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Abstract: This paper aims to investigate how to coordinate a dual-channel supply chain composing
of a manufacturer and a retailer when customers utilize the retailer’s service to conduct free-riding
behavior. Specially, we consider the crucial role of service in affecting customers’ valuation for
a kind of experience product and establish a channel choice model by employing utility theory.
Then, we analyze the optimal pricing and service decisions under decentralized and centralized
scenarios. To achieve overall optimization, we propose three contract mechanisms, namely price hike
(Mechanism 1), price hike with service cost sharing (Mechanism 2) and price hike with service cost
sharing and surplus compensation (Mechanism 3). We reveal the way of price difference and service
provision in affecting customer free-riding behavior. Besides, we find that the three mechanisms can
reduce free-riding behavior to some extent. However, the extent varies under different mechanisms
and is related to the cost-sharing fraction and the degree by which the manufacturer increases his
online price. Further, we find that Mechanism 3 can realize overall optimization and members’
win–win situations. Finally, we conduct numerical examples to explore how different mechanisms
affect supply chain efficiency. The results also provide managerial insights for dual-channel firms
in practice.

Keywords: dual-channel supply chain; channel conflict; free riding; experience service; coordination

1. Introduction

In recent years, more and more manufacturers have chosen dual-channel distribution
mode because of the gradual maturity of information technology. In China, electronic com-
merce has achieved rapid development [1]. It is reported that the trade sales are 2.06 billion
dollars in 2021, accounting for 25% of the total social retail sales. Many manufacturers
including Sony, Lenovo, Hewlett–Packard and Compaq are spurred to supplement their
pre-existing offline channels with an online channel for the potential advantages, such as
revenue growth, cost savings and expansion to new market segments [2,3].

Although the dual-channel distribution mode can bring the aforementioned advan-
tages for manufacturers, it may not be good for retailers because customers will make
choices on which channel to purchase from, which further leads to channel competition.
To contend for the market, the retailers begin to build competitive advantages by provid-
ing experience services in the offline channel, including opportunities to experience the
functions and learn essential knowledge about products from professional salesperson via
timely Q&A communications, which cannot be available via the online channel [4,5]. These
experience services in the offline channel play a crucial role in the process of customer’s
purchasing decision. This is especially true for the products with obviously non-digital
attributes. A survey by Mckinsey shows that 93% of the respondents say that they need
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to visit a physical store to experience before purchasing electronic products. The reason
behind this is that the virtual pictures and texts in the online channel cannot describe
the non-digital attributes of the products to customers. Thus, customers must touch and
feel the products in the offline channel to make sure whether the products match their
needs. When they decide to purchase, they will choose the channel that brings more utility
to make final purchases after comparing the utilities between the online and the offline
channels [6]. If they choose to stay and purchase in the offline channel, they can own the
products immediately, but bear a higher retail price. Since the operating cost of a physical
store is often higher than that of an online channel, the price in the offline channel is usually
higher [7]. If customers switch to purchase in the online channel, they can own the products
at a lower price but have to undertake uncertainties resulting from extra time and effort
needed to search and check products online, payment security and after-sale services [8].
Once they find the latter can bring more utility, they will switch to the online channel and
then become service free-riders. Service free riding refers to a kind of customer’s behavior
of experiencing a product in an offline channel, but switching to a competitor’s online
channel for a final purchase. Such behavior has been documented by industrial surveys
and observations in the real world [7,9–11].

According to the purchasing process above, it can be seen that for customers, service
free riding is a kind of strategic behaviors that customers conduct to maximize their
purchasing utilities. However, such behavior will definitely make the retailer feel unjust
because the manufacturer’s online channel takes away her would-be orders, which may
further intensify channel competition and eventually lead to negative impacts on the overall
supply chain performance.

