism. In Sect. 5, we analyze some numerical results by validating the model
and discuss some managerial implications. Finally, in Sect. 6, we conclude our study and
provide avenues for future research.

2 Literature review

Our study considers the supply chain members that have risk inequity-averse behavior and
the impact on their decision makings as well as the systems performance. There are three
streams of literature most closely related to our work are briefly reviewed below.

2.1 The risk-averse newsvendor problem

Recently, numerous studies have addressed the risk aversion issue in the context of the
newsvendor, such as Lau (1980), Chen and Federgruen (2000), Tsay (2002), Gan et al.
(2004), Wei and Choi (2010), Chiu and Choi (2016) and Asian and Nie (2014). For example,
Lau (1980) first studied a supply chain system with risk-averse agents on mean-variance
objectives and achieved coordination by applying return contracts. After that, Gan et al.
(2004) considered a supply chain with risk-averse agents and designed a contract to achieve
a set of Pareto-optimal solutions. Observe that the prior studies apply various approaches
to explore modeling of a risk-averse newsvendor problem. Among all the risk measurement
methods, expected utility criterion (Eeckhoudt et al. 1995;Agrawal and Seshadri 2000), or the
mean-variance objective function (Chen and Federgruen 2000; Wu et al. 2009) are the most
employed. However, the expected utility method is widely used in theoretical studies and is
not applicable in practical situations. While, some research considers that using the mean-
variance(MV) model to capture risk by employing the variance of profit is more reasonable
(Choi et al. 2008a, b; Choi and Chiu 2012). For instance, Wu et al. (2009) investigate a
risk-averse newsvendor model with the application of a mean-variance objective function by
considering stock-out costs and this consideration significantly affected the optimal decisions
of supply chain agents.Nevertheless, there is an inevitable inherent theoretical flawassociated
with theMVmodel because risk is characterizedwith the both upside anddownside deviations
from the mean. As we know, in the asymmetric distribution newsvendor case, the real risk
is generated from the downside semi-deviations of mean rather than the upside part. The
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upside risk is regarded as favorable outcomes which would not bring about negative effects.
Therefore, our research mainly concentrates on the characterization of risk perception rather
than risk aversion from supply chain members and the impacts on system performance.
Unlike the MVmodel, we focus on the unfavorable outcomes generated from downside risk,
and thus we capture the real risk by applying the downside deviations from the mean and
this is a more realistic measurement.

2.2 Supply chain contracts and coordination

In supply chain management, contract design is a critical research issue to achieve coor-
dination mechanisms in both theoretical and practical aspects. As the centralized supply
chain transaction tends to evolve toward decentralized patterns, rational members pursue
their own profitable maximization which leads to double marginalization and inefficiency
(Spengler 1950). In a simple wholesale price contract, the retailer undertakes all the risk,
and the maximized wholesale price of the supplier causes the retailer to order less quantity.
To avoid this situation, various contracts are designed to achieve coordination mechanisms
as incentives for the decentralized supply chain members to make optimal decisions and
maximize supply chain profits, which behave the same as the centralized circumstance. Here
we refer to Cachon (2003) for a review of various supply chain contracts. In addition, over
the past decade, many research efforts have been devoted to exploring the contract mecha-
nisms between supplier and retailer through the use of methods, such as buyback contracts
(Pasternack 1985), revenue-sharing contracts (Cachon and Lariviere 2005), quantity flexibil-
ity contracts (Tsay 1999) and quantity discount contracts (Weng 1995). However, we focus
our analysis on the wholesale price contract for two reasons. On the one hand, the wholesale
price contract is commonly used in the real world and to study the newsvendor problem. On
the other hand, compared to other contracts, the wholesale price contract has an inherent fea-
ture that all the risk is undertaken solely by the retailer, which is more intuitive to investigate
for the impacts of risk-sharing inequity on the supply chain.

2.3 Fairness in the supply chain context

Many recent experimental studies and observations of decision-making in the supply chain
context show that managers are boundedly rational and their behaviors concerning fairness
deviate from the theoretical predictions of self-interested profit maximization. Fairness has
been long recognized as one of the most important factors guiding human interactions in
everyday life (Adams 1965; Kahneman et al. 1986). In a supply chain context, fairness con-
cern (also known as inequity aversion) is the main cause of failure in channel coordination,
which was recently studied in supply chain modeling. Fehr and Schmidt (1999) introduce
fairness as self-centered inequity aversion into the supply chain model, which indicates that
a retailer is willing to give up some monetary payoff for more equitable outcomes. After that,
Cui et al. (2007) employ Fehr and Schmidts analytical model to investigate the supply chain
and achieved coordination with fairness-concerned members in a dyadic channel. Caliskan-
Demirag et al. (2010) replaceCui’smodel into the situation of nonlinear demand and compare
these results with the linear results. Further, Du et al. (2014) employ theNash bargaining solu-
tion as the fairness reference point and study the impacts of fairness concern on equilibrium
decisions in a newsvendor context. Chen et al. (2017) also introduce theNash bargaining solu-
tion as the fairness reference point and formulate a fairness utility function to investigate the
influence on supply chain performance. Generally, previous studies built analytical models
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to achieve channel coordination by considering fairness concerns in simple supply chain set-
tings. Someother studies extend the issueby investigatingmore complex situations. For exam-
ple, Ho and Su (2009) consider two peer retailers with peer-induced fairness concerns, andHo
et al. (2014) extend prior studies by investigating both distributional fairness and peer-induced
fairness. However, we focus on risk fairness, which neither belongs to the distributional nor
peer-induced groups and is considered as risk inequity aversion in the following study.

Some recent studies focus on fairness concerns from an experimental and information per-
spective. For instance, Pavlov and Katok (2011) developed a model of coordinating contracts
with fairness preferences, and their major finding is that rejections result from incomplete
information about fairness preferences. Pavlov and Katok (2015) also extended Cui’s model
but reset the assumptions to incomplete information by setting with inequity aversion pref-
erences and explaining the rejections of channel coordination. Katok and Pavlov (2013)
designed laboratory experiments to study contract performance, and the three main fac-
tors affecting human behavior in this study are inequity aversion, bounded rationality and
incomplete information. Unlike in previous work, we establish two different scenarios of risk
fairness. Thus, in our model the risk fairness information could either be ignored or not by
the supplier, and we obtain some comparative results.

