@° PLOS | ONE

Check for
updates

G OPENACCESS

Citation: Liu X, Wang X, Dai L, Pan Y (2018)
Research on supply chain performance based on
retailers’ faimess concerns: Wholesale prices
versus cost sharing of efforts. PLoS ONE 13(10):
€0204482. https://doi.org/10.1371/journal.
pone.0204482

Editor: Baogui Xin, Shandong University of Science
and Technology, CHINA

Received: March 29, 2018
Accepted: September 10, 2018
Published: October 24,2018

Copyright: © 2018 Liu et al. This is an open access
article distributed under the terms of the Creative
Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in
any medium, provided the original author and
source are credited.

Data Availability Statement: All relevant data are
within the paper.

Funding: The authors received no specific funding
for this work.

Competing interests: The authors have declared
that no competing interests exist.

RESEARCH ARTICLE

Research on supply chain performance based
on retailers’ fairness concerns: Wholesale
prices versus cost sharing of efforts

Xiaoguang Liu@ *, Xifu Wang, Lufeng Dai, Yanfang Pan

School of Traffic and Transportation, Beijing Jiaotong University, Beijing, China

* 14114210 @bjtu.edu.cn

Abstract

With the deepening of the research on supply chain management, scholars have increas-
ingly begun to investigate the impact of fairness on a supply chain, and many conclusions
suggest that a simple wholesale price can coordinate a supply chain under specific condi-
tions. However, the corresponding analysis and other optimization mechanisms that affect
the situation in which the channel cannot be coordinated are either omitted or given little
attention. In this paper, we constructed a dyadic supply chain with a single manufacturer
and a single retailer; the manufacturer acts as a selfish leader, and the retailer acts as a fol-
lower with fairness concerns and sales efforts. For this setting, we derived the equilibrium
strategy solution for a wholesale price contract and cost sharing of effort (CS-E) contract
offered by the manufacturer, and the results indicated that both contracts achieved channel
coordination with different requirements. Further, the profit of the manufacturer and the
sales effort of the retailer under CS-E contracts were never less than those for the wholesale
price contract, and there was an interval during which the retailer’s profit and utility and sup-
ply chain efficiency were better than those under the wholesale price contract. In addition,
we described situations in which a CS-E contract is unnecessary. These results should be a
useful reference for managerial decisions and organizations.

Introduction

It is well known that traditional supply chain management (SCM) is based on the assumption
that decision makers are completely rational. However, there is now empirical evidence that
fairness considerations significantly affect economic behaviour. For example, Britain’s largest
retailer, Marks & Spencer, benefits by treating its suppliers fairly and thus has established
long-term, stable partnerships [1]. In contrast, Langsha Group and Xuzhou Wanji Trading
chose to disrupt cooperation with a partner who seized a disproportionate share of the profits
[2]. A large number of investigations have confirmed that firms have fairness preferences as
individuals do in business [3,4]. This evidence presents sufficient reasons for us to revisit some
traditional achievements from the perspective of fairness.

PLOS ONE | https://doi.org/10.1371/journal.pone.0204482 October 24, 2018 1/31


http://orcid.org/0000-0002-2201-9162
https://doi.org/10.1371/journal.pone.0204482
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0204482&domain=pdf&date_stamp=2018-10-24
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0204482&domain=pdf&date_stamp=2018-10-24
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0204482&domain=pdf&date_stamp=2018-10-24
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0204482&domain=pdf&date_stamp=2018-10-24
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0204482&domain=pdf&date_stamp=2018-10-24
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0204482&domain=pdf&date_stamp=2018-10-24
https://doi.org/10.1371/journal.pone.0204482
https://doi.org/10.1371/journal.pone.0204482
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

@° PLOS | ONE

Research on supply chain performance based on retailers’ fairness concerns

In the past, the coordination in decentralized channels has gained considerable attention
from both practitioners and researchers. The primary purpose of coordination is to design a
contract to avoid the negative impact of "double marginalization" and improve the overall effi-
ciency of the supply chain. Many coordinating contracts were proposed in the early studies,
such as buy-back (BB), quantity discounts (QD), revenue-sharing (RS), two-part tariff (TPT)
and so on [5]. However, some laboratory experiments with human subjects indicate that these
contracts, which have been shown to be quite effective in theory, perform poorly in practice
[6-10]. The main reason is that in the supply chain contract environment, some behavioural
factors, such as profit allocation between supply chain members that trigger fairness concerns
behaviour, affect the performance of the supply chain [11,12].

Retail pricing is not only an important vehicle to enhance supply chain revenue but also an
important means for retailers to pursue the fair allocation of channel profits. Some studies
have incorporated fairness concerns into typical supply chain models with price-dependent
demand; these studies demonstrate that a wholesale price can be designed to achieve channel
coordination in this situation. In addition to price-only strategy, in most situations, sales
efforts are also important in influencing demand. In practice, retailers can attempt to attract
more consumers and spur marketing demand using various forms of sales efforts, such as mer-
chandising, commercial advertising, purchase guiding or other personalized services [13, 14].
In addition, it is vital to make the optimal sales effort decisions to improve the competitiveness
of the channel and bring more investment opportunities [15]. Although sales efforts are signif-
icant in the development of the supply chain, the corresponding cost burden falls upon the
retailers, rendering it challenging for them to undertake the optimal initiatives. More impor-
tantly, retailers may refuse to endorse the original profit allocation and show a stronger con-
cern about fairness when the gain was based on their sales performance [16].

To stimulate the sales activities of the downstream retailers, the core enterprises of the sup-
ply chain often provide the necessary support for retailers. Their goal is to increase product
sales in the terminal market and enhance profits throughout the supply chain. Cost sharing of
effort (CS-E) is an effective incentive for improving the performance of supply chains in prac-
tice. For example, Dongfanghong, one of the largest green onion packers in China, provides 60
percent of the pesticides its contract farmers need [17]. Similarly, Intel paid approximately
$1.5 billion to its retailers to promote its products, which equates to 60% of its retailers’ promo-
tion costs [18]. Nagler (2006) conducted a large-scale empirical study on 2,286 brands and
determined that over 60% of the brands adopted vertical cooperative advertising [19]. The
majority of studies have also theoretically confirmed that supply-chain performance improves
under the CS-E, which is significantly better than the wholesale price contract [20-22]. There-
fore, how should CS-E contracts be designed when considering retailers” concerns about fair-
ness? Further, does a CS-E contract remain necessary if the supply chain can achieve
coordination through the wholesale price contract when fairness exists?

Considering the above motivations, we constructed a dyadic supply chain with a single
manufacturer and a single retailer; the manufacturer acts as a selfish leader, and the retailer
acts as a follower with fairness concerns. The market demand is sensitive to retail prices and
sales efforts. We investigated the considered model with two types of contracts: wholesale
price and CS-E contracts. With the former, the manufacturer only sets the wholesale price dur-
ing the game. With the latter, in addition to setting wholesale prices, manufacturers must also
decide how to share the effort costs incurred by retailers. This paper seeks to answer the fol-
lowing questions: a) how do the fairness concerns of the retailer influence the optimal strategy
in a decentralized channel under two different contracts? b) What is the cross effect between
fairness concerns and sales efforts in conditions of channel coordination? ¢) Compared with
the wholesale price contract, can the cost-sharing contract improve channel performance and
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achieve coordination? d) Which contract should we address in which conditions from the per-
spectives of manufacturers, retailers and the entire channel?

The primary contributions of this paper are as follows: First, we extend the supply chain
systems considered in the literature to include fairness concerns and price/effort-dependent
demand. Specifically, manufacturers and retailers each have at least one decision variable in a
considered model, which renders our objective problems much more complex. By deriving
equilibrium, we determined that sales efforts under the wholesale price contract do not signifi-
cantly affect the manufacturer’s optimal decision. Second, both contracts can coordinate the
supply chain but under different conditions; i.e., the CS-E contract requires less stringent con-
ditions than a solely wholesale price to achieve coordination when the cost coefficient is in a
low position and vice versa. Finally, this paper presents a comprehensive comparison of each
optimal strategy and corresponding performance between the two contracts. We suggest that
sales efforts and manufacturers’ payoffs are always higher under CS-E and that there is also an
interval during which the CS-E absolutely performs better than the wholesale price-only for all
aspects of channel performance.

The remainder of the paper is organized as follows: Section 2 describes the essential features
of the research setting. In Sections 3 and 4, we analyse the fairness model in detail and derive
the equilibria for simultaneous wholesale price contracts and CS-E contracts. We compare and
analyse the two contracts in Section 5, and Section 6 summarizes our conclusions and presents
ideas for future research.

