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Abstract

A two-stage logistics service supply chain (LSSC) composed of one logistics service integrator
(LSI) and one functional logistics service provider (LSP) is considered in this paper. It is assumed that
the logistics service demand function is influenced by the LSI’s service level and LSP’s greening level,
which can measure the impact of service quality and the environment. Under the centralized decision,
LSI Stackelberg Game, LSP Stackelberg Game and Vertical-Nash decision power structure, four kinds
of LSSC game models are proposed. In addition, their optimal solutions are derived and compared.
Then the impact of power structures on the optimal solutions and profits are analysed. It is found that
the optimal solutions are significantly influenced by the power structure, except for the optimal retail
price. The greening level, service level, market demand, and overall profit of the supply chain are all the
highest under centralized decision-making, followed by Vertical-Nash decision-making. Furthermore,
cooperation and competition can improve the level of environmental protection and logistics
industry service, and also can effectively expand the market demand and maximize the overall profit
of the LSSC. Under a Stackelberg game decision-making scenario, the power of decision-rights exerts

a positive impact on the profits of the LSSC participants.

Keywords: logistics service supply chain, different power structures, greening level, service level, game
theory

Introduction

In 2021, China’s express delivery volume reached
1,083 billion pieces, contributing more than 60% to the
world’s express delivery growth. The express delivery
industry has become a new economic growth point.

*e-mail: zhhu@shmtu.edu.cn

However, in different supply chain sectors, logistics and
transportation are recognized as one of the significant
environmental threats due to air pollution and global
warming [1]. According to the ITF (International
Transport Forum), 20% of global energy consumption
has been related to transportation in recent years.
This number is predicted to increase in the following
years due to the increasing need for the transportation
of products [2]. For this reason, logistics companies
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are thus facing pressure and challenges to reduce
environmental impact and improve service. Hence,
green and sustainability programs have become an
inevitable choice for developing the global supply chain
[3-5].

Many enterprises, such as Huawei, Haier, Shanghai
Zhenhua Heavy, Joyoung, and Tianneng Battery
in China, have been practicing green supply chain
management, and they have already achieved good
results [6]. To adapt to the increasingly competitive
environment, logistics service supply has attained
supply chain characteristics. The logistics service
supply chain (LSSC) is a special type of supply chain
within the service supply chain, composed of logistics
service integrator (LSI) and functional logistics service
provider (LSP), in which LSIs serve as the core players
in general to integrate social logistics resources [7].
All production, distribution, and other associated
enterprises in the LSSC to cooperate provide customers
with the higher-level logistics service and minimize
the adverse impact on the environment. For example,
the Cainiao Network and their partners including ZTO
and SF Express in China, deepened their collaboration
in the green logistics industry, which will be better
for improving service level and greening level, and
developing positive relationships with consumers.

From a practical view, the operational performance
among participants in LSSC is significantly influenced
by the environment level and different power structures.
Taking the Chinese Cainiao Network as an example,
all the participants in the logistics platform comprise
an LSSC. The Cainiao Network which dominates the
LSSC has strong decision-making power in the game
among others, such as ZTO, STO, and Yunda express
logistics companies. Conversely, Cainiao and SF
Express, have equal decision-making power and always
simultancously make decisions. Consequently, the
Cainiao Network will make various decisions though its
own power structures in different games. Therefore, it
is necessary to explore the influence of power structures
factor on decision-making in an LSSC.

The primary aim in this study is to characterize the
optimal decision-making of LSSC under four power
structures, with consideration of the impact of the
environment and service level. The main novelty of
this article is to explore the impact of environmental
sustainability and service level on the LSSC from
the perspective of the supply chain and four power
structures. Indeed, the environmental impact and
service level were rarely considered in previous studies
related to LSSC decision-making.

The LSSC conforms to the trends and requirements
of economic and social development and has attracted
many studies. Tian (2003) first proposed that the LSSC is
composed of functional LSPs, LSIs and manufacturing
or retail enterprises [8]. LSSC researchers still generally
follow this structure. Logistics companies have come
under increasing pressure to cope with the environment
and climate change in recent years. The green

transformation has become one of the most challenging
problems to solve [9]. New technologies such as block
chain technology and intelligent interoperable logistics
are used to explore green and sustainable LSSCs [10,
11]. Consequently, making logistics more sustainable
has been considered increasingly more frequently in
LSSC research [12]. Packaging is also one of the most
significant circular economy strategies for logistics
recycling initiatives [13]. Reverse logistics has been
used to support flexible and sustainable supply chain
management [14].