All the above-mentioned studies attempt to explain how fairness in profit allocation influ-
ences channel coordination, which leads to less than optimal profits for each agent. The
existing literature, however, fails to investigate the influence of risk fairness or risk inequity
aversion between supply chain members. To fill this gap, we try to identify approaches on
modeling the behavior factor of risk inequity aversion and explore ways to improve supply
chain performance. In our study, we contribute to the literature by studying risk inequity
aversion in the context of a two-echelon supply chain with stochastic demand. We apply
downside-risk measurement to characterized risk generated from the disadvantageous out-
comes which generally cannot be distinguished explicitly in practical cases.

3 Model formulation

3.1 Assumptions and notations

In this paper, we study a two-echelon supply chain consisting of a single supplier (he) and
a single retailer (she) which is the fundamental newsvendor problem.The retailer faces the
newsvendor problem wherein she sells a seasonal product and faces an uncertain market
demand. The supplier produces the products with a unit cost of c and sells it to the retailer
with announced unit wholesale price of w. The retailer sells the products with a unit selling
price of p. Generally we have w > c > 0, and p > w. In this supply chain, we assume that
the retailer decides on an order quantity before a single selling season with stochastic market
demand. To avoid trivial cases, we assume the retailers order quantity can always be fulfilled
and there is no salvage at the end of each selling season. Let the market demand faced by
the retailer be x with a probability density function f (·) and a corresponding cumulative
distribution function F (·). We assume that F is differentiable, strictly increasing and there
is one-to-one mapping between F (·) and its argument. Additionally, we denote 1 − F̄ (·)
as the complementary cumulative distribution function of F (·). Let F (·) = 1 − F̄ (·) and
F(0) = 0.

In order to simplify those notations, we use the short expression as shown in the following
part (Table 1).
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Table 1 Variable and model definitions

Supply chain system’s optimal decision variables

qo The optimal order quantity of the centralized supply chain system

wo The wholesale price of unit product of the centralized supply chain
system

Supply chain members’ optimal decision variables

q∗ The optimal order quantity of the decentralized retailer

w∗ The wholesale price of unit product of the decentralized supplier

qn The optimal order quantity of information of the risk
inequity-averse retailer is neglected by the supplier

Model parameters and definitions

c The production cost of unit product

p The price of unit product

α, β The coefficients capture the strength of risk inequity aversion

π The profits value

x The market demand, a random variable with a probability density
distribution function f (·) and cumulative distribution function
F (·)

E (·) The expected profits value

U (·) The expected utility value

S (π (q)) The semi-deviation which depicts the downside risk

Subscript r , s and sc The definition of the retailer, supplier and supply chain

Subscript f The definition of the risk inequity-averse scenario

Subscript RS The definition of the risk-sharing mechanism

3.2 Benchmarkmodel

In this subsection, centralized and decentralized supply chain models are demonstrated with-
out taking risk into consideration in the context of wholesale price contract. In the Stackelberg
game, the follower retailer will take the wholesale price as the given value, and they make
decision of order quantity by this given wholesale price. As the leader in this game, the
supplier takes the retailers response into consideration and makes the optimal decision. In
the centralized supply chain, the systems decision that needs to be made is optimal order
quantity. However, both agents pursue the profit maximization in the decentralized supply
chain circumstance, and this generates double marginalization which influences the perfor-
mance of the supply chain system. From the above assumption, we can express and derive
the profits of a risk-neutral supply chain agents as follows:

πr = pmin (q, x) − wq (1)

πs = (w − c)q (2)

Proof The expected profits of risk-neutral individual agents are as follows. See the detailed
derivation process in “Appendix A”. ��
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E(πr ) = pEmin (q, x) − wq = (p − w) q − p
∫ q

0
F(x)dx (3)

E(πs) = (w − c) q (4)

The supplier is the first mover and conditional on a wholesale price offer w, E(πs) is
strictly concave in q , and the retailer obtains the optimal order quantity by figuring out the
first derivative of expected profit is

∂ E(πr )

∂q
= p − w − pF(q∗) = 0 (5)

In the decentralized supply chain, the status of coordinating means the optimal order
quantity of the retailer is the same as the condition of the centralized supply chain, and the
optimal order quantity of the retailer is

q∗ = F−1
(

p − w

p

)
(6)

The optimal wholesale price of the supplier is w∗ = pq∗ f (q∗) + c. And the equilibrium
solution (q∗, w∗) of the decentralized supply chain system can be obtained in the set of
equations pF̄(q∗) = pq∗ f (q∗) + c and Eq. (6).

The expected profit of supply chain system is as follows.

E(Π) = E(πr ) + E(πs) = pmin (q, x) − cq = (p − c)q − p
∫ q

0
F(x)dx (7)

And the optimal order quantity is

qo = F−1
(

p − c

p

)
(8)

Lemma 1 The traditional supply chain cannot be coordinated under the wholesale price
contract, and the optimal order quantity of a supply system is greater than the decentralized
one.

From the results above, the decentralized supply chain cannot be coordinated unless
qo = q∗, which makes w = c, and this is contrary to the previous assumption. In addi-
tion,the supplier could not accept the condition of earning no profit from this transaction.
Comparing this to the equilibrium solutions of decentralized and centralized supply chain
systems, two relation equations can be obtained: q∗ < qo and w∗ > w. An individual agent
pursues their own profit maximization and leads to double marginalization, and the optimal
decision of the decentralized supply chain is inferior to the centralized system.

