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In the real business environment, due to unpredictable market demand or high prediction difficulty and low prediction accuracy,
there will be inevitably operational loss in the field of e-commerce logistics caused by undersupply or oversupply of express service
capabilities. At present, China is deepening the supply-side structural reforms. Confronted with the growing demand for
e-commerce logistics express delivery, especially the urgent demand for tackling orders piling up to 1 billion pieces during the
recent “Double 11” shopping carnival, it is very important and practical for us to study how to make scientific decisions on the
supply side in the field of e-commerce express delivery. (erefore, in this paper, we design a sharing logistics cooperation
mechanism considering both the undersupply and oversupply of express delivery service capabilities under stochastic demand. By
comparing the earnings data of several listed express companies, we analyze four types of optimization strategies: the order flow
proportion revenue sharing strategy (RE-OFP), the combined factors revenue sharing strategy (RE-RSF), the order flow pro-
portion risk sharing strategy (RS-OFP), and the combined factors risk sharing strategy (RS-RSF).(e research results demonstrate
that the four optimization strategies of RE-OFP, RE-RSF, RS-OFP, and RS-RSF could achieve Pareto improvements in the
operational performance of e-commerce express service. (e performance of four revenue sharing and risk sharing strategies
varies with different revenue sharing or risk sharing factors. Under some certain combined factors, the revenue sharing contract
could help realize the supply chain coordination of the sharing logistics service. (e sharing logistics cooperation mechanism
based on equity investment proposed hereafter provides a feasible solution to solve the problems of high empty driving rate and
operational cost of e-commerce express delivery service in urban areas.

1. Introduction

(e sharing economy has set off a boom in China since 2017,
with the emergence of business models such as shared bikes,
shared cars, shared umbrellas, shared chargers, shared
massages, shared travel platforms, and shared rentals. (e
logistics industry, especially e-commerce logistics, as a
service model with a long industrial chain, multiple resource
elements, and many nodes and processes, is trying to use the
principles of the sharing economy in various aspects to
organize production and reform itself. In recent years,
typical business models of sharing logistics such as shared
fleets, shared distribution, shared warehousing, shared lo-
gistics parks, and shared logistics dedicated lines have been

favored by the capital market, leading to its rapid devel-
opment. In other words, the sharing economy is leading in
reforms and innovations at each link of the logistics chain,
such as trunk transportation, urban distribution, ware-
housing, and logistics. With the rapid development of
e-commerce in China, the daily sales volume of major
e-commerce brands appears to be in a blowout state. In 2019,
the number of orders processed on the “Double 11” day was
as high as 1 billion. (e way to optimize the supply of
e-commerce logistics has practical significance and is worthy
of attention. At present, many express delivery companies in
China, such as ZTO, STO, YTO, and YUNDA, are coming
together to jointly invest in building Cainiao Alliance to
solve the problem of supply chain integration and “last mile”
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distribution through a sharing model. For example, the
Cainiao courier station of the Cainiao Alliance is a network
platform of logistics service for the community and campus,
providing parcel collection service for users, making it a
suitable example of sharing economy.

By improving the interconnectivity of logistics infor-
mation, urban joint distribution can promote the intensive
and large-scale development of the logistics industry, im-
prove the utilization rate of logistics vehicles, and reduce the
empty driving rate, which help to realize the goals of re-
ducing costs and carbon emission as well as increasing the
efficiency of the logistics industry. At present, China is
exploring reforms and innovations in the field of logistics
operation to improve the efficiency of logistics operations
and reduce energy consumption in the logistics process. For
example, Beijing, Chongqing, Chengdu, and Wuhan have
launched joint distribution pilot projects, leading to the
emergence of much more joint distribution platforms, such
as Yimidida.com, Yunniao.cn, and Chengdu Panda Joint
Distribution and Sichuan Swap Trailer Transport (special
line) Alliance.

With the joint efforts of the government and enterprises
in the market, the sharing logistics distribution model has
achieved certain development. But we must clearly realize
that the current level and depth of development are not
enough, and many issues involve refined management of
operations, and sustainable development needs to be further
resolved. One way forward is collaboration between busi-
nesses, logistics service providers, and public. By working
together, multiple actors crease their efficiency through
sharing resources, such as vehicles, cargo consolidation or
distribution centers, or last mile delivery services. Collab-
oration could potentially lead to fewer vehicles in urban
areas, less pollution, and lower prices. However, experience
from past logistics practice has shown that collaboration in
city logistics projects is challenging since additional efforts of
planning and control of collaboration are significant. Many
operations’ research contributions present solution ap-
proaches for planning and operating urban transportation
systems. However, these approaches often oversimplify
practice requirements and ignore challenges of synchroni-
zation between different players andmodes [1]. For example,
why do companies with different logistics services build a
sharing logistics distribution platform? Which is feasibility,
sharing or nonsharing logistics Which kind of sharing lo-
gistics mechanisms is better than another one? How to
encourage the participating parties to actively maintain this
kind of sharing logistics platform [2]?

To solve these problems, this paper designs an equity-
based sharing logistics distribution cooperation mechanism
considering both the shortage and surplus of express de-
livery service capacity under stochastic demand. We com-
pare and analyze four types of optimization strategies based
on the financial data of several logistics companies: revenue
sharing strategy based on order flow proportion (RE-OFP),
revenue sharing strategy based on combination factors (RE-
RSF), risk sharing strategy based on order flow proportion
(RS-OFP), and risk sharing strategy based on combination
factors (RS-RSF). (e results show that all the RE-OFP, RE-

RSF, RS-OFP, and RS-RSF could realize Pareto improvements
for the operation performance of logistics service. Under
different combination factors, the advantages and disad-
vantages of the four revenue sharing and risk sharing strat-
egies are different, but both the revenue sharing and risk
sharing strategies based on the order flow proportion and
the revenue sharing and risk sharing strategies based on the
combinatorial sharing factors have feasible domain spaces
superior to decentralized logistics service supply chain.
Revenue sharing contract could achieve the coordination of
sharing logistics distribution service supply chain under
specific combinatorial factors. When the combinatorial
sharing factor approaches 0.5, that is, the revenue sharing is
equal, the revenue sharing and risk sharing mechanisms
based on the combinatorial sharing factor are, respectively,
superior to the revenue sharing and risk sharing mecha-
nisms based on order flow proportion. (is paper puts
forward an equity-based sharing logistics distribution
cooperation mechanism, which provides a feasible oper-
ation scheme to effectively solve the problem of high empty
driving rate, high operational cost, as well as carbon
emission of logistics service in urban areas.

(e contributions of our study are as follows. First, we
study the urban distribution problems based on the sharing
economy in OM. Second, existing supply chain management
research, especially supply chain coordination research,
mainly analyzes the design problem of supply chain coor-
dination contracts under specific business operational en-
vironments, mainly including buyback contract, wholesale
price contract, quantity discount contract, revenue sharing
contract, and risk sharing contract. Because of the coordi-
nation of various coordination contracts under different
business operational background and the causal relationship
of key coordination factors as well as the detailed design may
change, so the traditional supply chain coordination re-
search mainly focuses on these aspects. However, how to
apply such many supply chain coordination contracts to
specific business operations and how to implement these
operational improvement strategies are seldom considered
in previous research literatures. (is paper makes interviews
and exchanges with many top-class logistics enterprises and
e-commerce logistics enterprises, then summarizes and
refines the characteristics of business-based equity cooper-
ation projects, which often occur in modern logistics in-
dustry, and designs the equity-based sharing logistics
distribution cooperation mechanism based on these.

(e rest of this paper is organized as follows. Section 2
summarizes the related literatures. Section 3 identifies the
problems and hypothesis used in this paper. Section 4
discusses the benchmark model, which is the centralized and
decentralized SC. We provide the revenue sharing strategy
based on the OFP and RSF, respectively, in Section 5 and the
risk sharing strategy based on the OFP and RSF, respectively,
in Section 6. Section 7 gives some comparative analysis on
the sharing logistics mechanisms. Section 8 proceeds the
case study and numerical analysis and compares various
optimization methods. Section 9 summarizes the managerial
implications. Section 10 concludes the paper by identifying
future research directions.
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2. Literature Review

(is study focuses on logistics service supply chain and
sharing mechanisms in the OM, which are mainly related to
the following research streamlines: logistics service supply
chain, sharing economics in the OM, and supply chain
coordination. (ere is some literature on logistics service
supply chain from different directions. (e order allocation
problem of logistics service supply chain composed of a
logistics service integrator, and many functional logistics
service providers are studied based on cumulative prospect
theory [3]. A new multiobjective program scheduling model
for logistics service supply chain is established by Liu et al.
[4]. Liu et al. [5] discussed how the parameters inserted into
the order affect the location of the customer order decou-
pling point when the logistics service integrator runs a mass
customization logistics service. Bektas et al. [6] highlighted
that innovations such as standardized containers and
combined passenger and freight transportation may im-
prove future urban delivery. Savelsbergh and Van Woensel
[7] gave the most recent overview from an OR perspective,
discussing trends that include the increase of e-commerce,
need for speed, sustainability, sharing economy, population
growth, and technological advancements. In the city logis-
tics, long distance transports are consolidated in Urban
Consolidation Centers (UCCs), and the joint operation as
well as cost advantages is the crucial aspect when imple-
menting UCCs in practice [8–10].