The purpose of this paper is to mitigate the channel competition, coordinate the
channel conflict and improve supply chain performance with the existence of free riding
through designing effective contracts. To reach this purpose, we take into account a dual-
channel supply chain in which the manufacturer distributes the product simultaneously
via their personal online channel and an offline retailer. We concentrate on the product with
obviously non-digital attributes, such as a cell phone, a computer or a newly released sofa.
For this kind of product, customers usually need to pay a visit to an offline channel first to
experience the functions of the product and learn essential knowledge from specialized
salespersons. Then, they decide whether to purchase and which channel to purchase from.
To reflect the process of decision-making and purchasing behavior, we employ customer
utility theory to describe a customer’s behavior of channel choice by considering the
positive role of experience service in the customer’s valuation for the product. On this basis,
we build profit functions and present an analytical framework under a decentralized and
a centralized setting to verify whether the decentralized setting with the existence of free
riding can reach system optimization. Finally, we propose three progressive mechanisms to
coordinate the decentralized supply chain and reach system optimization. Specifically, the
research questions of this paper are as follows:

(i) Whether the decentralized supply chain with the existence of free riding can reach
system-wide optimization state as the centralized supply chain? If not, how does the
decisions under the decentralized scenario deviate from that under the centralized scenario?

(ii) What is the difference of the impact among the three mechanisms on supply chain
members’ optimal decisions and customer’s free-riding behavior compared with the
decentralized scenario?

(iii) Whether the proposed mechanisms can help the decentralized supply chain realize
system-wide optimization?

The remainder of this paper is arranged as follows. Section 2 reviews the relevant
literature. Section 3 describes the problem. Section 4 develops decentralized and central-
ized decision models. Section 5 proposes three contract mechanisms to improve supply
chain performance. Section 6 conducts numerical examples to explore how the proposed
mechanisms affect supply chain efficiency. Section 7 concludes this paper.
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2. Literature Review

As the e-commerce emerges, scholars have attached importance to this new business
mode and conducted extensive research on dual-channel supply chain management. To
understand the impacts of dual-channel mode, many scholars pay attention to the issue of
channel selection. That is, whether the manufacturer should introduce an online channel
based on a pre-existing offline channel and what is the impact on the manufacturer and the
retailer’s optimal decisions and profits [12–14]. Further, since the manufacturer generally
distributes homogeneous products though both channels, the introduction of the online
channel will inevitably pose a threat to the pre-existing offline channel owned by the retailer
and lead to channel competition. Thus, a question arises for the manufacturer in how to
mitigate channel competition between members and channels. Some scholars carry out
research with regard to channel competition and supply chain coordination. For example,
Yan and Pei [15] show channel competition can be effectively mitigated and supply chain
efficiency can be improved after the implementation of the cooperative advertising strategy.
Saha [16] considers a three-echelon dual-channel supply chain with price competition
and propose a discount mechanism to make the supply chain coordinated. Zhang and
Wang [17] explore whether a wholesale price contract with a fixed transfer payment can
make the supply chain coordinated in the context of dynamic pricing. Yan et al. [18]
combine revenue-sharing contract with reward points to mitigate competition and improve
supply chain efficiency. Wang et al. [19] investigate how customer channel preference
affects optimal pricing decisions and find that the traditional revenue sharing contract can
coordinate the dual-channel supply chain.

To compete with the manufacturer’s online channel, it is an effective way for the retailer
to retain and attract customers by providing experience services that are not available via
the online channel. However, the experience service is likely to induce customers to become
service free-riders, which further aggravates channel conflict and competition. Some
scholars investigate the specific impacts of customer free-riding behavior. For example,
Balakrishnan et al. [20] focus on customer free-riding behavior and find that such behavior
will intensify price competition between channels. Further, Zhang et al. [21] simultaneously
take into account free riding and sunk cost. They find that channel competition will be
intensified by free-riding behavior, but be mitigated by the sunk cost. Guo et al. [22]
analyze the impact of the degree of free riding on optimal decisions and profits under
three power structures. They find that when the dual-channel retailer operates the online
and offline channels separately, free riding will always make negative impact. In order to
alleviate the negative impact of free riding, some scholars further put forward strategies.
From the offline retailer’s view of point, Mehra et al. [23] put forward several measures
to counter customer free-riding behavior. Jing [24] finds that the online retailer’s return
policy can mitigate the competition by reducing free riding. However, these studies focus
on free-riding in a dual-channel distribution with horizontal competition only.

The relationship between upstream and downstream members in a dual-channel
supply chain becomes much more complicated. Several scholars focus on the free-riding
issue under this more complicated scenario. For example, Liu et al. [25] incorporates
fairness concern into supply chain members’ decision-making process and analyze how free
riding influences optimal decisions. Li et al. [26] consider three service strategies and study
how free riding influences pricing decisions and service strategy choice. Tian et al. [27]
investigate how the existence of free-riding customers affects the manufacturer’s product
strategy in the online and offline channels. Bian et al. [14] investigate the impact of customer
free-riding behavior on the manufacturer’s choice of channel strategy between a direct
online channel and an indirect online channel.