Proof See “Appendix A” for proofs of the Lemma 1. ��

3.3 Newsvendor model with risk inequity aversion agent

As we mentioned previously, a newsvendor model with risk inequity aversion assumes that
agents are not only concerned about their material payoff maximization; they also think
about equitable risk sharing with other members. In the light of this, we employ the theory
of inequity aversion proposed by Fehr and Schmidt (1999) to captures the main aspects of
risk inequity averse behavior. The utility function of risk inequity averse agent is given by

U (πi ) = E(πi ) − αi [S(πi ) − S(π j )]+ − βi [S(π j ) − S(πi )]+ (9)
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where i �= j , E(πi ) represents the expected monetary payoff for supply chain agents, α

denotes the risk inequity parameter which captures the strength of risk inequitable aversion
andmeasures the utility loss fromdisadvantageous inequitable outcomes,while the parameter
β measures advantageous inequality. Each agent has a different degree of inequity aversion.
Some previous research suggests that a subject suffers more from inequality that is to their
disadvantage than advantage, and the coefficient relationship is βi ≤ αi , 0 < βi < 1.
S(πi ), S(π j ) represent the risks are undertakenby supply chainmembers i and j , respectively.
However, our model is different from the Fehr and Schmidt (1999)’s model in two ways. On
the one hand, we study the risk inequity aversion instead of payoff fairness. Taking the
newsvendor problem as an example, the risk is generated from market demand uncertainty,
and the retailer undertakes all the risk in the wholesale price contract. We consider the
inequity aversion from risk comparison while the retailer undertakes more risk than the
supplier. On the other hand, for a simplification without a loss of generality, we only focus on
the disadvantageous inequitable outcomes since some recent studies on fairness have found
no evidence of the impact of advantageous inequity (Ho and Su 2009; Katok and Pavlov
2013; Pavlov and Katok 2015). In terms of this, we simplify the model in a tractable way
and it is given by

U (πi ) = E(πi ) − αi [S(πi ) − S(π j )]+ (10)

As mentioned previously, we only consider the unfavorable outcomes generated from
downside risk which bring about real losses and apply the semi-deviation measurement in
the followingmodel. S [π (.)] represents the semi-deviation of downside risk and the equation
is as follows.

S[π(q)] = E{[E(π(q)) − π(q)]+} = p
∫ q−∫ q

0 F(x)dx

0

[
q −

∫ q

0
F(x)dx − x

]
f (x)dx

(11)
In this subsection, we study the newsvendor problem with risk inequity-averse conscious-

ness in a decentralized supply chain system. We assume that the retailer has risk inequity
aversion which produces the negative utility in her utility function. As a consequence, the
utility function with a risk inequity-averse retailer can be formulated as follows.

U (πr , f ) = E(πr ) − αr [S(πr , f ) − S(πs, f )]+ (12)

The suppliers utility function is given by

U (πs, f ) = E(πs) − αs[S(πs, f ) − S(πr , f )]+ (13)

In the circumstance of wholesale price contract, the retailer decides the order quantity
before the selling season, and she bears all of the risk stemming from stochastic demand.
The utility function for the retailer can be simplified as U (πr , f ) = E(πr ) − αS(πr , f ). We
assume α ≥ 0, which denotes the retailers risk inequity-averse parameter. When α = 0, the
utility function reduces back to the benchmark newsvendors model. We assume that F(x) is
continuous, differentiable and strictly increasing. To apply some algebraic manipulation, we
let g(q) = ∫ q

0 F̄(x)dx .
The utility function of retailer, supplier and supply chain system are as follows.

U (πr , f ) = (p − w)q − p
∫ q

0
F(x)dx − α p

∫ g(q)

0
[g(q) − x] f (x)dx (14)

U (πs, f ) = (w − c)q (15)

123



906 Annals of Operations Research (2020) 290:897–921

U (πsc, f ) = (p − c)q − p
∫ q

0
F(x)dx − α p

∫ g(q)

0
[g(q) − x] f (x)dx (16)

Proposition 1 Under the risk inequity aversion scenario, the retailer has unique optimal
order quantity q∗

r , f , and the best-response wholesale price of supplier w∗
r , f . We prove the

existence and uniqueness of solution (q∗
r , f , w

∗
r , f ) satisfies the equations are as follows.

{
F̄(q∗

r , f )[1 − αF(g(q∗
r , f ))] = w∗

r, f
p

w∗
r , f = pq∗

r , f f (q∗
r , f )[1 − αF(g(q∗

r , f ))] + α pq∗
r , f f (g(q∗

r , f ))(F̄(q∗
r , f ))

2 + c
(17)

Proof See “Appendix B” for some detailed proofs and for a further discussion of the existence
and uniqueness of the solutions. ��

We then take the first and second derivatives of a retailers utility function U (πr , f ). There
exists the retailers optimal order quantity q∗

r , f , which maximizes his utility function and

satisfies the equation ∂ E(πr )
∂q = 0. The retailers utility function is strictly concave for q and

there exists a unique maximum order quantity q∗
r , f , which satisfies the following equation:

F̄(q∗
r , f )[1 − αF(g(q∗

r , f ))] = w

p
(18)

In a decentralized supply chain, the supplier considers the risk inequity averse retailers
optimal order quantity q∗

r , f and, in response, decide his optimal wholesale price. We employ
backward induction to solve the Stackelberg game by taking the first derivatives of U (πs, f )

with respect to the wholesale price w∗
r , f . Therefore, the optimal strategy (q∗

r , f , w
∗
r , f ) the

Stackelberg-like game satisfies the optimal solution of both supplier and retailer.

Corollary 1 Compared with the traditional newsvendor, the outcomes of the decentralized
supply chain with risk inequity aversion perform worse. This reflects mainly on two aspects:
(i) the optimal order quantity of the risk inequity averse retailer is smaller than the benchmark
retailer q∗

r , f < q∗ and (ii) the optimal order quantity of the supply chain system is also
smaller than the benchmark model qo

sc, f < qo, which indicates that there is space to achieve
performance improvement.

Proof As computed previously, the optimal order quantities of a risk inequity-averse retailer
and supply chain system satisfy the following equations:

F̄(q∗
r , f )[1 − αF(g(q∗

r , f ))] = w

p
(19)

F̄(qo
sc, f )[1 − αF(g(qo

sc, f ))] = c

p
(20)

From the above formula, the optimal order decisions of a decentralized retailer q∗
r , f and the

supply chain system qo
sc, f can be derived, respectively. The condition of a supply chain with

a risk inequity averse retailer can be coordinated unless q∗
r , f = qo

sc, f , which is inconsistent
with the assumption that w > c. We assumed above that the F (·) is strictly increasing and
differentiable. Therefore, let F (x) = 1 − F̄ (x). The utility functions of the retailer and the
system are strictly concave with q , and we can acquire the computed relation q∗

r , f < qo
sc, f .