A key feature of sharing economy providers (SEP) is that
they usually charge lower prices for the same service than
traditional providers (TP) [11]. (e sharing economy is
decentralized and could provide new avenues for collabo-
rative freight in urban environments. Apps and business
models centered around the sharing economy are turning
into an important aspect of collaborative freight [1]. Sharing
economy platforms can choose from a variety of demand
allocation mechanisms, from full concentration to purely
market-based mechanisms. (is mechanism affects how
much information is displayed by service providers (such as
Uber shared trips) and users and how they choose to display
them to each other. For example, in the short-term rental
sharing market, Airbnb, Xiaozhu, and others adopt a
market-based matching mechanism, in which travelers
choose potential renters and renters can decide to accept or
reject the request. On the contrary, in the travel sharing
market, Uber uses a centralized allocation mechanism,
where passengers and drivers do not make choices, but are
allocated to each other. However, Didi, the market leader in
China’s travel sharing market, uses a hybrid mechanism,
where drivers can choose which customers to serve and
passengers cannot choose drivers [12]. At present, the
sharing mode of new energy fields, such as small electric fast
charging and shared electric vehicles in China, relates to the
company’s centralized optimization in resource allocation
and the consumers’ independent choice of products and
services in bilateral choice.

Zervas et al. [13] claimed that the core issue surrounding
the sharing economy is their impact on existing companies,
understanding which will help municipalities and regulators

formulate appropriate laws to better regulate the sharing
economy and direct existing companies’ focus on marketing
strategies being developed by new competitors. Cohen et al.
[14] estimated that the consumer surplus created by UberX
service in Chicago, Los Angeles, New York, and San
Francisco was about $2.9 billion in 2015 and $6.8 billion in
the United States as a whole. Consumer-to-consumer
product sharing tends to benefit the two companies because
the production capacity is relatively high compared to the
cost, but the manufacturer is benefitted more than the re-
tailer [15]. Guda and Subramanian [16] illustrated the role
and effectiveness of two strategies commonly used by on-
demand platforms in managing variable demand and supply
conditions, namely, sharing market information with sup-
pliers and surge pricing to solve the fundamental problem of
dynamically balancing supply and demand. In general,
sharing includes participation in the sharing economy
driven by a variety of motives, including caring about the
natural needs of others, cultural orientation, prosocial be-
havior, altruism, reciprocity, affiliation, pleasure, achieve-
ment, social consistency, collectivism, and the practicality
and attachment of objects [17, 18]. As of January, 2018, the
number of bicycle users in China has reached 221 million and
well-known brands such as Mobike, ofo, and Hello bicycles
have become leading companies in this sector. A new logistics
service paradigm-joint distribution is proposed [19].

Cachon et al. [20] indicated that, under the revenue
sharing contract, the supplier charges the retailer a wholesale
price, while obtaining a certain percentage of revenue from
terminal sales. Revenue sharing contracts are popular in the
cassette tape rental industry, which incentivizes retailers to
increase the inventory of cassette tapes, thereby increasing
the availability of popular movies. Wang et al. [21] indicated
that, in a typical revenue sharing contract, the manufacturer
not only charges the wholesale price per unit from the re-
tailer but also requires to share part of the retailer’s revenue.
Wei et al. [22] revealed a joint optimal decision-making
strategy that involves revenue sharing and cooperative in-
vestment contracts based on an order flow proportion (OFP)
and a revenue sharing factor (RSF) and found that an OFP
system offers the best solution in designing revenue sharing
contracts based on RSFs.

Zhang et al. [23] studied the two-echelon supply chain of
deteriorating items and found that the manufacturer and the
retailer make joint investments in preservation technology
to prevent product deterioration and design revenue sharing
and cooperative investment contract to coordinate the
supply chain. Revenue sharing and cost-sharing contracts
are widely used in the research on sustainable supply chain
and green supply chain [24–32]. Yang and Chen [28] in-
vestigated the impact of revenue sharing and cost-sharing
provided by retailers on manufacturers’ efforts to reduce
carbon emissions and the profitability of the two companies.
(ey also analyzed the supply chain performance under
revenue sharing and investment cost-sharing independently
and both together. Based on Yang and Chen [28], Li et al.
[29] also analyzed supply chain performance under revenue
sharing and investment cost-sharing independently or both
together, but they further discussed the bargaining of supply
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chain members on the cost-sharing or revenue sharing rate.
Yu et al. [30] discussed whether supply chain members
choose revenue sharing or cost-sharing contracts in emis-
sion reduction cooperation and gave the optimal decision of
supply chain members through numerical examples.

(e works that are of particular relevance to our study
are Zhang et al. [23], Yang and Chen [28],Wei et al. [22], and
Yu et al. [30]. As only the implicit solution of the optimal
decision can be obtained, the optimal decision is finally
presented through numerical examples. Zhang et al. [23]
employed revenue sharing and cost-sharing contracts to
coordinate the deteriorating items’ supply chain, but the
coordination is not included in our study. Similar to Zhang
et al. [23], our optimal decision can only be obtained by an
implicit solution, and finally, a numerical example is used to
choose a cooperative contract. Wei et al. [22] discussed an
omni-channel supply chain structure in the joint distribu-
tion logistics cooperation model, but we focus on the omni-
channel service supply chain structure considering the joint
distribution cooperation mechanism under a circumstance
with insufficient supply of logistics service capacity and
surplus and design a mechanism of revenue sharing and
cost-sharing based on equity cooperation. Yang and Chen
[28] and Yu et al. [30] both discuss whether supply chain
members choose sharing of revenue, cost, or both in
emission reduction cooperation. However, we consider
whether city joint distribution enterprises andmany logistics
companies should choose revenue sharing contract or cost-
sharing contract to cooperate to improve the performance of
logistics service supply chain.

3. Problem Description and Hypothesis

Considering the actual operation process, it is inevitable that
there will be some difficulties in practice, such as under-
supply or oversupply of express service capacity due to the
asymmetry of market information and the inaccuracy of
market demand forecast. (is article will study the coop-
erative mechanism of sharing logistics under stochastic
demand, with shortage and surplus of express delivery
service capacity. It also compares and analyses the advan-
tages and disadvantages of adopting revenue sharing con-
tract and risk sharing contract under the background of
equity cooperation. In order to display the results of this
study as clearly as possible, we will first consider that the
random demand of express service companies is relatively
independent. Referring to Yun et al. [33] hypothesis about
independent stochastic demand, the same hypothesis is
applied to the price elasticity of demand for goods belonging
to the same product category in their research literature, and
it is pointed out that the price elasticity of demand for many
goods is between 1 and 2.

In addition, this paper focuses on how to cope with the
risk of insufficient or excessive service caused by uncertain
market requirements when express companies cooperate in

equity-based sharing logistics. (erefore, we assume that
each express delivery company meets the same and inde-
pendent random market demand x ∼ U[0, a], and the
probability density function is f(x) � 1/a, and the proba-
bility function is F(x) � 

x

0 f(x)dx. (e price demand
function of each express company for customer service is
pi � a − qi. Among them, qi is the express order quantity
and pi is the express service price. Considering the coop-
eration and competition relationships among express
companies, the model is very complex, which makes it
difficult to find a clear explicit expression. (erefore, in
order to give a relatively intuitive comparative analysis result
as far as possible, we assume that i � 1 and 2, it is to say that it
focuses on the analysis of the cooperation and competition
between any two express companies in a sharing logistics
supply chain. At this time, the differences of the product and
service among express delivery companies are mainly re-
flected in the price of express service pi and unit operating
cost ci (if a has different meanings, ai, i � 1 and 2, it means
that the influence of brand awareness and service quality of
express companies on customer demand is reflected in
different ai, in addition to the influence of express service
price on customer demands. Since the focus of this article is
not this, we assume that the cross-sectional moments of the
price demand function are the same, all of which are a. More
general information will be discussed in the following
study).

At this time, the revenue of the sharing logistics dis-
tribution company based on equity cooperation is

πs � w 
2

i�1
qi − c 

2

i�1
qi + e 

2

i�1
qi

⎛⎝ ⎞⎠

2
⎡⎢⎢⎢⎢⎣ ⎤⎥⎥⎥⎥⎦, (1)

where w is the unit distribution service price between the
sharing logistics distribution company and each express
delivery company, c is the unit operational cost of the
sharing logistics distribution company, and e is the nonscale
economic cost of the sharing logistics distribution company.

