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ABSTRACT This paper studies the coordination of a dual-channel supply chain with behavior preferences
under uncertainties of yield and demand. According to an improved FS model and mean-CVaR (Condi-
tional Value-at-Risk) criterion, we construct optimal decision models in the centralized and decentralized
situations, and propose the joint contract of revenue-sharing and risk-sharing to coordinate the dual-channel
supply chain. Furthermore, this paper investigates the effects of fairness concerns and risk-averse preferences
on supply chain members’ profits and decisions, and studies the feasible region for joint contracts to achieve
Pareto improvement. This paper finds that: 1 fairness concerns and risk aversion preferences exacerbate the
double marginalization effect, 2 fairness concerns and risk aversion have a negative impact on manufacturer’s
decision in a manufacturer-led dual-channel supply chain, 3 the possibility of joint contract to achieve
coordination increases with the increases of degree of fairness concerns and risk aversion.

INDEX TERMS Supply chain, channel coordination, behaviors, uncertainties.

I. INTRODUCTION

Driven by the Internet and information technology, commer-
cial trade activities gradually tend to be electronic, digital
and networked, and online marketing model is developing
rapidly. According to the National Bureau of Statistics, the
market scale of Chinese online retail reached 13.09 trillion
Chinese Yuan in 2021 with a year-on-year increase of 14.1%.
More and more companies adopt online direct sales as a
new marketing channel for products. While the dual-channel
model helps companies reduce costs and expand their market
share, it also poses an increasing threat to offline retailers,
leading traditional retailers to take a resistant attitude toward
online direct sales. Ultimately, channel conflict and dou-
ble marginalization of the supply chain occur. In the face
of multi-channel competition of supply chain, supply chain
members pay more attention to behavioral factors including
risk preference and fairness concerns, which further intensify
channel competition in the supply chain. How to identify
and coordinate multi-channel supply chains with behavioral
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considerations has become one of the main issues of current
supply chain management.

In contrast to the rational behavior of decision makers in
traditional studies, real-life decisions are often influenced by
irrational behavioral factors. Relevant scholars have intro-
duced behavioral factors as parameters in the study of supply
chain-related decision models and have applied them in
economic, financial, market, and organizational behavior,
such as Bendoly et al. [1] who introduced behavioral research
theories in operational management research, including over-
confidence, loss aversion, and fairness concerns. Behavioral
science research shows that supply chain system is influenced
by human behavior and psychological awareness, which
can lead to deviations between experience observations and
theoretical predictions, and the introduction of behavioral
factors can make more accurate predictions of supply chain
behavior. The research on the behavioral factors of sup-
ply chain members mainly includes risk aversion, fairness
concerns, overconfidence, reference effect, loss aversion,
reciprocal preference, etc. Among them, the fairness and risk
preferences of decision makers are of major interests due
to competition and market demand fluctuations within the
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dual-channel supply chain. Fairness concern is an important
concept in social psychology. Social psychologists argue that
humans focus on their own gains in economic activities, and
at the same time, compare them with the gains of others to
judge whether the distribution of gains is fair. Cui et al. [2]
firstly introduced fairness concerns to two-echelon supply
chains and demonstrated that supply chain coordination can
be achieved through wholesale price contracts. Risk pref-
erences belong to the scope of cognitive psychology, such
as risk aversion and other behaviors. In the field of supply
chain operations and management, measurable uncertainty
is generally defined as risk. Effective management of uncer-
tainty and risky behavior helps to improve the operational
efficiency of supply chains. Generally, most of the stud-
ies on multi-channel supply chain coordination considering
behavioral factors assume that some supply chain members
have irrational behavior characteristics, but rarely consider
the joint effect of two irrational behavior characteristics at
the same time, or only study the impact of fairness concerns
or risk aversion behavior on supply chain related decisions
individually.

In actual production activities, market demand is becoming
increasingly diversified, and there may be situations where
demand and production cannot be accurately predicted due
to technological changes, weather, natural disasters or policy
restrictions, exacerbating the double marginalization effect
and thus affecting the sustainable and stable development
of the supply chain system. Supply chain contract is a form
of contractual cooperation to align individual motives with
system goals, and eventually achieve the purpose of supply
chain coordination and avoid the problem of double marginal-
ization. Pasternack [3] firstly proposed the concept of supply
chain contract in 1985. Supply chain contracts generally
include revenue-sharing contracts, repurchase contracts, risk
sharing contracts, etc. In practice, market uncertainty and
channel conflicts often make supply chain participants’ rev-
enue risky, and contractual mechanisms that ignore behav-
ioral factors such as risk and fairness preferences are difficult
to implement effectively in supply chain practice. Generally
speaking, the traditional single contract model cannot achieve
dual-channel supply chain coordination with risk-averse. The
adoption of improved or joint contracts is the main way of
dual-channel supply chain coordination at present.

In summary, we study the dual-channel supply chain coor-
dination of retailers with fairness concerns and risk-averse
behaviors under manufacturer yield and market demand
uncertainty. Based on the above analysis, we raise the fol-
lowing questions: What is the optimal decision in the decen-
tralized and centralized models? What effects do fairness
concerns and risk aversion have on the optimal decision in
dual-channel supply chain? How to realize Pareto improve-
ment of dual-channel supply chain through the joint contract?
What are the effects of fairness concerns and risk aversion
on Pareto improvement region under joint contract? In order
to address the above problems, this paper constructs opti-
mal decision models for the centralized and decentralized
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retailer with dual behavioral preferences, and designs a joint
contract of revenue-sharing and risk-sharing, which realizes
dual-channel Pareto improvement. In numerical examples,
we prove the effectiveness of joint contract coordination,
and thoroughly analyze effects of fairness concern coeffi-
cient, risk-averse coefficient and the joint contract parameters
on the optimal decision, the profit and Pareto improvement
region of the dual-channel supply chain.

The rest of this paper is organized as follows.
In Section II, we elaborate a literature review in three
aspects. In Section III, we introduce the description of the
problem. In Section IV and Section V, we explore central-
ized and decentralized optimal decision models respectively.
In Section VI, we develop a new joint contract that combines
revenue-sharing and cost-sharing contracts to coordinate the
dual-channel supply chain. In Section VII, we analyze some
numerical results by validating the model and discuss some
managerial implications. Finally, in Section VIII, we sum-
marize our research and provide ideas for future research. All
proofs of the propositions presented in this paper are provided
in Appendix.

