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ABSTRACT

This paper explores the supply chain decision-making problem under bilateral power equivalence
based on the equity concern perspective. Specifically, the equilibrium solutions of the Nash game
under risk-neutral, supplier fairness concern and retailer fairness concern are derived and
comparatively analysed in the case of power equivalence between upstream and downstream firms
in the supply chain. The results show that the retail price is largest when the retailer has fair concern
preferences, followed by the risk-neutral and supplier fair concern preferences; the production inputs
and the supplier's expected profit are largest when the supplier has fair concern preferences,
followed by the risk-neutral and retailer fair concern preferences; the retailer's expected profit is
largest when the retailer is risk-neutral, followed by the risk-neutral and supplier fair concern
preferences; the retailer's expected profit is largest when the retailer has fair concern preferences,
followed by the supplier fair concern preferences, followed by the retailer fair concern preferences.
Retailers' expected profits are largest when they are risk-neutral, followed by when retailers have a
fair concern preference and smallest when suppliers have a fair concern preference.
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1. INTRODUCTION

As markets diversify, both suppliers and retailers play important roles in their respective domains,
and as a result, power parity between bilateral firms in the supply chain is becoming more and more
common [1]. For example, Tesla and its supplier Panasonic jointly invested US$5 billion to jointly
develop and produce solar panels; Apple provided US$450 million in innovation funding to its
supplier Corning to support its development of state-of-the-art glass processes [3]; and Procter &
Gamble, a major US manufacturer, and Walmart, the number one US retailer, formed a strategic
alliance to explore a new model of equal co-operation [4].

In the case of power equivalence, although both parties make decisions independently, due to the
information gap between the two parties, supply chain decision makers tend to measure their own
contribution to the supply chain and focus on the fairness of the distribution of benefits on this basis
[2]. For example, the ‘price war’ between TESCO, the largest retail supermarket in the UK, and
Unilever, the largest food supplier in the UK, led to the breakdown of cooperation because both
parties refused to make concessions on benefits [5]; in 2010, Master Kong asked Carrefour to increase
the price of some instant noodles to gain more revenue, which would cause Carrefour's revenue to be
seriously damaged and eventually lead to the breakdown of cooperation . In 2010, Master Kong asked
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Carrefour to increase the price of some instant noodles to gain more revenue, which would cause
Carrefour's revenue to be seriously damaged and eventually lead to the breakdown of the co-operation
between the two parties [6].

For the study of supply chain decision-making under different power structures [7], Choi [8] analysed
a game between two manufacturers and a retailer with equivalent power structures, pointing out that
the form of the demand function can have a significant impact on the outcome. Based on this, Choi
[9] further explored the pricing game process and decision-making of dual-channel supply chain
members under different power structures. Wang Wenbin et al [10], on the other hand, analysed the
pricing decision problem of closed-loop supply chain under three different power structures. Wei
Caimin et al [11] analysed the optimal decision-making problem of dual-channel supply chain
members in terms of pricing under different game power structures in the context of dual-channel
supply chain system. In addition, Li et al [12] investigated the dynamic pricing and inventory
management problems of dual-channel supply chains under different power structures. Further,
Zhang Weiyue et al [13] studied and compared the impact of different channel leadership power on
profit distribution for the closed-loop supply chain participant recycling decision problem.

In traditional supply chain models, decision makers are usually assumed to be ‘fully rational’, which
means that they always pursue self-interest maximisation as the decision-making goal. For this reason,
Kahneman et al. [14], a Nobel Prize winner in economics, first proposed the concept of equity concern
under the assumption of limited rationality, i.e., economic agents maximise their own interests while
focusing on the fairness of benefit distribution. And among the subsequent studies on fairness concern
preferences, supply chain coordination is one of the topics widely concerned by scholars [15]. For
example, Du Shaofu et al [16] introduced the fairness concern issue in the traditional two-level supply
chain and explored the impact of fairness concern on the coordination of wholesale price contract,
revenue sharing contract and repurchase contract. Zhang Xu et al [17] analysed the impact of
retailers® fairness concerns on the supply chain with respect to retailers’ fairness concern behaviours
in a supplier-dominated fresh produce supply chain.Hu [18] investigated supply chain coordination
with wholesale price constraints and supplier fairness considerations to supplier-managed inventory
and hosted inventory contracts.Jian et al [19] based on the theory of supply chain coordination and
dynamic games, by introducing the revenue sharing contract mechanism constructed two game
models and analysed the impact of revenue sharing contracts considering fairness concerns on pricing
decisions and profit allocation in competitive supply chains.