Identically, the optimal quantities of the risk-neutral retailer and the supply chain are q∗ =
F−1(

p−w
p ) and qo = F−1(

p−c
p ), and we have q∗ < qo. From the above properties, the

relation equations can prove that q∗
r , f < q∗ and qo

sc, f < qo. This indicates that risk inequity
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aversion factor leads to a reduction in the optimal order quantity in our study. Compared to the
benchmark model, it has negative impacts on the utility function of supply chain members.
Therefore, this shows that the order quantity of a risk inequity averse retailer can be improved
to achieve better performance of a supply chain system. ��
Corollary 2 The relationships with any risk-inequity averse parameter α are as follows: for
any are α �= 0, the optimal order quantity q∗

r , f decreases with α, while the relationship
between wholesale price w∗

r , f and α is non-monotonic.

Proof By applying the implicit function theorem, we can obtain the internal relations of a
retailers order quantity and the risk inequity aversion parameter.

∂q∗
r, f

∂α
= − ∂2U (πr, f )/∂q∗

r, f ∂α

∂2U (πr, f )/∂q∗
r, f

2 = − pF(g(q∗
r, f ))F̄(q∗

r, f )

p f (q∗
r, f )[1−αF(g(q∗

r, f ))]+α pq∗
r, f f (g(q∗

r, f ))(F̄(q∗
r, f ))

2 < 0 (21)

The internal relation of wholesale price and the risk inequity aversion parameter is as
follows.

∂w∗
r , f

∂α
= −pq∗

r , f f (q∗
r , f )F(g(q∗

r , f )) + pq∗
r , f f (g(q∗

r , f ))(F̄(q∗
r , f ))

2 (22)

The optimal order quantity q∗
r , f decreases with α, this relation equation implies that if the

retailer pays more attention to risk inequity aversion, she tends to take a more conservative
strategy and decreases the optimal order quantity. However, we cannot prove the accurate
relationship between the optimal wholesale price w∗

r , f and risk inequity aversion parameter
α; the numerical analysis will obtain the specific outcomes. This corollary indicates the risk
inequity aversion influences the decision behavior of both the retailer and the supplier. ��

3.4 Cases with different risk inequity averse factor information

In this subsection, two comparative cases of decentralized supply chains with risk inequity
averse agents are presented. In the first case, we assume that the information about a retailers
risk inequity aversion is known by the supplier, which affects the optimal decision of both
agents. In the second case, we consider a different situation in which the supplier ignores
this risk inequity aversion information, and this information does not have any impacts on
the optimal decisions. The reasons for proposing the above two scenarios are as follows.
On one hand, compared to the benchmark model, we explore the idea that the optimal
decisions and supply chain performance become worse if both parties consider the risk
inequity averse factor. This motivates us to consider what happens if the supplier neglects the
relevant information from the retailer, and how it affects the supply chain members’ optimal
decision and system performance. On the other hand, some cases exist of ignoring the retailer
in reality, especiallywhen the supplier occupies a dominant position in the entire supply chain
system. For example, a large supplier such as P&G Co. has cooperative relationships with
multiple small retailers and there exist a situation where some small retailers risk inequity
averse preference would be neglected.

Proposition 2 Comparing two cases with risk inequity aversion factors, we obtain the fol-
lowing statement: (i) the retailer in the second case reduces her optimal order quantity, which
is smaller than the optimal order quantity for the first case (qn < q∗

r , f ), (ii) on the contrary,
the second case suppliers best-response wholesale price is is the same as the benchmark
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wholesale price w∗, (iii) the utilities and expected profits of supply chain agents are worse
than the agents in the first case.

Proof This proposition investigates the impacts on the optimal decisions and supply chain
performance if the risk inequity averse factor is omitted. We assume two scenarios and
compare the outcomes to explore the importance of studying the risk inequity averse factor.
One scenario is the risk inequity averse newsvendor problemwhichwementioned in Sect. 3.3;
the other scenario studies in this subsection examines what happens if the supplier neglects
the information of the risk inequity averse minded retailer. In this case, the best-response
wholesale price should be the same as the optimal wholesale price w∗ under the benchmark
model. In the Stackelberg game process, by taking the first and second derivatives of a retailers
utility function with a given benchmark wholesale price w∗, there exists the retailers optimal
order quantity qn which maximizes her utility function and satisfies the equation:

F̄(qn)[1 − αF(g(qn))] = w∗

p
(23)

��
Under this circumstance, the equilibrium solution for the second case (qn, w∗) is the

worst result among all the conditions proposed in this paper. The main reasons are analyzed
as follows. First of all, the risk inequity averse retailer tends to be more conservative while
she knows the supplier neglects her aversion to risk inequity ex ante. Additionally, the sup-
plier only considers how to maximize his own profits if the retailers risk inequity aversion
information is neglected, and this leads to his optimal decision of wholesale price equaling
the benchmark wholesale price. Ultimately, the utility and expected profits of the retailer
deviates much more from the benchmark model and the first case because of the substantial
decrease in the order quantities while wholesale price remains constant. Inspired by these
findings, we consider the risk inequity aversion factor as having apparent impacts on the
decision making of supply chain agents which cannot be ignored. Therefore, we propose
a risk-sharing mechanism to mitigate the negative utility of supply chain agents generated
from the risk inequity aversion and how to achieve supply chain performance improvement
become the main issue in our following study.

4 Risk sharingmechanism

Considering the context of the risk inequity-averse supply chain agents under wholesale
price contract, we explore the idea that the performance of a decentralized supply chain
declines, since the negative utility of the retailer is generated from risk inequity aversion. In
reality, to mitigate the negative effects of risk inequity aversion, some suppliers undertake
the downstream enterprises risk to achieve supply chain integration. For instance, Aucksun
is a company located in the Yangtze River delta that integrates raw materials procurement,
warehousing and transportation in the IT industry. IT industry products have a fast update
speed, which leads to significant changes in demand and produces huge risk. In light of
this, Aucksun integrates orders from multiple downstream companies and predicts market
demand in advance. Moreover, the risks generated by downstream enterprises due to demand
uncertainty are being shifted by means of unified procurement and production. Aucksun suc-
cessfully reduces entire risk of the supply chain system and establishes long-term cooperative
relationships with many downstream enterprises. Motivated by this real case, we explore the
idea that the supply chain performance could be improved if the risk is shared by both parties.
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Therefore, the key issue in this section is to propose a mechanism by which the supplier can
implement risk-sharing to improve the low efficiency caused by the risk inequity behavior
of the retailer.