As one of the greatest generators of emissions,
the significant role of LSPs in reducing negative
environmental impacts has received increasing
attention. In recent study, integrated data envelopment
analysis (DEA) model, an analytical framework, an
empirical analysis, an improved genetic algorithm,
and an investigative method were used to evaluate
efficiency, competiveness, environmental sustainability,
supplier selection strategy, and the role of trust and
low-carbon drivers and outcomes of LSP [2, 15-18].
In general, LSIs play decisive roles in supply chain
operation. Some integrator’s behavior factors can affect
the sustainability of LSSC performance [19]. Under
fuzzy decision environments, Wang and Hu (2021)
comprehensively explored the impact of the different
risk preferences on the equilibrium behavior of a green
LSSC [6]. The stricter government regulations are also
an additional factor that has expedited the adoption of
a sustainable supply chain. Traditionally, purchasing
logistics services played an important role in cost
reduction and customer service improvements [12, 20].

At present, experts and scholars mainly use game
theory to study the decision-making of LSSCs from
the perspective of service ability cooperation and
coordination, strategy selection, service quality control
and behavioral preferences. Karakayali and Emir-
Farinas (2007) discussed a pricing strategy for the
reverse supply chain under manufacturer-dominant,
recycler-dominant and centralized decision-making
power structures [21]. Based on the cumulative
prospect theory, Liu and Liu (2013) studied the order
allocation model of a two-stage LSSC [22]. Considering
demand disruption, Liu and Liu (2016) discussed a
competitive LSSC coordination and proposed three
coordination models to investigate the influences
of demand disruption on LSSC [23]. Liu and Wang
(2017) examined three power allocations in service
supply chains and analyzed the impact of service level
on optimal solutions [24]. With consideration of the
environment, Wang and Hu (2021) proposed seven
game-based models to investigate how the participants’
risk preference affects the equilibrium results of the
LSSC [6]. In the context of the One Belt and One
Road initiative, Liu and Zhang (2018) explored supply
chain coordination issues with a game-theoretical
approach [25]. The influence of Fairness Concern, loss-
aversion preference, risk attitude, and corporate social
responsibility on quality defect guarantee decisions,
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Fig. 1. The framework of the Logistics Service Supply Chain (LSSC).

service capacity procurement, quality control and
coordination in the LSSC were also investigated by
game theory [6, 26-29].

The exiting research of game theory provides a good
reference for establishing games between the LSI and
LSP in this paper. From the above discussion, there
is a lack of studies on environmental sustainability
and service level in the LSSC from the supply chain
perspective. Some studies focused on theory about the
connotations of green development, and the evaluation
models, and driving factors for LSSC [1, 9, 13, 14].
In order to explore the effects of green activities,
logistics services were considered as a part of the
production supply chain, rather than the whole LSSC.
And most previous studies have examined the role
of different game power structures in LSSC but did
not involve green management. Some other studies
previously considered two or three games, but lacked
comprehensive research on the four kinds of decision
structures simultaneously.

Consequently, this paper intends to fill this gap.
Considering the environmental impact and service level,

¢) LSP Stackelberg game model (PS) ‘

Fig. 2. Four game models of the LSSC.

this paper discusses the decision-making problems
of the LSSC under four power structures. It enriches
the theoretical connotation of the LSSC and provides
beneficial references for researchers and practitioners of
green logistics management.

Methods and Models
Methods and Problem Description

We consider a two-stage LSSC with one LSI and
one LSP in the game. The LSP with an awareness of
green issues provides logistics services to the LSI with
an outsourcing price. Then the LSI sends logistics
services to the customers by integrating the LSP’s
service quality. The greening level and service level
are used to measure the impact of the environment and
service quality from the LSP and LSI. The structure of
the LSSC is shown in Fig. 1.

When supply chain participants own different power
structures, they have different abilities to control the

LSI and LSP have equal decision power

| LSP= LSI |

d) LSI Stackelberg game model (IS) ‘
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Table 1. The explanation of notations.

Notations Meaning
p A retail price
s Service level
w The outsource price that the LSP sells to the LSI
c The cost for the facilities and processes
0 Greening level
B The total market scale
B The price elasticity of the logistics service
y The greening level sensitivity coefficient of the logistics service
n The service level sensitivity coefficient of the logistics service
C, The LSP’s investment in technological innovation
é The greening innovation coefficient of logistics services
C, The LSI’s investment in integrating logistics service
o The service innovation coefficient of the logistics service,
m The LSI can obtain the marginal profit per unit of service.

supply chain, then they will make various decisions.
Eventually, the participants will obtain various benefits.
Considering various power structures, we developed
four game models in Fig. 2, as depicted in (a), (b), (c),
(d). We use superscript to represent the equilibrium
value under the game model i (i = C, IS, PS, VN, where
C denotes Centralized game, IS donates LSI game, PS
donates LSP game, VN donates Vertical-Nash game),
and subscript j to represent the LSSC or the participants
(G =1, P, SC, where I denotes LSI, P denotes LSP, and
SC denotes LSSC).

Table 1 shows the explanation of notations in
models. To build the game model for LSSC decision-
making, the following basic assumptions are considered
in this paper.