Literature review

In this paper, we review literature in three streams. The first section discusses works that incor-
porated fairness into supply chain models. The second section discusses the studies on channel
coordination and fairness concerns. The third section discusses the cost-sharing contract as
applied to channel coordination.

The first stream is related to the literature on supply chain models with fairness concerns.
There are by now two categories among the relevant works incorporating fairness concerns
into supply chain models. One category concerns distributional fairness between upstream
and downstream channels; the other is about peer-induced fairness concerns, which character-
izes the fairness preferences of multiple agents who are in similar circumstances. Our work is
related to the former by examining distributional fairness between retailer and manufacturer.
Fehr and Schmidt (1999) [23] proposed the so-called ’inequity aversion’ model in which a
player has a disutility of receiving a payoftf that is most commonly employed to describe distri-
butional fairness. Based on Fehr and Schmidt (1999) [23], Cui (2007) [24] and Ozgun et al.
(2010) [25] investigated the performance of the fair channel. However, these early studies only
considered demand to be sensitive to retail price and did not include non-price factors. Wei
and Lin (2014) explored the effects of fairness concerns on effort strategies with non-linear sto-
chastic demand [26]. Ge (2015) studied effort decisions in the retailer-dominated supply chain
considering suppliers’ fairness. In these studies, rather than a decision variable, the retail price
was exogenous or not considered [27]. Li and Li (2016) considered a dual-channel supply
chain in which a manufacturer produces a single product and sells the product through a
direct channel and also through a traditional retail channel in which the retailer has fairness
concerns and provides both retail price and value-added services to consumers. In their mod-
els, the authors determined that the optimal value-added services set by retailers are always at a
fixed value independent of the rival’s decision [28]. Li Q et al. (2018) studied how fairness con-
cerns influence price and sales effort decisions in a single channel [29]. They adopted a simpli-
fied "inequity aversion’ model that omitted the advantageous inequality of players. To make
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the research more closely reflect conditions of reality, our model considers market demand,
which is affected by both sales efforts and retail prices, without simplifying the utility function
of fairness concerns.

The second stream is those studies on channel coordination and fairness concerns. Coordination
is an important issue in supply chain management. To resolve this problem, various coordinating
contracts with fairness concerns have been proposed in different supply chain structures pioneered
by Cui et al. [24], who suggested that a simple wholesale price above the marginal cost can be used
by the manufacturer that is in the leadership position to coordinate this channel both in terms of
achieving the maximum channel profit and obtaining the maximum channel utility if retailers have
a strong sense of fairness. The results obtained by Cui et al. [24] were extended by Ozgun et al. [25]
to other nonlinear demand functions that are frequently used in this research area. The exponential
demand function requires less stringent conditions than the linear demand function to achieve
coordination. Du, Nie, Chu, and Yu (2014) suggested that the channel can also be coordinated with
a simple wholesale price when the supplier and the retailer both have preferences for reciprocity
[30]. Katok and Pavlov (2014) observed that a linear pricing contract can nevertheless maximize the
channel profit when there is information asymmetry between channel members [31]. In addition to
the wholesale price contract, some works also discussed the improvement effect of other traditional
contracts on supply chain fairness concerns. Pavlov and Katok (2015) suggested that the optimal
contract to enhance channel efficiency can be implemented with a minimum-order-quantity con-
tract but not with a two-part tariff when retailers’ preferences are private information [32]. Nie and
Du (2016) considered peer-induced fairness and distributional fairness simultaneously and pro-
posed a coordination mechanism that combined quantity discount contracts with fixed fees [2]. Bi,
He, and Luo et al. (2013) demonstrated that a sales-rebate contract regarding fairness broadens the
voluntary cooperation prospects and increases the overall profit of the supply chain [33]. Some
other coordinating contracts with fairness concerns have also been fully characterized in different
contexts, such as revenue-sharing contracts (Li Q et al [29]; Wang X et al. [34]; Pu X J et al. [35])
and buy-back contracts (Wei G et al [36,37]). Although these articles considered more complex
issues, the majority of them also simplified the functions that characterize fairness concerns.

The final stream of literature related to our article concerns the cost-sharing contract on
sales efforts as applied to channel coordination. Contracts of cost sharing in supply chains
have been studied extensively, and a substantial number of studies considered supply chains’
coordination with sales efforts in different situations. For example, Wang and Gerchak (2001)
studied a model in which the retailer’s shelf space was treated as the retailer’s inventory-hold-
ing effort. They developed a contract that allowed the supplier to share the retailer’s effort
costs to coordinate the supply chain [38]. Sana S S (2013) constructed a game model consider-
ing production-inventory with uncertain promotional efforts and suggested that sharing a
contract on promotional efforts provided by the manufacturer aligned the incentives of the
members of the chain [39]. Tsao and Sheen (2013) examined retailers’ promotion and replen-
ishment decisions under retailer competition and promotional effort conditions with the sales
learning curves. The results indicated that keeping the fractions of promotion cost sharing
within an appropriate range significantly increases profits for all parties [40]. Ghosh and Shah
(2015) demonstrated that an appropriate service-cost sharing contract proposed by a manufac-
turer opening online channels can be designed to effectively stimulate the service level of the
off-line retailer while free riding occurs [41]. However, the majority of these previous studies
focused on cost sharing of sales efforts based on an assumption of perfect rationality in supply
chains. This paper is most closely related to Zhou et al (2016). [42], who surveyed the role of
co-op advertising (CA) contracts in coordinating a low-carbon supply chain considering the
retailer’s fairness concerns. However, our paper differs from theirs in several respects. First,
the demand function in their models was only sensitive to members’ green efforts whereas we
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consider the cross-effect of retail price and sales effort on consumer demand. Second, the cost-
sharing proportion and wholesale price offered by the manufacturer are both exogenous to
their work whereas they serve as the decision variables for the manufacturer in our models.
Further, the results of Zhou et al. [42] demonstrated that a unilateral cost-sharing contract can-
not coordinate the channel, which is not consistent with this study.

Model description

This paper considers the standard dyadic channel comprising a single manufacturer and a sin-
gle retailer. The manufacturer and retailer play a classical Stackelberg game, and the manufac-
turer produces a product at unit manufacturing cost ¢ and wholesales the product to the
retailer at wholesale price w. The retailer, in turn, retails it to customers at retail price p over a
single selling season. We assume that the retailer can influence the demand by exerting mar-
keting effort at a cost that equals £ ¢*, where e is the effort level and K is the marketing cost
coefficient. Following Gurnani and Erkoc (2008) [43], we assume that the demand informa-
tion is symmetrically known to both members and that the demand function is a normalized
demand, i.e., D(p,e) = a — p + le, where a is the base market size and it is common information
with a > p. I measures the sales effort elasticity. The profits of the manufacturer and the retailer
may be respectively expressed as

'(p.) = (p ~ WD(p,e) — 5 ¢ 1)

" (w) = (w—c)D(p,e). (2)
Thus, the profit of the whole supply chain can be described as

T(p.6) = (p—c)a—p+1e) — 5 3)

When both parties act as an integrated system in (3), it is possible to obtain the centralized

K(a—c)?

sex_pp Where 2K> I with the optimal retail price p* = arg maxII*(p,e) =

channel profit of

2(a—c)
2(2K—12)

_ lMa—¢)
T ooK-12t

+ “2¢and sales effort e/ = arg max/I°(p, e) It is well known that a supply chain

K(a—c)?
2(2K—12)

with a traditional decentralized structure fails to reach the upper bound of profit for self-

ish members.

Given that leaders have more power to share the profit of the entire supply chain, we
assume that the retailer has a fairness concern regarding the distribution of profits and that the
manufacturer focuses on its own profits. Retailers with fairness concerns will maximize their
utility rather than their profits in the decision-making process. According to Fehr and Schmidt
(1999) [23], retailers with fairness concerns will maximize their utility rather than their profits
in the decision-making process. Thus, the retailer utility can be represented as

Ur(p>e) = Hr(p,(?,') J’_f,(pa e)' (4)

Here, I1'(p,e) denotes the monetary profit of the retailer, f"(p,e) represents the retailer’s disutil-
ity due to unfairness or inequity, and f"(p,e) <0. With reference to the model proposed by Cui
(2007), the expression f'(p,e) can be written as Eq (5), and we provide a brief introduction,
considering that many extant studies have described the model in detail.

f'(p.e) = —a(II"(w) — IT"(p,€))" — BUT (p, €) — yII"(w))", (5)

Three exogenous parameters (a,53,y) in f (p,e) characterize behaviour related to fairness concerns
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where 0<3<1, a>fand y>0. yII™(w) represents a standard of equitable distribution that depends
on the monetary payoff of the manufacturer from the retailer’s perspective. If the retailer’s mone-
tary payoft IT'(p,e) is lower than the standards yIT™(w), then the retailer will experience disadvanta-
geous disutility with —a(yII"™(w)—IT"(p,e,)). Otherwise, the retailer experiences advantageous
disutility —B(IT" (p,e)—yII"(w)). We denote the parameters o, as fairness concern coefficients of
the retailer, where o denotes the jealous concern coefficient and 8 denotes the guilty concern coeffi-
cient; a larger a3 indicates a stronger sense of fairness, and vice versa.