Our model investigates a risk-sharing mechanism wherein a supplier undertakes a part
of the risk inequity aversion for the retailer and would be compensated with a payment to
achieve Pareto improvement of supply chain performance. Before selling season, the supply
chain members agree on the risk-sharing mechanism, which comprises two parts: a risk-
sharing parameter and an incentive payment from the retailer to the supplier. Our study
assumes that the supplier undertakes λ share of negative utility from risk inequity aversion,
the retailer would compensate T as an incentive payment which can be monetary payoff,
stable cooperation strategy or commitment. The remaining share of the risk inequity aversion
undertaken by retailer is (1− λ). We also assume that 0 < λ < 1, which means the supplier
would always undertake some part of the risk in this circumstance.

Specifically,U (πs,RS),U (πr ,RS) andU (πsc,RS)denote the expected utility of the supplier,
the retailer and the supply chain system under the risk-sharing mechanism, respectively. The
utility function of the decentralized supplier, retailer and centralized supply chain system are
as follows.

U (πs,RS) = E(πs) − λαS (π (q)) + T (24)

U (πr ,RS) = E(πr ) − (1 − λ)αS (π (q)) − T (25)

U (πsc,RS) = E(πs) + E(πr ) − αS (π (q)) (26)

Proposition 3 The risk sharing mechanism can be designed through a suitable risk shar-

ing parameter: λ = 1 − q∗
sc,RS f (q∗

sc,RS)

αq∗
sc,RS [ f (g(q∗

sc,RS))(F̄(q∗
sc,RS))

2−F(g(q∗
sc,RS)) f (q∗

sc,RS)] , and the supply

chain performance achieves Pareto improvement with the compensatory payment satisfying:
T ∈ [Tmin, Tmax]. Where Tmax = E(πr (q∗

sc,RS)) − E(πr (q∗
r , f )) − (1 − λ)αS(π(q∗

sc,RS)) +
αS(π(q∗

r , f )) and Tmin = E(πs(q∗
r , f )) − E(πs(q∗

sc,RS)) + λαS(π(q∗
sc,RS))

Proof As we proved previously, by taking the first and the second-order conditions of a
retailers utilitywith respect to the order quantity, there exists a strictly concave utility function
of the retailer with respect to q . We obtain the optimal order quantity q∗

r ,RS by solving the

following equation: ∂U (πr,RS)

∂q = 0. (Calculation process see in “Appendix C”).
The optimal order quantity for the retailer is q∗

r ,RS , which satisfies the equation as follows.

pF̄(q∗
r ,RS)[1 − (1 − λ)αF

(
g(q∗

r ,RS)
)] = w (27)

We obtain the best-response wholesale price w∗
r ,RS by taking the first order derivative of

U (πs,RS) with respect to the wholesale price. And the wholesale price can be substituted
from Eq. (27) into equation Eq. (24), and the optimal order quantity q∗

r ,RS can be satisfied
by the following condition.

pF̄(q∗
r ,RS)[1 − F(g(q∗

r ,RS))] − pq∗
r ,RS f (q∗

r ,RS) + (1 − λ)α pq∗
r ,RS

· [ f (q∗
r ,RS)F(g(q∗

r ,RS)) − f (g(q∗
r ,RS))(F̄(q∗

r ,RS))
2] = c

(28)

From the perspective of the supply chain system, we derive the optimal order quantity of
the supply chain system from the robust efficiency by giving the first derivative of Eq. (26)

q∗
sc,RS = F̄−1

(
c

p[1 − F(g(q∗
sc,RS))]

)
(29)
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To achieve performance improvement in the decentralized context, let q∗
r ,RS = q∗

sc,RS ,
and and the shares of risk parameter λ can be figured out by simultaneously solving a set of
Eqs. (28) and (29). The risk sharing parameter is obtained as follows.

λ = 1 − q∗
sc,RS f (q∗

sc,RS)

αq∗
sc,RS[ f (g(q∗

sc,RS))(F̄(q∗
sc,RS))

2 − F(g(q∗
sc,RS)) f (q∗

sc,RS)]
(30)

In the risk-sharing context, there exists the above proportion λ that mitigates the negative
utility from the risk inequity-averse retailers and the optimal order quantity of decentralized
retailer equals to the centralized supply chain system. To achieve Pareto improvement in
each supply chain member performance, the utility should be better than the risk inequity
averse newsvendor model. Therefore, the incentive payment T should satisfy the following
conditions:{

U (πr ,RS) = E(πr (q∗
sc,RS)) − (1 − λ)αS(π(q∗

sc,RS)) − T ≥ U (πr , f )

U (πs,RS) = E(πs(q∗
sc,RS)) − λαS(π(q∗

sc,RS)) + T ≥ U (πs, f )
(31)

Additionally, we obtain the reasonable range of payment by solving the equations above,
which are given by T ∈ [Tmin, Tmax] and the range result is given as follows.

{
Tmax = E(πr (q∗

sc,RS)) − E(πr (q∗
r , f )) − (1 − λ)α(π(q∗

sc,RS)) + αS(π(q∗
r , f ))

Tmin = E(πs(q∗
r , f )) − E(πs(q∗

sc,RS)) + λαS(π(q∗
sc,RS))

(32)

��
From the Eq. (30), we notice that the risk-sharing parameter is an expression with respect

to the risk inequity-averse parameter α. It is interesting to investigate how the risk inequity-
averse factor impacts on how much risk the supplier will undertake. Therefore, we derive the
relationship between two variables by taking the first derivatives of α.

∂λ

∂α
= q∗

sc,RS f (q∗
sc,RS)

α2q∗
sc,RS[ f (g(q∗

sc,RS))(F̄(q∗
sc,RS))

2 − F(g(q∗
sc,RS)) f (q∗

sc,RS)]
(33)

However, as the monotonicity of this equation cannot be directly determined by the com-
plexity of implicit and compound function, we attempt to illustrate the relationship with the
numerical analysis.

5 Numerical analysis and observations

In this section, to better illustrate the models proposed previously, we validate the theoretical
framework by applying numerical analysis. Suppose that a supplier produces a product with
a unit production cost c = 15, while the retailer sells these products with a unit selling
price p = 60. To make numerical analysis problem tractable and realistic, we take a normal
distribution to depict the market demand D ∼ N [1000, 5002].
Example 1 We use this example to illustrate the impacts of a risk inequity averse newsvendor
problem on the optimal decisions for the centralized and decentralized systems. We give
three numerical assignments to obtain the relations of α, qo

sc, f , q∗
r , f and w∗

r , f , respectively.