Studies on the combination of different power structures and fairness concerns are relatively few and
mainly focus on the supplier-dominated/retailer-dominated consideration of the impact of fairness
concern preferences on supply chain decisions. For the former, Du et al [20] considered the effects
of retailers® fairness preferences and consumers’ channel preferences on the supply chain by
constructing a manufacturer-dominated dual-channel supply chain game model. The results indicated
that manufacturers should consider retailers' fair concern preferences. Further, Lei Wang et al [21]
applied blockchain technology in the supply chain and explored the agricultural supply chain
decision-making problem considering fair concern preferences under different dominant models.
Wang Yuyan et al [22] investigated the fairness concern impact of online platforms for supplier
dominance as well as in the context of the Internet. In addition, for a dual-channel green supply chain,
Wu Chengfeng et al [23] assumed that retailers have fair concern behaviours and manufacturers are
in a dominant position in the game, discussed optimal pricing strategies, and coordinated through
green cost sharing + two-part pricing contract.

In summary, this paper introduces two-party power equivalence and fair concern preferences into the
supply chain in order to study the supply chain decision-making problem under fair concern
considering two-party power equivalence. Specifically, for a two-tier supply chain system consisting
of a single supplier and a single retailer, firstly, a demand function model is constructed in which the
stochastic output depends on the production effort, and the retail price depends on the stochastic
output and the production effort; then three models are constructed in which the supplier has fairness
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concern preference, the retailer has fairness concern preference, and risk neutrality, and the
equilibrium solutions are analysed by using the inverse induction method; finally, the impact of
changes in fairness concern level of the decision-maker on the decision-maker's decision-making
process is explored. Finally, the effects of changes in the level of fairness concern of decision makers
on the decisions and profits of supply chain members are investigated, and the equilibrium solutions
of the three models are compared and analysed.

2. PROBLEM DESCRIPTION AND ASSUMPTIONS

As shown in Figure 1, in a two-tier supply chain consisting of suppliers and retailers with equal power,
at the onset of the production season, the retailer and the supplier determine a wholesale price W,
that is favourable to both parties, while the retailer decides on its ordering quantity d, the supplier
determines its input level of production effort €, and finally the retailer sells the purchased product
Uq+€ to the market at the retail price P, so that the demand is realised. At the same time, this paper
also considers three scenarios, namely, the supplier's fairness preference, the retailer's fairness
preference, and bilateral risk neutrality, and explores the impact of their fairness preference on their
own decision-making behaviour and profitability, as well as comparing the equilibrium solutions of
the game under the three scenarios.

Fairness Fairness
Concerns Concerns
W, ug+e
Supplier <____q _____ Retailer —p—> Market

Figure 1. The structure diagram
The model construction in this paper is based on the following assumptions:

Assumption 1: The supplier's product output is subject to uncertainty and the product output is
affected by production effort, i.e., the actual output is (ug+€). Where U is a random factor, d is
the amount of production inputs, and e is the production effort. The cost of production effort is
C(e) =€*[25, 27], and the expected value and mean squared deviation of U are E()=x and

V(u) =5, respectively [27].

Assumption 2: In the market, the price of a product is in many cases inversely related to the quantity
it sells and positively related to the effort of the producer. This trend stems from the traditional norm
whereby an increase in production effort is positively correlated with an increase in product quality,
while the market price of a product is likewise positively correlated with quality. Drawing on the
models of Cachon [26] and Qin [27], let the retail price function of a product be as shown in the
equation, where A is a constant.

p=A-(ug+e)+ke 1)

Assumption 3: In order to simplify the model, without prejudice to the conclusions let the supplier's
production cost of the product be ¢=0[25, 27].

The symbols and meanings involved in this section are shown in Table 1.
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Table 1. Symbols and their meanings

Symbol meaning Symbol meaning
A Market saturation of the product p retail price
u stochastic factor q order quantity
2 expected value 7d Manufacturer's profit
) variance T rJ< Retailer's profit
K Coefficient of elasticity of production effort NN risk-neutral
A Coefficient of preference for equity concerns NS Vendor equity concerns
W, Initial wholesale price NR Retailer equity concerns
e Production effort inputs j e{NN, NS, NR}

3. ANALYSIS OF THE NASH GAME MODEL UNDER POWER
EQUIVALENCE

Under power equivalence, this paper constructs a game model based on both suppliers and retailers
being risk-neutral, suppliers® fair concern preferences, and retailers’ fair concern preferences, and
next employs backward induction to analyse the equilibrium solutions of the three game models.