Wholesale price contracts

Disutility f"(p,e) prevents the utility function of the retailer from always being differentiated.
Apparently, the retailer can ensure that its profits are either more or less than the fair standards
for a wholesale price, which are determined by the manufacturer, and the optimal decision of
the retailer will depend on which strategy results in the optimum utility. This process can be
reduced to (6):

U(p',e) = max{ max U'(p,e¢), max U’(p,e)}. (6)

" <yII* 117 >0
The sub-problem of Eq (6) in the region IT"(p,e)>yIT"(p,e) can be expressed as
max U'(p,e) = I'(p, ¢) = - [IT'(p,e) = 711" (p, e)]
s.t. ITI'(p,e) >y (p,e) '

Note that the Hessian matrix of (7) is a negative definite for all p,e if K[ satisfy the condition
2K-I*>0. (p1-€1) and (py.e) are the regional equilibrium solutions and the boundary equilib-
rium solution under the constraints IT"(p,e) >yII"(p,e), respectively. Then, the local optimal
response strategy of the retailer in (7) can be expressed as

ne) if w<w,
@76){@ )

(p,,e,) otherwise

(7)

(8)

where

o (L=Plat (2- Py
P l=B-PBy+2y

(r.e) ([(1—ﬁ—ﬁ"/)W(K—IQ)+BVC]+(1—ﬁ)aK (1= p)(a—w)+ By(w—c)
o (1-p)(2K 1) ’ (1-p)(2K-P)

_Pla—¢) a+clla—c)

() = Qg T3 2k — "

D,

Note that (p,,e,) is the equilibrium solution under constraint IT"(p,e) = yII"™(p,e); obviously,
the profit of the supply chain can be expressed as I[I°(p,e) = (1 + 1) - II"(p, e). Thus, the local

optimal strategy (py,e,) is equal to (p, e’), which is the optimal strategy in a centralized chan-
nel, as previously mentioned.
Similarly, another sub-problem of (6) in the region IT"(p,e)<yII"(p.e) is the following:

max U'(p,e) = IT'(p, ) — o~ [pI1" (p,e) = IT' (p, )]
s.t. II'(p,e) < yI"(p,e).

Here, we define (ps,e3) as the regional equilibrium solution derived under IT"(p,e)<yII™(p.e),

©)
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and it is simple to find the equilibrium solution on the boundary, which remains (p,,e,) in this
case. Then, we have the retailer’s local optimal strategy (10):

5 ey) if w>w,
@m)-{(’" )

(p,,e,) otherwise

(10)

where

_ (I+a)a+ (24 a)yc

W2 = 14+o+ay+2y
(o e)) = ([(1 +a+oay)w(K —P)—oayd + (1 +a)aK (1+a)(a—w)—ay(w—c)
i (14 a)(2K — I2) ' (14 a)(2K — I2)

)

Then, the global optimal solution according to (8) and (10) is shown in Proposition 1.

Proposition 1. If the retailer is the only supply chain member with fairness concerns, his
global optimal strategy (p*(w),e*(w)) for wholesale price w, which is determined by the manu-
facturer, is shown below:

(p,e) if w<w,

(P (w),e’(w) = (Pryer) if W, <w<w, (11)
(py,5) if w>w,

The above results show that this can result in the inequitable distribution of supply chain profit
from the perspective of the retailer when the wholesale price is set either too high or too low
whereas the retailer will have a neutral fairness response if the wholesale price is within a mid-
dle interval, which will result in maximum profits for the entire channel. This seems to be a
good solution for coordinating if the manufacturers are willing to accept profit distribution
such that I1"(p, e) = 1 II'(p, e).

On the basis of (11), the manufacturer obtained the local maximum profit IT}", correspond-
ing to each local optimal strategy (p;e;), i = 1,2,3 of the retailer and then determined her global
optimal strategy comparing each IT}". Hence, the optimization problem for the manufacturers
can be expressed as follows:

II"(w") = max{maxII]'(w), max II)(w), maxII;(w)} (12)

w<wy wy<w<wy w>Wo

(1-p)(a+c)—2Byc
2(1=p—py)

, respectively. Note that each w; should satisfy the constraints

The unconstrained maximizers of IT}"(w), IT;' (w) and IT} (w) are w} = Wy =

a—c
2(1+y)

consisting of w,, w,. We provide the conclusions in Proposition 2.

(14a)(a+c)+20yc
2(14o+o0y)

+candw, =

Proposition 2. The manufacturer’s optimal strategy under a wholesale price contract when
the retailer cares about fairness is shown in Table 1.
Proof. See Appendix A.

According to Table 1, the manufacturer and retailer can simultaneously ensure that the

K(a—c)®
2(2K—12)

channel achieves both maximum profit and maximum utility when o, satisfies the

range { p> %} N {oc > Max{% , [3} } This finding shows that a "sensitive" retailer with a

strong sense of guilt and jealousy should be more motivated to promote supply chain coordi-
nation under a wholesale price contract.

Specifically, the manufacturer’s optimal strategy for the wholesale price and the corre-
sponding feasible region are consistent with that of Cui et al. (2007), which ignores sales
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Table 1.
Feasible region w* " (w*)
<L gnd o > wy K(1-p)(a—c)”
b andazp ! =) K—F)
Wi K(14+2)(a—c)*
’ A(1+otoy) (2K—2)
1-2y 1 P " (1 )2
< <L and o > Max{a w __2Ky(1=p)la—0)?
[ B T = {=, B} ! (= p—pri2) KD
W, K(1+a)(a—c)?
/f<—anda<Max{H,ﬁ} 2 A(Ltarroy)(2K-B)
1 p-1 W K(a—c)?
5 < B<lando> Max{m,[)’} 2 ) K

Note & = arg(IT7'(,) = T} (w})) =

https://doi.org/10.1371/journal.pone.0204482.t001

efforts However, one difference is that the members profit when the retailers’ sales efforts are
( T 12> times the situation in which the retailer does not exert any sales effort. This implies that
exerting sales effort which increases the profits of both members at the same proportion

according to 21< 12 > 1 (2K-F>0), will not impact either the strategy of selfish manufacturers

or the distribution of the channel’s profits.

Cost sharing of effort (CS-E)

In the CS-E model, the manufacturer shares the cost that the retailer incurs for the sales effort.
We denote this contract as (w,0), where w is the unit wholesale price and 0<60<1 is the propor-
tion of the sales cost that the manufacturer pays while the retailer assumes the remaining 1-6
portion of the cost for the sales effort. The profits of the retailer and the manufacturer are
IT'(p,e) = (p — w)D(p,e) — (1 — 0) 5 e’ and II"(w) = (w — ¢)D(p,e) — &

Thus, the retailer’s decision under the cost-sharing contract can be expressed as follows:
U .01 (0,0) = max.max Up.e), oy U} 1)

(po,ien,i) is the retailer’s local equilibrium strategy under CS-E contracts, i = 1,2,3. The local
equilibrium strategy for the case IT"(p,e)>yII"™(p,e) is given by

(Pos-e01) =
(A=Pa=w +pw=c)p,  A=f=Ppwt[(1=Platfyd (1-pla=w) +pw=c),, wherels
2(2Kty; — (1 = p)P) 2(1-p) ’ 2Kt, — (1 = p)P

= (1-p)-(1--py)e.
The local equilibrium strategy when IT"(p,e)<yIT™(p,e) is

(Pogr€03) =
(=Bla=w) £ frlw=0)p (= f=fwt 0= Bla+rd (1= Pla=w)+ frlw=0), Wb
2(2Kt, — (1= B)P) 2(1-8) ' 2Kt, — (1 - )P

= (1+a)-(1+a+ay)0.
And the local equilibrium strategy on the boundary IT (p,e) = yIT"™(pe) is

(Po2»€a) = (2 e 12 + ok, ,l); ;) Depending on the local strategy of the retailer, a comprehen-

sive conclusion may be obtained.
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Proposition 3. For the manufacturer’s decision (w,0), the retailer’s optimal strategy (p*(w,
0),e*(w,0)) with a fairness concern is shown below:

(Pom ‘30,1) if wi0) <w )
(p"(w,0),¢ (w,0)) = (Pezv 69,2) if wy,(0) <w(0) < w,,(0) (14)
(Po.:saeo,s) if w(0) > w,. (0)

where
w(w:W—M—MHJMPM (1= PPty + (a—aB — pyc)(1 — B0y
" (1=p =By +29)[2Kty — (1 = p)PIty + (1 = f)(1 = B — py) Oyl
7,.(0) = [a + a0 + aye + 2yc][2Kt, — (1 + o) PJt, + (a + ao + ope) (1 + o) Ol
Waa(0) = (14 o+ ay +2y)[2Kt, — (1 + ) Jt, + (1 + o) (1 + o + o) Opl2

Thus, the Hessian matrix of the retailer’s utility is a negative definite for (pg,1,0,1) if 2Ktz—(1
—B)*>0. Similarly, we can deduce the other constraint 2Kt,—(1+a)P>0 if the retailer chooses
the strategy (pg 3.€93), and the constraint 2K(1-0)-I*>0 should hold if (pg,eg.). Thus, the
above conclusions can be integrated and transformed into the constraint conditions for 0, as
shown in (15):

0€[0,0,] if w0)<w,,(0),p<

1
and 2K > I
147y

1
and 2K < P
+y

0€[0,0,] if w,,(0) < w(0) <w,,(0) and 2K > P

0€[0,0, if w(0)>w,,(0)and 2K > I

where

. (1-pEK-P) . 2P - (1+0)2K-P)
CORG-p—m Tk ™M T K ra )

1}, is the profit of the manufacturer that corresponds to the local strategy (pg,eq,;) of the

retailer and, in combination with the relevant constraint in (15), allows the global optimal
problem of the manufacturer to be given as follows:

max I’ (w, 0 max Iy, (w,0), max II).(w,0
II"(w*,0") = maxq 0<0<0, or 0,<0<1 (. 0), 0<0<0, (W )70§()<(}3 s 0) .(16)
w<ivg(0) W1 (0)<w<wg2(0) w>wg 2(0)

(w; ., 0;) is the equilibrium solution of IT}’; without any constraints; then,

(P3P t24K 3P pe . (1)
" (1—p = py)(16K — 9F) A=p=py)" " 31—-B—py)’
. [RK-PA-0-0y)(a—c) . 2K — P

Wy, = 52K —B)(117) + ¢, 0, = V[0, 5K ) and
. (1 +a)[(8K — 3P)a+ 2(4K — 3P)(] oryc o — (1+a)
63— (14 o+ ay)(16K — 92) I+a+ay)’? 31+atoay’

Here, note that the expression 0] requires that § < - thus, 0! € [0, 0,].

1+’
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The manufacturer’s equilibrium solution will be on one of its boundary constraints when

(W}, 0;) cannot satisfy the constraints of [T, in (16). (w,;, 0,), j = 1,2 is the boundary optimal

solution of the manufacturer that corresponds to the boundary w,;(0); then, the manufac-

turer’s optimal strategy, (#,;, 0,) in this case, can be expressed as

(s 0) = s 01) gy K = FIE + (8K =37 = /&),
= (1+a)

(W()ga 0,) = (ﬁ’o.z(éz) [(4K — 12)61 + (8K — 312)V - \/E])

TAKE,(E, +4y)
where

g=1-B—Ppp.¢,=1+a+oy
A, = 64K?)* + (¢, + 3y)° — 8Ky (&, + 67) > 0
A, = 64K*)* + (&, + 37)" — 8KyP(E, +67) > 0

Given the complexity of the expression w, ,, the equivalence relation #,, (0,) is expressed as
shown above.

Another set of feasible boundary solutions for ITj’; is to make 6 = 0. Obviously, the CS-E
contract would be the same as the wholesale price contract in this case; therefore, the optimal
decision 0 = 0 is reduced to an optimal solution under the wholesale price contract.

In addition, it is easy to demonstrate that the equilibrium solution on the boundary 67 = 0,
or w = cis not a feasible solution for the manufacturer.

The manufacturer’s global optimal strategy can be resolved, and we provide the conclusion
in Theorem 1.

Theorem 1. When only retailers have fairness concerns in the supply chain, the optimal
strategy of manufacturers (w*,6) is shown in Table 2.

Proof. See Appendix B. O

As shown in Table 2, the manufacturers’ decisions under a CS-E contract are not only
affected by o, 8,y but also depend on the relations among the factors of the retailer’s effort K.
With K = 2 as the boundary, the manufacturers have two different sets of decisions to make.
Manufacturers must therefore fully understand the external market environment of the retail-
ers’ sales efforts before designing the CS-E contract. In addition, a CS-E contract enables the
members to achieve a "win-win" situation with maximum profit and utility for the channel
when the manufacturer can guide the retailer to make decisions (pg.ep ), which is the same as

(p;, e;) for the strategy (w;,, V[0, 0,)). By sorting Table 2, we obtain the following proposition.

Proposition 5. The CS-E contract enables a manufacturer to spontaneously achieve chan-
nel coordination with a fair-minded retailer if the relevant parameters are in the interval

1 y—1 pP 3,
> > z
(D 2 1+y’°‘Max{1+y+2(4K—2.512)(1+y)’ﬂ and K > 71

-1 5 | 30

g > > - >yand - <K <=1
(IIT)B > 1 a>p <w‘and1l2<K<§12
2122y 5 <1

PLOS ONE | https://doi.org/10.1371/journal.pone.0204482 October 24, 2018 10/31


https://doi.org/10.1371/journal.pone.0204482

@° PLOS | ONE

Research on supply chain performance based on retailers’ fairness concerns

Table 2. The manufacturer’s optimal strategy with a cost-sharing contract.

Feasible region (w"0")
K>3P ﬂﬁ%—ﬁljmﬂ and o > f8 (W;,,07)
- m < B < and o > max{a,,(§), B} (#4,,0,)
%72(“<+{:)(1+)<ﬁ<ﬁ and f < o < a,(f) (Wps, 05)
B> and o> Max{%JrWiz)(w,ﬁ} (W5, V[0,0,))
ﬁZ#andﬁ§a<§+M+jg)(w (Wi 03)
P <K <3P 0<B<im.BSa<a,(B)andy >y (w;,0)
0<p< 1]7 o> max{&s,z(ﬁ)vﬁ}sy >7 (Wo_u 91)
x> fy <7y
B2 p<a<izandy>7 (w;,0)
B> o> max{%yﬁ}v“«’ =7 (w;,,¥[0,0,))
22 py <7

Note
K(a—c)*~(SK—4.5P)11%" (i} ,,07)

%, (p) = al’g{H’Tl(ﬁ/;_“éI) = H;T,:s(w(*).:w 6*;)} = KR ()T (v 07)-K(a—o® @ (B) =

0,140,171

o IR— . . K(a—c)® —4(2K—)I1", (w3 | 0})
arg{ITy, (w,,,0,) = II5,(w;,0)} = TR 1) Ty, (v 7)—K(a—c

Y= arg{H{f:,(ﬁ/(,_z, éz) = H(T:&(W::())‘“ = 0}37 € Ev +OO)~

https://doi.org/10.1371/journal.pone.0204482.t1002

In the range ;I < K < 3P, the condition of channel coordination under a CS-E contract is
more relaxed than the wholesale contract if retailers possess a lower benchmark of fairness
7 < 7, which means that the retailer thinks the manufacturer should be able to receive a higher
share of the channel profits; otherwise, the two contracts would have the same ability to
achieve channel coordination with a higher benchmark where y > 7. In the range K > 217,
however, it is more difficult to coordinate the supply chain under a CS-E contract than under
a wholesale price contract. Ultimately, the CS-E contract can provide maximum profit and
maximum utility to the channel, but the conditions required for coordination are additional to
the external environment of the retailer’s market efforts and the fair benchmark, which differs
from the wholesale price contracts.

However, there are also similarities between the two contracts in terms of coordinating the
supply chain; that is, the retailer must have a strong sense of guilt and jealousy, which implies
that the more the retailers pay attention to the fairness of the profit distribution, the more they
can force the manufacturer to develop a strategy according to the expectations of the retailer.
Meanwhile, this eliminates double marginalization in the channel, which enhances the consis-
tency of the members’ behaviour. Otherwise, the manufacturer will suffer from the retaliation
of the retailer and hence reduce its own profit.