For order decision-making, that is, the purchase vol-
ume of each express company, when the purchase volume
is higher than the final realized customer demand, the
benefits it receives in the final are the ultimate benefit of
meeting customer needs, and the excess amount of pur-
chasing orders will bear the corresponding loss of service.
For the excess of urban logistics distribution service, it is
possible to take emergency service measures to provide
urban distribution services and obtain certain “residual
value gains” (less than the price of the urban distribution
service during the same period); when the purchasing
quantity is lower than the demand of the express delivery
service of the market, the final income obtained is deter-
mined by the quantity of the purchasing order, and the
unmet market demand will bear the corresponding loss of
opportunity cost. (erefore, the revenue of express delivery
company i can be expressed as
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πi � 
qi

0
pi − w − ci( xf(x)dx + 

a

qi

pi − w − ci( qif(x)dx

� pi − w − ci(  ×
q
2
i

2a
+ pi − w − ci(  × qi ×

a − qi

a

�
q
3
i

2a
−

q
2
i

2a
3a − w − ci(  + qi a − w − ci( .

(2)

(e oversupply cost of express delivery company i is

Oi pi, qi(  � 
qi

0
(w − v) qi − x( f(x)dx �

q
2
i

2a
(w − v).

(3)

In the above formula, v is the unit residual value of the
urban logistics distribution service. In the real business
environment, it is the express delivery company which sells
the excess resources of urban logistics distribution capacity
to other ones which need logistics on the market and then
earns the unit income. Because it is a temporary supply, the
unit residual value is lower than the price of the urban
logistics distribution service w.

(e undersupply cost of express delivery company i is

Ui pi, qi(  � 
a

qi

k x − qi( f(x)dx �
kq

2
i

2a
− kqi +

ak

2
. (4)

In the above formula, k is the unit opportunity cost, that
is, the market demand which failed to be accurately pre-
dicted by the express delivery company. It is accurate to
underestimate the market demand and cannot fully meet the
service requirements caused by the market terminal
demand.

(e basic assumptions that need to be preset in the
research process are as follows:

(1) 0<pi < a, 0< qi < a, and∀i � 1 and 2; the unit ser-
vice price of the express delivery company i and the
purchasing order quantity are both lower than a

(2) k> v≥ 0; the unit opportunity cost of express de-
livery company i is higher than the unit residual
value

(e mathematical symbols shown in following Table 1
are used a lot in the research process of this article:

4. Benchmark Model

(is section will separately study the centralized and
decentralized supply chain of the sharing logistics based on
equity investment. In the decentralized supply chain, we
analyze two different situations. In the first situation, the
sharing logistics distribution company takes the risks in-
dependently while each express delivery company inde-
pendently bears the risk loss in the second situation. In a real
business environment, because of the pursuit of financial
performance or better market value performance of listed

companies, there are indeed flexible arrangements between
the vertically-holding companies to realize the cost and
benefit reallocation between upstream and downstream
through transfer payments in some industry chains or
supply chains.

4.1. Centralized SC of the Sharing Logistics. (e centralized
supply chain takes the total revenue of the sharing logistics
distribution company and all express delivery companies as
its decision-making goal. At the same time, they share the
risk loss caused by the oversupply and undersupply of ex-
press delivery services. (erefore, the overall benefit of this
centralized supply chain can be expressed as

πc
sc � πs + 

2

i�1
πi − 

2

i�1
Oi pi, qi(  − 

2

i�1
Ui pi, qi( 

� w 
2
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2
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qi + e 

2

i�1
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2
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2
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qi
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a
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qi

0
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� w 
2
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2
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2
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2
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+ 

2
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q
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i
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i
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−
q
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i
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(w − v) −
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2
i
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2


� − c 
2

i�1
qi − e 

2

i�1
qi

⎛⎝ ⎞⎠

2

+ 

2

i�1

q
3
i

2a
−

q
2
i
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3a − ci − v + k( 

+qi a − ci + k(  −
ak

2
.

(5)

As shown in the above formula, the decision variable of
the centralized supply chain at this time is the purchase
order quantity (the express delivery service price) of each
express delivery company, and it is a binary cubic equation
which is difficult to be solved in its explicit expression.
Next, Proposition 1 will prove the existence of the optimal
solution of the centralized decision and gives its implicit
expression.

Proposition 1. *e total revenue of the centralized supply
chain of the sharing logistics based on equity investment πc

sc
has the optimal solution (p∗1 , p∗2 ; q∗1 , q∗2 ), and the optimal
solution satisfies
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− c − 2eq
∗
2 +

3q
∗ 2
1
2a

−
q
∗
1

a
3a − c1 − v + k + 2ea(  + a − c1 + k � 0,

− c − 2eq
∗
1 +

3q
∗ 2
2
2a

−
q
∗
2

a
3a − c2 − v + k + 2ea(  + a − c2 + k � 0,

p
∗
i � a − q

∗
i , 0<p

∗
i < a and 0< q

∗
i < a, i � 1 and 2.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(6)

Proof. See the Appendix. □

4.2. Decentralized SC of the Sharing Logistics. In the
decentralized supply chain of the sharing logistics based on
equity investment, the sharing logistics distribution com-
panies and express delivery companies, respectively, take
their own profit maximization as the decision-making goal.
Next, we will study the decentralized supply chain decision-
making, while the sharing logistics distribution company
takes risk loss independently, and each express delivery
company independently undertakes its own risk loss
caused by the undersupply and oversupply of express
delivery service, which are due to its own decision-making
mistakes.

4.2.1. Sharing Logistics Distribution Company Taking Risks.
At this time, the sharing logistics distribution company, as
the main body of the joint venture, takes the main re-
sponsibility of controlling the business risk. (erefore, its
business objectives include both the maximization of

expected returns and the effective control of potential risks
resulting from the uncertainty of market demands. Its
revenue function is

πd1
s � w 

2

i�1
qi − c 

2

i�1
qi + e 

2

i�1
qi

⎛⎝ ⎞⎠

2
⎡⎢⎢⎢⎢⎣ ⎤⎥⎥⎥⎥⎦

− 
2

i�1


qi

0
(w − v) qi − x( f(x)dx + 

a

qi

k x − qi( f(x)dx 

� w 
2

i�1
qi − c 

2

i�1
qi + e 

2

i�1
qi

⎛⎝ ⎞⎠

2
⎡⎢⎢⎢⎢⎣ ⎤⎥⎥⎥⎥⎦

− 

2

i�1

q
2
i

2a
(w − v) +

kq
2
i

2a
− kqi +

ak

2
 .

(7)

In the above formula, the optimal decision for sharing
logistics distribution company is

zπd1
s

zqi

� w − c + 2e 
2

j�1
qj

⎛⎝ ⎞⎠ −
w − v + k

a
qi + k � 0,

� >w �
ac + 2ae 

2
j�1 qj +(k − v)qi − ak

a − qi

, ∀i � 1 and 2.

(8)

According to the formula of w, there will be q1 � q2,
which means two express delivery companies have equal
opportunities for cooperation.

Table 1: Symbol description.

Symbol description
Symbol Meaning
x Stochastic market demand
f(x) Probability density function for stochastic market demand
F(x) Probability distribution function for stochastic market demand
a Market size
pi Unit service price of express delivery companies
qi (e market service requirements for express delivery companies
c Unit transportation cost of sharing logistics distribution service
e Nonscale economic cost of sharing logistics distribution service
ci Intercity unit transportation cost of express delivery companies

w
(e unit service price of the sharing logistics distribution company for offering sharing delivery services to the express delivery

companies

v
(e unit residual value of the sharing logistics distribution service (usually the price of temporary provision of social logistics

services)
k (e unit opportunity cost of the sharing logistics distribution service
πs (e revenue function of the sharing logistics distribution company
πi (e revenue function of the express delivery company
Oi(pi, qi) Oversupply loss
Ui(pi, qi) Undersupply loss
πc
sc (e overall revenue of the centralized sharing logistics supply chain

πd
sc (e overall revenue of the decentralized sharing logistics supply chain

πrefsc (e overall revenue of the RE-OFP sharing logistics supply chain
πrsfsc (e overall revenue of the RS-OFP sharing logistics supply chain
πressc (e overall revenue of the RE-RSF sharing logistics supply chain
πrsssc (e overall revenue of the RS-RSF sharing logistics supply chain
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(us we have

w �
(4ae + k − v)qi + a(c − k)

a − qi

, ∀i � 1 and 2. (9)

At this point, the revenue function of the express delivery
company is

πd1
i � 

qi

0
pi − w − ci( xf(x)dx + 

a

qi

pi − w − ci( qif(x)dx

�
q
3
i

2a
−

q
2
i

2a
3a − w − ci(  + qi a − w − ci( .

(10)

(e optimal decision-making process is as follows:

dπd1
i

dqi

�
3q

2
i

2a
−

qi

a
3a − ci + 4ae + k − v(  + a − ci + k − c( 

−
2aqi − q

2
i (4ae + c − v)

2 a − qi( 
2 � 0, ∀i � 1 and 2,

� > q
∗
i � qi ci( , ∀i � 1 and 2.

(11)

But because c1 ≠ c2, we got

� >q1 ≠ q2. (12)

Obviously, this contradicts with q1 � q2 which is ob-
tained from the previous analysis. (erefore, at this time,
there is no equilibrium solution for the distributed decision-
making mechanism for the sharing logistics distribution
company taking risks. In the following, we will analyze the
situation of express delivery companies taking risks.