II. LITERATURE REVIEW
Relevant to our study of the multi-channel supply chain
coordination considering fairness concerns and risk-averse
behavior and their impacts on decision makings and per-
formance, there are three streams of literature most closely
related to our work, fairness concerns, risk-averse supply
chain, and dual-channel supply chain contract coordination.
At present, the research of fairness concerns mainly
focuses on supply chain coordination and operation strat-
egy. Some scholars have shown great interest in the
research on supply chain coordination with fairness concerns.
Cui et al. [2] introduced fairness into simple two-echelon sup-
ply chain coordination, and analyzed the impact of fairness
concerns of supply chain members on channel coordination
in term of wholesale price contracts. Yoshihara and Mat-
subayashi [4] studied the coordination of a supply chain
composed of a manufacturer and two fairness concerns retail-
ers, and examined the impact of retailer’s horizontal differ-
ences and fairness concerns on the channel coordination. The
results showed that only differentiated retailers can realize
channel coordination under fairness concerns. In the dual-
channel supply chain environment, Li et al. [5S] compared the
impact of fairness concerns, bargaining power of manufac-
turers and retailers, and benefit under three contract forms:
wholesale price contract, buyback contract and revenue-
sharing contract. Wang et al. [6] constructed a Stackelberg
game for the supply chain system composed of e-commerce
platform and fairness-concerned manufacturers, and used
cost-sharing joint commission contract to coordinate the sup-
ply chain system. They discussed the impact of fairness
concerns on the green level and e-commerce platform service
level. Zhao et al. [7] constructed an experimental study of
retailer’s fairness concerns, and compared the supply chain
inventory management mechanisms under the two contract
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models of revenue-sharing contract and retailer’s voluntary
compensation mode. The results revealed that the voluntary
compensation model is more conducive to suppliers paying
attention to retailer’s fairness preferences. In the green cloth-
ing supply chain, Adhikari and Bisi [8] explored the impact
of fairness concerns on greening quality and profitability of
the supply chain under the green cost sharing and revenue-
sharing contract, and showed that fairness concerns would
reduce the green level. Yu et al. [9] investigated ordering
strategies in a dual-channel supply chain context with three
scenarios: manufacturer with fairness concerns, retailer with
fairness concerns, and bidirectional fairness concerns, for
a dual-channel supply chain context, and used an inven-
tory parceling strategy to achieve dual-channel supply chain
coordination. Zhang and Li [10] discussed the impact of
manufacturer fairness concerns and whether retailers con-
sider manufacturer fairness concerns on supply chain green-
ness in a green closed-loop supply chain, and supply chain
coordination was achieved using revenue sharing contracts.
In addition, other scholars focused on operational strategies
with fairness concerns. In this field of research, Zhong and
Sun [11] studied the impact of manufacturer’s distributional
fairness and retailer’s peer-induced distribution fairness on
pricing and carbon emission reduction decisions in a sup-
ply chain composed of one manufacturer and two retail-
ers. Li et al. [12] designed a controlled experiment for the
cooperative advertising strategy, and the experimental results
showed that the unfair aversion to advertising cost and income
distribution in the actual decision-making would reduce the
manufacturer’s advertising participation rate and the retailer’s
advertising expenditure. In the retailer-led closed-loop supply
chain, Wang et al. [13] compared the impact of manufac-
turer’s fairness concerns on supply chain decision-making
and profits under the conditions of information symmetry
and information asymmetry. Du and Zhao [ 14] considered the
impact of retailer’s fairness preference and consumer channel
preference on the supply chain by constructing a Stackelberg
game model in the manufacturer-led dual-channel supply
chain. The results showed that manufacturers should con-
sider the fairness preferences of retailer. Zheng et al. [15]
discussed the impact of fair concern retailers on supply chain
pricing strategy and profit distribution in three-level closed-
loop supply chain. The results showed that the profit loss of
the channel would increase with the increase of the dispersion
degree of the supply chain system.

In recent years, the research on risk-averse supply chain
has attracted more and more domestic and international
scholars, mainly including single-channel and multi-channel
supply chain decision-making. Some scholars have stud-
ied the risk aversion problem of single-channel chain.
Qi et al. [16] used the CVaR method to study the impact
of retailer’s risk-averse on supply chain ordering and emis-
sion reduction decisions under the limit of cap-and-trade
carbon regulation. Song et al. [17] compared the impact of
risk-averse retailers and overconfident manufacturers on the

VOLUME 11, 2023

optimal decisions and profits of participants under the push
strategy, pull strategy and other strategy in the uncertain
demand environment. Tarei et al. [18] analyzed the impact of
different risk preferences of decision makers on supply chain
costs in a stochastic uncertain environment and constructed
a mean-variance robust optimization model. Zhao et al. [19]
used a joint contract consisting of revenue sharing and repur-
chase to coordinate supply chains with a risk-averse retailer
under demand uncertainty, and showed that a joint contract
can achieve higher supply chain revenue compared to a sin-
gle revenue sharing or repurchase contract. Song et al. [20]
adopted CVaR criterion to compare the impact of retailer’s
risk aversion degree on the optimal decision in the presence
or absence of quality information, and the results showed
that retailer’s risk aversion would reduce the order quantity.
Kang et al. [21] investigated the pricing strategy of green
supply chains considering risk-averse suppliers and used the
mean variance measure of risk preference to show that exces-
sive supply chain risk aversion reduces the green level of the
supply chain. As to the study on risk aversion focuses on
multi-channel supply chain, Zhu et al. [22] used the CVaR
method to establish a dual-channel supply chain decision
model considering risk-averse retailer based on the uncertain
conditions of production and market demand, and realized
supply chain coordination by designing a joint contract of
revenue-sharing and buyback. Li et al. [23] analyzed the
impact of retailer’s risk-averse behavior on the optimal inven-
tory and profit under different logistics integration strategies
for the choice of logistics strategies for omnichannel orders.
Wang et al. [24] studied the optimal decision-making in
dual-channel supply chain considering retailer’s risk-averse
and consumer’s channel preferences based on the consistent
pricing strategy, and constructed the Stackelberg game model
by mean-variance method. In addition, some literatures also
considered the impact of dual behavior factors on supply
chain decision-making and coordination. Tao et al. [25]
studied a three-tier supply chain sourcing and distribution
problem for manufacturers considering risk-averse and fair-
ness concerns, and developed a Monte Carlo multi-objective
stochastic model to find the Pareto bound for the optimal
decision. Yan et al. [26] considered risk inequity averse of
retailer as a new behavioral factor, applied a downside-risk
approach to consider supply chain decisions under wholesale
price contracts, and proved that risk inequity aversion would
reduce the efficiency of supply chain system.

The following is a brief review of the literature
on dual-channel supply chain contract coordination.
Bonzelet [27] compared the impact of retailer’s risk-averse
on order quantity under the coordination of buyback contract
and real options contract. Sun et al. [28] explored the impact
of digital showroom strategies on channel profits in the
context of a dual-channel supply chain, and verified that the
use of quantity discount and anti-showroom revenue-sharing
joint contract can achieve supply chain channel coordination.
Li and Liu [29] considered a newsboy model composed of
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suppliers and retailers, and compared the conditions that
wholesale price contracts should meet to realize supply chain
coordination in the case of symmetric information and asym-
metric information. Liu et al. [30] investigated the effect of
retailer risk preference on supply chain decisions based on
two supply chain structures, supplier-led and retailer-led, and
demonstrated that these two structures can be coordinated
under the same conditions. Heydari and Asl-Najafi [31]
constructed the optimal decision models under centralized
and decentralized conditions for the green supply chain,
and adopted the joint contract of cost sharing and revenue
sharing to realize supply chain coordination and improve
the green quality of products. Gao et al. [32] discussed the
impact of government subsidies on supply chain decisions in
dual-channel supply chain with green standard restrictions
and constructed a Stackelberg game model. Their study
showed that two-part tariff contract could achieve channel
coordination. Nouri et al. [33] studied the supply chain com-
posed of a manufacturer and two price-competing retailers,
established a decentralized model to get optimal price and
service decisions, and proposed a two-part tariff contract to
eliminate channel conflicts. Zhang et al. [34] used Stack-
elberg model to explore the impact of reference price and
green level on dual-channel supply chain pricing and ordering
strategy, and constructed the centralized, decentralized, coor-
dination model under a cost-sharing contract respectively.

We will consider fairness concerns and risk-averse behav-
iors in a dual-channel supply chain with uncertain manufac-
turer yield and market demand, and demonstrate that joint
contracts for revenue sharing and risk sharing can achieve
Pareto improvements. Specifically, we would analyze the
impact of fairness concern coefficient, risk aversion coeffi-
cient and joint contract parameters on dual-channel supply
chain. We believe that this paper would make contributions
to the growing researches considering fairness concerns and
risk-aversion behavior under uncertain manufacturing yield
and market demand.

lll. MATH

A. MODEL DESCRIPTION

We analyze a dual-channel supply chain that consists of
a manufacturer and a fairness concerned and risk-averse
retailer, shown in Figure 1. The manufacturer in this paper
owns an online direct channel and distributes the product
through a traditional retail channel. The retailer sells prod-
ucts through the traditional offline channel, and faces man-
ufacturer’s direct channel competition and market demand
uncertainty.