Comparison of the wholesale price contract and the CS-E contract
in a fair channel

In the previous section, we derived the global optimal strategy of the manufacturer under the
two contracts and discussed the performance of the two contracts as it relates to the coordina-
tion of the supply chain. In this section, we focus on analysing the different effects of the two
different mechanisms on three perspectives (the performance of the manufacturer, the retailer
and the whole channel) under the same external parameters. Combining the characteristics of
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I (8)

the decision-making interval under the two contracts, our analysis process is divided into four
steps: (I) the comparison interval is divided into K > 2/ and }I* < K < #[; in addition, the
effects of ¥ on the performance are further discussed under ;> < K < 3% (II) the effect of the
parameter 5§ on supply chain performance under the two contracts is analysed and compared;
(IIT) the effect of parameter & on supply chain performance under the two contracts is analysed
and compared; and (IV) given that Tables 1 and 2 indicate that the optimal choice of the man-
ufacturer is the local strategy with respect to the o interval or the § interval, the final compari-
son of the two contracts can be provided.

The performance of the manufacturer

Fig 1 shows the local strategies of the manufacturer for parameter f when K > 2/, In the

1
1+

range of f < —, the manufacturer’s profit is an increasing function of 5, and the cost-sharing

contract is better than the wholesale price contract. The gap in the manufacturer’s profit is
gradually narrowed with an increase of . When the value of 5 exceeds 1, the manufacturer’s
profit remains a fixed value, and it is independent of the value of §. In this case, there is
no difference between the two contracts. It is easy to demonstrate that in the interval of
1P < K < 3P, the local strategies of the manufacturer for § are also satisfied by the above con-
clusion; hence, the figure display in this case is omitted.

Figs 2 and 3 show the changes in the manufacturer’s profit when the retailer’s jealousy con-

cern is . The manufacturer’s profit is a monotone decreasing with . Fig 2 shows that the

K >3

©
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Q

Q

Q

Q

Q

Q

lo

Q

Q
N
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1+
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Fig 1. The manufacturer’s profit with fin K > P,
https://doi.org/10.1371/journal.pone.0204482.9001
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manufacturer’s profit under a CS-E contract is higher than the profit under a wholesale price
contract if K > 2I*, When ;I < K < 3I?, however, there are two possible scenarios, depending
on the value of y for the two contracts. As shown in Fig 3, the CS-E contract is always better
than the wholesale price contract for the manufacturer’s profit if y < y. There is only one criti-
cal point &, oy < % In the case of « < &, the performance of the CS-E contract is the same

as the wholesale price contract. The CS-E contract would be better than the wholesale price
contract if o > ;. Here, @, is the only feasible solution for IT;', (w,,,0,) = IT;,(w;,0). For
more details, please see Appendix B.

The conclusion above noted in Figs 1-3 indicates that when the retailer is guiltier, the
manufacturer can obtain more profit; as the retailer becomes more jealous, the manufac-
turer can obtain more profit. Consequently, manufacturers are more willing to work with
a retailer who has a larger 8 but smaller a. In other words, the manufacturer’s monetary
payoff consistently remains at a higher level regardless of whether the retailer chooses to
be guilty or jealous. Conversely, if the retailer’s a is small and B is large, the CS-E contract
is more advantageous for the manufacturer even though his profit is at a lower level. Fur-
ther, when the CS-E contract performance aligns with the wholesale price contract, the
contract becomes unnecessary because the wholesale price contract is simpler. According
to the manufacturer’s optimal decision, which is illustrated in Tables 1 and 2, we can
develop the following conclusions:

Proposition 6. When only the retailer cares about fairness in a dyadic supply chain, the
CS-E contract can increase the profit of the manufacturer more than the wholesale price

K > 312

2vy—1 2y—1 1 312 56
14y 14+ 2(1+v) (4K -31?)

Fig 2. The manufacturer’s profit with ¢ in K > %lz.

https://doi.org/10.1371/journal.pone.0204482.9002
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142 3712
il <K§1l

Fig 3. The manufacturer’s profit with ain 1 < K < :P.

https://doi.org/10.1371/journal.pone.0204482.9003

contract, except for the following intervals:

(DB > ——a> Maxd L= ¢ i fiandK >0
Tl T 1+7 24K —25P)(1+7)’ !

(D =

1 3
> d-P<K<=P
1+y’°‘—ﬁ“" 2 =7

1 1 3
I — p< 3 >y —P<K<ZP
( >0<ﬁ<1+yaﬁ_a<a2(ﬁ)v’y_yand21 < _4l

The performance of the retailer
The profit and utility of the retailer
As shown in Fig 4, when K > %lz, the trend in the retailer’s profit and utility first declines, then
increases in the range < ﬁ with 8. The retailer’s utility with a CS-E contract is higher
(lower) than the wholesale price contract if aSB< ﬁ O<B<§B +1)> while the retailer’s
profit under the CS-E contract is higher (lower) than the wholesale price contractif f,, < f <
# (0 < B < B,,), where Bnl <B o < % always holds. The same conclusion applies to the
interval ;I < K <3P,

Fig 5 shows that when K > 2, the profit and utility of the retailer increases first and then
decreases with @, and when oo > &, (f < o < @.,,), it has Uy, > U; (Up, < Uj),and IT; , >

r r Ty : = = = = 2y—1 3y12
1T (I, < II) if o > 0, (B < o0 < @,,), where &, , < &, <=+ iy always holds.
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Fig 4. The retailer’s profit and utility with g in K > 3P,

https://doi.org/10.1371/journal.pone.0204482.g004

The retailer’s profit and utility under the CS-E contract are both higher than those for the
wholesale price contractif y <y or {y > 7} N {& > &,} when ;> < K < 2*, which is shown
in Fig 6. Otherwise, the two contracts have the same effect on the retailer. By sorting out the
results above, we can draw the following conclusions:

Proposition 7. In a supply chain that is dominated by a selfish manufacturer, a fair retailer
is able to obtain more utility with a CS-E contract than a wholesale price contract if

(0B, < <o > Max{Min(3,,,7,,(8)}, B} and K > P

14y
(INB,, < B < ,a>me2w%my<ymu1F<K<§ﬂ
=P s . - 2 4
_ 1 3

1
(Imp,, < p < ,azﬂy>?md§F<K§ZF

1+y
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A fair retailer is able to obtain more profit with a CS-E contract than a wholesale contract if

(0B, < <o o > Max{Min{3,,7,,(8)}, B} and K > P

14y
1

14y
1

14y

_ 1
(INg,, <p < ;00> Max{a,(B), B}y <7 and 512 <K< %l?

(B, < <

1
,oc2ﬁ,y>37and512<l<§%l2

In general, the utility or profit of the retailer is not reduced if the manufacturer’s profit
increases because of the CS-E contract. By contrast, the profit and the utility of the retailer can
nevertheless be improved with an increase in the manufacturer’s profit in some intervals,
which can be inferred by combining the conclusions of Propositions 6 and 7.

The sales effort of the retailer

Another important purpose of the CS-E contract for manufacturers concerned with the level
of retailer effort is to improve the level of effort in the channel to increase market demand and
potential channel competitiveness.

The level of retailers’ efforts under the two contracts is similar to the variations in the man-
ufacturer’s profit. In accordance with Appendix A (a2) and Appendix B (b5), it can be demon-
strated that the retailer’s effort level under the cost-sharing contract is never lower than under
the wholesale price contract, and the range of improvement is identical to that of the manufac-
turer’s profit under the same conditions, which is shown in Proposition 6. It is not difficult to

K > 31
| |
| |
SE00AAA A4
= a1’,2
ar,l
| o
2y—1 2v—1 3v1?
1+ T+ T 305 (4K =30) o0

Fig 5. The retailer’s profit and utility with ¢ in K > 3P,
https://doi.org/10.1371/journal.pone.0204482.9g005
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Fig 6. The retailer’s profit and utility with @ in !’ < K <3P,y > y.

https://doi.org/10.1371/journal.pone.0204482.g006

deduce that the CS-E contract is caused by an increase in the profits of the manufacturer,
which is a good incentive mechanism for the retailer to provide more effort.

The performance of the supply chain

Figs 7 and 8 show a comparison of the supply chain profitin K > 2. Moreover, ITy, > II;

4
exists constantly if f, < f < 5. K>jPoro>a,K > {1 where Il and II] represent the
overall supply chain profit under the CS-E contract and the wholesale price contract, respec-
tively. Fig 9 shows that ITj , is always higher than IT{ when y < y or {y > 7} N {a > @} under
the interval of 1> < K < 2%; otherwise, the two contracts have the same effect on the supply
chain profit.

Proposition 8. In a supply chain that is dominated by manufacturers and only retailers
have fairness concerns, the total profit of the supply chain under a CS-E contract is more than
under a wholesale price contract if the supply chain meets the following conditions:

(DB, < B < —— 4> Max{Min{a,7,,}, B} and K > Zz?

1+vy

_ 1 1 3
(DB, < B <m,oc > Max{a,,,f},y <7 and §l2 < ngl“’.