4.2.2. Express Delivery Companies Taking Risks. At this time,
each express delivery company, as the investment entity of
the joint venture of the sharing logistics distribution com-
pany, will hand over the respective urban logistics distri-
bution business to the sharing logistics distribution
company and be responsible for the controlling of the
business risk. At this point, the optimal decision for the
sharing logistics distribution company is

zπd2
s

zqi

� w − c + 2e 
2

j�1
qj

⎛⎝ ⎞⎠ � 0

� >w � c + 2e 
2

j�1
qj.

(13)

(e business objectives of each express delivery com-
pany include both the maximization of expected returns and
the effective control of operational risks caused by the
market uncertainty. At this time, the revenue of each express
delivery company is

πd2
i � πi − Oi pi, qi(  − Ui pi, qi( ,

� 
qi

0
pi − w − ci( xf(x)dx + 

a

qi

pi − w − ci( qif(x)dx

− 
qi

0
(w − v) qi − x( f(x)dx − 

a

qi

k x − qi( f(x)dx,

�
q
3
i

2a
−

q
2
i

2a
3a − w − ci(  + qi a − w − ci(  −

q
2
i

2a
(w − v)

−
kq

2
i

2a
+ kqi −

ak

2
.

(14)

As shown in the above formula, the decision variable of
the decentralized supply chain at this time is the purchase
order quantity (express delivery service price) of each ex-
press delivery company, and it is a binary cubic equation
which is difficult to be solved in its explicit expression. Now
we give the proof of the Proposition 2 to prove the existence
of the optimal decision solution of the decentralized supply
chain and give its implicit expression.

Proposition 2. In the decentralized supply chain of the
sharing logistics in which the express delivery company in-
dependently assumes operational risks, there exists an optimal
solution (p∗i , q∗i ) for the revenue function πd2

i of express
company i, and the optimal solution satisfies

− c − 2eq
∗
1 +

3q
∗2
2

2a
−

q
∗
2

a
3a − c2 − v + k + 4ea(  + a − c2 + k � 0,

− c − 2eq
∗
2 +

3q
∗2
1

2a
−

q
∗
1

a
3a − c1 − v + k + 4ea(  + a − c1 + k � 0,

p
∗
i � a − q

∗
i , 0<p

∗
i < a and 0< q

∗
i < a, i � 1 and 2.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(15)

Proof. See the Appendix.
It proves that there are both cooperative and competitive

relationships among express delivery companies at this time.
On the one hand, they cooperate to establish a sharing
logistics distribution company, and on the other hand, they
compete when deciding their respective express delivery
service supply. (erefore, its decision-making thought is
similar to the Cournot game. Firstly, we will solve the op-
timal response of the purchase order decision of each express
delivery company to the order decision of other express
delivery companies and then solve the equilibrium solutions
of these optimal responses. But because the optimal response
curve is a quadratic equation, for the dual channel structure
composed of two express companies, the final solution
equation at this time is a quaternary equation of one variable,
and it is difficult to give explicit expressions. However, it is
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clear that the optimal decision of purchase order quantity
meets the above conditions. □

5. SC of the Sharing Logistics with Revenue-
Sharing

According to the analysis of the decentralized supply chain
of sharing logistics, it is feasible for each express delivery
company taking risks. On the contrary, there is no possibility
of existence of the sharing logistics distribution company
bearing the risk together. (erefore, in the process of
classification discussion of the sharing logistics supply chain
with revenue sharing strategy, it is only necessary to consider
the situation in which each express delivery company bears
its own business risk. At this point, the optimal decision of
the sharing logistics distribution company is always

zπre
s

zqi

� w − c + 2e 
2

j�1
qj

⎛⎝ ⎞⎠ � 0

� >w � c + 2e 
2

j�1
qj.

(16)

5.1. Revenue-Sharing Based on the OFP: RE-OFP. In the
order flow proportion revenuesharing supply chain, each
express delivery company determines the mutual benefit of
each other according to the proportion of their respective
order flow contributions. (e order flow proportion is

q1


2
j�1 qj

,
q2


2
j�1 qj

⎛⎝ ⎞⎠. (17)

At this time, the revenue of each express delivery
company includes both the part of the operational risk as
well as the OFP share of the revenue of the sharing logistics
distribution company. (erefore, the revenue function is

πref
i � πi − Oi pi, qi(  − Ui pi, qi( 

+
qi


2
j�1 qj

w 

2

j�1
qj − c 

2

j�1
qj + e 

2

j�1
qj

⎛⎝ ⎞⎠

2
⎡⎢⎢⎢⎢⎣ ⎤⎥⎥⎥⎥⎦

⎧⎪⎨

⎪⎩

⎫⎪⎬

⎪⎭
,

� 
qi

0
pi − w − ci( xf(x)dx + 

a

qi

pi − w − ci( qif(x)dx

− 
qi

0
(w − v) qi − x( f(x)dx − 

a

qi

k x − qi( f(x)dx

+
qi


2
j�1 qj

w 
2

j�1
qj − c 

2

j�1
qj + e 

2

j�1
qj

⎛⎝ ⎞⎠

2
⎡⎢⎢⎢⎢⎣ ⎤⎥⎥⎥⎥⎦

⎧⎪⎨

⎪⎩

⎫⎪⎬

⎪⎭
,

�
q
3
i

2a
−

q
2
i

2a
3a − ci − v + k(  + qi a − ci + k − c − e 

2

j�1
qj

⎛⎝ ⎞⎠ −
ak

2
.

(18)

As shown in the above formula, the decision variable of
the sharing logistics supply chain with OFP revenue

sharing strategy is the purchase order quantity (express
delivery service price) of each express delivery company.
And, it is a binary cubic equation, so it is difficult to be
solved in its explicit expression. Next, we use Proposition 3
to prove the existence of the optimal decision solution of
the revenue sharing supply chain and give its implicit
expression.

Proposition 3. In the OFP revenue sharing supply chain of
the sharing logistics, the revenue function πrefi of the express
delivery company i has an optimal solution (p∗i , q∗i ), and the
optimal solution satisfies

− c − eq
∗
1 +

3q
∗2
2

2a
−

q
∗
2

a
3a − c2 − v + k + 2ea(  + a − c2 + k � 0,

− c − eq
∗
2 +

3q
∗2
1

2a
−

q
∗
1

a
3a − c1 − v + k + 2ea(  + a − c1 + k � 0,

p
∗
i � a − q

∗
i , 0<p

∗
i < a and 0< q

∗
i < a, i � 1 and 2.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(19)

Proof. See the Appendix.
At this time, each express delivery company has a re-

lationship of both cooperation and competition. On the one
hand, they will work together to establish a sharing logistics
distribution company, and on the other hand, they will
simultaneously compete in the decision-making of their
respective express service supply. (erefore, the decision-
making idea is similar to the Cournot game. Firstly, the
optimal response of the purchase order decision of each
express delivery company to the purchase order decision of
other express delivery companies is solved, and then, the
equilibrium solution of these optimal responses is solved.
However, because the optimal response curve is a quadratic
equation, for the dual channel supply chain structure
composed of two express companies, the final solution
equation at this time is a quaternary equation of one variable,
and it is difficult to give a dominant expression. However, it
is clear that the optimal decision of purchase order quantity
satisfies the above conditions. □

5.2. Revenue-Sharing Based on the RSF: RE-RSF. In the
combined sharing factor revenue sharing supply chain, each
express delivery company determines the mutual benefit of
each other according to the combination sharing factor.
Among them, it is assumed that this sharing factor com-
bination is

c
res
1 , c

res
2(  c

res
i ∈ [0, 1] and 

2

i�1
c
res
i � 1. (20)

At this point, the revenue of each express delivery
company not only includes the part of business risk but also
includes the part of revenue sharing based on the combined
sharing factors. (us, its revenue function is
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πres
i � πi − Oi pi, qi(  − Ui pi, qi(  + c

res
i w 

2

j�1
qj − c 

2

j�1
qj + e 

2

j�1
qj

⎛⎝ ⎞⎠

2
⎡⎢⎢⎢⎢⎣ ⎤⎥⎥⎥⎥⎦

⎧⎪⎨

⎪⎩

⎫⎪⎬

⎪⎭
,

� 
qi

0
pi − w − ci( xf(x)dx + 

a

qi

pi − w − ci( qif(x)dx

− 
qi

0
(w − v) qi − x( f(x)dx − 

a

qi

k x − qi( f(x)dx + c
res
i w 

2

j�1
qj − c 

2

j�1
qj + e 

2

j�1
qj

⎛⎝ ⎞⎠

2
⎡⎢⎢⎢⎢⎣ ⎤⎥⎥⎥⎥⎦

⎧⎪⎨

⎪⎩

⎫⎪⎬

⎪⎭
,

�
q
3
i

2a
−

q
2
i

2a
3a − ci − v + k(  + qi a − ci + k − c − 2e 

2

j�1
qj

⎛⎝ ⎞⎠ −
ak

2
+ c

res
i e 

2

j�1
qj

⎛⎝ ⎞⎠

2

.

