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ABSTRACT

ARTICLE INFO

In view of the random retail price and retailer’s preference for retail price risk
aversion, we used mean-variance to describe the uncertainty risk of retail
price. To study the impacts of both the retail price uncertainty risk and retail
price risk aversion preference on supply chain (SC) decision-making, we con-
structed a SC game model based on three different power structures, including
Manufacturer Stackelberg (MS) game, Retailer Stackelberg (RS) game, and Ver-
tical Nash (VN) game. The results showed that the retail price uncertainty risk
and the retailer’s retail price risk aversion preference weakened the manufac-
turer’s production effort input, decreased the retailer’s enthusiasm for order-
ing, and damaged the interests of manufacturer and retailer. Under the three
different power structures, the production effort input of the manufacturer de-
pended on the production effort affecting wholesale price efficiency and retail
price efficiency. The retailer’s expected utility was largest under the MS game
model and smallest under the VN game model. The manufacturer’s profits were
closely related to each parameter under the three respective power structures.
This study provides theoretical guidance for the decision-making of SC enter-
prises with retail price risk and retailer with retail price risk aversion prefer-
ence under different power structure situations.
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1. Introduction

Product market prices are often affected by various factors, which means they are uncertain [1-2].
For example, the Russian-Ukrainian conflict has influenced higher prices for food, oil, and gas
across the globe. Additionally, the US trade war has prompted price increases for domestic elec-
tronic products, clothing, and furniture. In 2013, the avian influenza A(H7N9) emerged in China,
thus decreasing the price of poultry meat [3]. Given the continuous potential for life events such
as these, we cannot accurately predict market prices. This seriously impacts decision makers
when dealing with issues such as ordering, pricing, and production input. Faced with market price
uncertainty risk, different decision makers may also exhibit different behavioral preference; for
example, some will adopt risk neutral positions because they are not sensitive to market price
uncertainty risk, while others will adopt risk averse positions for the opposite reason. In this con-
text, it is of great practical and theoretical significance to study the SC decision-making problem
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based on market price uncertainty and market price risk aversion preference among decision
makers.

At present, most studies on risk aversion preference have focused on solving decision-making
and coordination problems in the SC, as follows:

(1) Decision-making problems under risk aversion preference. Liu et al. [4] analyzed how risk
aversion affects pricing decisions in the context of competition and information asymmetry. Zhou
et al. [5] considered optimal advertising investments and ordering decisions when the bilateral
parties have risk aversion preference. Targeting cases of demand risk caused by uncertainty in
customer valuation, Li and Qi [6] discussed optimal product pricing and quality decisions among
risk-averse enterprises. Other scholars have focused on issues such as pricing decisions with con-
sumers’ channel preference [7], pricing decisions amid fairness concerns [8], the demand infor-
mation sharing strategy [9], and retailer procurement and promotion strategies [10].

(2) Coordination problems under risk aversion preference. Adhikari et al. [11] studied the design
of a five-level textile SC coordination mechanism when there are uncertain risks of supply and
demand. Liu et al. [12] solved the coordination problem based on option contracts and different
power structures. Fan et al. [13] analyzed the effectiveness of the option contract coordination
between bilateral participants with risk-averse. Niu et al. [14] discussed the SC coordination of
risk-averse consumers both with and without blockchain quality information. Other studies have
examined issues such as the inherent law of the buyback contract coordinate SC in the context of
asymmetric production cost information and a risk-averse retailer [15], and the SC channel coor-
dination strategy when consumers have low carbon preference and retailer have risk aversion
preference [16].

Most previous studies have analyzed the impact of risk aversion preference on decision-mak-
ing and coordination in SC based on the risk aversion preference of either demand uncertainty,
capacity uncertainty, or quality uncertainty [17]. However, none of these investigations examined
situations involving participants with risk aversion preference for random market prices, nor did
they consider the existence of different power structures between the SC participants. With ref-
erence to the existing literature and real life cases, we addressed this gap by further considering
uncertainty risk pertaining to product retail prices, wherein the retailer adopts a risk aversion
preference for random retail prices. Meanwhile, referring to literature [18], we used mean-vari-
ance to characterize the retail price uncertainty risk. To study how both the retail price uncer-
tainty risk and retailer’s retail price risk aversion preference impacted decision-making among SC
participants, we considered three different power structures in our SC game model, including MS,
RS, and VN. We also compared and analyzed the equilibrium decision, profit, and utility under
these power structure models.