In this model, g, denotes the manufacturer’s planned
production. g, denotes the order quantity from the retailer.
It holds that yg,, > ¢, because the actual manufacturing
yield is greater than the order quantity from the retailer. y
is a random variable with a probability density function g(y)
and a cumulative distribution function. ¢,, is the unit cost of
manufacturer’s production. ¢, is the unit cost of goods sold
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FIGURE 1. The dual channel supply chain model for retailer behaviors.

from the retailer. D, and Dy represent market demand in the
retail channel and direct channel, respectively. D, and D, are
defined as:

D, = 0x — p, + Brpd, (D
Dy =(1—0)x—pg+ Bapr, 2

where 6 is the market share of the retail channel. x is the
overall market demand with a probability density function
f(x) and a cumulative distribution function F(x). F(x) is
differentiable and strictly monotonically increasing. B, and
Ba represent price sensitive coefficients of the retailer and
manufacturer in the cross-channel 0 < g, < 1, satisfying,
0 < B < 1. At the end of the sales unit period, the retailer
and the manufacturer have salvage values V, and V,, for the
unsold products, and we assumed V, < V.

B. SYMBOL AND PARAMETER DESCRIPTION
The list of variables and parameters mentioned in this paper
is provided in Table 1.

IV. CENTRALIZED OPTIMAL DECISION MODEL

In this section, the retailer determines the order quantity and
retail price as a follower based on the wholesale price given
by the manufacturer. The manufacturer as the leader makes
decisions based on the retailer’s responses. The retailer’s
profit function is expressed as:

Ty = Pr min(‘]r, D,)+ Vilgr — Dr]+ — Wqr — Crqr 3)

Equation (3) represents the retailer’s profit function con-
sisting of retailer’s sales revenue, retailer’s salvage revenue,
wholesale cost, and sales cost. The retailer’s expected profit
function is defined as:

E(m)=p:S@+ Velgr = S@Ql — w+cr)g 4
where,

S(g) = E[min(q,, D;)]

Xr —+00
= /0 (0x — pr + Brpa)f (X)dx + / grf (x)dx
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TABLE 1. Summary of notation.

Notation Description
P> Py The unit price of the retail channel and direct channels
BB Cross-channel price sensitivity factor for retailer and
ro manufacturer
D,, D, Market demand in the retail channel and direct channel
V.V, Unit salvage value in the retail channel and direct channel
w Unit wholesale price
& The optimal unit wholesale price in the decentralized dual-
w channel supply chain
w” The optimal unit wholesale price under joint contract
q, The order quantity of the retailer
g+ The optimal order quantity of the retailer in the
qr decentralized dual-channel supply chain
o The optimal order quantity of the retailer in the centralized
a- dual-channel supply chain
q” The optimal order quantity of retailer under joint contract
qn The planned yield of the manufacturer
a* The optimal planned yield of the manufacturer in the
el decentralized dual-channel supply chain
o The optimal planned yield of the manufacturer in the
I centralized dual-channel supply chain
b+ The optimal planned yield of the manufacturer under joint
L contract
c, Cost of sales per unit of the retailer
c, Production cost per unit of the manufacturer
(4 Market share of the retail channel
A The fairness concern coefficient of the retailer
4 The profit reference coefficient of the retailer
H The pessimistic coefficient of the retailer
n The risk-averse coefficient of the retailer
? The percentage of revenue residual after the manufacturer
has shared it with the retailer
The residual product unit price compensation from
P manufacturer to retailer
X The overall market demand, x e[¢,d] and 0<c<d
The stochastic yield factor of manufacturer, y e[q,b] and
y
O<a<b<l
E(r,) The expected profit of the retailer
E(x") The optimal expected profit of the retailer in the
4 decentralized dual-channel supply chain
E(=") The optimal expected profit of the retailer under joint
" contract
The change in the expected profit of the retailer before and
AE(7,) Lo
! after contract coordination
E(r,) The expected profit of the manufacturer
E(z") The optimal expected profit of the manufacturer in the
" decentralized dual-channel supply chain
E(2") The optimal expected profit of the manufacturer under
" joint contract
The change in the expected profit of the manufacturer
AE(7,) o
" before and after contract coordination
E(x) The optimal expected profit of the supply chain in the
t

CVaR (7(p,.q,))
G,(7(p,»q,))

centralized dual-channel supply chain
The CVaR value of the retailer

The mean-CVaR value of the retailer

r

Xr
=qr —9/ F(x)dx
0
_prtar— Brpa
B 6
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®

(6)

The manufacturer’s profit function is expressed as:

Tm = pda Min(Dy, Yqm — qr) + Vil ygm — qr — Dd]+
+ wWqr — cmqm @)
Equation (7) represents the manufacturer’s profit function
consisting of direct channel sales revenue, manufacturer’s
salvage revenue, retail channel sales revenue and production

costs. The manufacturer’s expected profit function is defined
as:

E(my) = paF1 + VinF2 +wqr — cngm ()

where,

Dg+aqr

T T
F = /O / (Vam — 48 ()dydx

+o0 b
+ /0 /DM, Dag(y)f (x)dydx ©)

+o00 b
2= / [’ o Odm = qr — Da)g)f (x)dydx — (10)
0 Datar

qm

The entire supply chain’s expected profit function in the
centralized model is defined as:

E(nf) =p:S(@) + Vilgr — S(@)] — crqr + paFi
+ VinF2 — cmqm (11)

Proposition 1: In the centralized decision, the expected

maximal profit of dual-channel supply chain exists if the

following conditions on (p*, g%, &, pg") are satisfied:

4" =0 / " Fedy - 0 VoOF(e)
0 +oo b
+ (P = Vi) / / e PagOf )dydx =0 (12)
0 i

pi* —Cr — (Pi* — Vi)F (xr)

oo 2t
=V /0 / " (I @dydx—Vy=0 (13)

Dg+ar*

+00 %
P /0 / W eI (Odyd

+oo b
Vi [ [y OV =y =0 (19
@
(pi* = VB F(xr) + Fi

+oo b
— 0 V) [ [ sOYGEr =0 15)

For the proof, see Appendix.

V. DECENTRALIZED OPTIMAL DECISION MODEL
A. IMPROVED FS MODEL

FS model is an inequity aversion model constructed by Fehr
and Schmidt [35], in which decision makers compared their
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own profits with those of others to judge whether the distri-
bution of gains is fair. The utility expression is:

Ui(x) = x; — aj max{x; — x;, 0} — B; max{x; — x;, 0}, (16)

where «; denotes the decision maker’s loss utility from dis-
advantageous inequity and B; denotes the decision maker’s
loss utility from advantageous inequity. Since it is difficult for
retailers to directly take manufacturer’s income as the profit
reference point, Cui et al. [2] introduced the retailer’s profit
reference coefficient y based on the FS model and defined
the fair utility function as:

Ui(x) = x; — a; max{yx; — x;, 0}
yX;j, 0}. (17)

For simplicity and without losing generality, the improved
fairness concern model is expressed as:

— fimax{x; —

Ui =mn — AMym; — m)), (18)

where A € [0, +00) denotes the fairness concern coefficient
of the decision maker and y € (0, 1] denotes the profit
reference coefficient of the decision maker. When A = 0, the
decision maker is fairness-neutral. When A > 0, the decision
maker is fairness concerns. If yr; —r; > 0, then the negative
utility from the decision maker’s fairness concerns increases
as A increases; If ymj — m; < 0, then the positive utility
from the decision maker’s fairness concerns increases as A
increases.