(21)

As shown in the above formula, at this time, the decision
variable of the combination sharing factor revenue sharing
supply chain is the purchase order quantity (express delivery
service price) of each express delivery company, and it is a
binary cubic equation which is difficult to be solved in its
explicit expression. Next, we use Proposition 4 to prove the

existence of the optimal decision solution of the revenue
sharing supply chain and give its implicit expression.

Proposition 4. In the RSF revenue sharing supply chain of
the sharing logistics, the revenue function πres

i of the express
delivery company i has an optimal solution (p∗i , q∗i ), and the
optimal solution satisfies

− c − 2 1 − c
res
2( eq
∗
1 +

3q
∗2
2

2a
−

q
∗
2

a
3a − c2 − v + k + 4ea − 2c

res
2 ea(  + a − c2 + k � 0,

− c − 2 1 − c
res
1( eq
∗
2 +

3q
∗2
1

2a
−

q
∗
1

a
3a − c1 − v + k + 4ea − 2c

res
1 ea(  + a − c1 + k � 0,

p
∗
i � a − q

∗
i , 0<p

∗
i < a and 0< q

∗
i < a, i � 1 and 2.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(22)

Proof. See the Appendix.
At this time, each express delivery company has a rela-

tionship of both cooperation and competition. On the one
hand, they cooperate to establish a sharing logistics distri-
bution company, and on the other hand, they also have a
competitive relationship when deciding its own supply of
express delivery services. (erefore, the decision-making idea
is similar to the Cournot game. Firstly, we calculate the optimal
response based on the impact of the purchase order decision of
each express company on the purchase order decision of other
express companies, and then, we solve the equilibrium solu-
tion of these optimal responses. However, because the optimal
response curve is a quadratic equation, for the dual channel
supply chain structure composed of two express companies,
the final solution equation at this time is a quaternary equation
of one variable, and it is difficult to give a dominant expression.
However, it is clear that the optimal decision purchase order
quantity satisfies the above conditions. □

6. SC of the Sharing Logistics with Risk Sharing

According to the analysis of the decentralized supply chain
of sharing logistics, it is feasible for each express delivery
company to take risks. On the contrary, it is not feasible for
the sharing logistics distribution company to share the risks.
(erefore, in the process of classification discussion of risk
sharing supply chain, it is only necessary to consider the
situation in which each express delivery company bears its
own business risk. (erefore, the optimal decision of the
sharing logistics distribution company is always

zπre
s

zqi

� w − c + 2e 
2

j�1
qj

⎛⎝ ⎞⎠ � 0,

� >w � c + 2e 
2

j�1
qj.

(23)
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6.1.RiskSharingBasedon theOFP:RS-OFP. In the order flow
proportion risk sharing supply chain of sharing logistics,
each express delivery company determines the risk sharing
of each other according to their respective order flow
contribution. Among them, the proportion of their re-
spective order flows is

q1


2
j�1 qj

,
q2


2
j�1 qj

⎛⎝ ⎞⎠. (24)

At this point, the revenue of the express delivery
company is

πrsfi � πi −
qi


2
j�1 qj



2

j�1
Oi pi, qi(  + Ui pi, qi(  ,

� 
qi

0
pi − w − ci( xf(x)dx + 

a

qi

pi − w − ci( qif(x)dx

−
qi


2
j�1 qj



2

j�1


qi

0
(w − v) qi − x( f(x)dx + 

a

qi

k x − qi( f(x)dx ,

�
q
3
i

2a
−

q
2
i

2a
3a − ci − w(  + qi a − ci − w(  −

qi


2
j�1 qj



2

j�1

q
2
j

2a
(w − v) +

kq
2
j

2a
− kqi +

ak

2
⎡⎢⎣ ⎤⎥⎦.

(25)

As shown in the above formula, the decision variable at
this time is the purchase order quantity (express delivery
service price) of each express delivery company, and it is a
binary cubic equation which is difficult to be solved in its
explicit expression. Next, we use Proposition 5 to prove the
existence of the optimal decision solution of the risk sharing
supply chain and give its implicit expression.

Proposition 5. In the OFP risk sharing supply chain of
sharing logistics, the revenue function πrsf

i of the express
delivery company i has an optimal solution (p∗i , q∗i ), and the
optimal solution satisfies

− c − 4eq
∗
1 +

(3 + 6e)q
∗2
1

2a
−

q
∗
1

a
3a − c − c1 − 2eq

∗
2(  + a − c1 − 2eq

∗
2 −

q
∗
2

q
∗
1 + q
∗
2( 

2



2

j�1

q
∗2
j

2a
c − v + k + 2e 

2

j�1
q
∗
j

⎛⎝ ⎞⎠ − kq
∗
j +

ak

2
⎡⎢⎢⎣ ⎤⎥⎥⎦ −

q
∗
1

q
∗
1 + q
∗
2

q
∗
1 c − v + k + 2e 

2
j�1 q
∗
j 

a
− k +

e q
∗2
1 + q

∗2
2 

a
⎡⎢⎣ ⎤⎥⎦ � 0,

− c − 4eq
∗
2 +

(3 + 6e)q
∗2
2

2a
−

q
∗
2

a
3a − c − c2 − 2eq

∗
1(  + a − c2 − 2eq

∗
1 −

q
∗
1

q
∗
1 + q
∗
2( 

2



2

j�1

q
∗2
j

2a
c − v + k + 2e 

2

j�1
q
∗
j

⎛⎝ ⎞⎠ − kq
∗
j +

ak

2
⎡⎢⎢⎣ ⎤⎥⎥⎦ −

q
∗
2

q
∗
1 + q
∗
2

q
∗
2 c − v + k + 2e 

2
j�1 q
∗
j 

a
− k +

e q
∗2
1 + q

∗2
2 

a
⎡⎢⎣ ⎤⎥⎦ � 0,

p
∗
i � a − q

∗
i , 0<p

∗
i < a and 0< q

∗
i < a, i � 1 and 2.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(26)

Proof. See the Appendix.
At this time, each express delivery company has a re-

lationship of both cooperation and competition. On the one
hand, they cooperate to establish a sharing logistics distri-
bution company, and on the other hand, they also have a

competitive relationship when deciding their respective
express delivery service supply. (erefore, the idea of de-
cision-making is similar to Cournot game. First, we calculate
the optimal response based on the impact of the purchase
order decision of each express company on the purchase
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order decision of other express companies, and then, we
solve the equilibrium solution of these optimal responses.
However, because the optimal response curve is a quadratic
equation, for the dual channel supply chain structure
composed of two express companies, the final solution
equation at this time is a quaternary equation of one variable,
and it is difficult to give a dominant expression. However, it
is clear that the optimal decision purchase order quantity
satisfies the above conditions. □

6.2. Risk Sharing Based on the RSF: RS-RSF. In the combined
sharing factor risk sharing supply chain of sharing logistics,
each express delivery company determines the risk sharing
of each other according to the combination factor. Among
them, the risk sharing factor combination is

c
rss
1 , c

rss
2(  c

rss
i ∈ [0, 1] and 

2

i�1
c
rss
i � 1. (27)

At this point, the revenue of the express delivery
company is

πrss
i � πi − c

rss
i 

2

j�1
Oj pj, qj  + Uj pj, qj  

� 
qi

0
pi − w − ci( xf(x)dx + 

a

qi

pi − w − ci( qif(x)dx

− c
rss
i 

2

j�1


qj

0
(w − v) qj − x f(x)dx

+ 
a

qj

k x − qj f(x)dx

�
q
3
i

2a
−

q
2
i

2a
3a − ci − w(  + qi a − ci − w( 

− c
rss
i 

2

j�1

q
2
j

2a
(w − v) +

kq
2
j

2a
− kqj +

ak

2
⎡⎢⎣ ⎤⎥⎦.

(28)
As shown in the above formula, the decision variable of

the combined sharing factor risk sharing supply chain at this
time is the purchase order quantity (express delivery service
price) of each express delivery company, and it is a binary
cubic equation which is difficult to be solved in its explicit
expression. Next, we use Proposition 6 to prove the existence
of the optimal decision solution of the risk sharing supply
chain and give its implicit expression.