Assumption 1. Following [10] and [24], the logistics
service demand ¢ is comprehensively affected by
the market scale, retail price, green development and
service level:

q=B-pBp+vy0+ns )

Assumption 2. For environmental sustainability,
more technological innovations should be involved
in logistics service. Hence, the LSP should bear the
investment cost. We assume that the LSP’s investment

in technological innovation is Cp = lvf 62, This
quadratic service cost function has been widely used in
[1, 24, 30, 31, 32].

Assumption 3. To achieve the customer
requirements, the LSI needs to integrate and improve
the services provided by the LSP. The cost is also

. 1 -
assumed to take a quadratic form, C; = Easz, similar

to [1] and [24]. In addition, using p = m + w, where the

LSI can obtain the marginal profit m per unit of service.
Assumption 4. To ensure tl;e existence of the optimal

2

solutions, we assume B>fc, % < 1, and % <1

Based on the problem description and the presented

assumptions, the profit functions for the LSP, LSI and

LSSC are obtained by Eq. (2) to Eq. (4):

1
mp = (w—c)(B—PBp+y0+ns) —5692

()
1
;=@ —-w)(B—Bp+y0+ns) —Easz 3
=(p-c)(B-Pp+yo+ —192—1 2
s = (p — ¢)( Bp +v0 +1ns) 25 508 @

The Game Models

In this section, we develop four game models to
examine the impacts of different power structures on
equilibrium decisions.

Centralized Decisions Model(C)

Under the centralized decision-making model, the
LSI and LSP form a unified organization and decide
the retail price p, the greening level 6, and service level
s together to maximize the profits of the whole LSSC.
The model needs to be solved under centralized
decisions is:

1 1
Max[msc(6,p,5)] = (p = €)(B = Bp + Y6 +n5) =567 — 5057
DS

20
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Proposition 1. Under centralized decisions, if

2 2
77 + BE < 2, the optimal solutions of the LSI and LSP
are

Cx _ (B—Bc)fcr C* __ (B_ﬁc)yo'
P = ooy T 0 T Sty
§C* = né(B—Bc) ¢+ _ _ BSa(B-Bc)

~ 2B§o-oyi-gn?’ ~ 2Bgo-oy2-En?’
Then, the optimal profit of the overall LSSC is
Cx _ §a(B=pc)?
SC 7 2(2p¢0-0y2-En?).
Proof. From Eq (4), the first-order derivatives of z,.
with respect to p, € and s can be obtained as

anSC=B—2,8p+y9+ns+ﬁc
op (6)
0Tge
={@P-—-cy—¢%&0
2~ POy —¢ @)
67T5C
= —C —O0S
95— @—om ®
The third-order Hesse matrix of 7, . is
d*nsc 9 msc d*msc
ap? 0pao opds -2
H = d*nsc 3 msc d*msc| _ p _VE g
~ lagap 062 agas| | ¥
d*nsc  d*msc  0*msc N 0 —o

dsdp dsd0 ds?

Indeed, the Hesse Matrix of 7. is a negative

-2 v 1 I
definite since 7=V —¢ 0]>0 o & < 2,
rY e st h

Consequently, 7 . is jointly concave in p, 6 and s.

Therefore, we can obtain the unique optimal solution of

67t5c _ aTL'SC _ 0
LSI and LSP by solving 9P , 00 , and
aTL'SC _
ds ~ , which can provide p<, 6" and s in

Proposition 1.
Combining p©, " and s¢* into Eq. (1) and Eq. (3)
Will then yield the optimal demand p©* and overall profit
< of the LSSC under centralized decisions.
The proof of Proposition 1 is thus completed.

Logistics Service Integrator Stackelberg Game Model

1s)

In this model, LSI and LSP represent a typical
Stackelberg game, in which the LSI dominates the
LSSC as the leader, while the LSP is the follower. Both
the LSI and LSP maximize their profits in this scenario,
and the backward induction method has to be used to
solve the game model and obtain the optimal solution.

Since p — m + w, the profit function of the LSP and
LSI can also be expressed as:

p = (w—c)[B—B(m+w) +y0 +ns] —%592 o

1
m; =m[B — B(m+w) +y60 + ns] —Easz {0

Hence, we can obtain the logistics service integrator
Stackelberg game model as:

1
m[B — B(m + w) +y0 + 1s] —Ecrs2

w, 0 = argmax(mp)

maxm;(m,s) =
ms

s.t. 1
maxmp (w,0) = (w—c)[B—B(m+w)+y0 +ns] —5592
(11)

Proposition 2.
n* 2 4
model, if gy Ry BE <4 then the optimal solutions of
the LSI and LSP are:

Under the LSI Stackelberg game

ISx _ o(B—Bc)(3BE-v?) ISx _ §n(B—pc)
P™ = Bupto—20rr—em T O T ipto-2ay-tn
15+ = OBPACEEV) g5 §o(B=pO)
m B(4Béa—20y2-En?)’ T 4BEg—20y2—En2 te,
9IS+ — yo(B—pc) Béa(B—pc)

4B¢o—20y2-¢n? ’ q"° T apEo—20y2-in?,
Then, the optimal profit of the LSI, LSP, and overall
LSSC are:
IS% _ a§(B-Bc)? 15+ _ 028§2BE—y*)(B—pc)?