2. Problem description and assumptions
2.1 Problem description

We considered a two-echelon SC system consisting of a risk-neutral manufacturer M and retailer
R with a retail price risk aversion preference. The manufacturer first organize production accord-
ing to the retailer’s order quantity g and determine the input level of its production efforts e (e.g.,
technological innovation [19], equipment upgrading and labor input). Based on the above, we an-
alyzed both the manufacturer’s production effort input and retailer’s order quantity decision un-
der three different power structures, including a VN game, RS game, and MS game. Given the re-
sults, we discuss how retail price uncertainty risk and the retailer’s retail price risk aversion im-
pact SC participants’ decision-making and profit (utility), with a comparison of Nash equilibrium
results under all three power structures.

2.2 Model assumptions

Assumption 1: The additional input of production efforts e (e.g., technological innovation, equip-
ment upgrading, and labor) will improve the quality of manufacturer’ products to a certain extent,
thus increasing the wholesale price w of products. Therefore, the manufacturer’s wholesale price
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w is positively correlated with the input level of production efforts e. The wholesale price function
of the product is as follows:

w=wy+ le (1)

Here, wy is the wholesale price of the product without additional production efforts (e = 0)

and A is the production effort efficiency that affects the wholesale price. The larger the value of 4,

the more obvious the effect of unit additional production efforts on the increase of the wholesale
price.

Assumption 2: The input of additional production efforts e improves product quality, which will

also increase the retail price p of products to a certain extent. In reference to previous research
[20-22], the retail price function is as follows:

p=1-q+fe+s§ (2)
Here, q is the retailer’s order quantity, § is the production effort efficiency that affects the re-
tail price, ¢ is the random variable factor, E(§) = 0,and Var(§) = §2 [22-23]. The larger the &, the
greater the volatility of the retail price or greater the risk of uncertainty. The production effort
costis C(e) = e? [21].
Assumption 3: Because the uncertainty of product retail prices will induce uncertainty risk in re-
tailer, they will adopt a risk aversion preference for random retail prices (retail price risk aversion
preference).

Assumption 4: To simplify the model without affecting the conclusion, the manufacturer’s unit
product production costis ¢ = 0.

3. SC models under different power structures
3.1 VN game model

In the VN game model, manufacturer and retailer have equivalent power. All carry out non-coop-
erative games with the goal of maximizing their expected profit (utility). At this point, the profits
of the risk-neutral manufacturer I1}; (e) and retailer I1% (q) are respectively as follows:

MMy (e) = (wo + Ae)q — e? (3)

Mg(q) = (1—q+PBe+&—wo—1e)g 4
Referring to both Xie et al. and Chiu and Choi’s construction method for expected utility func-
tion in the case of SC participants with demand risk aversion preference [24-25], we constructed
the expected utility function of retailer with retail price risk aversion preference, expressed as
follows:
1 1
Ug (@) = EMx (@] —nVarllg(@)] = (1 = g + fe +§ — wo — Ae)q —5nq*6” (5)
Here, 1 is the retailer’s retail price risk aversion coefficient. The larger the value of n, the
greater the retailer’s risk aversion to random retail prices.
The first-order partial derivatives of [1}; and U with respect to e and q are as follows:

oty
LA Ag—2e=0

de

auy (6)
—R —14+Be—2e—wy—2q—n62q=0
dq
R FRU4 2 . . .

Because ez = —2 < 0and o —2 —1né“ < 0, the simultaneous solution (6) can obtain

the manufacturer’s unique optimal production effort input level eV* and retailer’s unique optimal
order quantity g"*, as follows:
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Ve A1 —wy)
- 2 _ 2
4+2né AB+ A 7)
V* 2(1 - WO)

T At 290218 + A2

Bringing e'* and q"* into Egs. 3 and 5, respectively, the optimal profit of the manufacturer 1},
and optimal expected utility of the retailer U¥* can be obtained as follows:
(1= w)[A? + wo(8 + 4182 — 218 + 1))

M (4 +2n6% — 2B + 22)?
ve _ 2(1 —wp)?3(2 + 162
B4+ 2082 - AB + 12)2

The first-order partial derivatives of the optimal decision and profit (utility) of the manufac-

turer and retailer with respect to n and § are as follows:

(8)

de"* 5§ 9e”  —228%(1—wy) <0
an  2n a5 (4 + 2182 — AB + 12)2
aqv* & 0q”* —462%(1 — wy) <0

an 2y 06 (442102 — 1B + A2)2
< oy ian,‘c,* _ —462(1 — wo)[A* + wo(4 + 2n5% — AB)]
on 2n 06 (4 +2n6% — 2B + 1%)3
—4w62(1 — wy) (4 + 2n62 — 1B + 12)
(4 + 2762 — AB + 22)3
QUR™ 6 0Ug"  —28%(1—wo)*(4+2n6% + 1B — 1%)
Uan 27 35 (4 + 2162 — AB + 12)3

)

<0

<0

Proposition 1: e"*, g"*, l'[,‘(,,*, and U}{* are decreasing functions of  and 4.