Besides analyzing the impact of free riding, some scholars further investigate how
to cope with the adverse impact of free-riding via strategies and mechanisms. Xing and
Liu [28] demonstrate that the retailer’s enthusiasm for providing service will be reduced by
free riding. Then, they put forward a coordination mechanism with selective compensation
rebate and price match to achieve service coordination. Dan et al. [29] consider two kinds
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of effects resulting from service provision, namely free-riding effect and competition effect,
and put forward coordinating contracts according to the size of the two effects. To motivate
the retailer to provide a high level of service and achieve supply chain coordination,
Luo et at. [30] put forward a coordinating scheme according to the service level and order
quantity. Pu et al. [31] and Zhou et al. [32] explore how the cost-sharing strategy affects
supply chain performance and alleviates channel competition. Liu et al. [33] show that
agency selling can not only mitigate the adverse impact of free riding, but also help
supply chain members realize Pareto improvement. From the manufacturer’s point of
view, Basak et al. [34] propose a two-part tariff with effort-sharing contract to cope with
the adverse impact of free riding. Xu et al. [35] find that the impact of free riding coefficient
on overall profit depends on customer channel preference and propose a supplier-revenue
sharing contract to realize global optimal profit and supply chain members’ win–win
situation. The aforementioned studies investigate the adverse impact of free riding, some
of which further focus on how to mitigate the impact via kinds of strategies and contracts.

Table 1 shows the comparison between the highly related studies and this research.
The contribution of this research is twofold. Firstly, as for the experience products with
obviously non-digital attributes, customers usually experience the products to obtain
essential knowledge and actual perception before purchasing. Under this case, experience
service in the offline channel will play a crucial role in affecting customer’s valuation for
the products. However, such role of service has been rarely considered before. Besides,
we investigate how the retailer decides the service level when the service can increase the
potential free-riding customer’s valuation for the products. On this base, consumer channel
choice model is built in which the endogenous service level positively affects consumer’s
valuation for the product. Secondly, we propose three progressive mechanisms and explore
the difference of impacts among the three mechanisms on service level decision, customer
free-riding behavior and supply chain performance. We find that the last mechanism can
help realize a win–win situation and system-wide optimization by reducing the number
of free-riding customers. Besides, the results provide some managerial insights for firms
in practice.

Table 1. List of key studies related to this research.

Key Related
Studies

Service
Decision

The Role of Service in
Valuation for Product

Dual-Channel
Supply Chain

Contract
Strategy

Control the
Number of
Free-Riding

Win-Win System-Wide
Optimization

[28]
√ × √

Price match × √ ×
[29]

√ × √ Two-way cost
sharing × √ √

[30]
√ × √ Three-part

tariff transfer
payment

× √ √

[31]
√ × √

Cost sharing × √ ×
[32]

√ × √
Cost sharing × × ×

[33] × × √
Agency selling

√ √ ×

[34]
√ × √ Three-part

tariff with cost
sharing

× × ×

[22]
√ × × Revenue

sharing × √ ×

[35]
√ × √ Revenue

sharing × √ √

This research
√ √ √

Price hike with
cost-sharing
and surplus

compensation

√ √ √

Where
√

means the corresponding literature considers the case, while ×means it does not.

3. Description of the Problem
3.1. The Dual-Channel Supply Chain

We focus on a dual-channel supply chain in which a brand manufacturer (he, here-
inafter referred as to manufacturer) simultaneously distributes products via his personal
online channel and an offline retailer (she, hereinafter referred as to retailer). For the manu-
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facturer, his unit cost for production is denoted by c and online retail price is denoted by
pm. For the retailer, when the sales period begins, she orders certain quantity denoted by Q
from the manufacturer at wholesale price w. Due to the long-term cooperative relationship,
we assume w is determined by the long-term agreement [36]. Then, the retailer distributes
the product at price pr with unit selling cost cr. We assume that pr is determined by the
market because of the long-term competition in the offline market. Nevertheless, as a newly
introduced channel, the manufacturer can determine the price in his own online channel.
To cope with the manufacturer, the retailer provides services for customers, including
product experience, immediate customer response, shopping assistance, etc. The service
level is denoted by s (s ≥ 1). s = 1 means that the retailer will not provide extra service [28].
The expense where the retailer provides such service is called service cost. We use C(s) to
represent the service cost, and assume that C(s) is an increasing and convex function of s,
dC(s)/ds > 0, d2C(s)/ds2 > 0 [37,38]. When the sales period ends, the unit salvage value
of the unsold product is ϕ, where ϕ < c [39].