7 1 1 3.
11T < _— > A ~ d_lQ <_lz
( )ﬁc_ﬂ<1 y,a_ﬁ,/>yan 5 <K 1
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Fig 7. The channel’s total profit with Sin K > 2P,

https://doi.org/10.1371/journal.pone.0204482.9007

By summarizing the relevant conclusions of Propositions 6-8, we can extend these conclu-
sions to Proposition 9.

Proposition 9. In a supply chain dominated by manufacturers and only retailers have a fair-
ness concern, the manufacturers’ profits; the retailers’ efforts, profits, and utilities; and the
overall supply chain profit will be higher with a CS-E contract than with a wholesale price con-
tract if the parameters of the supply chain meet the following conditions:

0.0 < B < o = Max{Min{5,,,,,}, B} and K > 17

(INp,, <p<

1 3
I_H),oc > Max{a,,,B},7 <7 and 512 <K SZZQ

1 3
,aZﬂ,y>7and§l2<K§Zl2

(DB, < B <

1+vy

Proposition 9 indicates that a CS-E contract can be a better choice than a wholesale price
contract if there is no fairness concern, but it may require retailers to have a high level of jeal-
ousy and moderate levels of guilt. For ‘indifferent’ retailers with low levels of f and ¢, selfish
manufacturers will have no qualms about expanding their proportion of profits in a supply
chain with an opportunity for sharing the cost of effort, and this will, of course, also lead to
lower utility, lower profits for retailers, and even a decline in supply chain efficiency. The two
contracts may be the same if retailers’ fairness concerns and the environmental factors for
sales effort meet the intervals shown in Proposition 6.
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https://doi.org/10.1371/journal.pone.0204482.9008

Conclusions

The majority of previous research on channel strategies considering fairness have the following
two characteristics: (a) a complete and complex model is introduced to describe players’ fair-
ness, but the discussion is limited to a simple contract or single-variable dependent demand;
and (b) various factors or a complex channel structure has been considered; however, the
expression of fairness utility is simplified to facilitate the solution process. We addressed the
issue of channel strategies between a manufacturer and a fair-minded retailer in which the
market demand is influenced linearly by the sales efforts and the retail price. By deriving the
equilibrium, we first examined the effects of fairness concerns on the channel performance
based on our model with a simple wholesale price and a cost-sharing contract. Second, accord-
ing to those equilibrium strategies, we analysed the influence of the retailer’s fairness concern
coefficient a,f and sales effort coefficient K.l on the performance of a fair supply chain in a sep-
arate interval for each of the two contracts and determined which contract was beneficial for
which party and under which conditions.

This study reveals that (1) under the wholesale price contract, the retailer’s sales effort will
enhance the overall profit of the supply chain, although it has no direct influence on the manu-
facturer’s choice of optimal decision; (2) under the cost-sharing contracts, the channel optimal
decisions are not only affected by the factors that characterize the fairness concern of retailers
but also involve the external environment of sales efforts; (3) both wholesale price and CS-E
contracts can attain channel coordination in certain conditions, and the CS-E contract is more
likely to make the channel coordinate when effort cost coefficient K is not large, and vice versa;
(4) the CS-E contract consistently enhances the manufacturer’s profit and the retailer’s effort
level more than the wholesale price contract when the supply chain is not able to coordinate;
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Fig9. The channel’s total profit withain 1 < K < 3P
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and (5) the utility and profit of a fair retailer and the profit of the entire supply chain are better
under a CS-E contract than under a wholesale price contract if the retailer’s sense of fairness is
at a middle level, i.e., neither strong nor weak.

Based on the above results, some managerial implications may be derived. For example, our
results help the manufacturing managers who are in leadership roles make optimal decisions
and provide them with a better understanding of the impact of the retailer’s fairness concerns.
Further, by observing the characteristics of the retailer and the external environment, the man-
ufacturer manager can clearly judge whether the cost-sharing contract must be used and how
to use the cost-sharing contract to incentivize the retailer’s effort to enhance the channel prof-
its or even what type of retailer should be selected. Conversely, the retailer’s sense of fairness
can significantly affect the profit of the channel, which in turn motivates the manufacturer to
make decisions to maximize the profit of the channel. In addition, the CS-E contract has a cer-
tain enhancement effect on the retailer’s performance, except for the retailer with a low con-
sciousness of fairness that indicates that a simple wholesale price is a better choice.

From the policy implementation perspective, this study is limited in that the discussion of
the cost-sharing contract relies on the assumption that the retailer’s effort decision is verifiable.
However, a portion of the effort may be difficult to quantify in reality. The study of revenue-
sharing contracts or revenue-sharing combined with cost-sharing contracts, therefore, may be
more realistic in the context of future considerations. In addition, this study is based on a uni-
lateral fairness concern and a unilateral effort by the retailer of the supply chain. Indeed, the
manufacturer may also have a fairness consideration and quality effort. Finally, other areas
worth studying involve uncertainty about market demand, asymmetric information, and
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supply chains with different structures, which could lead to different game sequences.

Appendix A
A.1 Manufacturer’s decision regarding a wholesale price contract

To solve the sub-problem of Eq (13), the manufacturer’s optimization problem under (p;(w),
el(w)) is

max(sv — )D(p, (w) & () — 5 O, ()"

pe (a.1.1)

stow<w,

The optimal solution for the case (a.1.1) can be written as

1—2y
whif f<
W* — { 1 ﬁ 1 + ,y

w, otherwise

Similarly, the manufacturer’s optimal solutions if the retailer chooses (p,(w),eo(w)) and (ps(w),
1 2y —1
W if f<—— wiif o< =
es(w)) are w* = 147 andw* =

147, respectively.
wj otherwise w, otherwise
We compared the manufacturer’s profit in the intersection interval of o, according to
o> f3; then, we have the manufacturer’s global optimal strategy and the feasible region, which
are shown in Table 1.

A.2 The retailer’s performance for a wholesale price contract

The retailer’s profit and utility that correspond to the manufacturer’s optimal strategy w* is
presented below:

K(1-Pla—o ., Kla— o'l pm)
U="sek-r N TReKk-BI- - )

s«

ifW*:Wl

2Ky*(1 — B)(a—¢)’

U =11 =
b @K-B) A -B -y + )
ifW*:ﬁ’l
Ky(a—¢)
U =11 =
» = T A 2K — B (a.2.1)
i = w,

U; :w . K(a—o’(1+a+3x)

8(2K — ) 82K — B)(1 + o+ ayp)

if wt=w;,

o 2K o
P @K -P) 1+ ot ay+2p)

if w'=w,
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The retailer’s sales efforts that correspond to the manufacturer’s optimal strategy w* are
presented below:

G K- 12)2(11(61 ﬁC)ﬁv +2y) Fw=m
¢ = ;(;:Clz if W= w, (a.2.2)
e ifw =,
%= 2K = 12)2£/f(i ;:L)ocy Ty TwEw

Appendix B
B.1 Manufacturer’s decision regarding a CS-E contract

This is similar to the solution for Al. The manufacturer’s decision-making process can be
divided into two steps: first, the local maximum profit that the manufacturer may obtain corre-
sponding to the local decision of the retailer is solved, and second, the manufacturer’s local
equilibrium strategies are compared to determine his global optimal strategy.

B.1.1 The local optimal strategy of the manufacturer under (pg ,eq,;)

The local optimal problem of the manufacturer is

H}V%X(W - C)D(p(),U 60,1) - gg(em)z
{ w(0) < w,(0) . (b.1.1)
s.t.

0 < min{f,,1} or 6, <0 < 1

The equilibrium strategy of the manufacturer and the corresponding profit without constraints

: « _ (1-B)(8K—3P)a+2(4K—3)] pye « _ (1-p) m __ 2K(1-p)(a—c)®
in (b.1.1) are w), = =56 om) iy 0 = sa gy and Iy, = 5 g e omy
According to the constraints, we can obtain the following results:

1—2y 3y LA _
- 0; <0, = 4K > 3P, 0; < 1
1y 20+ pak s h <= AKEIL0<1=p

Wy, < wy(0]) = p <

< 2
2+ 3y’
Because ;% > llji’ - Wﬁ_ﬂ), the (wj , 0)) strategy can be chosen if it satisfies the con-
i igs 372 1-2 3y
straint condition {K >3} N {[3 <T m}

The manufacturer’s optimal strategy is w = w, (0) or 6 = 0if (w} ,, 0}) cannot satisfy any
constraint in (b.1.1).
When w = w,(0), (b.1.1) can be written as

Iy, = Maxo(ﬁ’l(g) - C)D(p(),l(wl(g)7 0), eo.l(ﬁ’l(g)v 9)) - ge(eo,l(ﬁ/l(g)’ 9))2

s.t.0 <min{f,,1} or0, <60 < 1

(b.1.2)
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Thus, we obtain the following two possible 6:

L (1-p) PV o
O = Ra—p—praa =gy KD ==+ (K 32)y F /A,

where A, has already been explained in the previous sections and 0, should be abandoned
since it is the minimum point for (b.1.2).
Then, there are several results:
2K > I’
1 ;therefore, 6, € [0,0,). Additionally, it is easy to prove that 0, <

<
B 1+

0, >0=

0, always holds.