Proposition 6. In the RSF risk sharing supply chain of
sharing logistics, the revenue function πrss

i of the express
delivery company i has an optimal solution (p∗i , q∗i ), and the
optimal solution satisfies

− c − 4eq
∗
1 +

(3 + 6e)q
∗2
1

2a
−

q
∗
1

a
3a − c1 − c − 2eq

∗
2(  + a − c1 − 2eq

∗
2

− c
rss
1

q
∗
1 c − v + k + 2e 

2
j�1 q
∗
j 

a
− k +

e q
∗2
1 + q

∗2
2 

a
⎡⎢⎣ ⎤⎥⎦ � 0,

− c − 4eq
∗
2 +

(3 + 6e)q
∗2
2

2a
−

q
∗
2

a
3a − c2 − c − 2eq

∗
1(  + a − c2 − 2eq

∗
1

− c
rss
2

q
∗
2 c − v + k + 2e 

2
j�1 q
∗
j 

a
− k +

e q
∗2
1 + q

∗2
2 

a
⎡⎢⎣ ⎤⎥⎦ � 0,

p
∗
i � a − q

∗
i , 0<p

∗
i < a and 0< q

∗
i < a, i � 1 and 2.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(29)

Proof. See the Appendix.
At this time, each express delivery company has both a

cooperative relationship and a competitive relationship. On
the one hand, they cooperate to establish a sharing logistics
distribution company, and on the other hand, they also have
a competitive relationship when deciding its own supply of
express delivery services. (erefore, the decision-making
idea is similar to the Cournot game. First, we calculate the
optimal response based on the impact of the purchase order
decision of each express company on the purchase order
decision of other express companies, and then, we solve the
equilibrium solution of these optimal responses. However,
because the optimal response curve is a quadratic equation,
for the dual channel supply chain structure composed of two
express companies, the final solution equation at this time is
a quaternary equation of one variable, and it is difficult to
give a dominant expression. However, it is clear that the
optimal decision purchase order quantity satisfies the above
conditions. □

7. Comparative Analysis

According to Propositions 1–6, we see that all the optimal
decision variables pi and qi can be solved through a qua-
ternion equation of one variable as following Lemma 1
shows. However, the solution expression of a quartic
equation in one variable is very complicated, and it is dif-
ficult to give a clear comparative analysis result. We will give
some comparative analysis results in this section, while the
others will be analyzed through the case study and numerical
analysis in following Section 8.

Lemma 1. For a standard unary quartic equation
az4 + bz3 + cz2 + dz + e � 0, we can solve the variable z as
follows:

Set P � (c2 + 12ae − 3bd)/9, Q � (27ad
2

+ 2c3 + 27b
2
e

− 72ace − 9bcd)/54, and D �

�������
Q
2

− P
3



. We have
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u �

������
Q + D

3


, if |Q − D|≤ | Q + D|,

������
Q − D

3


, else | Q − D|>| Q + D|,

⎧⎪⎪⎪⎨

⎪⎪⎪⎩

v �

0, if u � 0,

P

u
, else.

⎧⎪⎪⎪⎨

⎪⎪⎪⎩

(30)

Make w � − (1/2) + (
�
3

√
/2)i and m ���������������������������

b
2

− (8ac/3) + 4a(wku + w3− kv)



.
For k � 0, 1, and 2, solve the value of m. If all the three

values of m are zero, we have

S � b
2

−
8ac

3
,

T � 0.

(31)

Else if k � argmaxk| m|, we have

S � 2b
2

−
16ac

3
− 4a w

k
u + w

3− k
v ,

T �
8abc − 16a

2d − 2b
3

m
.

(32)

Therefore, the decision variable will be

z1 �
− b − m +

�����
S − T



4a
,

z2 �
− b − m −

�����
S − T



4a
,

z3 �
− b + m +

�����
S + T



4a
,

z4 �
− b + m −

�����
S + T



4a
.

(33)

Next, we will give some comparative analysis results
according to Propositions 1–6 as the following corollary shows.

Corollary 1. If c1 � c2, which means the express companies
are completely homogeneous, we have max q∗1 , q∗2 |ref <
max q∗1 , q∗2 |c <max q∗1 , q∗2 |d2 .

Corollary 1 demonstrates that when the two express
delivery companies are completely homogeneous, the op-
timal order quantity in the centralized SC is bigger than that
in the SC of sharing logistics with revenue sharing based on
the OFP, while not bigger than that in the decentralized SC
with express delivery companies taking risks.

Example 1. a � 10, c � 1, e � 1, v � 2, and k � 2.5.

According to the visualization in Figure 1, max q∗1 , q∗2 |

ref}<max q∗1 , q∗2 |c <max q∗1 , q∗2 |d2  satisfies when the
variablesa � 10, c � 1, e � 1, v � 2, and k � 2.5.

Corollary 2. If cres
1 � cres

2 � 1/2, which means the express
companies distribute income equally from the sharing logistics
distribution company, we have q∗i |res � q∗i |c, i � 1 and 2;

πres∗1 � πres∗
2 � (1/2)πc∗

sc .
Corollary 2 demonstrates that when the two express

delivery companies distribute income equally from the
sharing logistics distribution company in the SC of sharing
logistics with revenue sharing based on the RSF, the optimal
order quantity qi in the SC of sharing logistics with revenue
sharing based on the RSF is equal to that in the centralized
SC. It means that the sharing logistics mechanism achieves
the optimal supply chain coordination.

Corollary 3. To compare and analyze the income gap be-
tween express delivery companies before and after the
implementation of sharing logistics, it should be considered
that, before the implementation of sharing logistics, each
express delivery company only runs intercity logistics trans-
portation services, and all urban logistics distribution services
are outsourced, so the calculation of its income needs to
deduct the cost of urban logistics distribution. After the
implementation of sharing logistics, the effect of vertical in-
tegration has been produced, and the operational boundaries
of express delivery companies have increased. In addition to
intercity logistics transportation revenues, there are also ur-
ban logistics distribution revenues.

8. Case Study

8.1. Data Source. As a subdivision of the modern logistics
industry, e-commerce logistics express delivery has gradually
standardized the logistics operation costs between provinces or
economic zones and has been well optimized and improved.
However, in the wider urban logistics sector, due to the dif-
ferent characteristics of industrial structures in various regions,
the flow direction and flow of materials in the logistics industry
exhibit a highly nonequilibrium character. Moreover, most
e-commerce express delivery companies and even large-scale
urban logistics distribution companies still adopt the tradi-
tional franchise business model in the city level, and it is
difficult to achieve centralized and unified management and
control of operating costs; for this reason, the cost of first-line
logistics in various regions is often very different. In view of
this, in order to study more general issues and explain the
general results, the data used in the case study and numerical
analysis of this paper mainly comes from the previous years’
earnings data of several listed express delivery companies
[22, 34]. At the same time, it combines research and interviews
on the actual operation of some e-commerce express delivery
companies and related cost information. We will mainly use
the data listed in Table 2 and 3.
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According to Table 2, the total express delivery market of
the four listed express delivery companies is about 19.894
billion. Moreover, the market share of STO Express is about
19.64%, the market share of YTO Express is about 25.43%,
the market share of YUNDA Express is about 23.68%, and
the market share of ZTO Express is about 31.25%.(erefore,
the market service scale of each express delivery company
measured according to the market share is as follows: the
market service scale of STO Express is about 3.907 billion
pieces, the market service scale of YTO Express is about
5.059 billion pieces, the market service scale of YUNDA
Express is about 4.71 billion pieces, and the market service
scale of ZTO Express is about 6.219 billion pieces.

According to Table 3, the unit cost of the sharing logistics
distribution service is 1.50 yuan/piece, and the cost data is
very close to the real urban distribution cost of the express
delivery industry. (e nonscale economic cost of a sharing
logistics distribution company ranges from 0.01 yuan to 0.11
yuan. (e transportation cost of intercity logistics of each
express delivery company is as follows: the unit transportation

cost of STOExpress is 1.00 yuan/piece, the unit transportation
cost of YTO Express is 1.13 yuan/piece, the unit trans-
portation cost of YUNDA Express is 1.02 yuan/piece, and the
unit transportation cost of ZTO Express is 0.93 yuan/piece.
(ese cost data are also very close to the real intercity
transportation costs of the express delivery industry.

(is paper analyzes the performance optimization
strategy of revenue sharing and risk sharing under the
circumstances of sharing logistics cooperation between two
express delivery companies. Table 1 gives themarket size and
market share data of each listed express delivery company,
and then, we obtain the market demand scale of each express
delivery company. According to the model hypothesis and
problem setting in this paper, when the two-two cooperation
between express delivery companies is solved, the market
size will be as shown in Table 4.(ere are six sets of data, that
is, six kinds of cooperation situations.

Table 5 gives the cost data of each listed express delivery
company. According to the research ideas in this paper, any
two companies cooperate with each other. (erefore, in
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max (q∗|ref) max (q∗|c)
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Ref
Equation (q) = 0

Figure 1: Example of Corollary 1.

Table 2: Market size and market share data of listed express delivery companies.

Total market size Market share

19894417401

STO Express YTO Express YUNDA Express ZTO Express
0.196364433 0.254281639 0.236758698 0.312595231

Market size
STO Express YTO Express YUNDA Express ZTO Express
3906555984 5058785063 4710176354 6218900000

Table 3: Operating cost data of listed express delivery companies.

Unit cost of sharing logistics distribution c

1.50

Nonscale economic cost e

0.01⟶ 0.11

Unit transportation cost STO Express YTO Express YUNDA Express ZTO Express
1.00 1.13 1.02 0.93
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order to distinguish the combination of the unit trans-
portation cost when the two-two express delivery companies
share the urban logistics distribution service, the cost data
combination will be as shown in Table 5. (ere are six sets of
data, that is, six kinds of cooperation situations.

8.2. Numerical Analysis. (e numerical analysis will be
developed in three sections: firstly, we analyze the perfor-
mance improvement of the OFP revenue sharing strategy
and the OFP risk sharing strategy when all the express
delivery companies cooperate in the two-two sharing lo-
gistics; secondly, we compare the advantages and disad-
vantages of RSF revenue sharing strategy and risk sharing
strategy with OFP revenue sharing strategy and risk sharing
strategy; finally, we give the comparative results of various
performance improvement strategies when the two di-
mensions’ data of nonscale economic cost and combination
factor changes.