In the VN game model, Proposition 1 shows that the manufacturer’s profit and retailer’s expected
utility decrease with increases in the retail price uncertainty risk degree § and retailer’s retail
price risk aversion degree 7, thus reducing the manufacturer’s production effort input and re-
tailer’s enthusiasm for ordering.

3.2 RS game model

In the RS game SC, the retailer is the leader and therefore has the priority to determine its order
quantity q. The manufacturer then determines the input level of its production effort e based on q.

Similar to the conditions described in Section 3.1, the expected utility function of risk-neutral
manufacturer’s profit 1§ (e) and retail price risk-aversion preference retailer US (q) can be ex-
pressed as follows:

1 (e) = (wo + 2e)q — €?

R 1 22
UR(q)=(1—q+ﬁe—Wo—Ae)q—§nq 6

(10)

) . . * Py * A . *
From Eq. 6, the manufacturer’s optimal production effort e®* satisfies e?* = 7q. Substitute eR
into Eqg. 10, as follows:

UR(q) = IEL W) = q(22+ n8? — A8 + 23]

The first and second partial derivatives of U with respect to q are as follows:

(11)
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oUR 5 5
—=1-wy—q2+n6*—-A+2°) =0
9 (12)

0%UR
=—Q+n82—-AB+ A2
342 2+n B +2%)

When 2 + 6% — A8 + A2 > 0, then

d2UR
aq?

< 0. The solution to (12) can reveal the only optimal

. R¥ __ 1-wo
order quantity g™* = TImot AR

Substituting g®* into the above equation, we can obtain the retailer’s optimal expected utility
UE*, manufacturer’s optimal profit 15", and production effort input e®*, as follows:

( UR = (1 —wp)?
22+ 182 -2 + 1?)

3 [(1—wo)[2% + wo(8 + 4n6% — 448 + 342)]]
B 4(2 +n6% — 2B + 22)?
_ A1 —wyp)
T 2241082 —2AB +12)

The first-order partial derivatives of e®*, g®*, UR*, and I1¥* with respect ton and § are as fol-
lows:

(13)

{ R

R+

ge® 5 9e® —26%(1 — wp) <0
an  2n 5  2(2+2n6% — AB + A2)2
aq®* & aq™ —5%2(1 —wy) <0
on 2 a8 (242162 —AB + 12)2
oUR*  SsoUk —52(1 — wy)?
=— = <0 (14)
oam n a5  2(2+2n6%—Ap +12)?

oy §0Myy  —62(1 —wo)[A2 +wo(4 + 2062 — 2AB + 1%)]

om n a8 2(2+16%2 — 2B + 12)3
- —2w82%(1 —wy) (2 + 2n6%2 — A8 + 12) <0
\ 22+ 162 - 2B+ 2%)3

Proposition 2: e®*, ¢®*, UZ*, and 1§ are all decreasing functions for  and §.

In the RS game model, Proposition 2 shows that the degree of uncertainty risk of the retail price
and the degree of risk aversion of the retailer’s retail price will not only weaken the manufac-
turer’s production effort input, but will also weaken the enthusiasm retailer has for placing orders.
This arrangement simultaneously harms the interests of manufacturer and retailer.

3.3 MS game model

If the manufacturer is the Stackelberg game leader of the SC, then the order of the SC is: the man-
ufacturer first determines the input level of its production efforts e, then the retailer determines
its order quantity g according to the manufacturer’s decision. Similar to the conditions described
in Section 3.1, the expected utility function of risk-neutral manufacturer’s profit 1} (¢) and retail
price risk-aversion preference retailer UY (q) is expressed as follows:

MMy (e) = (wo + 1e)q — e?

1 (15)
Ug' (@) = (1 — q + Be —wy — Ae)q —inqzdz

a2uM . auM o .
Because aqf = —2 —1né&% <0, the solution to a—: = 0 can reveal the retailer’s only optimal

order quantity g™* =

1-wg+Be—-2e
24182
Substitute g* into Eq. 15, as follows:
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(wo + 2e)[1 —wy +e(B — )]
M,y — —e? 16
The first and second partial derivatives of I1}} with respect to e are as follows:

oMy wo(B—22) + A —2e(2+n6%— AB +1?)

de 2 +T]62 (17)
0°My =22 +n6% — AB + %)
de? 2 +nd?
921

M ony
—+ < 0. We then let—> = 0, such that
WoB+A-2Aw,
442n82-2AB+27%"
Therefore, we can obtain the optimal profit of the manufacturer I1}/*, the optimal expected util-
ity of the retailer U}, and the order quantity g™* as follows:

A2+ wo (8 + 4162 — 2AB) — wy?(8 + 4182 — B?)
22+ n82)(4+ 2n62 — 2AB + 212)

[4 +2n6% — 2B + 22 —wy(4 + 2n6% — B2 + 21B)]?
2(2 +n62)(4 + 2162 — 2B + 222)2

e A+ 208% —wo(4+ 218 — %) — PA(L + wp) + A2

S (2 +n62)(4 + 2762 — 248 + 242)

The first-order partial derivatives of e™*, g™*, U¥*, and I1}}* with respect to n and § are as fol-
lows:

From Eq. 17, when 2 + n6% — A8 + A% > 0, we have >

the optimal production effort input of the manufacturer is eM* =

My =

<UR*=

(18)

deM*  § deM*  —85Z(wof + A — 2Awg)
on  2n 06 2(2+1nd8%—AB + A2)2
aq™  50q™  8%[2(1 —wp)(2A3 —1*8*) — A (2 + Az + 2n6?)]
am n a5 2(2 +162)2(A3 + n62)2
82(A — B)2(4 + 2182 — AB + A2)
22 +n8%)%(4; +162)?
U™ §oUR"™
o n 98
_ 822187 (1 — wy) — A J{A1 (4 + A3 + 3162) + 2(1 — wp)[4;3(4 +16%) —n*5*]}
8(2 +1n62)%(A3 +n62)3
52(A — B)*(6 + 362 — AB + A2)
82 +n8%)%(4; +16%)3
oMly" 80y 8%[4wo(1 — wo) (243 —n?8*) — A, (2 + A3 + 2162)]

<0

(19)

<0

o n a5 4(2 +162)2(A5 +1n62)2
- 82— B)%(4 + 2162 — A +/12)<0
\ 4(2 +n6?)?% (A5 +nb6?)?

Here, A; =4 — A1+ wy) + 22 —wy(4 — B2), A, = 12+ wy(8 — 2B1) — wy?(8 — B?), and
Ay =228+ 22

Proposition 3: eM*, gM*, U¥*, and 1}}* are all decreasing functions pertaining to  and .

From Proposition 3, it can be concluded that both the degree of uncertainty risk of retail price §
and degree of risk aversion of the retailer’s retail price n will negatively impact the income of
manufacturer and retailer in the MS game model. In turn, this will promote the manufacturer’s
production effort input and the retailer’s order quantity reduction.
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Table 1 The effects of 7 and § on the manufacturer’s production effort input and retailer’s order quantity

5 n eV* oR* oM* qV* qR* qM*
0.2 0.232 0.347 0.496 0.464 0.694 0.596
0.2 0.4 0.231 0.344 0.492 0.462 0.689 0.591
0.8 0.228 0.339 0.484 0.457 0.678 0.583
0.2 0.228 0.339 0.484 0.457 0.678 0.583
0.4 0.4 0.224 0.329 0.470 0.448 0.658 0.567
0.8 0.215 0.310 0.443 0.430 0.621 0.537
0.2 0.215 0.310 0.443 0.430 0.621 0.537
0.8 0.4 0.199 0.279 0.399 0.399 0.557 0.487
0.8 0.174 0.231 0.331 0.348 0.463 0.410
Table 2 The effects of n and § on the manufacturer’s profit and retailer’s expected utility
) Ui ug* Ug” Ug'™ Yy Iy Iy~
0.2 0.216 0.243 0.356 0.193 0.329 0.228
0.2 0.4 0.215 0.241 0.352 0.192 0.325 0.226
0.8 0.212 0.237 0.345 0.189 0.319 0.223
0.2 0.212 0.237 0.345 0.189 0.319 0.223
0.4 0.4 0.207 0.230 0.332 0.184 0.306 0.216
0.8 0.197 0.217 0.307 0.175 0.282 0.203
0.2 0.197 0.217 0.307 0.175 0.282 0.203
0.8 0.4 0.179 0.195 0.267 0.159 0.245 0.181
0.8 0.152 0.162 0.211 0.135 0.192 0.149

To further validate our conclusions, we conducted an analysis using numerical examples. With-
out loss of generality, take the parameters w, = 0.3, 4 = 1.0 and 8 = 2.0, which result in the ar-
rangements shown in Tables 1 and 2.

4. Comparing the models

In the previous section, we explained how we solved the optimal decision, profit, and utility of SC
participants under different power structure models. As described in this section, we then com-
pared and analyzed the Nash equilibrium results in three cases.