The manufacturer’s profit with 0, can be given as

_ F L A
17, (0. 8,) = 2(1 — P)(a— o - LD THOVA
1 (FQ(T) +L2(T)\/ A1)
where 7=
(1 —t— 43’ (l—t—1+3))(1—1—)’KE 3yl —1— 1)K 5 3 P
Fi() = 4096 2048 512 Ky (K =5)
1 1
F,(1) = 3—214(1 —T—1y+ 3)/)2 — (K — ZZQ)(I —T—1y+2y)
L) = (I—1—m+3)F 1+ 2+20+)-1) 12" =29 +1 K (16K + (1 —t— 17 —2))P)
nee 4096 2048 128

1. 1
L,(7) zﬁlz(l —T—17+3y) —gK(l —T—1y+2y).

According to the above analysis, the equilibrium strategy of the manufacturer on the boundary
w = w,(0) can be reduced to

E (1) + L(1)\/A,
(Ey(1) + Ly(1)\/A,)°

1-2 P2 1 3
L. - N<{ 4K > 3P —P<K<-P
g {{ﬁ> 147 2(1+7)(EK —38) Z3h e Uy gt <K=y

When 6= 0, it is easy to find the optimal wholesale price w in this scenario, which is
(1-B)(a+c)—2pyc
2(1-B—py)

2 ~
contract, and the profit with w} is IT', (w;,0) = % Then, w; < w,,(0 =0) =

H:1(w0,1’ @1) = 2(1 - ﬁ)(“ - C)2 ’

w=w, = , where w7} can be found in the previous problem of the wholesale price

p < %, thus, the equilibrium strategy of the manufacturer on the boundary (w;,0) can be

reduced to

S KO-Pla—of
5,00) = 30— 5= gk — 1)

1—2y 3P 1—2y 3, 1, 3, 1—2y
.t. — <—3NKLKK > i K <=1 N .
s {{Hy sa k=3 P T “a (Y )2 St S 0<P=7T,

IA
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Obviously, the manufacturer’s profit I17', (w}, 0) and ITj, (w, ,, 0,) should be compared to the
overlapping interval {l P<K< §ZQ} N {0 <p< ﬂ} Note that

0<p< 1+« ! = 0 <y < ;. In this interval, % > 0 and 2110 ‘” ) always hold.

Let T(B) = I}, (w,,, 91) — IIj, (wy, 0); then we can obtain
1. TB)>0if f = 11’—3’ and

T(f=0,7=0)>0
2. ‘7T ) < 0if B = 0. Moreover, r 1 =>T(=00<y<3) >0.

Thus, 11}/, (w,,,0,) — I}, (w;,0) > 0, which indicates that the manufacturer will never

choose the strategy (w7, 0).
Based on the above analysis, the local optimal strategy of the manufacturer for the retailer’s
decision (pg 1,€0,1) can be expressed \Bigg\{as

2K(1 - B)(a— 6)2
(1—pB—pBy)(16K —9P)

. 3, 1-2 3P
e < _
if {K>4l}m{ﬁ— T+7  2(1+7)(4K - 3P)

(w, 9) = (W;,N QI)H;"J -

.(b.1.3)
B " F (1) + L, (t)/A
(10,0) = (39,0011, = 2(1 = py(a— o) - DLV
(Fy(1) + Ly(1)y/A)
1-2y 3y ) 1, 3,
f — 4K - K<-
{{ﬁ> vy 20 pak—se) (YT PRt ks
B.1.2 The local optimal strategy of the manufacturer under (pg_,eq.>)
The local optimal problem of the manufacturer is
K 2
Hiuabx (w— C)D(Peﬁza €ps) — 59(69,2)
w,(0) < w(0) < w,(0)
st.{0<0, . (b.1.4)
HV — ’yHS
Based on the equation IT'(pg».€q,) = YIT"(pe,2.€0,), it can be derived that for w,0,
w(0) = % + c. Then, by substituting this relation into the manufacturer’s profit

problem (b.1.4), we can directly obtain the maximum profit in this scenario, which is

m __ K(a—o)?
H()z T 2(14y)(2K-2)"

According to w, (0) < w;,(0) < w,(0), % + ¢ < w,(0) constantly holds for
V[0, ,], and we can obtain the condition f > 1;; by the other side W, (0) < PRPO-0-t)ac) |

2(2K—12)(1+y)
c. Note that @2 > 0 asks for 2K>P.
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In conclusion, the local optimal strategy of the manufacturer for the retailer’s decision (pg 1,
ep,1) may be expressed as

K(a —¢)’
2(1+7)(2K - )

1 1,
f {ﬂzl—ﬂ}m{K>§l}

(w,0) = (Wg,m OS)HZQ =

. (b.1.5)
R , F(t)+L,(1)\/A
(w,0) = (Wy,, 0)M5, =2(1 = p)(a—¢)" - — : —
(Fy (1) + Ly(1) V A)
1 1,
f {/ﬁ<1—+y}m{K>§l}
B.1.3 The local optimal strategy of the manufacturer under (pg s,eq,3)
The local optimal problem of the manufacturer is
K 2
Hivabx<w — ¢)D(pys,€93) — 50(3913)
w(0) > w,(0) . (b.1.6)
t{ A
0<0<0,

Similar to the analysis method in B.1.1, we first derive the unconstrained optimal strategy
(w5, 05) of the manufacturer.

. (142)[(8K—312)a+2(4K—31*)(| aye (14w m %\ 2K(142)(a—c)®
Wos = (o) (6k08) T Tratm) »and 0; = 3 tata) then, ITj',(w; ;. 05) = (Ttata7)(16K_9B)"

3y

2y—1

Accordingly, w; , > w,(0;) = o <7 0, < 0, = 4K > 3P; hence, the limi-

1+y 2(1+47)(4K—312)°
tation of the manufacturer’s strategy (w; ,, 0;) is {oc < f + m} N{4K > 3I}.
Subsequently, we analysed the two possible boundary optimal strategies of the
manufacturer.
When w = 171/2(9) then 6 m [(4K — 12)(1 —+ o+ OC')/') + (SK — 3l2>'))

/) < By and 1T, (90,0,) = 2(1 4 3)(a — o)+ LD, where 1= —a.

This conclusion is summarized as follows:

F(1) + L())VA
(Fy(z) + L,(1)VA)*

2% -1 3P , 1 3.,
I 4K ScKk<?
St{{a>1+’y+2(1+)))(41<312) N > 3l U 5 < _41

When 0 = 0, the corresponding wholesale price is w; = %

Hm (Wi;, 0) — K(1+o<)(ufc)2

4(1+a+a,)(21( 12)'

Then, we have o < 2— through w; > w,(0 = 0), and note that % < % +:

Iy = HZ1.3(W0.2»92) =2(1+a)(a— C)2 :

, and the profit is

-~ if

(1+}) -LK 312)
4K>3P; thus, the manufacturer may consider the decision (w;, 0) only in a situation in which
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4K<3P for IT),(w;,0) < IT o:s(Wy 5, 05). The above process may be summarized as follows:

K(1+a)(a—c)
4(1+a+ay)(2K - 1)

st.{0<a§2yl}ﬂ{4K§312}
147y

Then, we need to compare the manufacturer’s profit I7y', (w, ) 0) and IT}',(#,,, 0,) to their over-

Iy = I3, (w3, 0) =

lapping region {O <o<is } N {4K < 3P°}.Here,0 < o < 2' = 7 > 1 should be noted.