3.1. Risk-Neutral Models (NN Models)

If both the supplier and the retailer are risk-neutral, the order of the Nash game in the supply chain is
such that the supplier decides its optimal level of production effort input e, while the retailer decides
its optimal ordering quantity d, and the supplier's and the retailer's expected profit functions are,
respectively:

7" (€) = E(WQ —¢€?) = w(uq +e)—€’

g () = E[(p—w)Q] = E[A~uq —e+ke—w)(uq +e)] )

= (A—e+ke—w)(uq+e) - uge—(u* +5°)q’

Under the NN model, the optimal production effort inputs, order quantities, retail prices and expected
profits of the suppliers and retailers can be found using backward induction, thus leading to
Proposition 1.

Proposition 1 If the NN model is used, the optimal decisions of suppliers and retailers are:

NNE [2A+ (k=4)w,]u
A(8% + 1)
e = (3)
o — 2(k =D)w,5% + (K + 2w, > +2A(26% + 1)
4(6% + 1)

At this point, the optimal expected profits of the supplier and the retailer are:
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e _ Wo[2Au” +wy (57 + kp® —341%)]

; 45 + 1) @
oA _ AN 1P + AW [25% + (k —2) 1]+ W, [4(K —3) 5% + (k —2)* 1]
RO 16(5% + %)

3.2. Supplier Fairness Concern Preference Model (NS Model)

If the supplier has fair concern preference and the retailer is risk neutral, the supplier will not only be
concerned about its own profit, but also the profit of other members. In this case, drawing on the

introduction of the supplier's fair concern preference coefficient A; [24], and the supplier's utility
function UJ® and the retailer's profit function 7,° are:

Ugt(e) =" — A (mg" —s™)
= (L+ A ) [W(uq +€) —e?]1— A [(A—e + ke —w)(uq +€) — uge — (1 +5%)q°] )
”IIQ\IS (@) =E[(p-w)(ug+e)]= (A—E-i-ke—W)(luq+e)—luqe_(lu2 +52)q2

Under the NS model, the optimal production effort inputs, order quantities, retail prices and expected
profits of the suppliers and retailers can be found using backward induction to obtain Proposition 2.

Proposition 2 If the NS model is used, the optimal decisions of suppliers and retailers are:

NS* Aul2+(2+K) A 1+ Woulk — 41+ A5)]
T 4521+ kA) +[A+ (A + k) A1

2(-1+K)W,0% (1+24) + 2A5% (2 + A +KAS)
nse L F2AQ+ A 1 +Wo(2+ K + 245 + kA +k2Ag) 1 (6)
P 452 (L+kAg) +[4+ (4+ k) A 1w

oSt _ W, 02 (2+44) +W, (2+ 244 + kA ) u° — Ad (287 +ku?)
45% (L+kA) +[4+ (4 +k?*) A Ju?

At this point, the optimal expected profits of the supplier and the retailer are:

2AW{AS* (L+4Ag + 2252 + kAg2) + 8% 12 [K2 A2 +8A¢ (L+ Ag ) + 2k (1+ 45 )]
124 (K= 2)(A+ A5 )*F— A4S A (2+ Ag + kA )+ 2 ?[(A+ k) A2 - 4]
—A(1+ A2 1+ W A5 (34 Kk — 244 ) (1+ 24)
- +52(1+ 223)[k2 —8(1+ﬂ,5)]y2 +(k —2)2(1+/1$)2,u4}
- [462(L+kAg) + 4% + 1 (4+K?) A T (7)
W{—2A52 + 2w 2 (1+ 245 ) + 2A(L+ g ) 122
+(k —2)W, (1+ Ag ) ?Ix {452 (L+ KA ) +[4+ (4+ k) A 1u?
Nee —{2W, 62 (14 245 ) + Wy (2+ 245 +kAg ) 1 — Adg (267 + ki) ¥
[402(L+KAg)+ 42 + 1 (4+K?) A TP
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Proposition 3 Under the NS model there are :1) e*, p"™*,and z)°" are decreasing functions with

*

respect to A, and g™ is an increasing function with respect to A ; ﬂSNS* IS an increasing
function with respect to 4 if 0<A <Agy; 7" is a decreasing function with respect to A if

the supplier's fairness concern preference is large, i.e., A5 > A,.