( Rx _ V& _ Az(l_WO)(IB_/‘D
¢ T T2+ 0o B+ D) (4 + 2152 — A8 + 12)
(20)
eM* _ eR* WO(ﬁ _/1)

T 442182 — 2A8 + 242

Proposition 4:

o Ifp <A thenef* <eV* <M
Ifg > A, thene'* < ef* < eM*

From Proposition 4, we can make two conclusions. If the efficiency of the production effort affect-
ing wholesale price A is greater than that affecting retail price 8, then the manufacturer’s produc-
tion effort inputlevel is the largest under the VN game model, followed by the RS game model and
MS game model. To the contrary, if 4 is less than 3, then the manufacturer’s production effort in-
put level is the largest under the MS game model, followed by the RS game model and VN game
model (Fig. 1).
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i<p A=

Production effort
o
Production effort

Fig. 1 The effects of § and 7] on the manufacturer’s production effort

( Rx _ V= — /1(1 - WO)(ﬁ - /1)
T =T T o2 — 1B+ 2)(4 + 2002 — 2f + 12)
Mx _ . R* _ (Woﬁ - A)(ﬁ - /1)
J T =9 T 5@ +162)(4 + 2062 — 248 + 222)
e ve (B — D)2[22 + wy (4 + 2n6% — AB)] (21)
1 2(2 +162)(2 + 182 — AB + 12)(4 + 2182 — A8 + 12)
-2 2
> wo (B ) >0
\ 2(24+n62)(2+n6%2 -2 + A?)
pei
0.34
0.32
0.3 4
=
= 028
;0.26 b
S 0.24 1
Qo
0.22
0.2 4
0.18 = 1
0.5 0.5
1 0 g
b>w,
0.7 5
0.5+
06+
g 0.45 4~
'é 05+ 04 ]
=3
%E 0.4 1 0.35
0
0.3 4 0.3
0.2 0.25 - 1
0 1 0
05 05
1 0
n 0

Fig. 2 The effects of § and 1) on the retailer’s order quantity
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Proposition 5 is obtained through Eq. 21.

Proposition 5:

e Ifp <A thenqg®* < q"* < qM*

o IfA< B <A/wy, thenq”* < qM* < q®*

o IfB > A/wy, then g"* < g®* < gM*
From Proposition 5, we can make three conclusions. If the efficiency of the production effort af-
fecting retail price § is small, then the retailer’s order quantity is largest under the MS game
model, followed by the VN game model and RS game model. If § is medium, then the retailer’s
order quantity is largest under the RS game model, followed by the MS game model and VN game
model. If § is relatively large, then the retailer’s order quantity is largest under the MS game
model, followed by the RS game model and VN game model (Fig. 2).

(e 22(1 = (8 = 1) N
R ROT2Q2 4+ 182 = AB +212)(4 + 2162 — AB + 12)2
[A2 + wy (8 + 4782 — 248)] — wo2(8 + 4782 — B2)(B — 1)? (22)
202 + 162)(4 + 2082 — 228 + 272)? >0

0

UR*_UR*Z

Proposition 6: Uz * > Ug™ > Ug".
According to Proposition 6, the retailer always obtains the maximum expected utility under the
MS game model, but obtains the minimum expected utility under the VN game model (Fig. 3).

0.24 -

Retailer's expected utility
o o o _ ©

A 5 = N~ N

i ]

o
[¥]

(=]
o=
i

Fig. 3 The effects of § and 7] on the retailer’s expected utility

(e _ pve — (B = D[4 + wo (4 + 206 — AB))” .
M M 722 4+n62)(4 + 2962 — 2A8 + 222) (4 + 2962 — AB + 12)2
* * Hl(ﬂ'){' WO'n' 6)
) My" — My = 2 2 _ 2 (23)
22+ 1n8%2)(4+2nd2 —2AB + 222)
R* V* A(l - WO)HZ (ﬂr A; WO; n; 6)
HM - HM =

(4 + 2062 — AB + A2)2(4 + 2182 — 28 + 212)2
{ Hi(B, A, wo,1m,8) = (B — D{Bwo?(2 +1b?) — Awy[4 — 2w,
+wof? +1n82(2 — wy)] + 2822wy — A3}
Hy (8,2, wo,1,6) = (B — D){Bwo(2 +n8%)? — 12fAw,(2 +n&?) (24)
+4A2[2 + 6% + wo(4 + 2182 + B2)] — BA3(3 + 5wy) + A1*(3 + wy)}