Figures 1 and 2 present the results for the impacts of the risk inequity-averse parameter
α on the optimal order quantity of the centralized system qo

sc, f and the decentralized retailer
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Fig. 1 The optimal order quantity of risk inequity averse supply chain system versus α

Fig. 2 The optimal order quantity of risk inequity averse retailer versus α

q∗
r , f respectively. Figure 1 shows that the optimal order quantity for the supply chain system
decreases as α increases. In the decentralized situation, Fig. 2 exhibits the same trend. Com-
pared with the benchmark scenario (α = 0), it is obvious that the optimal order quantities
reduce a considerable amount by taking account of a retailers risk equity concern. Figure 3
illustrates that the wholesale price of the supplierw∗

r , f is affected by changes in this parame-
ter α. However, the monotonicity of wholesale price versus α is implicit, the figure indicates
the wholesale price decreases as α increases when compared to the optimal wholesale price.

Observations: We attempt to explain these results from a realistic perspective, and some
phenomena are consistent with our findings. In reality, if the retailer realizes that she is not
treated fairly on the risk being undertaken, this might lead her to be more conservative and
decrease the optimal order quantity which ultimately reduces expected profits and utility.
Additionally, when the supplier realizes the risk aversion factor cannot be ignored, he would
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Fig. 3 The optimal wholesale price of the supplier versus α

reveal reciprocity by decreasing the wholesale price to promote the efficiency of supply
chain members. As the risk inequity aversion increases, the retailers orders are significantly
reduced and this stimulates the supplier keep reducing his wholesale price to improve the
utility. These results are in accordance with Proposition 1.

Example 2 In this example, we set up two cases with numerical examples as proposed in
Proposition 2 and compare them under different scenarios. Case 1 demonstrates that the risk
inequity averse information is completely transparent which would influence the decision
makings of both members. However, case 2 explores what happens if the supplier ignores
the information. As proven previously, the decision makings in these two circumstances are
different. We continue to apply the previous numerical assignment in this example and all
the equations are simplified only related to α.

Figure 4 illustrates utility changes of agents in two circumstances. Case 1 shows that
the utilities of the supply chain system and members decrease as the risk inequity averse
parameter α increases. And gaps exist between the utility of centralized supply chain and
decentralized supply chain members under two different circumstances; each supply chain
members utility decreases because of risk inequity averse factors. Compared with case 1, if
the supplier ignores the information about risk inequity aversion of the retailer, the wholesale
price in case 2 is larger than case 1 as we demonstrated in Proposition 2. The magnitude of
order quantity decline is larger than the growth of wholesale price, and this means the utility
of case 2 is always less than case 1.

Observations: Figure 4 illustrates that the supplier derives more utility than the retailer
in both cases and this confirms that the risk equity behavioral factor has a vital impact on
the retailer, while only slightly influencing the supplier. Moreover, the performance of the
supplier, retailer and the supply chain are worse than the situation if supply chain member has
risk equity concerns. This fact explains why the risk inequity aversion factor lead retailer to
order conservatively in practice even though this decreases both agents utilities. If the aversion
factor is ignored by the supplier, this means the performance of supply chain members gets
worse and is detrimental to supply chain cooperation.
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Fig. 4 The influences of risk inequity averse factors on the utility of supply chain and agents

Example 3 We use this example to demonstrate the expected profit changes in two sce-
nario proposed above with different optimal decisions. Moreover, this example illustrates the
expected profits changes are also related to the risk inequity aversion factor.

From Fig. 5, we can see that as the retailers risk inequity aversion factor increases, the
expected profits of the suppliers in both scenarios decrease. Furthermore, the degree of
reduction of the suppliers expected profit in case 1 is greater than in case 2. Contrary to
the changes in suppliers expected profits, the retailers expected profit has stable incremental
changes as risk inequity aversion increases in case 1. However, the retailers expected profit
has a rapid decline if the factor of risk inequity aversion is neglected by the supplier in case 2.
This comparative analysis indicates that taking the risk inequity aversion into consideration
is meaningful.

Observations: The phenomenon of Fig. 5 can be explained from a realistic perspective. As
a retailer, a higher α means a higher degree of aversion to risk inequity, and this induces the
retailer to order less and, consequently, receive a smaller expected profit. For the supplier, if
the information about the retailers risk inequity aversion is known and also considered while
making decision, he will give up a apart of the profits to the retailer by reducing the wholesale
price. Therefore, the retailers expected profit rises as risk inequity aversion increases. On the
contrary, if some self-interested suppliers dominate the supply chain and are likely to ignore
the retailers risk inequity aversion, this triggers a significant reduction in order quantity by
the retailer and both members expected profit decreases rapidly. This indicates that before the
cooperation of supply chain members, it is wise for the supplier to consider the risk inequity
aversion factor of the retailer while making decisions.

Example 4 This example aims to exhibit the piecewise effect of risk inequity aversion α on
risk-sharing parameter λ in a risk-sharing mechanism. From numerical analysis, we derive a
relationship where the risk-sharing parameter increases with the risk inequity-averse factor.

In Fig. 6, the supplier is willing to undertake some negative utility from risk inequity
aversion if α is high. When the retailer becomes more risk inequity averse under feasible
domain of our mechanism (i .e., 0 < α < 1), the more shares of risk the supplier undertakes.
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Fig. 5 Effects of α on the expected profits of supply chain members in two cases

Fig. 6 The influence of risk inequity averse factor on the risk-sharing mechanism

If the retailer is less risk inequity averse, the supplier shares no risk and the risk-sharing
mechanism is not taken into consideration in our study.

Observation: This example can be explained in reality. When the supplier realizes that
the retailer is more risk inequity averse, to maintain the efficiency of the supply chain, the
supplier is willing to undertake more shares of risk to mitigate the negative effects of risk
for the retailer. This strategy promotes the performance of both supply chain members in
practice.

6 Concluding remarks and future research

In this paper, wemainly investigate how risk inequity aversion influences the decisionmaking
for the newsvendor problem and supply chain performance. We have developed an analysis
of the risk inequity averse factor for the two-stage newsvendor model, and the risk is charac-
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terized by applying a downside-risk measurement. The optimal decisions and performance of
supply chain agents are compared in two different scenarios which inspired the development
of a risk-sharingmechanism. Thismechanism is an extension of sharing the negative utility of
risk inequity aversion where the supply chain performance can achieve Pareto improvement.