T = 2apto—20v2—enzy P T 2pto—zoyi-en)?’

15+ _ 0&(6BEa—30y*—En*)(B—Pc)?
Tge = 2 4 20 2— 22 .

Proof. We can obtain the optimal solution using the
backward induction method. From Eq. (9), the first-
order derivatives of 7, with respect to (w, 6) can be

14
H=

obtalned the Hesse matrix of z, is | y §| Since

B 7 2z < 2, so the Hesse Matrix of 7, is a negative definite.
Consequently, m, is jointly concave in (w, 6). Therefore,
we can obtain the unique optimal reaction function
solution of the LSP is as followed.

IS* 5

(m,s) = s(B—-pm+ns—pc)+c

28—y (12)

I1S* —
0" (m,s) = 2/;5 Y (B—pm+ns — pc) 13)
Combining w™*(m, s) and 8"*(m, s) into Eq. (10), we

obtain Eq. (14),

is _ MBS

1
y = 25— yz(B pm+ns — fc) — —as

(14)

The first-order derivatives of 7,/ with respect to m
and s are:

onf _ Bt mé 2
am ~2pe =2 P TIMEM TEO a5 sy
omi® _ mBén
s 2pe2 00 (16)
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matrix of x5 is

Therefore, the Hesse /

_2p% Bné
_ | 2BE-v? 2BE-y?
H=\ g _ >0
2p§-y? , so the Hesse Matrix of

m is a negative definite. Consequently, 7, is jointly
concave in m and s. Therefore, we can obtain m”* and
s5. Substituting m** and s into w'(m, s) and 6°(m, s)
will provide w* and 6%". Then, we substitute the
optimal solution above into Eq. (1-4), and consider
p = m + w, will yield ¢, p, n%", z,”" and 7,
which are given in Proposition 2.
The proof of Proposition 2 is thus completed.

The Logistics Service Provider Stackelberg Game Model
(PS)

In this section, it is assumed that the LSP owns
greater decision-rights on the market. Thus, the LSI and
LSP represent a typical Stackelberg game, in which the
LSP is the leader in LSSC, while the LSI is the follower.
We can obtain the LSP Stackelberg game model as
follow:

maxry(w, 8) = (w — )[B — f(m +w) +76 +715] - %592

m,s = argmax(m;)
s.t. 1
max m; (m,s) = m[B — f(m +w) +y6 +ns] _EUSZ
a7

Proposition 3. Under the model dominated by the

2n® | y?
LSP, if g5 + BE < 4', the optimal solutions of the LSI
and LSP are:

gPs* — __OY(B=BS)  ,PSx §(B—pc)(2po—n?)
4pio-28n?-oy?’ B(4péo-2§n*—oy?)
mPS* — 98B0 gPS* — __Sn(B=Bc)
T apEo-28n2-gy?’ 4p¢a-28n?-ay?’
ps« _ §(B=B(BBo-?) BEa(B—Be)

P = bapto—atn-arsy " 1 T dgso—ayragn® -
Then, the optimal profit of the LSI, LSP and overall
LSSC are:

ps+ _ 082 (2Ba-m* (B=BS)?* _ps« _ Eo(B-fc)?

I ™ 2@peo—28n2-0y2)2 ° TP T 2(4pEo-28n2-oy?)
PS+ _ oé(6pEa—3En*—oy?)(B—Pc)?
s¢ 2(4Béo—28n2—oy?)?

Proof. This proof is similar to the proof of
Proposition 2.

Vertical-Nash Game Model (VN)

In this scenario, it is assumed that the LSI and LSP
have equal decision rights on the market. Thus, they
make decision simultanecously. Hence, we can obtain the
Vertical-Nash game model, in which the LSI and LSP
have equal power of decision-rights:

"Ml/aex”P(W, 0) =w=c)[B=L(m+w)+y0+ns]— %EGZ
Tgnasxm(m, s) =m[B —B(m+w)+y6 +ns] — %052
(18)

Proposmon 4. Under Vertical-Nash game model, if

ﬁa <2 and 37 55 <2 the optimal solution of the LSI and
LSP are:

VN — oy (B—pc) VN« _ __ §0(B=Bc)
3B¢a—En2—oy?’ 3B§a—¢n2-oy?)

mVN* = §a(B—pc) SVN* — §n(B-pc)
3B¢o—¢n?-oy?’ 3B¢o—¢n?—oy?

pVN* _ 2§a(B—Pc) te, qVN* _ p&a(B—pc)

~ 3pEo-tn2-oy? 3BEo—ay?—En?’
Then, the optimal profit of the LSI, LSP, and overall

LSSC are
pVNe = CE BB’ @pon®)  yN. _ §02(B-BO)?(2BE~y?)
! P 26po—gn-or)?”