Proposition 7:
o IfH (8,4, wy,n,8) > 0and Hy(B, 4, wg,1,8) <0, then IIY* > N > N
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e IfH;(B,A4,wyn, &) > 0and Hy(B,A,wy,1n,8) > 0, then ITM* > NB* > 0y
o IfH (B, A, wy,n,8) < 0and Hy(B, 4, wg,7,8) > 0, then IIE* > M > 1}
o IfH,(B, A wyn,6) <0and Hy(B,1,wy,1,8) <0, then there is no solution

Proposition 7 shows a complex situation for manufacturer’s profit under the three power struc-
tures, depending on parameters (8, 1, wy, 1, 8). If the parameters satisfy H, (8, 4, wy, 1, ) > 0 and
H,(B, A, wy,n,8) < 0, then the manufacturer obtains maximum profit under the MS game model,
followed by the VN game model and RS game model. If the parameters satisfy H; (8,4, wg,n,6) >
0 and H,(B, A4, wy,n,8) > 0, then the manufacturer also obtains maximum profit under the MS
game model, this time followed by the RS game model and VN game model. If each parameter
satisfies H; (8,1, wg,1n,6) < 0and H,(B, A, wy,n,8) > 0, then the manufacturer obtains maximum
profit under the RS game model, followed by the MS game model and VN game model. However,
the case of H{ (8,4, wy,n,8) < 0 and H, (S, 4, wy, 1, 6) < 0 does not exist. Fig. 4 illustrates these ar-
rangements.

Hj>0, h’_,<()

0]6 - ) :t['

_ 044

ofl

o2 =

=
-
L

0.08 ==

Manufacturer's pr

o
8

=]
b=

H}<{), H}>U

R*

0.16 02 &Y,
Z 0141 z %%
2 £,0.16 -
£012+= ¥
2 : 5
= E 0.14 ===
8 01 &
5 S 0.12
= 008+ 2 014
0.06 - 0.08 A T L
0 0 e HH"——-.._\_‘_ M _4__‘_’_‘__,—"’ 1
05 T—~—0 . ___— 05
] 1 0 5

Fig. 4 The effects of § and 77 on the manufacturer’s profit

5. Conclusion

In a two-level SC consisting of a single manufacturer and single retailer, the product retail price is
considered uncertain and affected by the manufacturer’s production efforts. In this study, we used
the mean-variance method to describe the uncertainty of retail prices, with a consideration of re-
tail price risk aversion preference. Based on three different power structures, including a MS
game, RS game, and VN game, we examined how the degree of both retail price uncertainty risk
and retail price risk aversion impacted decision-making, profit, and utility among SC participants.
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We then compared and analyzed optimal decisions, profits, and utility between these power struc-
ture models. In sum, we draw the following five conclusions:

* The uncertainty risk § of the retail price and the retailer’s retail price risk aversion n will
not only reduce the manufacturer’s production effort input and retailer’s enthusiasm for
ordering, but will also adversely affect the manufacturer’s profit and retailer’s expected util-
ity.

* If the efficiency of the production effort affecting the wholesale price 4 is less than the effi-
ciency of the production effort affecting the retail price §(thatis, 1 < £8), then the manufac-
turer’s production effort input e™* is largest under the MS game model, while the produc-
tion effort input is smallest under the VN game model(that is, eV* < e®* < ¢M*) . In the re-
verse arrangement A > f3, the conclusion is completely opposite, (thatis, eM* < eR* < e"*).

* If the efficiency g of the production effort affecting the retail price is small (thatis 1 > ),
then the retailer’s order quantity is largest under the MS game model and smallest under
the RS game model (that is, ¢g®* < q"* < gM*). If the B in general (that is, 1 < 8 < A/wy),
then the retailer’s order quantity is largest under the MS game model and smallest under
the VN game model (that is, gV* < gM* < q®*). If the f is large (that is, § > 1/w), then the
retailer’s order quantity is largest under the MS game model and smallest under the VN
game model (thatis, ¢"* < ¢®* < qM*).

* The retailer always obtains the maximum expected utility under the MS game model, but
obtains the minimum expected utility under the VN game model (thatis, U¥* > UE* > UX™).

* Under the three power structure models, optimal manufacturer profits depend on the pa-
rameter (8,4, wy, 1, 8).

This paper solves how the SC enterprises should make the most favorable decisions for them-
selves when there are retail price risk and the retailer has retail price risk aversion preference
under different power structure situations, so as to provide theoretical guidance for enterprises
to make decisions. In the future, we can continue to consider the presence of multiple manufac-
turers, multiple retailers and multi-supply chains.

Acknowledgement

This work is supported by the Humanities and Social Science Research Project of Ministry of Education of China
(20XJC630007), the Humanities and Social Sciences Foundation of Chongqing Education Commission (22SK]JD103), the
Open Project of Research Center for Enterprise Management of Chongqging Technology and Business University
(KFJJ2022005), and the Yibin University Pre-research Fund Project (2019YY03).