B. MEAN-CONDITIONAL VALUE-AT-RISK CRITERION
Conditional value-at-risk is proposed by Rockafellar and
Uryasev [36] as a tool for measuring the degree of risk, and
its general definition formula is:

CVaRn(ﬂ(Pr, qr)) = 1’1’18};({\1 + %E[min(ﬂ'(ﬂr, qr) —v,0)]}.
Ve
(19)

Equation (19) represents that the average profit is lower than
the quantile level set by VaR (Value-at-Risk). CVaR is a
coherent risk measure, and has properties of convexity, mono-
tonicity, translation equivariance and positive homogeneity.
CVaR measures the average profit falling below n-quantile
level and ignores the contributions of profit beyond the spec-
ified quantile. In order to overcome the shortcomings of
CVaR, this paper uses the mean-CVaR measure of risk-averse
decision makers, because it can maximize the expected profit
of risk-averse decision makers and minimize the downside
risk profit. The mean-CVaR metric formula is expressed as:

Gy (pr, qr)) = LE(T (pr, gr)+1—w)CVaR, (z (pr, q,)),
(20

where n € (0, 1] denotes the risk-averse coefficient of the
decision maker. The risk aversion of the decision maker
increases as n decreases. If n = 1, the decision maker is risk-
neutral. u € [0, 1] denotes the pessimistic coefficient of the
decision maker. If £ = 0, it means that the decision maker is
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risk-averse, and expected profit is the CVaR value; If u = 1,
the decision maker is risk-neutral.

C. OPTIMAL DECISION MODEL OF FAIRNESS
CONCERNED AND RISK-AVERSION RETAILER

In the dual-channel supply chain environment, there are risk
aversion and fairness concerns caused by uncertainty and
channel competition. According to the improved FS model
and the mean-CVaR method, the expected profit function of
fairness concerned and risk-averse retailer is defined as:

E(n;j) = Gn(”(prv qr)) — )v[VE(ﬂm) - Gn(n(prv qr)]
U+ M+ I_T“><pr — V6 / " FOodx
0

- 2')/(del + VinF2 +wqr — cmqm)
+ A+ MPr —cr —w)g, (21)

Proposition 2: In the decentralized decision, the retailer’s

expected maximal profit exists if the following conditions on

(g%, p®*) are satisfied:

1—
L+ P —w—cr — (u + T“)(pi’* — VF(x,)]

400 qujg*
+ Ay (pa—Vin) /O / ) (X)dydx —w-+ V] =0
22)

+oo b
(1 + 2041 = AyBa(pa = Vin) /0 / S0 (V)dydx
Tam

1— *r
- (=L / Fo)de+(pi* —V,)F ()] =0
0
(23)
For the proof, see Appendix.

D. OPTIMAL DECISION MODEL OF MANUFACTURER

The expected profit functions of fairness-neutral and risk-
neutral manufacturer is defined as:

E(myn) = paF1 + VinF2 +wqr — cugm (24)

Proposition 3: In the decentralized decision, the manu-
facturer’s expected maximal profit exists if the following
conditions on (wd*, qi*, pg*) are satisfied:

+oo b
O =V [ [, 1+ BaBOROY (b
0 d(;r*l]r
dm
+ W —piAL + g, =0 (25)
400 b
Vo) [ [y 0 A2~ BaB2)gOY (i
o Jag
+ pa(y —A2) + wAz —cp =0 (26)
d +oo b
Wy = VA3 — 1+ ﬂst)/ /D g)f (x)dydx
0 d;::[r
dm
+ F1 + ™ —pd43 =0 (27)
For the proof, see Appendix.
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Vi. COORDINATION MODEL BASED ON JOINT CONTRACT
In this paper, we introduce a joint revenue-sharing and risk-
sharing contract, where revenue-sharing means that the man-
ufacturer shares ¢ times its own revenue with the retailer in
response to the retailer’s reduced market share due to channel
competition. Risk sharing means that the manufacturer com-
pensates the retailer pj per unit for unsold products per unit
in order to reduce the retailer’s risk of stagnant sales due to
demand uncertainty. We assume 0 < ¢ < 1, pp < w. So that
it can prevent retailers from over-ordering and guarantee the
manufacturer’s base revenue.

Specifically, the coordination process before the start of
the sales cycle is described as follows. (1) The manufacturer,
as the dominant player, determines the contract form and
provides the wholesale price, revenue sharing coefficient and
unit compensation price. (2) The manufacturer determines
the planned yield g,, and direct selling price p; according to
the contract. (3) The retailer determines the order quantity g,
and retail price p, based on the wholesale price and market
demand forecast. (4) The manufacturer and retailer reach an
agreement on the joint contract mechanism. This paper uses
backward induction method to calculate the retailer decision
variables first and the manufacturer decision variables sec-
ond.

A. RETAILER’S COORDINATION MODEL
The profit function of fairness-neutral and risk-neutral retailer
under the joint contract is expressed as:

7 = (1 — @){pa min(Dy, ygm — qr)+Viulygm — ¢-—Dal™}
+ prmin(g,, Dr) — wq, — crqr + (V;
+ pb)[Qr - Dr]+ (28)

Equation (28) represents the retailer’s profit function con-
sisting of the manufacturer’s shared revenue part, retailer’s
sales revenue, wholesale cost, sales cost and manufacturer’s
compensation revenue. The profit function of manufacturer
under the joint contract is expressed as:

qr) + Valygm — qr — Dd]+}
—pvlgr — Dr1™ (29

T = e{pg min(Dy, yg, —
+wqr — cmqm

Equation (29) represents the manufacturer’s profit function
consisting of the sales revenue and salvage value revenue,
retail channel revenue, production cost and subsidy cost after
the manufacturer’s sharing. The expected profit function of

the fairness-neutral and risk-neutral retailer contract coordi-
nation is defined as:

EGt) = (o — w — c)r — (pr — Vi — )6 / " FOodx
+ (1 = )paFy + Vi) (30)

According to the FS model and the mean-CVaR method,
we define the profit function for the contract coordination of
fairness concerned and risk-averse retailer as:

E(T[rb) = Gy(w(pr,qr) — AlyE(my) — Gy(7(pr, g )]
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=[(14+A){1d - w) — Ay ol(paF1 + Vi F2)
- (1+A)<M+T><pr )8 /0 " F(x)dx]

— Ay Wy — Cu — Py /0 " Fo)dy)
+ (1+l)(Pr—W—Cr)CIr (31)

Proposition 4: Under the joint contract, the retailer’s
expected maximal profit exists if the following conditions on
(h*, go*) are satisfied:

A+ Dpy —w—c, -
— [+ )1 —¢)

+00 d+51r
/ / g (x)dydx — Ay (w — ppF (x,))

[+ -¢) = AyplVm =0 (32)
[(1+ ) = ¢) = Ay@l(pa — Vi)

/+00/Dd+‘1r

— (I + )+ T)

1 — bx
(n + T)(P
— Ay @l(pd — Vi)

— Po)F (x/)]

8Wf (x)dydx

« [0 /O CFdx + (o8 = Ve = p)F ()]
+ (1+ g + AyppF () = 0 (33)

For the proof, see Appendix.

B. MANUFACTURE’S COORDINATION MODEL

We define the profit function of manufacturer under the joint
contract as:

Xr

E(tm) = ¢(paF 1+ VnF2) Wy —Com—p0 / Fx)dx
0

(34)

Proposition 5: Under the joint contract, the manufac-
turer’s expected maximal profit exists if the following con-
ditions on (wb*, q’,’n*, pz*) are satisfied:

“+00 b
oG — Vi) / ﬁ (As + BaBa)g(f (X)dydx
0 d;:Ir
dm
+ @+ W As — po(As + BOF () — gpbAs = 0 (35)

o ["[#

400 b
F Vi [ [ O As = BaBROY (s
0 Joug

Dd +£Ir

(y — As — BaBs)g)f (x)dydx

+ WAs — ¢m — pp(As + Bs)F(x,) + ¢p5* BaBs = 0

(36)
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+o0o b
@l = V)& — 1 + BaBs) /0 / 8O (x)dydx
e

+ wP*Ag — pp(Ae+Be— Br)F (x,)+@(F1 — paAe)=0
(37)

For the proof, see Appendix.