2(3p§0—{n*-oy*)? ’
YN+ _ §0(B=BO)2(4BE0—En>=0?)
s¢ 23pgo-n2-oy?)?
Proof. This proof is similar to the proof of
Proposition 2.

Results and Discussion
Equilibrium Result Analysis

The following corollaries are proposed by
comparing the optimal solutions for the four kinds of
power decision-making conditions.

Corollary 1. Under different power structures,
there are three relationships to the greening

9 > VN > gPst > gist L >’;

2

level 6 of logistics service:{ 8¢* > 8VN* > gPS* = 915+, 7; = y?
2

QC* > QVN* 5 QIS > 9PS* 77 <1’f

Proof. From Proposition 1, 3, 5 and 6, we can obtain

the following: .

¢ Béo 2 0N _ BEo—én® o

o = (Ut ey grs = (Mt s 02)"

o _ __Bo=oy® . p 08" _ _ori=in? o
= Ut Spogray?) > ors — (L 5 Enz—oyz) ‘

Slnce all parameters are non-negative, B_< 1 and
X< 1 we obtain >0, GV >G'S*, GV >,

Q1S+

ﬁé n S yZ GIS* P 1
when & ~ & 975 T 7; then, we get 0°>0"N>0"5 057,
2 2 1S*
n“_y 6
when ;= > gpss = 1; then, we get 0 >0"V>0%" " 0
nZ .yZ 915*

<=, —ps: 1 * *. * *

when ¢ = &7 6757 7 then, we get ¢ >0"V">015">0FS",
Corollary 2. Under different power structures, there

are three relationships to the logistics service level s:

IN)

5O > gVN= > gPSe 5, gIse 1 >y?
2

§C* > gVN* 5 gPS+ — SIS* ’1 _r
a 3

yz

SO > gVNe 5 gISe 5 oPse 12 S<T
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Proof. This proof is similar to the Corollary 1.

Corollary 3. Under different power structures, there
are three relationships to the market demand of logistics
service.

N

Y

qC* S qVN* S qPS* > qlS* ’1: > T
qC* > qVN* > qPS* qIS* _2 y_z

a 3
4 > "N > gis* > qPS*‘n? <?

Proof. This proof is similar to Corollary 1 too.

Corollary 1, 2, and 3 show that the different power
structures significantly affect the optimal solutions of 6,
s, q. They are always the highest in C game, followed
by the VN. The greening level is positively correlated
with the service level. And these two levels promote
each other and also have an important impact on the
market demand.

Corollary 4. Under different power structures, there
are five relationships to the price p of logistics services

pIS* > pPS* > pVN* > pC* 77 B%’ < land n- > ?
2
pPS* > pIS* > pVN* > pC* 77 ﬁg <1 and n- < 1’?
P*: *: VN*: C*T'— ﬁ:l
1P p' p ’ﬁa+B¢’
2
pC*>pVN*>pP5*>p’5*n—+B$>1and—>y?
2 2
Cx VN* 1S* psx N7 .Y
pr>ptt>pt >p ,ﬁa+ﬁ§>1and <§

Proof. It can be easily verified that
(B=Bc)(¢n?—ay?)(BEa—En*—ay?)

pIS* _ pPS* —
B 4Béo-20y2-§n?)(4Béo-oy?-2§n?)’
Ise _ vNe _ _ 0(B=BOW2=BE(En*+oy?~BEo)
p=—p B 3pEo—oy?—in?)(4BEa-avi—2En2)
pC* — plS (B=Bc)(2BEa—ay?)(n*+ay?—BEo)

T B 2Béo-oy2-in?)(4fEo—20y2—En?)’
pPS* — pVN* _ _ §B=Bo)(*~po)(¢n*+oy?—~péo)
B 3B¢o—oy?-En?)(4péa—-ay?-2§n?)

7% _y?
When 35 ﬁ;< Loand 777%, ps=p™,
pps*>pwv then we get pls*>pPs >pVN*>pC*

7]
When 7o B;<1 and ?<£, p<p™T, p<p

prST>ph pIESpPs pCr<pls®; then, we get
P >p1s >pVN*>p

When zo ﬁg p1s* = p's*, pC* = p!N*, pPS* = p'N*: then,
we get pi” —pPS =p"™=pC.

n* VZ
When Ba [2{ >1 and o> 7, p1s*<pps*’ pcngN*’
pPS <pVN* then we get p[S*<pPS*<pVN*<pC*

When Bcf B§> 1 and ;< T, pEspts, pCsphv
PIS"<p"™*; then, we get p""<p/S*<p"V'<pC*.

Corollary 4 implies that complex factors influence
logistics service retail prices. It is closely correlated
with the greening level and service level. Different
power structures combined with costs and demands
also give rise to corresponding changes in the retail
price.