In contrast to existing studies, we explore the behavior issue from a risk inequity aversion
perspective. First, we set up a benchmark model without considering any behavioral factors.
Then, we study the newsvendor problem as it takes risk inequity averse factor into consid-
eration under a wholesale price contract. The situations of the traditional supply chain and
risk equity concerned retailer are studied as a benchmark model and a comparative model,
respectively. The results show that the supply chain system efficiency would decrease in the
case of risk inequity averse concerns. The decline in the supply chain system is caused by
the following two factors: (i) the risk inequity aversion influences the retailers decision as the
optimal order quantity decreases; (ii) the suppliers decision making is also affected by this
behavioral factor in a complicated way. In addition, we investigate the effects on a supply
chain systemwhen the supplier ignores the information of the retailers risk inequity aversion.

Through the analysis, we find that the retailer would be more conservative and decreases
the optimal order quantity if she realizes to be treated unfairly regarding risk undertaking.
The outcomes of this situation deviate a lot from the traditional supply chain performance.
In addition, when the supplier notices the retailer has a risk inequity aversion preference
and takes it into consideration while making decision. To mitigate the inefficiency of supply
chain, the supplier would reveal his reciprocity by decreasing the wholesale price to stimulate
the retailers order quantity. In contrast, if the supplier ignores the information of risk inequity
averse retailer, the expected profits and performance of both agents become worse than the
in the prior case.

Inspired by the previous study, we discover that risk inequity aversion does have great
impacts on supply chain members profits and performance. To mitigate the negative utility
and promote the efficiency, we propose a risk-sharingmechanism inwhich the supplier would
induce the retailer to order more products by sharing a part of the negative utility generated
from the risk and receive a payment in return. Specifically, we gain the precise risk-sharing
parameter and achieve Pareto improvement for a certain interval. Our numerical analysis
demonstrates that if the degree of a retailers risk inequity aversion increases, then more
shares of risk are undertaken by the supplier. This mechanism improves the performance of
both supply chain agents and is also adopted in practice.

To summarize, our paper studies the impacts of the risk inequity averse preference on the
resulting order quantity,wholesale price and supply chainmembers performance.Moreover, a
risk-sharing mechanism is proposed and analyzed, which provides some managerial insights
and suggestions on improving system performance. However, our study has some limitations,
and it could be extended in future research. In this paper, for simplification, we only concern
about if the retailer has risk inequity aversion. In reality, the suppliers risk preference should be
considered as well. Additionally, we concentrate our research on the newsvendor background
and focus on the wholesale price contract because it has the unique characteristic that all
the risk is undertaken by the retailer, which is far from the practical requirement. Various
and complex contracts should be investigated in future studies. Moreover, sustainability
has been an important issue for supply chain management, it could be interesting to study
the measurement of sustainability to improve operation performance and achieve goals.
Finally, prospect theory can be examined by exploring risk inequity aversion behavior of the
newsvendor problem in future studies, as the inequity aversion of upside and downside risk is
different to subjects and this will be a dynamic variety of circumstances as the risk changes.
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Appendices

AppendixA: Thederivationprocess andproofs of thebenchmarkmodel

The derivation processes of expected profits are as follows:

Given retailer order quantity q and uncertainty demand x , the notation min (q, x) denotes
the minimum of the two. Therefore, the expected sales can be derived as follows:

Emin (q, x) =
{

E (q) , if q < x
E (x) , if q > x

The derivation process is calculated separately are as follows.

Emin (q, x) =
∫ q

0
x f (x) dx +

∫ +∞

q
q f (x) dx

= x F (x)

∣∣∣+∞
q −

∫ q

0
F (x) dx + q F (x)

∣∣∣+∞
q

= q F (q) −
∫ q

0
F (x) dx + q (1 − F (q))

= q −
∫ q

0
F (x) dx

The expected profit of the risk-neutral retailer and supply chain system can be derived as
follows:

E(πr ) = E [pmin (q, x) − wq] = (p − w) q − p
∫ q

0
F (x) dx

E(πs) = (w − c) q

E(Π) = E [pmin (q, x) − cq] = (p − c) q − p
∫ q

0
F (x) dx

Proof Wefirst discuss the benchmarkmodel that the supply chain agentswithout risk inequity
aversion.

Step 1: Solve the supply chainmembers profit maximization problem

In the decentralized system, the profit function of retailer and supplier are given in Eqs. (1)
and (2). The first-order conditions of the utility function with respect to q and w respectively
are as follows.

{∂ E(πr )
∂q = (p − w) − pF (q)

∂ E(πs )
∂w

= (w − c) · ∂w
∂q + q
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Then we obtain the stationary point of the equations.{
(p − w) − pF (q) = 0
(w − c) + q · ∂q

∂w
= 0

Next, we take the second-order conditions of the utility function with respect to order
quantity q:

∂2U (πr )

∂q2 = −p f (q) < 0

Thus, there exists the critical point q∗ which is a local maximum, and this stationary point
is the optimal order decision strategy. And the equilibrium solution (q∗, w∗) can be obtained
by solving the following equations.{

q∗ = F−1
(

p−w∗
p

)
w∗ = pq∗ f (q∗) + c

Step 2: Solve the supply chain systems profit maximization problem

In the supply chain system, we have derived the equation of the supply chain system’s
expected profit function. Thus, the first-order condition of utility function with respect to
supply chain order quantity q is as follows.

∂ E (Π)

∂q
= (p − c) − pF (q)

The process of obtaining the stationary point and solving the optimal order quantity of
centralized supply chain system is the same as previous. Thus, the optimal order decision
strategy qo is expressed as follows.

qo = F−1
(

p − c

p

)

The assumption we proposed previously that w > c, and we assume that F (·) is strictly
increasing and differentiable with the stochastic market demand is finite. Finally, the optimal
order quantity of decentralized supply chain member is smaller than the centralized system:
q∗ < qo.