References

[1] Fang, LW, Lin, W.-T. (2021). A multi-objective optimal decision model for a green closed-loop supply chain under
uncertainty: A real industrial case study, Advances in Production Engineering & Management, Vol. 16, No. 2, 161-
172,doi: 10.14743 /apem2021.2.391.

[2] Meng, J.L. (2021). Demand prediction and allocation optimization of manufacturing resources, International Jour-
nal of Simulation Modelling, Vol. 20, No. 4, 790-801, doi: 10.2507 /1]SIMM20-4-C020.

[3] Liuy, L., Gong, L], Shi,W.Q.(2016). Three-stage supply chain coordination of emergency quantity discount contract,
Computer Integrated Manufacturing Systems, Vol. 22, No. 6, 1600-1608, doi: 10.13196/j.cims.2016.06.022.

[4] Liu, M, Cao, E,, Salifou, C.K. (2016). Pricing strategies of a dual-channel supply chain with risk aversion, Transpor-
tation Research Part E: Logistics and Transportation Review, Vol. 90, 108-120, doi: 10.1016/j.tre.2015.11.007.

[5] Zhou, Y.-W,, Li, J., Zhong, Y. (2018). Cooperative advertising and ordering policies in a two-echelon supply chain
with risk-averse agents, Omega, Vol. 75,97-117, doi: 10.1016/j.omega.2017.02.005.

[6] Li X, Qi, X. (2021). On pricing and quality decisions with risk aversion, Omega, Vol. 98, Article No. 102118, doi:
10.1016/j.0mega.2019.102118.

[71 Wang, R, Zhou, X,, Li, B. (2022). Pricing strategy of dual-channel supply chain with a risk-averse retailer consid-
ering consumers’ channel preference, Annals of Operations Research, Vol. 309,305-324, doi: 10.1007/s10479-021-
04326-3.

[8] Li, C.-F, Guo, X.-Q., Du, D.-L. (2021). Pricing decisions in dual-channel closed-loop supply chain under retailer’s
risk aversion and fairness concerns, Journal of the Operations Research Society of China, Vol. 9, 641-657, doi:
10.1007/s40305-020-00324-7.

114 Advances in Production Engineering & Management 18(1) 2023


https://doi.org/10.14743/apem2021.2.391
https://doi.org/10.2507/IJSIMM20-4-CO20
https://doi.org/10.13196/j.cims.2016.06.022
https://doi.org/10.1016/j.tre.2015.11.007
https://doi.org/10.1016/j.omega.2017.02.005
https://doi.org/10.1016/j.omega.2019.102118
https://doi.org/10.1016/j.omega.2019.102118
https://doi.org/10.1007/s10479-021-04326-3
https://doi.org/10.1007/s10479-021-04326-3
https://doi.org/10.1007/s40305-020-00324-7
https://doi.org/10.1007/s40305-020-00324-7

Supply chain game analysis based on mean-variance and price risk aversion under different power structures

[9] Cai,]., Sun, H, Hu, X, Jin, K, Ping, M. (2022). Demand information sharing in a two-echelon supply chain with a
risk-averse retailer: Retail price decision versus retail quantity decision, International Transactions in Operational
Research, Vol. 29, No. 6, 3657-3680, doi: 10.1111 /itor.13083.

[10] Daij,].S., Tang, Y.F. (2021). Purchasing and promoting strategies of a risk-averse retailer under delayed payment.
Journal of Industrial Engineering and Engineering Management, Vol. 35, No. 5, 141-153.

[11] Adhikari, A., Bisi, A., Avittathur, B. (2020). Coordination mechanism, risk sharing, and risk aversion in a five-level
textile supply chain under demand and supply uncertainty, European Journal of Operational Research, Vol. 282,
No. 1,93-107, doi: 10.1016/j.ejor.2019.08.051.

[12] Liu, Z,, Hua, S., Zhai, X. (2020). Supply chain coordination with risk-averse retailer and option contract: Supplier-
led vs. retailer-led, International Journal of Production Economics, Vol. 223, Article No. 107518, doi:
10.1016/].ijpe.2019.107518.

[13] Fan,Y. Feng, Y., Shou, Y. (2020). A risk-averse and buyer-led supply chain under option contract: CVaR minimiza-
tion and channel coordination, International Journal of Production Economics, Vol. 219, 66-81, doi:
10.1016/j.ijpe.2019.05.021.