Corollary 5. Under different power structures,
there is only one relationship to the logistics service
outsourcing price: WS>y >SS <pN*

Cr VN
p-=p,

VN *

Proof. It is easy to verify that
VN _ o IS% _ §a%(B-Bc)(BE-v?) >0
 (3B¢o—0y?—En?)(4pEo—20y2—En?)
VN* psx _ §B-B)(y*-po)(2BEo—-oy?-En?)
v W T BGEa-ov —en®) 4BEo-ori—26n?) < 0

Then, we can obtain WS>V >y/5*,

Corollary 5 implies that the outsourcing price w
is always the highest in PS game, followed by VN, IS
game. This is because the green innovation costs of
logistics services are all undertaken by the LSP, the
LSP can set higher outsourcing prices though its leading
power to compensate for green innovation costs.

Corollary 6. Under different power structures, the

w

relationship to the LSI’s marginal profit is as follows:
mIS*>mVN*>mPS*.
Proof. It is easy to verify that
1S* vN+ _ _(B=BO)(2B§a—$n*~ay*)(BSo—ay?)

— = >0
T T apto-oyi-tnt) aplo-20vi—Ent) .
PSs _ £20(B-Bc)(Bo—n?) =0

B 3Bo-oyi-§n?)(4péo—oyi-2§n?)
Then, we can obtain mS">m"V">m"S",

Corollary 7. Under different power structures, the

relationship to the LSI’s optimal profit z,” is as follows:
70 18%> 7 VN*s 7 PS*
1 1 I -

Proof. It is easy to verify that:
M (T 2 sy
S 3p§o—én2-oy? ,
o3§(B-BA?*(BE-v?)
2(3B§o—¢n?—0y*)?(4p§o—En*~20v?)
Then, we can obtain 75>z "N*>7 5",

Corollary 6 and Corollary 7 shows that the marginal
profit and the LSI’s optimal profits are the highest in
IS game, followed by VN, PS game. They are all made
by the LSI, who can obtain them higher by using its
dominant power. Dominant power will help the supply
chain participants obtain the greatest profit.

Corollary 8. Under different power structures,
the relationship to the optimal profit of LSP x," is as
follows: 7,"S">x,"N*>m 5

Proof It is easy to Ver1fy that,
=(1+ Bgo-oy? 2> 1

3p§a—§n2—ay? R
&30 (B=Bc)*(Ba—n?)

n.PS* n.VN* _
P P zrsﬁfa—fnz—oy2)2(4ﬁfa—én2—2w2)

T[}S* TL'}/N* —

Since all parameters are non-negative, B_< 1 and
Z

Bf <1 nVN*>7t 5* and 75>z, Then, we can obtain

PS”>7l. S 15
Corollary 8 shows that the LSP’s optimal profit is
the highest in PS game, followed by VN, IS game. It is
also verified that dominant power can help the supply
chain participants obtain the greatest profit in LSSC.
Corollary 9. There are three relationships to the total
profit of the LSSC:

14

nse > mitt > ki > nly, % >%

2 2

n? _y

LSSCi{mse > mdd™ > ngg” = ngg’, —= T
Cx VN* IS+ ps« n* _v*

tT[S > T[SC > T[SC > T[SC 1] : < ?
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Proof. It is easy to verify that

C* _ _VNx _ §3a3B2(B—Bc)?

Tsc TS = 2aptognt-oy?y GhEeEnr-av?) O,
&30 (B-Bc)?(Ba-n?)

YN+ _ ppse _ [GuP+oy?m?+7p80(Bon®)+3p0(BE-¥ ] |

s¢ s¢ 2(3pg0—-En2—0y?)? (4pEo—2En2—0y?)? ’

3§ (B=Bc)?(BE-yH)[(En*+ay?)y?
VN=* IS __

+7BEa(BE-y?) +3BE2(Bo—12)]
TSC TTSC T 2@pto—tnt—oy?)y afto—in? 20777 O
§a(B-Bc)?(§n*~ay?)
S [(*y*+a2y*+6B5a?(BE~y*)+Ea(10BEa—4ay*)(Bo—n?)]
s¢ s¢ 2(apEo—28n2-0y2)2 (4pE0—En2-20¥2)?

2
Since all parameters are non-negative, %< 1 and

y2
—<1 .

. C* VN* VN* PS*
BE VN*’> thl,lssf we obtain 7, “>x N, n V>r T and
”SC n-SC :

7]2 > 2
When « = ¢, x, 5>n S then, we get 7, > N>

PS* INe 5¢
> 8
7[SC ﬂSCZ ’

yZ

When -~ ¢, #,) = =, then, we get
C* VN* PS* I5%.
n’SC >7rSg >Zn- C n’SC 2
n 14
I PS* IS*. C* VN
ngz*n ZRE n, S <m 7 then, we get 7, > N>
ESC >7TSC :

Corollary 9 indicates that the total profit is always
the highest in C game, followed by VN game. It means
that cooperation and effective competition can improve
the overall profit of the LSSC.