3.2. Customer Channel Choice Based on Purchasing Utility

We employ customer utility theory to build a channel choice model for its ability for
describing the process of customer channel choice. In fact, it is a common approach to
describe customers’ purchasing behaviors, especially when they are faced with multiple
sales channels. It can exactly describe the factors that affect customers’ channel choice and
help the multi-channel firms better understand customers’ purchasing behaviors and make
appropriate decisions. Thus, it is widely employed in the field of multi-channel marketing
and customer behavior.

We consider that each customer purchases at most one product and use v to denote
consumer’s valuation or willingness to pay for the product. Due to the differences of income
levels, quality perceptions for the product, customers are heterogeneous in the valuation
for product. Referring to [30], we assume that v is uniformly distributed between [0, v]. For
the kind of product with obviously non-digital attributes, it is necessary for customers to
visit the offline channel to experience the product and obtain essential knowledge before
purchasing. After customers receive the experience service provided in the offline channel,

the valuation for the product increases to β(s)v, where β(s) ≥ 1, dβ(s)
ds > 0, d2β(s)

ds2 < 0. It
means that the newly obtained knowledge about the non-digital attributes from product
experience can increase customer’s valuation for the product. This seems to be in line with
the reality. For example, offline retailers invest in providing try-on products, comfortable
shopping atmosphere and highly specialized salesperson in order to positively affect
customer’s valuation for products and further increase the likelihood of actual purchasing.

When customers decide to purchase, they are faced with two ways to purchase, namely
purchasing in the offline channel or switching to the online channel and becoming free-
riders. If they choose former, they can own the product right now, but bear a higher
price. In this case, the utility customers can obtain is Ur = β(s)v − pr. If customers
choose the latter, they can purchase at a lower price, but have to incur extra effort and
time to search the product and undertake uncertainties like delivery time and potential
risks [8]. These impacts will lead to a loss of valuation for the product. We use θ to
describe the loss of valuation due to free-riding behavior, where θ (0 < θ < 1) is defined
as customer’s acceptance of online channel. In this case, the utility the free-riders obtain
is Um = θβ(s)v− pm. Then, customers need to choose which channel to purchase from
by comparing Ur with Um, namely max{Ur, Um, 0}. They have the following choices:
(i) if max{Ur, Um, 0} = Ur, customers choose to purchase in the offline channel; (ii) if
max{Ur, Um, 0} = Um, customers choose to switch to the online channel; and (iii) if
max{Ur, Um, 0} = 0, customers decline to purchase from neither channel.

3.3. Demand Functions

Based on the channel choice model obtained in Section 3.2, we derive the demand
functions for online and offline channels. Through solving max{Ur, Um, 0} = Ur, we can



J. Theor. Appl. Electron. Commer. Res. 2022, 17 794

obtain the condition with regard to v that customers choose to purchase offline, namely
v > max

{
pr−pm

(1−θ)β(s) , pr
β(s)

}
. Then, we have the probability that customers choose offline

Pr =
∫ v

max{ pr−pm
(1−θ)β(s) , pr

β(s) }
h(v)dv, where h(·) denotes the density function of v. By solving Pr,

the demand in the offline channel is

dr =


(

1− pr−pm
vβ(s)(1−θ)

)
× D, pm < θpr(

1− pr
vβ(s)

)
× D, otherwise

(1)

where D(D > 0) presents the market size.
Through solving max{Ur, Um, 0} = Um, we can obtain the condition with regard to

v that customers choose to switch to the online channel, namely pm
θβ(s) < v < pr−pm

(1−θ)β(s) .
Similarly, the demand in the online channel is

dm =


θpr−pm

vβ(s)θ(1−θ)
× D, pm < θpr

0, otherwise
(2)

Note that there are no customers who choose to switch to the online channel and
become free-riders when pm ≥ θpr. Since we focus on how to coordinate the dual-channel
supply chain with the existence of customer free-riding behavior, thus, we consider the
case in this paper where pm < θpr.