Proposition 6: Under the joint contract, the dual-channel
supply chain can achieve coordination if the following con-
ditions on (¢, w, pp) are satisfied, (38) and (39) as shown at
the bottom of the page.

For the proof, see Appendix.

Proposition 6 shows that: (1) The manufacturer’s whole-
sale price and the unit compensation price increase with the
increase of the revenue sharing factor. (2) If the revenue
sharing factor is constant, the manufacturer’s wholesale price
and unit compensation price decrease with the increase of the
retailer’s risk aversion and fairness concern.

VIl. NUMBERICAL EXPERIMENTS

This section further discusses some factors affecting the
dual-channel supply chain, such as the effects of retailer
fairness concerns and risk-averse on the decisions and util-
ities of each supply chain member. Suppose that the market
random demand x follows a uniform distribution of [0,500]
and the manufacturer random yield factor y follows a uniform
distribution of [0.5,1]. We provide a numerical experiments
by setting ¢;,, = 30,¢, = 12,60 = 0.6,8, = 0.6,8; =
0.8,V, =20,V, =15,y =0.5,and n = 0.8.

A. ANALYSIS OF DUAL BEHAVIORAL PREFERENCE UNDER
UNCERTAINTIES OF YIELD AND DEMAND

According to the above assumptions, we can get the opti-
mal ordering quantity, the optimal retail price, the optimal
manufacturer’s yield, and the optimal direct selling price
under centralized decision as 143.778,230.522, 391.999, and
211.064. The expected profit of the supply chain under cen-
tralized case is 12803.8. In addition, by adjusting the fairness
concern coefficients and risk-averse coefficients, we can get
Tables 2. The results show that the decisions and supply
chain profits for decentralized decisions are less than the
corresponding results under the centralized decision. There

FIGURE 2. Effects of y and 1 on the optimal retail’s price and
manufacturer’s optimal wholesale price.

is an obvious ‘“double marginalization”, which indicates that
the simple wholesale price contract cannot achieve supply
chain coordination.

The optimal decisions under decentralized scenarios with
different degrees of fairness concerns and risk-averse are
shown in Table 2. If the retailer’s attention to revenue dis-
tribution equity increases, then retail prices, manufactur-
ers’ wholesale prices, manufacturers’ yield, and expected
profits of the supply chain decrease and retailers’ order
quantity increases. In addition, retailer order quantity, retail
price, manufacturer wholesale price, manufacturer output,
and expected profit in the supply chain all decrease with
the increase of retailer risk aversion. The degree of retailer
fairness concerns and risk aversion is negatively related to
the retailer and manufacturer profits.

Figure 2 illustrates the effects of the retailer’s risk-averse
coefficient and fairness concern coefficient on the retail’s
optimal price and manufacturer’s optimal wholesale price.
As shown in Figure 2, the optimal retail’s price and manufac-
turer’s optimal wholesale price decrease with the increase of
A when 7 is fixed. This implies that the retailer competes with
manufacturers’ direct channels by decreasing retail prices to
expand the consumer market. In addition, this figure shows
that the optimal retail’s price and manufacturer’s optimal

+(1 4+ D+ S = Dy

(4 2002+ 5590 = Vi) [ [ 400 )y

Dg+ar

—[A+ )0 =) = Ay@l(pa — Vi) [ Ju ™ gO)f (¥)dydx

oy = (38)
’ [+ )0+ =)+ Ay IpoF (5,)
(14 DIpr —qr — ¢+ (n+ 1540 o7 F(x)dx]
—[(1 4+ 2)(1 = ¢) = Xy 9]V, .
ZdTqr
=201+ )1 = 9) = Aypl(pa = Vi) ™ Ju ™ 80 ()dydx
W= (39)

I1+A+Ay
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TABLE 2. The decentralized optimal decisions with different degrees of fairness concerns and risk-averse.

Decentralized optimal decision
! * o ¢ W q b EE) EED
0.2 86.1 50.0 435 181.8 108.7 3544 1978.7
02 0.4 83.2 51.9 42.1 176.7 105.5 278.6 1809.8
’ 0.6 81.6 534 41.6 173.1 103.61 183.0 1709.4
0.8 80.6 54.5 41.6 170.4 102.4 73.9 1645.2
0.2 108.1 71.9 529 217.9 124.5 678.8 3676.6
0.4 0.4 104.9 74.1 51.3 210.8 121.0 541.0 3439.1
’ 0.6 103.2 75.9 50.9 205.7 119.1 363.0 3302.2
0.8 102.3 77.2 50.9 201.9 117.9 157.2 3217.6
0.2 119.7 83.8 57.7 2382 132.6 905.0 4758.6
0.6 0.4 116.4 86.2 56.1 230.0 129.0 733.3 4477.4
’ 0.6 114.7 88.1 55.6 224.0 127.0 508.0 4317.2
0.8 113.7 89.6 55.7 219.5 125.9 224.9 4219.6
0.2 126.9 91.3 60.7 251.2 137.6 1065.1 5492.6
08 0.4 123.5 93.8 59.0 2422 133.9 872.5 5181.6
’ 0.6 121.7 95.7 58.5 235.6 131.8 616.9 5005.5
0.8 120.7 97.3 58.7 230.7 130.7 316.8 4898.9
0.2 131.7 96.4 62.7 260.2 140.9 1183.1 6019.8
| 0.4 128.3 98.9 60.9 250.6 137.1 976.4 5687.4
0.6 126.5 101.0 60.5 243.7 135.1 699.9 5499.8
0.8 125.5 102.6 60.6 238.5 134.0 374.0 5386.7
TABLE 3. The optimal decision under different degrees of risk-averse.
risk-averse Contract parameters Optimal decision Profit increase
coefficient @ w 2 E(z) E(xY) AE(r,) AE(z,)
0.75 139.5 137.4 6626.6 5644.5 5507.4 -281.5
0.81 150.2 146.7 5202.5 7131.9 4083.3 1206.0
n=0.75 0.87 160.8 155.9 37784 8619.3 2659.2 2693.4
0.93 171.4 165.2 2354.3 10106.8 1235.1 4180.8
0.99 182.0 174.5 930.2 11594.2 -189.0 5668.2
0.75 137.8 134.2 6660.6 5727.3 5504.8 -372.1
0.81 148.5 143.6 5236.5 7199.6 4080.7 1100.3
7=0.8 0.87 159.1 153.0 38124 8672.0 2656.7 2572.6
0.93 169.7 162.5 2388.3 10144.3 1232.6 4045.0
0.99 180.3 171.9 964.2 11616.7 -191.5 55174
0.75 136.3 1312 6690.6 5809.1 5501.0 -450.0
0.81 147.0 140.8 5266.5 7267.8 4076.9 1008.7
n=0.85 0.87 157.4 157.7 38424 8726.4 2652.8 2467.3
0.93 168.2 160.0 2418.3 10185.0 1228.7 39259
0.99 178.8 169.5 994.2 11643.7 -195.4 5384.6
0.75 135.0 128.6 6717.2 5889.0 5496.3 -517.6
0.81 145.6 138.3 5293.2 73352 4072.2 928.5
n=09 0.87 156.2 148.0 3869.1 8781.3 26438.1 2374.7
0.93 166.9 157.7 2445.0 10227.4 1224.0 3820.8
0.99 177.5 167.4 1020.9 11673.5 -200.1 5266.9
0.75 133.8 126.1 6741.1 5966.5 5491.0 -576.9
0.81 144.4 1359 5317.0 7401.2 4066.9 857.8
n=0.95 0.87 155.0 145.8 3892.9 8835.8 2642.8 2292.4
0.93 165.7 155.6 2468.8 10270.5 1218.7 3727.1
0.99 176.3 165.4 1044.7 11705.1 -205.4 5161.7

wholesale price increase with the increase of n when A is
fixed. This means that the optimal retail price decreases as
the retailer’s level of risk aversion increases in order to attract
consumers and avoid product surplus. Figure 3 illustrates the
effects of the retailer’s risk-averse coefficient and fairness
concern coefficient on the retail’s optimal order quantity and
manufacturer’s optimal yield. As shown in Figure 3, the
retail’s optimal order quantity increases and manufacturer’s