8.2.1. *e Performance of the OFP Supply Chain. In this
section, we mainly analyze the changing trends of the total
performance of the centralized SC, the decentralized SC, the
OFP revenue sharing SC, and the OFP risk sharing SC when
all the express delivery companies cooperate in the two-two
sharing logistics and the nonscale economic cost e changes.
At the same time, we quantitatively show the degree of
performance improvement of OFP revenue sharing strategy
and OFP risk sharing strategy. Although the proportion of
performance improvement is relatively low, relative to the
overall market size of more than 400 billion yuan in the
e-commerce express delivery industry, even a 0.4% per-
formance improvement means a revenue increase of nearly
1.6 billion yuan.

As shown in Table 6, when the nonscale economic costs
e change from 0.01 to 0.11, all the four kinds of supply chain
decision-making strategies will decrease with the increase of
the cost, that is, the optimal decision is about the monotone
decreasing function of nonscale economic cost. And, no
matter what the nonscale economic cost is, the overall
performance of the OFP revenue sharing supply chain is
higher than that of the OFP risk sharing supply chain, which
is also between that of the centralized supply chain and the
decentralized supply chain. At the same time, it could be
seen from the performance improvement data of the above
six types of two-two cooperation that the performance
improvement of the OFP revenue sharing strategy is roughly
between 0.007% and 0.4% and that of the OFP risk sharing
strategy is roughly between 0 and 0.166%.(e change trends
are shown in the visual graphs of Figures 2 and 3.

8.2.2. Combined Sharing Factor Supply Chain Performance.
In this section, we mainly analyze when the sharing factor
combination changes within the range of 0-1 and the overall
performance changing trends of the centralized SC, the
decentralized SC, the OFP revenue sharing SC, the OFP risk
sharing SC, the RSF revenue sharing SC, and the RSF risk
sharing SC of the sharing logistics based on the equity
investment.

As shown in Figure 4, when the sharing factor combi-
nation changes within the value range 0-1, in the above
several situations, the comparison of the overall perfor-
mance of the supply chain has undergone significant
changes specifically. For example, when the nonscale eco-
nomic cost e � 0.01, if the sharing factor c1 is taken as
follows, there are

(1) When c1 ∈ [0R1), πc
sc > πref

sc > πrsfsc > πrss
sc > πd

sc > πres
sc

(2) When c1 ∈ [R1 R2), πc
sc > πrefsc > πrsf

sc > πrsssc > πressc > πd
sc

(3) When c1 ∈ [R2 R3), πc
sc > πrefsc > πrss

sc > πrsf
sc > πressc > πd

sc

(4) When c1 ∈ [R3 R4), πc
sc > πrefsc > πrss

sc > πres
sc > πrsf

sc > πd
sc

(5) When c1 ∈ [R4 R5), πc
sc > πrefsc > πres

sc > πrss
sc > πrsf

sc > πd
sc

(6) When c1 ∈ [R5 R6), πc
sc > πressc > πrefsc > πrss

sc > πrsf
sc > πd

sc

(7) When c1 ∈ [R6 R7), πc
sc > πrefsc > πres

sc > πrss
sc > πrsf

sc > πd
sc

(8) When c1 ∈ [R7 R8), πc
sc > πrefsc > πrss

sc > πres
sc > πrsf

sc > πd
sc

(9) When c1 ∈ [R8 R9), πc
sc > πrefsc > πrss

sc > πrsf
sc > πressc > πd

sc

(10) When c1 ∈ [R8 R9), πc
sc > πrefsc > πrsf

sc > πrsssc > πressc > πd
sc

(11) When c1 ∈ [R10 1), πc
sc > πrefsc > πrsf

sc > πrsssc > πd
sc > πres

sc

According to Figure 4, the four performance optimi-
zation strategies RE-OFP, RS-OFP, RE-RSF, and RS-RSF do
not have absolute advantages and disadvantages, but change
with the value of the combination sharing factor.

8.2.3. Change Trends of Supply Chain Performance. In this
section, we mainly analyze the advantages and disadvan-
tages of several supply chain performance optimization
strategies when there is change in both the nonscale
economic cost and combination sharing factors. According
to Figure 5, for a certain combined sharing factor, as the
change of nonscale economic cost, the relationship between
several performance optimization strategies changes. For a
certain nonscale economic cost, the advantages and dis-
advantages of several performances between the optimi-
zation strategies change with the combined sharing factors.
At the same time, in the vast majority of cases, the supply
chain performance under the combined sharing factor risk
sharing strategy is higher than that under the OFP risk
sharing strategy, but is lower than that under the OFP

Table 4: Average market size of listed express delivery companies when cooperating two-two.

STO Express YTO Express YUNDA Express ZTO Express
STO Express — — — —
YTO Express a� 4482670524 — — —
YUNDA Express a� 4308366169 a� 4884480709 — —
ZTO Express a� 5062727992 a� 5638842532 a� 5464538177 —

14 Complexity



Table 6: Change trends of SC performance on the nonscale economic cost e (unit: 1018).

e 0.01 0.03 0.05 0.07 0.09 0.11 Performance ratio (%) Performance improvement (%)

STO+YTO

πc
sc 7.5940 7.3311 7.0891 6.8653 6.6573 6.4633 — —

πd
sc 7.5932 7.3256 7.0765 6.8443 6.6275 6.4246 99.401–99.989 —

πrefsc 7.5938 7.3296 7.0854 6.8587 6.6476 6.4502 99.797–99.997 0.008–0.396
πrsfsc 7.5935 7.3275 7.0805 6.8506 6.6360 6.4351 99.564–99.993 0.004–0.163

STO+YUNDA

πc
sc 7.0149 6.7720 6.5485 6.3418 6.1496 5.9704 — —

πd
sc 7.0142 6.7670 6.5369 6.3224 6.1221 5.9347 99.402–99.990 —

πrefsc 7.0147 6.7706 6.5451 6.3357 6.1407 5.9583 99.797–99.997 0.007–0.395
πrsfsc 7.0144 6.7687 6.5406 6.3282 6.1299 5.9444 99.565–99.993 0.003–0.163

STO+ZTO

πc
sc 9.6864 9.3511 9.0425 8.7570 8.4916 8.2442 — —

πd
sc 9.6855 9.3442 9.0264 8.7302 8.4536 8.1948 99.401–99.991 —

πrefsc 9.6862 9.3492 9.0377 8.7486 8.4793 8.2275 99.797–99.998 0.007–0.396
πrsfsc 9.6858 9.3465 9.0315 8.7382 8.4645 8.2082 99.563–99.994 0.003–0.162

YTO+YUNDA

πc
sc 9.0164 8.7042 8.4170 8.1512 7.9042 7.6739 — —

πd
sc 9.0155 8.6978 8.4020 8.1263 7.8688 7.6280 99.402–99.990 —

πrefsc 9.0161 8.7024 8.4125 8.1434 7.8927 7.6583 99.797–99.997 0.007–0.395
πrsfsc 9.0158 8.7000 8.4068 8.1338 7.8789 7.6404 99.563–99.993 0.003–0.161

YTO+ZTO

πc
sc 12.016 11.600 11.218 10.863 10.534 10.227 — —

πd
sc 12.015 11.592 11.198 10.830 10.487 10.166 99.404–99.992 —

πrefsc 12.016 11.598 11.212 10.853 10.519 10.207 99.804–100 0.008–0.4
πrsfsc 12.016 11.595 11.204 10.840 10.501 10.183 99.570–100 0.008–0.166

YUNDA+ZTO

πc
sc 11.285 10.894 10.535 10.202 9.893 9.605 — —

πd
sc 11.284 10.886 10.516 10.171 9.849 9.547 99.396–99.991 —

πrefsc 11.285 10.892 10.529 10.192 9.879 9.585 99.792–100 0.009–0.396
πrsfsc 11.284 10.889 10.522 10.180 9.861 9.563 99.563–99.991 0–0.167

Performance ratio represents the proportion of the supply chain performance in the other situations to that in the centralized situation. Performance
improvement represents the improvement ratio of the supply chain performance in the other situations to that in the centralized situation.

×1018

Profit of centralized SC
Profit of decentralized SC
Profit of SC with revenue-sharing based on OFP
Profit of SC with risk-sharing based on OFP
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Figure 2: SC performance under the cooperation of STO and YTO with the change trend of nonscale economic cost e.

Table 5: Unit transportation cost combination of two-two cooperation.

STO Express YTO Express YUNDA Express
STO Express — — —
YTO Express (c1, c2)� (1.00, 1.13) — —
YUNDA Express (c1, c2)� (1.00, 1.02) (c1, c2)� (1.13, 1.02) —
ZTO Express (c1, c2)� (1.00, 0.93) (c1, c2)� (1.13, 0.93) (c1, c2)� (1.02, 0.93)
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revenue sharing strategy. If the value of the combined
sharing factor is too high or too low, which means the value
is too close to 0 or 1, supply chain performance under a
combined sharing factor revenue sharing strategy may be
lower than the overall performance under the decentralized
supply chain.