- 42 - K)W, % (62 + 1)
2 Ay =
Where 4, satisfies A, AA(S” + 17)(287 +Kkp’) + W, [8(—2+K)S5* +2(-8 -2k +3k*)% 1 + (-8 +K*)u']”
Proposition 3 illustrates that the supplier's fair concern preference As will lead to an impairment of
the retailer's expected profit, as well as a reduction in the level of its own production effort inputs
eM* and in the retailer's retailer price  p™**, but will lead to an increase in the quantity ordered q"**;

the supplier's expected profit increases first and then decreases as A increases.

A=50, k=11, 4=0.6,6=0.2 i A=50, k=11, 4=0.6, 5=0.2
§ st
WSS ss s S
5 %0 25
# Ns* R
i, e 380
NS*
q
25} | e NS* ] 360
4
e AN W W V. ¥ W Va¥avamases oo 340
15}
320
0}
sl - | 300
i 02 0 08 0 = 9 i i
2 4, 08 : 0 02 04 0.6 08 1
s A

Figure 2. Effect of 45 on decision variables

3.3. Retailer Fairness Concerns Preference Model (NR Model)

If the retailer has fair concern preference and the supplier is risk-neutral, the retailer will not only be
concerned about its own profit, but also the profit of other members. At this point, drawing on the

literature [24] to introduce the supplier's fair concern preference coefficient A, the supplier's profit
function 7" and the retailer's utility function UJ" can be obtained, respectively:

73" (€) =w(uq +e) —¢’
URR(@) = 73" = A (mrs" — 7" (8)
=1+ A)[(A—e+ke—w)(uq+e)— uge— (6 + 1°)q* — Ag[W(uq +€) —e*]

Under the NR model, the optimal production effort inputs, order quantities, retail prices and expected
profits of the suppliers and retailers can be found using backward induction, which leads to
Proposition 4.

Proposition 4 If the NR model is used, the optimal decisions of suppliers and retailers are:
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e _ Wo
2
v 2Au w3+ (K—6)4,]

T ) A A ) ©)

o _ _%Jrkwo_ Au? _Woﬂz[(k—6)2R+(k—4)]
2 2 20445 A+ AN+ 4P)

At this point, the optimal expected profits of the supplier and the retailer are:

e _ WIS 20 A Woll(k =) A + (k=)L
) 48% + 1) A1+ 25)(8% + 1)
AN° (L+ )% 1 + AAW (L+ 2,)* {267 + (=2 +K) 1} (10)
R _ AW {4k —=3)8° (L+ A,) +[4+84, —4k(L+ A,)" +K* (L+ 4,)* 1%}
§ 16(L+ A,)% (8% + 1)

Based on the optimal decision result given in Proposition 4, the following analysis of the supplier
fairness concern coefficient is carried out in order to investigate the impact of the supplier fairness
concern coefficient on decision making, and Proposition 5 is obtained.

Proposition 5 Under the NR model there are: g"**, zi" and 7z} are all decreasing functions
NRx*

with respectto 4z; p is an increasing function with respectto 4.

Proposition 5 illustrates that the retailer's fair concern preference 4; will lead to an impairment of

its own expected profit 75" and the supplier's expected profit zl~ , as well as a reduction in
NR* NR*

production inputs ¢ for the retailer. This

is shown in Figure 3.

, but it will lead to an increase in the retail price p

A=50, k=1.1, y=0.6, 6=0.2  A=50,k=L1, p=0.6,6=0.2

450

50
45 | i
L ¢ 400+
40 NR*
W
35 L’NR' I 350 |
J, *
30 qwz 1
NR* 300 -
25| d 1
204 1 250 1
15 NR*
—T
200 §
10 ¥ | NR*
Tr
5 g . k h 150 s
0 0.2 04 06 0.8 1 0 0.2 04 0.6 0.8 1
Ar ,\R

Figure 3. Effect of 4; on decision variables

4. COMPARATIVE ANALYSIS OF MODELS

Based on the equilibrium results obtained from the three game structures above, the following
proposition can be obtained by comparing the optimal ordering quantity, the level of production effort
input, the wholesale price and the size of the expected profit.
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Proposition 6 A comparison of ordering quantity, production effort input level, wholesale price and
expected profit under the RN, RS and RR models is obtained:

1)qNS* > qNN* > qNR*; 2) eNR* =eNN* > eNS*; 3) pNR* > pNN* > pNS*;

NN NR: NS=* | NS NN = NR=
Ny >my >y ) 5) g >mg >y .