Numerical Discussion

This section analyzes numerical examples to
further elucidate the four game models and verify the
propositions and corollaries above. We describe the
impacts of the greening cost coefficient ¢ and service
innovation coefficient ¢ on the optimal solutions. The
parameter values assumed in the numerical analysis
are listed in Table 2. We set ¢ e [3.57] and
o € [3,6.5] to ensure that our analysis falls within a
feasible region. To be closer to reality, the impacts of
¢ and o on the LSSC models under different power
structures are compared and analyzed in three situations
as followed.

Table 2. The assumed parameter values.

Impact of E and o on 0, s, p and w

In this section, we discuss the impacts of ¢ and ¢ on
the greening level 6, service level s, retail price p, and
outsourcing price w.

Fig. 3 shows the changes of greening levels with ¢
and o under different power structures. From Fig. 3a),
as ¢ and o simultaneously increase, the greening level
all decreases under the four different power structures,
and the greening level is highest in C game, followed
by VN, PS, and IS. From Fig. 3b) and c), when only
one parameter gradually increases while the other is
constant, the greening levels under the four different
power structures also show a decreasing trend.
However, the optimal greening level with different o
values is greater than that under different ¢ conditions,
which are greater than the conditions under which both
¢ and o simultaneously change. So, service innovation
affects the greening level of logistics services. With
continuous innovation, the logistics services are greener
and more environmentally-friendly. In this scenario, the
logistics service’s greening level is constantly improved.
However, when both the greening level and service
level are innovated simultaneously, the greening level is
lower than that of any single innovation, indicating that
the more types of innovation present in the LSSC, the
less innovation effects that can be achieved.

Fig. 4 shows the changes of service level with ¢
and ¢ under different power structures. From Fig. 4a),
as ¢ and o simultaneously increase, the service level
decreases under the four different power structures. The
service level is the highest in C game, followed by VN,
PS, and IS game, which indicates that cooperation and
effective competition among LSSC participants can
improve logistics service’s service levels. In Fig. 4b) and
¢), it can be seen that the logistics service level always
decreases with ¢ or o increasing under the four games.
However, this is different from the phenomenon shown in
Fig. 3, which indicates that the optimal service level with
different ¢ values is greater than that with different o

Parameter B c 1) y n é o
Value 200 10 3 3 35 3
—
b - C c —e - C
) 340 M ) 340 a5
/| PS o PS
/| me 240 F e VN 24,0 . . N
4 ~e 0 o
2 mis -~
mrs 140 & . —- 4 140 | ok x
AV B o = = I
(=3 (=3 (=3 (=3 =3 (=3 (=3 (= (=3 =3 (=3 =3 =3 =3 (=3 =3
o < < vy wy o o o~ o [ag} < < vy vy N=l o

Fig. 3. Greening levels with ¢ and o under different power structures. a) Greening level with ¢ and g, b) Greening level with & ¢) Greening

level with o.
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Fig. 4. Service level with ¢ and ¢ under different power structures. a) Service level with ¢ and ¢, b) Service level with &, ¢) Service level

with o.
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Fig. 5. Outsourcing price with ¢ and ¢ un under different power structures. a) Outsourcing price with £ and o, b) Outsourcing price with

¢, ¢) Outsourcing price with o.

conditions. Greening innovation also affects the service
level of logistics services. With greening innovation, the
logistics service’s greening level constantly improves.
It verifies that the more kinds of innovation there are
in the LSSC, the fewer innovation effects that can be
achieved.

Fig. 5 shows the changes of outsourcing price
with ¢ and o under different power structures.
Fig. 5a) shows that the outsourcing price decreases
as ¢ and o simultancously increase under the four
games. Moreover, the outsourcing price is the highest
in PS game, followed by VN and IS game. From
Fig. 5b) and c), by increasing ¢ or ¢ the outsourcing
price always decreases. In addition, the optimal
outsourcing price with a different o value is greater
than that under different ¢ conditions. These results
indicate that since the LSP determines the outsourcing
price and greening level, LSP’s ability to control service
innovation is weak.

Fig. 6 shows the changes of retailer price with ¢ and
o under different power structures. Fig. 6a) shows that
as ¢ and o simultaneously increase, the retailer price
decreases under the four different power structures.
However, under the situation of & = 3.5 and o = 3,
the retailer price is the highest in C game, followed by
VN, PS, and IS game. Under the situation of 3.5<¢<7
and 3<0<7, the highest retailer price is found under
the IS game, followed by PS, VN and C game. From
Fig. 6b) and c), it can be seen that the retailer price
always decreases by increasing ¢ and o under the four
games. However, the optimal retailer price with different
¢ values is greater than that with different o conditions.
This is because the LSI determines the retailer price
p and service level s, LSI’s ability to control greening
innovation is weak.