9. Theoretical and Managerial Implications

9.1.*eoretical Implications. (ere are two types of sharing
distribution: vertical sharing and horizontal sharing. For
vertical sharing, distribution is often organized along

modes and service operators. For instance, the first leg
within the city may be carried out by conventional trucks,
whereas the last mile to the recipient may be operated by
environment-friendly city freighters. In horizontal
sharing, multiple providers work together in the same
section of the distribution chain, potentially sharing
orders and infrastructure [1]. (e previous scholars’
research on the sharing logistics distribution mainly
focuses on the distribution method. In contrast, only
fewer scholars consider the serious problems that hinder
the promotion of sharing distribution in practice, such as
the construction process of the sharing distribution

e
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Figure 3: SC performance during the two-two cooperation on the change trends of nonscale economic cost e.
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cooperative organization, specific operation methods,
coordination and supervision, and establishment of in-
centive mechanisms, as well as establishment of trust
mechanisms. Further obstacles include low load factors,
empty trips, long dwell times at loading and unloading
points, and large numbers of deliveries to individual
customers [35]. (e horizontal and vertical trans-
portation alliances are too loose and have many of the
aforementioned drawbacks. (erefore, the equity in-
vestment-based model proposed in this paper further
strengthens the cooperation depth of transportation al-
liances and enhances its operability in commercial
practice. We make interviews and exchanges with many
top-class logistics enterprises and e-commerce logistics
enterprises, then summarize and refine the characteristics
of business-based equity cooperation projects, which
often occur in modern logistics industry, and design the
equity-based sharing logistics distribution cooperation
mechanism based on this.

9.2. Managerial Implications

9.2.1. Vertical and Horizontal Integration. Different from
the exogenous vertical integration, for example, extending
from iron ore smelting to the production of finished steel
products, the express delivery companies obtain logistics
orders from online e-commerce enterprises that need to
be finally delivered to end e-commerce customers, but

only self-operate intercity logistics transportation and
outsource the urban logistics distribution business to
professional urban distribution companies. In this case, if
the express delivery companies extend the development of
the urban logistics distribution business based on the
vertical integration strategy adopted by the logistics order
that one has already mastered, this is an endogenous
vertical integration strategy. Compared with exogenous
vertical integration, the biggest advantage of endogeneity
is that it does not need to redevelop a new customer
market, but it can better provide existing e-commerce
enterprises and customers with more value-added ser-
vices. Obviously, the sharing logistics mechanisms that we
propose in this paper belong to the endogenous vertical
integration.

9.2.2. Income Distribution Mechanism. Due to the imbal-
ance of market power among supply chain members, there
are often many obstacles in implementing traditional
supply chain coordination mechanisms among supply
chain members, and there is also a lack of necessary in-
stitutional mechanism guarantees. (e combination con-
tract mechanism of supply chain coordination and equity
investment proposed in this paper can solve the problem
fundamentally from the interests of all parties and greatly
improve the feasibility of the implementation of the sharing
logistics cooperation mechanism. At the same time, we
have also analyzed and compared the equity cooperation

×1018 e = 0.01
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Profit of SC with revenue-
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Figure 4: Change trends of the SC performance on the combined sharing factors.
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mechanisms of revenue sharing and risk sharing. (e study
found that equity cooperation based on the proportion of
order flow is more conducive to the achievement and
sustainable development of the sharing cooperation
mechanism. (is also explains theoretically why is the
order flow charge gradually becoming a benefit distribution

mechanism often used in the practice of logistics opera-
tions, instead of the traditional fixed equity proportional
distribution mechanism. (is equity cooperation and
revenue distribution mechanism based on the proportion
of order flow is similar to the TUP mechanism design of
Huawei and others.
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Figure 5: Change trends of the SC performance on combined sharing factors and nonscale economic cost. (a) e� 0.01. (b) e� 0.03.
(c) e� 0.05. (d) e� 0.07. (e) e� 0.09. (f ) e� 0.11.
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10. Conclusions

In this paper, we study the sharing logistics cooperation
mechanism under the condition of random demand con-
sidering the undersupply and oversupply of the express
delivery service, and we compare and analyze the revenue
sharing contract and risk sharing contract based on equity
investment cooperation. Moreover, by using the recent fi-
nancial report data of several listed express delivery com-
panies in China, we carry out the numerical analysis of the
main research conclusions and results and give the analysis
and comparison results of relevant visualizations. (e re-
search results show that when faced with the stochastic
market demand, in the case of comprehensive consideration
of undersupply and oversupply of express delivery services,
revenue sharing and risk sharing strategies based on the OFP
and RSF both have better feasible space than decentralized
supply chain of the sharing logistics. When the combined
sharing factor approaches 0.5, which means the benefit
sharing is evenly distributed, the revenue sharing mecha-
nism and the risk sharing mechanism based on the com-
bined sharing factor are better than those based on the OFP.

(ere are certain revenue sharing factors that make the
supply chain performance under the revenue sharing
mechanism very close to or even equal to the overall per-
formance under the centralized supply chain.

In the real e-commerce express operation environment,
the market demand of each express delivery company is not
only related to the price of the express delivery service of the
company but also affected by the service price of other
express delivery companies, which is a perturbed type of
price-dependent demand structure. At the same time, we
should also consider the risk of undersupply and oversupply
of express delivery services due to unpredictable market
demand or high prediction difficulty and low prediction
accuracy. (erefore, an optimization model that compre-
hensively considers the price disturbance-type stochastic
demand and the undersupply and oversupply risk loss will
be the key content of the next research process. At the same
time, under the premise that scientific decision-making has
been formulated, how to carry out gradual practice opti-
mization instead of blindly implementing policies and
making one step at a time will be another problem in the
following research. Looking to the future, we should have a
clearer understanding that most optimization decisions of
management science only give the good results that we want
to achieve in the end. However, we do not give an imple-
mentation strategy of how to reach the end point step by
step. In reality, there are too many obstacles to solve the
problem at once.(erefore, a step-by-step strategy similar to
the “gradient descent method” may have a stronger practical
guiding significance (Figure 6).

Appendix

A. Proof of Proposition 1

Solving the first and second derivative of the total revenue
decision in turn, they are as follows:
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(A.1)

Furthermore, the solution of the Hesse determinant is

×1018 e = 0.01

Profit of centralized SC
Profit of decentralized SC
Profit of SC with revenue-sharing based on OFP
Profit of SC with risk-sharing based on OFP
Profit of SC with revenue-sharing based on RSF
Profit of SC with risk-sharing based on RSF

Revenue-sharing factor
coordinating the SC

2

3 4

5

6

1

1

Orange strategy may be more
feasible than the Blue strategy
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Figure 6: (e optimization strategy cannot be completed in one
step, but step by step
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(A.2)

Hence, it is known from (z2πc
sc/zq2i )< 0, ∀i � 1 and 2

and Η2 > 0, that the centralized decision function has an
optimal solution and satisfies the above first-order condi-
tional expression. (e proof of the formula is completed.

B. Proof of Proposition 2

Solving the first and second derivatives of the revenue
function of the express delivery company i as follows:
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(B.1)

It could be seen from (d2πd2
i /dq2i )< 0 that there is an

optimal response function of each express delivery company
to the purchase order quantity of other express delivery
companies. (e optimal decision can be obtained by solving
the intersection of these optimal response functions, that is,
to say the equilibrium point.

C. Proof of Proposition 3

Firstly, we solve the first and second derivatives of the
revenue function of the express delivery company i:
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(C.1)

It could be known from (d2πrefi /dq2i )< 0 that there is an
optimal response function of each express delivery company
to the purchase order quantity of other express delivery
companies. It is only required to solve the intersection point
of these optimal reaction functions, that is, the equilibrium
point, and then, the optimal decision could be obtained.

D. Proof of Proposition 4

Firstly, we solve the first and second derivatives of the
revenue function of the express delivery company i:
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(D.1)

It could be known from (d2πresi /dq2i )< 0 that there is an
optimal response function of each express delivery company
to the purchase order quantity of other express delivery

companies. It is only required to solve the intersection point
of these optimal reaction functions, that is, the equilibrium
point, and the optimal decision can be obtained.
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E. Proof of Proposition 5

Firstly, we calculate the first derivative and the second de-
rivative of the revenue function of express company i:
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(E.1)

It could be known from (d2πrsf
i /dq2i )< 0 that there is an

optimal response function of each express delivery company
to the purchase order quantity of other express delivery
companies. It is only required to solve the intersection point
of these optimal reaction functions, that is, the equilibrium
point, and then, the optimal decision can be obtained.

F. Proof of Proposition 6

Firstly, we solve the first and second derivatives of the
revenue function of the express delivery company i:
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It could be known from (d2πrssi /dq2i )< 0 that there is an
optimal response function of each express delivery company
to the purchase order quantity of other express delivery

companies. It is only required to solve the intersection point
of these optimal reaction functions, that is, the equilibrium
point, and the optimal decision can be obtained.
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