Further, we include randomness in our demand models besides the deterministic de-
mand functions above. Generally, there are two ways to describe this. One is multiplicative
form, and the other is additive form [40,41]. For the popularity and tractability, we consider
the additive form by adding a random variable into the deterministic demand. Then, we
obtain the stochastic demand functions in the following:

Dr = dr + εr (3)

Dm = dm + εm (4)

εr and εm are random variables which result from uncertainty due to evolving economic
conditions and changing markets [41]. We use f (·) and F(·) to denote density function
and cumulative distribution function of the random variable εr, respectively. Likewise, g(·)
and G(·), respectively, denote density function and cumulative distribution function of the
random variable εm.

Moreover, the model parameters should satisfy the following additional constraints to
avoid trivial cases: (i) pr > w + cr; (ii) pm > w.

4. Decentralized and Centralized Decision Model
4.1. The Decentralized Decision Model

Under the decentralized decision model (denoted by superscript D), the supply chain
members are independent individuals and make the optimal decisions to maximize their
own profits.

4.1.1. The Retailer’s Best Response

The retailer’s expected profit is given by

EπD
r (Q, s) = (pr − cr)Emin{Q, Dr}+ ϕE(Q− Dr)

+ − wQ− C(s) (5)

We use z to denote the stocking factor of products in the offline channel, where
z = Q− dr. Then, we rewrite the expected profit in Equation (5) as

EπD
r (z, s) = (pr − cr − w)dr + (pr − cr − ϕ)Emin{z, εr} − (w− ϕ)z− C(s) (6)
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Proposition 1. EπD
r (z, s) is jointly concave in z and s.

Proof of Proposition 1. Firstly, we can easily obtain the Hessian matrix H as

H =

(
∂2EπD/∂z2 ∂2EπD/∂z∂s

∂2EπD/∂s∂z ∂2EπD/∂s2

)
(7)

Then, we need to take the second-order partial derivatives of EπD with regard to z
and s. According to the size of Dr and Q, we can obtain the retailer’s profit function as

πD
r (Q, s) =

{
(pr − cr)Dr + ϕ(Q− Dr)− wQ− C(s), Dr ≤ Q
(pr − cr)Q− wQ− C(s), Dr > Q

(8)

Substituting Dr = dr + ”r and z = Q− dr into πD
r (Q, s), we have

πD
r (z, s) =

{
(pr − cr)(dr + εr) + ϕ(z− εr)− w(dr + z)− C(s), εr ≤ z

(pr − cr)(dr + z)− w(dr + z)− C(s), εr > z
(9)

We define the range of εr and the means of εr are [A, B] and µ, respectively. Then, we
can obtain the expected profit as

EπD
r (z, s) =

∫ z
A (pr − cr)(dr + εr) f (εr)dεr +

∫ z
A ϕ(z− εr) f (εr)dεr

+
∫ B

z (pr − cr)(dr + z) f (εr)dεr − w(dr + z)− C(s)

= (pr − cr)(dr + µ + z + 1− B)− w(dr + z)− C(s)

−(pr − cr − ϕ)
∫ z

A F(εr)dεr

(10)

According to Equation (10), we can obtain first-order and second-order partial deriva-
tives of EπD with regard to z as

∂EπD/∂z = pr − cr − w− (pr − cr − ϕ)F(z) (11)

∂2EπD/∂z2 = −(pr − cr − ϕ) f (z) (12)

Similarly, we can obtain ∂2EπD/∂z∂s = 0, ∂2EπD/∂s∂z = 0 and

∂2EπD/∂s2 = (pr−cr−w)(pr−pm)D
v(1−θ)

× β(s)β′′ (s)|s−2(β′(s)|s)2

β3(s) − C′′ (s)|s .
On this basis, we can obtain

|H| =

∣∣∣∣∣∣
−(pr − cr − ϕ) f (z) 0

0 (pr−cr−w)(pr−pm)D
v(1−θ)

× β(s)β′′ (s)|s−2(β′(s)|s)2

β3(s) − C′′ (s)|s

∣∣∣∣∣∣ (13)

To prove EπD
r (z, s) is jointly concave in z and s, we need to prove that H is negative

definite, namely |H| > 0. According to our assumption, we can see that
∂2EπD/∂z2 = −(pr − cr − ϕ) f (z) < 0, β(s) ≥ 1, β′(s)|s > 0 , β′′ (s)|s < 0 and C′′ (s)|s > 0 ,
thus |H| > 0.