VOLUME 11, 2023

optimal yield decreases with the increase of A when 7 is fixed.
This implies that the manufacturer’s optimal yield decreases
with the increase of the level of retail’s fairness concern,
namely the decrease of manufacturer’s direct channel market
demand. The retailer’s price reduction strategy has a negative
impact on the manufacturer. In addition, this figure shows
that the retail’s optimal order quantity and manufacturer’s
optimal yield increase with the increase of n when A is fixed.
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FIGURE 3. Effects of 7 and A on the optimal retail’s optimal order
quantity and manufacturer’s optimal yield.
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FIGURE 4. Effects of retailer profit reference coefficient on decision
variables.

This means that the retail’s optimal order quantity decreases
with the increase of the level of retail’s risk aversion because
the retailer reduces risk by avoiding product surplus. In the
meanwhile, the manufacturer adjusts the yield according to
the degree of risk.

Figure 4 and Figure 5 illustrate the effects of the
retailer’s profit reference coefficient on the decision vari-
ables and profits when A = 02,4 = 0, and n =
0.4, respectively. Figure 4 indicates that if the retailer’s
profit reference coefficient increases, then the retailer’s
optimal order quantity decreases, and the optimal retail
price, the manufacturer’s optimal wholesale price, the
manufacturer’s optimal yield, and the optimal direct sales
price all increase. Figure 5 indicates that if the retailer’s profit
reference coefficient increases, then the profits of retailer,
manufacturer and supply chain system show a declining
trend.

Figure 6 and Figure 7 illustrate the effects of the retailer’s
pessimism coefficient on the decision variables and profits
when A = 0.2,y = 0.8, and n = 0.4, respectively. Figure 6
indicates that if the retailer’s pessimism coefficient increases,
then the retailer’s optimal order quantity, the optimal retail
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FIGURE 6. Effects of retailer pessimism coefficient on decision variables.

price, the manufacturer’s optimal wholesale price, the man-
ufacturer’s optimal yield, and the optimal direct sales price
all increase. Figure 7 indicates that if the retailer’s pessimism
coefficient increases, then the profits of retailer, manufacturer
and supply chain system show an increasing trend.

B. ANALYSIS OF DUAL BEHAVIORAL PREFERENCE UNDER
JOINT CONTRACT
In Table 3, the specific coordination results based on the
risk-averse coefficient and the joint contract parameters
are shown. Where, AE(w,) represents the change of the
retailer’s expected profit before and after contract coordina-
tion, and AE (7r,,,) represents the change of the manufacturer’s
expected profit before and after contract coordination. It can
be seen from Table 3 that the joint contract composed of
revenue-sharing and risk-sharing achieves a win-win situ-
ation of supply members’ income. That means that Pareto
improvement of dual-channel supply chain is realized.
Figure 8 illustrates the effects of the risk-averse coeffi-
cient n and contract parameter ¢ on the Pareto improvement
region. Figure 9 illustrates the effects of fairness concern
coefficient A, risk-averse coefficient 7 and contract parameter
¢ on Pareto improvement regions. To compare the possibility
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TABLE 4. Pareto improvement region with different degrees of risk-averse and fairness concerns.

n A1=02 1=04 1=0.6 2=0.8
Coordination region
0.739 < ¢ <0.955 0.726 < 9 <0.941 0.718 < <0.933 0.714 < 9 <0.928
=08 135.5<w<173.726 132.954 < w<171.003 131.37 <w<169.419 130.54 <w<168.412
131.662 < p, <165.769  129.126 < p, <163.153 127.526 < p, <161.607  126.648 < p, <160.609
0.742 < <0.956 0.731<p<0.942 0.721< ¢ <0.934 0.716 < ¢ < 0.928
n=0.85 134.643<w<172.515 131.354 < w<169.864 130.635 <w<168.33 129.664 <w<167.182
129.411< p, <163.647  124.924< p, <161.114 125.46 < p, <159.6 124.481< p, <158.519
0.744 < < 0.956 0.731< < 0.942 0.723< ¢ <0.934 0.718< < 0.929
n=0.9 133.764 < w<170.282 131.354 < w<168.695 129.863 < w<167.204 129.924 < w<166.265
127.253 < p, <161.569 124.924 < p, <159.114 123.473 < p, <157.688 122.549 < p, <156.782
0.744 < < 0.956 0.733< ¢ <0.942 0.725< ¢ <0.934 0.720 < ¢ < 0.930
7=095 133.191<w<170.178 130.662 < w<167.649 129.21<w<166.198 128.3 < w<165.464

125.476 < p, <159.668

123.077 < p, <157.286

121.693 < p, <155.914

120.819 < p, <155.213

-
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FIGURE 7. Effects of retailer pessimism coefficient on profits.

of achieving dual-channel supply chain coordination with
joint contracts under different risk aversion levels (n =
0.75, 0.80, 0.85, 0.90, 0.95), we plot the Pareto improve-
ment region according to Table 3, as shown in Figure 8.
To compare the possibility of achieving dual-channel supply
chain coordination with joint contracts under different fair-
ness concerned levels (A = 0.2, 0.4, 0.6, 0.8), we plot the
Pareto improvement region according to Table 4, as shown
in Figure 9. These figures indicate that, (1) There is always
a triangular area surrounded by the incremental profits of the
retailer, the incremental profits of the manufacturer, and the
horizontal coordinates based on different risk-averse coeffi-
cient. (2) With the increase of the retailer’s risk aversion, the
profit change of the manufacturer and retailer increases and
the Pareto improvement region also increases. (3) With the
increase of the retailer’s fairness concern, the profit change
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FIGURE 8. Effects of  and ¢ on Pareto improvement region.

of the retailer increases, the profit change of the manufac-
turer decreases, and the Pareto improvement region increases.
The above results show that when the retailer devotes more
attention to risk aversion and fairness in revenue alloca-
tion, the manufacturer would promote the implementation
of joint contracts through revenue allocation adjustment and
risk sharing in order to reduce the negative utility from the
retailer’s behavioral preferences.

Table 4 shows Pareto improvement region with different
degrees of risk-averse and fairness concerns. The coordina-
tion region under joint contract coordination decreases with
the increase of risk aversion coefficient, which indicates that
retailer’s risk aversion will increase the possibility of dual-
channel coordination. The coordination region under joint
contract coordination increases with the increase of fairness
concern coefficient, which indicates that retailer’s attention
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FIGURE 9. Effects of 1, y and ¢ on Pareto improvement region.

to revenue sharing equity is conducive to the realization of
dual-channel coordination under joint contract.

According to this section for numerical analysis we can
see that: (1) With the increase of retailer’s fairness concern
coefficient A, the retailer’s order quantity will increase, and
retail prices, manufacturer’s wholesale prices, manufacturer’s
yield and direct sales prices will decrease.