[14] Niu, B, Xu, H., Chen, L. (2022). Creating all-win by blockchain in a remanufacturing supply chain with consumer
risk-aversion and quality untrust, Transportation Research Part E: Logistics and Transportation Review, Vol. 163,
Article No. 102778, doi: 10.1016/j.tre.2022.102778.

[15] Liu, L., Wang, H., Huang, D.H. (2021). Buy-back contracts of retailer risk aversion under asymmetric information
of production cost, System Engineering - Theory and Practice, Vol. 41, No. 1, 113-123, doi: 10.12011/SETP2019-
0535.

[16] Yuan, X, Bi, G, Li, H.,, Zhang, B. (2022). Stackelberg equilibrium strategies and coordination of a low-carbon supply
chain with a risk-averse retailer, International Transactions in Operational Research, Vol. 29, No. 6,3681-3711, doi:

10.1111/itor.13140.

[17] Wan, Y.M. (2021). Amos-based risk forecast of manufacturing supply chain, International Journal of Simulation
Modelling, Vol. 20, No. 1, 181-191, doi: 10.2507/I]SIMM20-1-CO3.

[18] Sedehzadeh, S., Seifbarghy, M. (2021). Redesigning a closed loop food supply chain network considering sustain-
ability and food banks with different returns, Economic Computation And Economic Cybernetics Studies And Re-
search, Vol. 55, No. 4, 85-100, doi: 10.24818/18423264/55.4.21.06.

[19] Gao,Y.Y, Jin, S.Y. (2021). The impact mechanism between the incentive to hold financial assets, financial risk and
innovation activities, Journal of Logistics, Informatics and Service Science, Vol. 8, No. 2, 80-102, doi:
10.33168/L1SS.2021.0205.

[20] Wang, Y.L, Yin, X.M,, Zheng, X.Y., Caj, ].R,, Fang, X. (2022). Supply chain coordination contract design: The case of
farmer with capital constraints and behavioral preferences, Advances in Production Engineering & Management,
Vol. 17, No. 2,219-230, doi: 10.14743 /apem2022.2.432.

[21] Cachon, G.P., Lariviere, M.A. (2005). Supply chain coordination with revenue-sharing contracts: Strengths and lim-
itations, Management Science, Vol. 51, No. 1, 30-44, doi: 10.1287 /mnsc.1040.0215.

[22] Wang, Y.-L., Yin, X.-M., Zheng, X.-Y., Chen, W. (2023). Supply chain decision-making considering green technology
effort: Effect on random output and retail price with fairness concerns, Economic Computation And Economic Cy-
bernetics Studies And Research, Vol. 57, No. 1,103-120, doi: 10.24818/18423264/57.1.23.07.

[23] Duan, HW.,, Wang, M.T,, Ye, Y.S. (2022). Financing and information sharing in capital-constrained supply chain,
Advances in Production Engineering & Management, Vol. 17, No. 3,263-278, doi: 10.14743 /apem2022.3.435.

[24] Xie, G., Yue, W, Wang, S., Lai, KK. (2011). Quality investment and price decision in a risk-averse supply chain,
European Journal of Operational Research, Vol. 214, No. 2, 403-410, doi: 10.1016/j.ejor.2011.04.036.

[25] Chiu, C.-H., Choi, T.-M. (2016). Supply chain risk analysis with mean-variance models: A technical review, Annals
of Operations Research, Vol. 240, No. 2, 489-507, doi: 10.1007/s10479-013-1386-4.

Advances in Production Engineering & Management 18(1) 2023 115


https://doi.org/10.1111/itor.13083
https://doi.org/10.1016/j.ejor.2019.08.051
https://doi.org/10.1016/j.ijpe.2019.107518
https://doi.org/10.1016/j.ijpe.2019.107518
https://doi.org/10.1016/j.ijpe.2019.05.021
https://doi.org/10.1016/j.ijpe.2019.05.021
https://doi.org/10.1016/j.tre.2022.102778
https://doi.org/10.12011/SETP2019-0535
https://doi.org/10.12011/SETP2019-0535
https://doi.org/10.1111/itor.13140
https://doi.org/10.1111/itor.13140
https://doi.org/10.2507/IJSIMM20-1-CO3
https://doi.org/10.24818/18423264/55.4.21.06
https://doi.org/10.33168/LISS.2021.0205
https://doi.org/10.33168/LISS.2021.0205
https://doi.org/10.14743/apem2022.2.432
https://doi.org/10.1287/mnsc.1040.0215
https://doi.org/10.24818/18423264/57.1.23.07
https://doi.org/10.14743/apem2022.3.435
https://doi.org/10.1016/j.ejor.2011.04.036
https://doi.org/10.1007/s10479-013-1386-4