45,0
b) 45.0 e ¢ ©) —e—C
43,0 — S 43,0 \ VA
2 PS B, PS
| mc 41,0 AN VN 41,0 N VN
ms P 390 T P 300 Ty o
I e o—p
mPrs 37,0 S - 37,0 ~e__
VN 15.0 ) 35,0 | | | | \‘ A S
’ o o o o o o o o
o o o 9 o 9 o o S v S v S v S n
A R

Fig. 6. Retailer price with ¢ and ¢ under different power structures. a) Retailer price with £ and o, b) Retailer price with & ¢) Retailer

price with o.
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Impact of ¢ and o on g and m

Fig. 7 shows that market demand always decreases
with ¢ and o simultaneously increasing under the four
different power structures. And market demand is the
highest under centralized decisions, followed by VN,
PS, and IS decisions, which indicates that cooperation
and effective competition among LSSC participants can
expand logistics services market demand. Furthermore,
it can be seen that the optimal market demand with
different o values is greater than that under different
&conditions, which are greater than the conditions
under which both ¢ and ¢ simultaneously change. This
indicates that the market demand ¢ is more sensitive
to the logistics service innovation than the greening
innovation. Improving service level can increase more
market demand than improving greening level.

From Fig. 8, it can be observed that as ¢ and o
increase, the marginal profit decreases under the four
different power structures. Further, marginal profit is
the highest under IS game, followed by VN and PS
game. Furthermore, it can be seen that the optimal
marginal profit with different ¢ values is greater than
that with different o conditions. This indicates that the
marginal profit is more sensitive to logistics greening
than service innovation.

Impact of { and c on m, w,and &,

Fig. 9 shows that as ¢ and ¢ increases, the profit
of LSI, LSP and the LSSC all decrease under four
games. This occurs because the cost of green
logistics services constantly rises with a continuous
improvement of greening level and service level.
Therefore, the three profits all show a downward trend.
Specifically, the overall profit is the highest in C game,
followed by VN, PS, and IS game. The LSI’s profit is
the highest under IS game, followed by VN and PS
game, and the LSP’s profit is the highest under PS
game, followed by VN and IS game. This indicates
that centralized cooperation and effective competition
in LSSC can increase profit. And the leader of
the LSSC can gain more profit, while the followers
obtain the lowest profits. Furthermore, the optimal
z, with different ¢ values are greater than that with
different o conditions, while the optimal 7z, with
different o values are greater than that with different &
conditions. This occurs because the LSI determines the
variables of p and s. Meanwhile, the LSP decides the
variables of w and 6, so they can maximize their profits
within their decision range.

Conclusions

The Main Conclusions

From the analysis and discussion, four main
conclusions were developed as follows:

Firstly, the optimal solutions are significantly
influenced by power structure, except for the optimal
retail price. the greening level, service level, and market
demand are always the highest in C game, followed
by VN, PS, and IS game. The outsourcing price is the
highest in PS game, followed by VN and IS game. The
marginal profit is the highest in IS game, followed by
VN and PS game. Overall, the LSP obtains the highest
profits under a provider-dominated situation, followed
by VN and IS game. The LSI obtains the highest profits
under the integrator-dominated situation, followed by
VN and PS game. The overall maximum profit of the
LSSC is obtained in C game, followed by VN, PS, or
IS game.

Moreover, the retail price is influenced by complex
factors. It is not only affected by the power structure
in the LSSC, but also closely related to the greening
level and service level. Under the situation of 3.5<¢<4
and 3<0<3.5, the retailer price is the highest in C game,
followed by VN, PS, and IS game. Under the situation
of 4<¢<7 and 3.5<0<7, the highest retailer price is found
in IS game, followed by PS, VN, C game.

Furthermore, cooperation and competition can
improve the level of environmental protection and
logistics service, effectively expand the market demand,
and maximize the overall profit of the LSSC. However,
when both the greening level and service level are
innovated simultaneously, the fewer innovation effects
can be achieved with limited resources.

Finally, under a Stackelberg game decision-making
scenario, the power of decision-rights exerts a positive
impact on the profits of the LSSC participants.

Management Insights

Our work contributes to both researchers and
practitioners. For researchers, the logistics industry
is important, but it is recognized as one of the major
environmental threats causing air pollution and global
warming. Hence, green research on the LSSC is
imperative, which can provide a better explanation of
the mechanism underlying LSSC decision-making.

There are three important managerial implications
of this study for practitioners. Firstly, effective
cooperation among participants in the LSSC is a vital
factor. Cooperation and effective competition in LSSC
can reduce adverse impacts on the environment,
improve service levels, and increase profits. In addition,
limited innovation is necessary. With limited resources,
the more kinds of innovation there are in the LSSC,
the fewer innovation effects that can be achieved.
Finally, dominating supply chain has a crucial role.
The dominant leader of the LSSC will gain more profit.
Hence, participants should strive to gain more control
power.
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