Therefore, EßD is jointly concave in z and s. �
Based on Proposition 1, given pm, we can obtain the optimal response functions of the

retailer’s decision variables with regard to pm by letting ∂EπD
r (z,s)
∂z = 0 and ∂EπD

r (z,s)
∂s = 0

as follows
zD∗ = F−1(

pr − cr − w
pr − cr − ϕ

) (14)

C′(s)|sD∗ =
Dβ′(s)|sD∗ (pr − cr − w)(pr − pD

m)

v(1− θ)β2(sD∗)
(15)
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Note that we can obtain the specific sD∗ via Equation (15) under the given format
of C(s). We can see that the price in the online channel will not make an impact on the
retailer’s decision on stocking factor, but make an impact on the service level. This means
that the retailer will determine the service level according to the manufacturer’s optimal
decision. In detail, we can see from the best response function of sD∗ with regard to pD

m
that an increase in pD

m will lead to a decrease in sD∗. This is because an increase in pD
m will

narrow the gap of prices between channels and reduce customers’ motivations to switch to
the online channel and become free-riders, thus there is no need for the retailer to provide
high level service to retain customers.

4.1.2. The Manufacturer’s Best Response

The manufacturer’s profit is given by

πD
m(pm) = (w− c)(dr + z) + (pm − c)dm (16)

Since purchasing online requires waiting for a while to receive the product due to the
lead time, it becomes possible for the manufacturer to assemble the online orders. Since
only the expected value of εm influences the profit function, the manufacturer’s profit
does not depend on the value of εm. Effectively, this can be regarded as a constant term in
the demand function and does not affect the manufacturer’s decision. Following [42], we
normalize that expectation value of εm to be zero.

It is obvious to see that πD
m(pm) is strictly concave in pm. Then, given z and s, we can

obtain the optimal response function of pm with regard to z and s by letting ∂πD
m(pm)
∂pm

= 0
as follows:

pD∗
m =

θ(pr + w− c) + c
2

(17)

We can see that the retailer’s optimal decisions do not play a role in the manufacturer’s
decision. This indicates that no matter how the retailer determines her optimal service level
and stocking factor, the manufacturer under the decentralized scenario will always focus
on his own decision.

Through solving Equations (15) and (17) together, we can obtain the optimal service
for the retailer.

4.2. The Centralized Decision Model

Under the centralized decision model (denoted by superscript C), the supply chain act
as an integrated firm and maximize a joint profit function via adding Equations (6) and (16)
as follows:

EπC(pm, z, s) = (pr − c− cr)dr + (pr − cr − ϕ)Emin{z, εr}
−(c− ϕ)z− C(s) + (pm − c)dm

(18)

To maximize EπC(pm, z, s), we examine the concavity of EπC(pm, z, s) regarding the
decision variables.

Proposition 2. The optimal decisions under the centralized scenario are

pC∗
m = θpr −

θ(c + cr)− c
2

(19)

zC∗ = F−1(
pr − cr − c
pr − cr − ϕ

) (20)

C′(s)|sC∗ =
Dβ′(s)|sC∗ [θ(pr − pC∗

m )(pr − cr)− pC∗
m (θpr − pC∗

m + c(1− θ))]

vθ(1− θ)β2(sC∗)
(21)
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Proof of Proposition 2. Similar to the proof of proposition 1, taking the second-order
partial derivatives of EπC with regard to z, pm and s, we can obtain the Hessian matrix:

H =


∂2EπC/∂z2 ∂2EπC/∂z∂pm ∂2EπC/∂z∂s

∂2EπC/∂pm∂z ∂2EπC/∂p2
m∂2 ∂2EπC/∂pm∂s

∂2EπC/∂s∂z ∂2EπC/∂s∂pm ∂2EπC/∂s2



=



−(pr − cr − ϕ) f (z) 0 0

0 − 2D
vθ(1−θ)β(s)