Proposition 6 shows that production inputs are largest when the supplier has a fair concern preference,
then risk-neutral, and when the retailer has a fair concern preference, in that order; the retailer's
production effort is the same when the retailer has a fair concern preference as when it is fair-neutral,
and both are higher than when the supplier has a fair concern preference; the retailer's retail price is
largest when the retailer has a fair concern preference, then risk-neutral, in that order, suppliers have
a fair concern preference; the retailer's expected profit is greatest when it is risk-neutral, followed by
the retailer with a fair concern preference and the supplier with a fair concern preference; and the
supplier's expected profit is greatest when it has a fair concern preference, followed by the risk-neutral,
retailer with a fair concern preference scenario. This is shown in figures 4 to 6.

2 A=50, k=1.1, p=0.6, 6=0.2 ) ) A=50, k=_i'..’._u=0.6,_6=0.2
1) - EVEVEVEVEVEVEVEVEVEVEVEVEVIEVE VIRV VI
18 -
9+
164
8
14 +
7 |8
12+
NN*
6
10 + NS* . | eNN*: eNR,
NR* NS*
q 5t &

08 1 0 0.2 0.8 1

04 0.6 0.4 0.6
Asor /\H /\S or/\R

Figure 4. Effect of 4 or 4; on production inputs and production effort in the three scenarios

A=50, k=1.1, p=0.6, 6=0.2 A=50, k=1.1, p=0.6, 6=0.2

420

320
400 - Vo4a - 300 -
380 { 280
360 260
340 1 240
LV A
320+ R . 220 owg
NS*
7y S
300 LR ] 200 - e
L~ R | s
280 - - - - - 180
0 0.2 0.8 1 0 0.2 08 1

0.4 0.6 04 0.6
’\S or,\R "S or /\R

Figure 5. Effect of 4; or 4, on the expected profit of retailers, suppliers in the three scenarios

224



A=50, k=1.1, p=0.6, 5=0.2
47
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421
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40}

39

38

0 0.2 0.8 1
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Figure 6. Effect of A; or Az on retail prices in the three scenarios

5. SUMMARY

In a two-tier supply chain consisting of suppliers and retailers with equal power, three scenarios such
as suppliers with fair concern preferences, retailers with fair concern preferences, and bilateral risk
neutrality are considered. Meanwhile, based on the fact that product output has uncertainty risk and
is affected by production effort, and the market price of the product is affected by the actual output
quantity of the product and production effort, a demand function model is constructed in which the
stochastic output is dependent on the production effort, and the retail price is dependent on the
stochastic output and the production effort. The influence of fair concern preference on decision-
making behaviour and expected profit of supply chain enterprises is investigated, and the decision-
making and expected profit in the three scenarios are also compared and analysed. The following
conclusions can be drawn from the full analysis:

1) If a supplier has a fairness preference, its fairness preference will result in a loss of the retailer's
expected profit, a reduction in its own level of production effort and in the retailer's retail price, but
it will result in an increase in the retailer's order quantity. In addition, the impact of the supplier's
fairness preference on its own expected profit is more complex and is related to the parameter

{4.6, 1, k}. The supplier's fairness preference will lead to a decrease in the retailer's expected profit.

2) The retailer's fairness preference will result in an increase in its retail price, but will lead to an
impairment of its own and the supplier's expected profit, as well as a reduction in the retailer's order
quantity.

3) Production inputs are largest when the supplier has a fair concern preference, followed by the risk-
neutral, retailer has a fair concern preference scenario; the retailer's production effort is the same as
when it is fair-neutral when the retailer has a fair concern preference, and both are higher than the
supplier has a fair concern preference scenario; the retailer's retail price is largest when the retailer
has a fair concern preference, then followed by the risk-neutral, supplier has a fair concern preference;
the retailer's expected profit is greatest when it is risk-neutral, and then in the order in which the
retailer has a fair concern preference and the supplier has a fair concern preference; the supplier's
expected profit is greatest when the supplier has a fair concern preference, and then in the order in
which it is risk-neutral and the retailer has a fair concern preference.
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