Appendix B: The risk inequity averse newsvendor model, proof of
Proposition 1

Proof We discuss the model that considering the risk inequity aversion factor of the retailer
under the wholesale price contract. The decentralized supply chain members play a Stackel-
berg game, the supplier is a leader while the retailer is a follower. ��

Step 1: Solve the supply chainmembers profit maximization problem

In the decentralized system, the profit function of retailer and supplier are given in Eqs.
(15) and (16). To make the equation is tractable, we let g(q) = ∫ q

0 F̄(x)dx , the first-order
conditions of the utility function with respect to q and w respectively are as follows.
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⎧⎪⎪⎨
⎪⎪⎩

∂ E(πr , f )

∂q
= (p − w) − pF (q) − α pF (g (q)) F̄ (q)

∂ E(πs, f )

∂w
= (w − c) · ∂q

∂w
+ q

Then we obtain the stationary point of the equations.
⎧⎨
⎩

(p − w) − pF (q) − α pF (g (q)) · F̄ (q) = 0

(w − c) + q · ∂w

∂q
= 0

Next, we take the second-order conditions of the utility function of risk-inequity averse
retailer with respect to q:

∂2U(πr, f )
∂q2 = −p f (q) − α p[ f (g (q)) · (F̄(q))

2 − F (g (q)) · f (q)]
= −p f (q)[1 − αF(g(q))] − α p f (g (q)) · (F̄ (q))2

We can obtain the simplified equation 1 − αF (g (q)) = w

pF̄(q)
and substitute into

the equation of second-order conditions of the risk inequity averse retailer utility func-

tion with respect to q . Finally, the equation above can be simplified as:
∂2U(πr, f )

∂q2 =
−w f (q)

F̄(q)
− α p f (g (q)) · (F̄ (q))2 < 0.

Therefore, there exists a stationary point q∗
r , f to be the local maximum point, and this is

the optimal decision strategy of the retailer. And (q∗
r , f , w

∗
r , f ) is the unique optimal decision

strategy of the decentralized supply chainmembers by solving the set of equations as follows.

⎧⎪⎨
⎪⎩

F̄(q∗
r , f )[1 − αF(g(q∗

r , f ))] = w∗
r , f

p

w∗
r , f = pq∗

r , f f (q∗
r , f )[1 − αF(g(q∗

r , f ))] + α pq∗
r , f f (g(q∗

r , f )) · (F̄(q∗
r , f ))

2 + c

Appendix C: Risk-sharingmechanism, Proof of Proposition 3

Under the risk-sharing mechanism, as we proved previously, the optimal order decision can
be obtained by taking the first and second-order derivatives of the retailers utility [Eq. (24)]
with respect to the order quantity q∗

r ,RS . The equations are given as follows.

∂U (πr ,RS)

∂q
= (p − w) − pF (q) − (1 − λ)α pF (g (q)) F̄ (q) = 0

∂2U (πr ,RS)

∂q2 = −p f (q) − (1 − λ)α p[ f (g(q)) · (F̄(q))
2 − F(g(q)) · f (q)]

The equation can be derived by simplifying the equation of the first-order derivatives of
the retailer’s utility.

pF̄ (q) [1 − (1 − λ) α pF (g (q))] = w

By substituting the above equation into the equation of the second-order derivatives of
the retailer’s utility, then the second-order condition can be proved less than zero. Due to
0 < λ < 1 and 0 < (1 − λ) < 1. The equation can be derived as follows.
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∂2U (πr ,RS)

∂q2 = −p f (q) · w

pF̄ (q)
− (1 − λ) α p f (g (q)) · (F̄ (q))2 < 0

Then, we take the derivatives of suppliers utility [Eq. (24)] with respect to the wholesale
price w. The equation can be given by:

∂ E(πs,RS)

∂w
= (w − c) · ∂q

∂w
+ q − α · ∂S (π (q))

∂w
= 0

This indicates that there is the stationary point (q∗
r ,RS, w∗

r ,RS) of the decentralized supply

chainmembers can be calculated through simultaneous pF̄ (q) [1 − (1 − λ) α pF (g (q))] =
w and ∂ E(πs,RS)

∂w
= (w − c) · ∂q

∂w
+ q − α · ∂S(π(q))

∂w
= 0.

To make the equation tractable, we multiply both sides of ∂ E(πs,RS)

∂w
= (w − c) · ∂q

∂w
+q −

α · ∂S(π(q))
∂w

= 0 with ∂w
∂q . The equation could be derived as follows.

∂ E(πs,RS)

∂w
= (w − c) + q · ∂w

∂q
− α · ∂S (π (q))

∂q
= 0

The first order condition of w with respect to q and first derivation of S (π (q)) regarding
q respectively are:

∂w

∂q
= −p f (q) − (1 − λ) α pF (g (q)) · (− f (q)) − (1 − λ) α p f (g (q)) · (

F̄ (q)
)2

∂S (π (q))

∂q
= pF (g (q)) · F̄ (q)

The ∂ E(πs,RS)

∂w
= (w − c)+ q · ∂w

∂q −α · ∂S(π(q))
∂q = 0 can be simplified by substituting the

equations ∂w
∂q and ∂S(π(q))

∂q we calculate above, respectively. And the optimal order quantity
q∗

r ,RS of decentralized retailer is:

pF̄(q∗
r ,RS)[1 − α pF(g(q∗

r ,RS))] − pq∗
r ,RS f (q∗

r ,RS) + α pq∗
r ,RS f (q∗

r ,RS)

·(1 − λ)F(g(q∗
r ,RS)) − α pq∗

r ,RS(1 − λ)(g(q∗
r ,RS)) · (F̄(q∗

r ,RS))2 = c

As we proved previously, the optimal order quantity of the supply chain system is q∗
sc,RS ,

which satisfies the equation
∂U(πsc,ic)

∂q = 0. And the equation is given by:

q∗
sc,RS = F̄−1

(
c

p[1 − αF(g(q∗
sc,RS))]

)

To achieve the channel coordination and performance improvement, let the optimal order
quantity of decentralized supply chain members equals to that of the centralized system:
q∗

r ,RS = q∗
sc,RS , and we work out the shares of risk parameter λ by simultaneously solving

above two equations. The risk sharing parameter is obtained as follows.

λ = 1 − q∗
sc,RS f (q∗

sc,RS)

αq∗
sc,RS[ f (g(q∗

sc,RS))(F̄(q∗
sc,RS))

2 − F(g(q∗
sc,RS)) f (q∗

sc,RS)]
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