The expected profit of the retailer and the manufacturer
shows a decreasing trend. (2) With the increase of retailer’s
risk-averse coefficient 7, the retailer’s order quantity, retail
prices, manufacturer’s wholesale prices, manufacturer’s yield
and direct sales prices will increase. The expected profit
of the retailer and the manufacturer shows an increasing
trend. (3) When applying joint contracts for coordination,
manufacturer’s wholesale prices, manufacturer’s unit com-
pensation price, retailer’s incremental profit and manufac-
turer’s incremental profit will decrease with the increase of
risk-averse coefficient n when revenue-sharing factor ¢ is
fixed. Manufacturer’s wholesale prices, manufacturer’s unit
compensation price, and manufacturer’s incremental profit
will increase with the increase of revenue-sharing factor ¢
when risk-averse coefficient 5 is fixed, and at the same
time, retailer’s incremental profit will decrease. (4) The joint
contract consisting of revenue-sharing and risk-sharing can
achieve Pareto improvement in dual-channel supply chain
with fairness concerns and risk aversion retailer.

VIIl. CONCLUSION

In this paper, we study the optimal decision and coordina-
tion of a dual-channel supply chain with fairness concerns
and risk aversion under uncertainties. The optimal deci-
sion models based on the Stackelberg game are constructed
respectively under centralized and decentralized conditions
for dual behavior preference. We adopt a joint contract with
revenue-sharing and risk sharing to achieve dual-channel
supply chain coordination and improve the performance of
the supply chain. Numerical experiments demonstrate the
effectiveness of the model and the joint contract. Based on the
above research, we have the following managerial insights.
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(1) The benefits of dual-channel supply chains decrease as
fairness concerns and risk aversion increase, which indicates
that fairness concerns and risk aversion exacerbate the double
marginalization effect. (2) In manufacturer-led dual-channel
supply chains, manufacturers have a bargaining advantage
in the Stackelberg game. The retailer competes with the
manufacturer’s direct channel by reducing retail price and
increasing order quantity, which leads to the decrease of
the overall profit of the supply chain. (3) In response to
the risk preference in the behavior, the retailer reduces the
order quantity according to the degree of risk to avoid the
loss of its own profit, and the manufacturer adjusts the yield
according to the degree of risk. The overall profit of the
supply chain decreases with the increase of risk aversion.
(4) In response to the fairness concerns in the behavior,
the retailer reduces retail price according to the extent of
its own unfair treatment, which has negative effect on the
manufacturer. Meanwhile, the manufacturer should increase
the retailer’s order quantity by reducing the wholesale price.
(5) The joint contract combining revenue-sharing and risk
sharing can coordinate the dual-channel supply chain and
finally achieve the win-win goal of the dual-channel supply
chain. In this paper, we focus on retailer fairness prefer-
ences and risk preferences to investigate the coordination
of dual-channel supply chains. The multi-risk aversion and
multi-fairness concerns and the multi-channel supply chain
coordination problem need to be further studied.

APPENDIX

A. PROOF OF PROPOSITION 1

From Equation (11), taking the first-order and second-order
partial derivatives of E(rr/) with respect to p,, g, g, and pg,
we obtain:

EC) _ . g / " F@dx — (or — Vo)F ()
apr 0
+oo b
@V [ [y PasOV s
8E(7th) qm
=pr—¢r —(pr = Vo)F(x;) — Vi,
gy

Dg+ar

R
— (pa = Vi) /0 / ) (W)dydx

Dj+qr
IE(rf) oo oG
=Dd
0 a

3 yg()f (x)dydx
qm

+oo b
Vi [ ] OV s =
qm

IE(E)
8— =@r — V)BrF(xr)+ F1
Pd
+o0o b
@iV [ [ SOV N
o Jog
IE(mf —Vin [T Da+gr r=Vr
I e At
9g; dm Jo qm 0
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Thus, we have the Hessian matrix:

H(p}” CIr’ vapd)
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> 0,

and |Hi(pr. gr, gm.pa)l < O, |H2(r, qr. gm, pa)l >
0, |H3(pr, gr» gm» Pa)l < 0, |Ha(pr, gr, gm, pa)l > 0. The
even-order sequential major minor has a positive value and
the odd-order major minor has a negative value. Hessian
matrix is negative definite. Thus E(r{) is a concave function
of pr, gr, qm and pg. There exists a unique (pr N AN
maximizing E(7;) when % == 0, d%i;’ — 0, 2D _
0and 2250 — o,

Proposmon 1 is proved.
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B. PROOF OF PROPOSITION 2

From Equation (21), taking the first-order and second-order
partial derivatives of E (nrd) with respect to ¢, and p,,
we obtain:
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Myu/ ek VTSN
dm 0 qm
E(d)
8q;"pr

11—
—(1+)L)[1—(M+T)(F( )+ 2 f( 9]

— Vi +00
+ Ay (Pa )Ba /
qm 0

Thus, we have the Hessian matrix:
2E(nd) 32E(rd)

(g)f(x)dx

m

_ | uE, PECe)
H = 32E(n‘1) PE@ > 0, and o2 < 0. The
“0q,0pr 3q

even-order sequential major minor has a positive value and
the odd-order major minor has a negative value. Hessian
matrix is negative definite. Thus E (nd ) is a concave function
of g, and p,. There exists a umque (g%*, p?*) maximizing
E(m,) when 35(; ) — 0 and aE(” ) — .

Proposition 2 is proved.

C. PROOF OF PROPOSITION 3

d dx
‘We document q” = A1, Dr

_Bl’dq_m =A27 dgm

= B,

d*
G = Asz, ddpd = Bj. From Equation (22) and Equation

(23), the optimal decision qr , pr is obtained by taking the
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derivative of w, g,,, pq respectively, we obtain:

1 —
1+ A)By — 1 — (u+ T“)F(xr)
A1 +Bl

-V f(xr)]

Bi+A +°° Dy+
+ly[(pd—vm)ﬂd 1 1/ d+qr

8 ) (0)dx—1]=0

m

A1+Bl

m

1_
— A+ A+ T“)(pr — V) £

1 —
+ (L+ DA — (n+ T)(Al +2B1)F (x;)]

Bi+A
+ AyBalpa — Vi PIBLTAL

+00
X/ ng+qr)f()dx—O
0 qm

1—
¢ +7L)[Bz—(u+7)(F(xr)Bz+(Pr -V

Vm)/+°° (BaB2+A2)gm—(Da +qr)
0

2+2

f(xr))]

+ Ay(pa—

7,
d+qr)f( )dx 0
1— A
—(1+7L)(M+T)[F(Xr)(Az+ZBz)(Pr V) 2+ 2 ()]
+oo B A2)gm — (D, r
+ lyﬁd(pd—Vm)/O (BaB2 + 2)6(1]2 ( d+61)
Dita
L VTRV
+ 1+ l)Az =0
1— As+Bs—B,
- <1+x><u+7“)[F(xr>Ba+(pr - r)3+—3’3f( )l

+ AJ/(Pd — Vi)

[

+ (1+2A)B3=0

By+As—1 [t Dy+gqr
BaB3 + A3 / o d+q)f()dx

dm

dm
d+61r

8Wf (x)dydx

1 —
S A+ T“)F(xrxAg +2B;— By

1 - r
— (14 M)+ T“)(pr -V )3+—3ﬁf( 5

BaB3+Az—1 [+ Dd+
+ AyBa(pa— m)—/ ar

)f (x)dx

m m

+oo b
- /Wﬂd/ /D L. 8O ()dydx + (1 +A)A3 =0
0 dd*lIr
dm

From Equation (24), taking the first-order and second-
order partial derivatives of E (i) with respect to w, g, and
Pd, We obtain:

OE(7Tm)
aow
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+00
~Gu=v | / (A1 + BaBgOY (x)dyd

‘Im
+ (W —pa)A1 + gr
92E (1))
ow?