Ud(Woz 0s)

In the region {O <o< Qf—:} N {4K < 3P}, it is not difficult to prove that <0
and anzn":;iww <0.
Let R(a) = HM(W(,Z,G ) — I}, (w;, 0); when a = 0, then%w < 0and
Rxa=0 1) >
a=U,Y=2¢ N .
=3 because R(o = %) > ( always holds; thus, we can determine that

Rl =0,y = 400) <0

1
R(x=0) > 0if 5 <y <7

there is one and only one point y that could make in the range

R(a=0) < 0ify >y
7 € (5, +00).
Accordingly, ITj', (w,,, 0,) > ITj,(w;,0) if} <y < 7, and when y > 7, there is one and
only one point &, that could render ITj',(w},0) > II}',(#,,,0,) if 0 < o < &, whereas
Iy (w;) < I}, (#,,,0,) ifo > &,. Further, &, < 2= and o, = 0 can be obtained if y = 7,

which was discussed above.
In conclusion, the optimal decision of the manufacturer when confronted with retailer
decision (pg 3,€93) can be expressed as

2K(1+a)(a—c)’
(14 o+ ay)(16K — 912)

it dks3plndac =ty il
4 14y " 2(1+7y)(4K - 3B)

F\ (1) + L, (1)\/A,
(Fy(7) + L2(1)\/A_1)2

. 3, 2y —1 3yl
if {{K>Zl}ﬂ{a> 1—|—y+2(1+y)(4K—3l2)}}U (b.1.7)
3 _ . )
estepolberodl=nto o= 1)

K(1+a)(a—c)
41+ o+ oy)(2K — 1)

fetfrlf ol

By combining (b.1.3), (b.1.5), and (b.1.7), the possible decisions of the manufacturer are (w,, 07),

(Wv 0) = (W;.m OZ)HZS =

(w,0) = (y, 0,) T3, = 2(1 + ) (@ — o) -

(w,0) = (w;, )T}y =

(Wg1,0,) and (W4, 05), according to the different values of j for the CS-E contract. Similarly, the
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possible decisions of the manufacturer are (w} ,, 0), (w,.,, 0,) and (w;, 0), according to the differ-
ent values of o. We summarized these strategies as the manufacturer’s local strategy with parameter
B.a. We compared the manufacturer’s local optimal profit of ., based on a>f. Then the manufac-
turer’s global optimal strategy and the corresponding feasible region are shown in Table 2.

B.2 The retailer’s performance for a CS-E contract
The retailer’s profit and utility with a CS-E contract that correspond to the manufacturer’s
optimal strategy (w*,0") is presented below:

_AK(1-B)(a—o* (4K —3F) . 2K(a—c)’ 2(4K —3P) 1-8

4 1
Uis =

(16K — 92)° 01T 6K — 92 C16K— 92 1—f— By
if (w,07) = (w;,,07)

a0 e POTLOVE
U, =11, =2y(1 = B)(a —¢) (F2(1>+L2(1>\/A7])l =

if (w,0") = (wy,,0,)

Ky(a — 6)2
. =1, =—""- 7
02 02 21 +7)(2K — B)

if (w,0) = (5,0,

AK(1+o)(a— o’ (4K =3P) . 2K(a—¢)’ 24K —3F)  1+oa
(16K —912)° 037 16K — 9P V16K — 9P 14 ot oy

if (w,07) = (w5, 05)

O 1 21+ et PO LOVE

(b.2.1)
U, =

0.3

03 0.3 —(Fz (‘[) T Lz (‘[) \/Ail)') T=—0
if (w,0") = (,,,0,)
U — K(1+a)(a—c) . — K(a—c)’ (1 + o+ 3ay)
03T 8(2K — ) 03T 8(2K — ) (1 +a +ay)

if (w,07) = (w3,0)

The retailer’s sales effort with a CS-E contract that corresponds to the manufacturer’s opti-
mal strategy (w*,0), is presented below:
6l(a—c)
16K — 9P
if (w,07) = (w},,07)

;o
€1 =

8Ky +E(1—B—Py+3) + /A,

€. :l(lfﬁfﬁ>'+4v>(afc)<[SKHQO7/;7/{%37)]\/&7}1(1)1:!3

if (w,07) = (wfll'él)
)
€2 =5 _p

if (w',07) = (w},,0,)

(b.2.2)

. 6lla—o)
€03 = 16K — o

if (w,07) = (w,,0;)
¢, =10+ o+ o+ 4)(a—o)- (8K +3P)y + P(1+a+oy) + /A e

(8K —3R)y + (1 + o + )]\ /A, — H(7)
if (w',0") = (Wmsaz)

. lNa—o

€3 = 22K — 1)

if (w,07) = (w3,0)

where H(7) = (1+7)*I*7*+2(1+y) (4Ky(4K-)-I*(1+3y)) 7-8(1+2y) (4K-P)Ky+(1+3y)*I*
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Appendix C
C.1 A comparison of the retailer’s utility and profit for the two contracts

According to the retailer’s utility and profit presented in (a.2.1) and (b.2.1), we can derive the
following results using algebraic operation.
For the parameter S,

— 9y 3y
{U5J<U{H{,‘]<H 1f0<ﬁ< i

3
K>Zp T T
T 1+ 2(1+y)(4K7312)} n >4l }U“ <

<p< 7}QK>712} thus,

1.
My, < I if (B =0} N3P < K< OPYU, > U] Iy, > 10,

U{j1<U’if()<B<B,1 I, < I, if()</5<ﬁ,z

— 9y and 1 — 2y in therange

Uy, > Ur 1fﬁ”</3< Iy, > 1) if B, <p<———

01 = T+ 01 = T+
{() <p<i } N {K > 1P}, where B, is the only real root of the equation Uy, (#,,, 6,) = U;(w}), while B, , is the
only real root of the equation IT) (W, ,, 6,) = II}(w?), and obviously, §,, < B,, < =% accordmg to

I (w)) > Uj(w)).

Similarly, using parameter ¢, then {H > 10 if {a>a,}NK > 212} } U

03 =
{{ak <3P} {{y <7}u{{y =29} n{a > a,}}} HI},, < IT; otherwise, and

3.
{ U, > Uy if {&>a,,}NK> ZF} }u
Hak <3P n{{y <7y u{{y 271 n{a>a;}}}}U;, < Uj otherwise, where &, ,, &, , is
the only real root of the equation Up 5 (w1, 07) = Ui(w,) and IT; ,(w; 5, 05) = IT;(w,), respec-
tively, and 0bv10usly, L<a,, <a,

According to the manufacturer s optlmal strategies, which are provided in Tables 1 and 2,
we can obtain Proposition 7.

C.2 A comparison of the channel’s total profit with two contracts

Combining the decisions of both the manufacturer and the retailer, the total profit of the sup-
ply chain under the two contracts is presented in (c.2.1) and (c.2.2).

1. The channel’s total profit under the wholesale price contract is shown below:

I — 3K(a — ¢)*
'TU8(2K — I2)
if w'=w;

K- -p-py+2)

e 2041 = p)a-c)

if w=w,
K(a—c)
I = 2(;K— l)’~’) (c2.1)
if w=w,
. 3K(a— c)2
3 78(2K — )
if w'=w;

c_ 2141+ e)(a—c)
PURK-BY1+a+ay+2y)

e
if w'=w,

PLOS ONE | https://doi.org/10.1371/journal.pone.0204482 October 24, 2018 28/31


https://doi.org/10.1371/journal.pone.0204482

o @
@ : PLOS | ONE Research on supply chain performance based on retailers’ fairness concerns

2. The channel’s total profit under the CS-E contract is shown below:
6K(a — c)’(8K — 5I)
(16K — 912)?
if (w,0")= (W;,I,QY

¢ _
He,1 =

I, = 2(1+7)(1 = B)(a— )

if (w 0°) = (wy,,0,)
if (w,07) = (w;,,0,)
. 6K(a—c)*(8K — 5P)
(16K — 9R)°
it (w,07) = (w;,05)

(c.2.2)

Iy, =2(1+ )L +a)(a—c)

it (w',0") = (Wo.zaéz)
o — 3K(a —¢)*
037 8(2K — I2)
if (w",0") = (w;,0)

It is not difficult to determine that IT; | < IT{ (IT;, > I1})if f < B_ (B > B.) in the interval
K > 1P, where B, is the only real root of the equation IT; , (w,,,0,) = IT;(w;) and f, < =% 1+,

Ups > U if 0> 3,
Upif i < K <3P,

Up, < Ujif 0<a<a ‘
Similarly, ‘ for the parameter  in the interval K > 3I* and Uy, >

1727} = arg( 01(W01>6 ) UI(WT)) and
Uj(w;) = Sl 15 (w;) = 2= meanwhile, 115, (1, ., 0 > =12 01 (1, 0,) =122

U5,1(W0.1791)'Then’ { rzm <= 2}} = arg( 01(W017é )= TQK 12) (1 _ﬁ» and
{ch < ﬂ} = arg( 01(W017é ) = ;Eé?:z)Z) 15_+',) Obviously, 1:} -

O<ﬁ 01 0191

B
a 31m11ar manner.
The analysis above leads to the conclusions in Propositions 8-9.

Moreover, it is known that {_

(1 — B) < 0isin the range

> 0. Then, B, < B,, can be inferred, and we can prove &, < @, in
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