(pd - Vm) /+OO
0

A1+ BaB (2

m
+ 244

IE (7tm)
Iqm

=pa(y —A2) + wAz — ¢y

+00
— (Pa — Vi) / [)d O A2 = BaB2)g()f (X)dydx

qm

2 E ()
g2,
d—V T Da+ +
= P / Pt g g2 o2 (o
qdm 0 m m
JE ()
0pd

D,
too pldtar
/ / qm

~+00
o JEE

— qr)g(y)f (x)dydx

+oo b
a = Voot = 1+ Babo) [ [ s s
0%E(mn)
Bpi

+o00
B 2/ ﬁd*w (A3 — 1 + BaB3)g(y)f (x)dydx — 3A3

Dy +qr)f(x)dx

+o0
+ (pa — Vm)/ (A3 — 1+ BaB3)*g(
92E (1)

0qmPd

D,
/+oo o
0 a

m

(y — Az — BaB2)g(W)f (x)dydx + BaBa

_ (pa = V)1 — A3 — BuB3)
qm
+oo D r r
y /O (—dq” As — BaBg 2T
92E (1))
OWGm
— At Pa — Vm);Al + BaB1)
+o0 D - D ;
x /O ( "q+ 9 Ay — BaB)g( I f (o)
32E (1)
Owpa
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d+‘1r

(A1 + BaB1)g(y)f (x)dydx + A3

= BaB1 — /+OO/

_ +00
4 Pa = V) / (A1 + BaB1)(1 — A3 — BaB3)

(—)f (x)dx

m

Thus, we have the Hessian matrix:
E(tm) 2E(tm) 32E(Tm)
w2 Bwaqm awdpa
PEGm) PE(un) 9°E(tm)
HW, gm,pa) = | Tg,aw 047, Dandpd
E(m) 2E(mm) 3% E(nm)
pgdw  9pqadqm ap3
|H1(W, gm, pa)l < O, [H2(W, gm, pa)| > 0, |5 0w, gm> Pa)l <
0. The even-order sequential major minor has a positive value
and the odd-order major minor has a negative value. Hessian
matrix is negative definite. Thus E (nm) is a concave function
of ¢, hand p,. There exists a unique (w?*, qm D d*) maximiz-
dE(T[m) OE(mm) __ dE(nm)
ing E (i) when =0, = 0and e = 0.

dpd
Proposition 3 is proved

< 0, and

D. PROOF OF PROPOSITION 4

From Equation (31), taking the first-order and second-order
partial derivatives of E (n,b ) with respect to g, and p,,, same
as proposition 2.

Thus, we have the Hessian matrix:
2E(n?) 92E(rnd)

_ 3p% opr gy

H = 2E(n?) 32E(rxd)
ardpr gy | .

even-order sequential major minor has a positive value and

the odd-order major minor has a negative value. Hessian
matrix is negative definite. Thus E (nb ) is a concave function
of g, land p,. There exists a umque (p, , qr*) maximizing
E(r?) when dgg; ) — 0 and dE(” )
proved.

92E(rd)

< 0. The

> 0, and

= 0. Proposition 4 is

E. PROOF OF PROPOSITION 5

qr
We document = Ay4, dw = By, dqm = As, dq = Bs,
‘jgj = = A, ”g’rd — Bg. From Equatlon (32) and Equation

(33), the optimal decision q, , p, is obtained by taking the
derivative of w, g, pg respectively, same as proposition 3.
From Equation (34), taking the first-order and second-order
partial derivatives of E(m,,) with respect to w, g, and pg,
we obtain:

IE (1tm)

ow

+oo b
s = Vi) [ [, A+ BBV

+ qr + wA4 — pp(Aq + BY)F (x;) — ppaAq

92E ()
ow?
_ Vm +oo -
_ _$@d = Vm) /0 As + BaBs g2y

A4 + By)?
+ 2A4 — Mf(xr)
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0E ()
qm

Ddﬂr

“+00 p.
— opalBaBs+ / / (y—As— BaB3)g()f (¥)dydx]

+00
bV [ oy O A5~ BBV e
Tam

+ wAs — ¢y — pp(As + Bs)F (x;)

92E ()

Eqm
(—)f( )

d = Vm [T Da+
- p_m/ (ZL Ay — BaByY?
dm 0

dm
Datar
ik AN

m

OE(m)

pa
+oo b
= ¢(Pa — Vm)(A6 — 1 + BaBo) /0 ﬁ)d o g)f (x)dydx

+ wA¢ — pp(A6 + Be — Br)F (xr) — @(F1 + paAe)

92E ()

81)?]

+oo  rb
— 2 | / (1~ A — BaBORO (dyd + Ag]

+00
+ ¢o(pa— Vm)/ (A6 — 14 BaBe)g( [thr)f()C)d)C
B 2
Mg — Pp(A 6+ 6)f( 3
32E (1)
0Gmpa

+00 Dd*‘lr
= ol / / "y — As — BaBs)gf (V)dydx + BaBs]
_ ¢(pa — Vi) — Ag — BaBs)

qm
oo D r r
x/o (dq—Jrq—As—ﬁst)g( Pataryeya
As + Bs)(Ag + B
_ Pp(As 59)( 6 6)f(Xr)
92E ()
OWgm
A4 + By)(As + B
__ppAs+ Z)( 5+ S)f(x,)+A5
n ©Pa — Vi)(As + BaBa)
qdm
+00 D - D ,
x /0 ("q—”—As—ﬁst>g( Rk IR
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92E (1)
owpg

= ¢[BaB4 —/+OO/

_ Po(Aq + B4)(Ag + Bs)

Dd +q;

(Ag + BaBa)g(y)f (x)dydx]

9 f(xr) + Ag
_ m +00 D -
<P(Pd ) d+61 Dd dr ey

X (A4 + ,BdB4)(1 —Ag — ﬂdBé)

Thus, we have the Hessian matrix:

PE(y)  PEG@.)  9PE()
w2 8w8qm owdpg
H( ) _ 32E(7‘Tm) 3 E(mm) 82E(7Tm) < O
W, qm, Pd) = Agmow aqm 0gmopd ’
2E(m,)  0%E(mw) 92E ()
apqow opd aqm 3[72

and [Hi (0w, g, pa)| < O, [Hs (W, gy pa) > O, [H3(, G,
pa)| < 0. The even-order sequential major minor has a posi-
tive value and the odd-order major minor has a negative value.
Hessian matrix is negative definite. Thus E () is a concave
function of w, g, and py. There exists a unique (w’*, qm P )

maximizing E(m,,) when % = 0, % = 0 and
EGm) _
TOpa

Proposition 5 is proved.

F. PROOF OF PROPOSITION 6

Under joint contract coordination, to realize dual-channel
supply chain coordination, it should satisfy p?* = p¢*, gb* =
¢ g = ¢ and pf* = pS, From Equation (13),
Equation (32) and Equation (33), we have:

P = e — (0 -

+o00
= Vi) / / 8O (x)dydx —
[+ =) = Ayell(pa — Vin)

/+OO/ d+q)

1-—
HA+V)PF —w—c,—(n+——
~Ay(w— ppF(x,)) = 0
1_11“ o b
~+ Al /O F)dx+ (2 —V, —py)F ()]
+(1 + ) —go)—?tw](p’;* -

+00 d q;
/ / g)f (x)dydx
[ +(1+A)g)* + 2yppF () = 0

' Ve)F (xr)

Dd +qr

Vi =0

g)f x¥)dydx + Vi)

N =V, —pp)F(x,)]

we get Equation (38) and Equation (39). Proposition 6 is
proved.
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