[2(θpr−pm)+c(1−θ)−θcr ]Dβ′(s)|s
vθ(1−θ)β2(s)

0 (2(θpr−pm)+c(1−θ)−θcr)Dβ′(s)|s
vθ(1−θ)β2(s)

D

 β(s)β′′ (s)|s
−2(β′(s)|s )2

 θ(pr − pm)(pr − cr)

−pm(θpr − pm + c(1− θ))


vθ(1−θ)β3(s) − C′′ (s)|s


(22)

In order to prove the joint concavity, we need to prove |H| < 0. We assume that the
solutions satisfy |H| < 0, and then we substitute the optimal solutions into |H| as follows:

|H|(pC
m=pC∗

m ,z=zC∗ ,s=sC∗) = −4(β′(s)|s )2
θ(pr − cr)

(
(1− θ)

(
pr − 1

2 c
)
+ 1

2 θcr

)
+2β(s)

(
θβ′′ (s)|s (pr − cr)

(
(1− θ)

(
pr − 1

2 c
)
+ 1

2 θcr

)
− β2(s)vθ(1−θ)C′′ (s)|s

D

) (23)

We find that Equation (23) < 0 is satisfied. Thus, there exists a unique equilibrium, and
on the equilibrium point, we have |H|(pC

m=pC∗
m ,z=zC∗ ,s=sC∗) < 0. �

There is no doubt that the optimal solutions in proposition 2 can make the supply
chain system achieve optimization. Therefore, we verify whether the decentralized supply
chain reaches the optimal state by comparing the optimal solutions under the decentralized
with those under the centralized scenarios. Then, we get proposition 3.

Proposition 3.

(i) zD∗ < zC∗, pD∗
m < pC∗

m ;
(ii) EπD∗

r (zD∗, sD∗) + πD∗
m (pD∗

m ) < EπC∗(pC∗
m , zC∗, sC∗).

Proof of Proposition 3.

(i) By comparing Equation (17) with Equation (19), and Equation (14) with Equation (20),
respectively, we can easily find that pD∗

m < pC∗
m and zD∗ < zC∗.

(ii) Firstly, zC∗, pC∗
m and sC∗ are the unique optimal solutions of EπC. Secondly, we can see

that the functional forms of EπC and πD
m + EπD

r are identical, thus EπD∗
r (zD∗, sD∗) +

πD∗
m (pD∗

m ) < EπC∗(pC∗
m , zC∗, sC∗). �

Proposition 3 shows that there exists a difference between the optimal solutions under
the two scenarios. Specially, under the decentralized scenario, the manufacturer always
sets a lower price to induce customers to become free-riders. To lower potential risk, the
retailer may reduce his order quantity. This will further cause the decrease of system-
wide profit. Thus, the manufacturer needs to employ effective mechanisms to achieve
system-wide optimization.

5. Coordinating Mechanisms

In this section, we put forward three contract mechanisms, namely price hike (denoted
by superscript 1), price hike with service cost sharing (denoted by superscript 2), and price
hike with service cost sharing and surplus compensation (denoted by superscript 3). We
explore whether the decentralized system with the mechanism can achieve coordination
and how different mechanisms affect members’ optimal decisions. Besides, the different
mechanisms we propose may show some managerial insights to different firms that have
different optimization objectives.

To acquire more specific results and figure out the functions of different mechanisms,
referring to [43], the specific form of service cost is assumed to be C(s) = 1

2 ηs2. In the
meanwhile, we assume the concrete form of β(s) is β(s) = sλ(0 < λ < 1).
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5.1. Mechanism 1: Price Hike

Since the self-interested decision behavior under the decentralized scenario will drive
the manufacturer to set a lower price to induce more customers to become free-riders
and lead to the loss of supply chain efficiency, we firstly design a price hike mechanism
(Mechanism 1) that aims to narrow the gap of prices between online and offline channels.
We use superscript “1” to denote this scenario. Under Mechanism 1, the manufacturer
properly increases the online price to p′m to try to reduce free-riding phenomenon. Let
p′m = αpm, where pm is the online price under the decentralized decision model, and
1 < α < θpr

pm
.

Hence, supply chain members’ profit functions are

π1
m(p′m) = (

p′m
α
− c)dm + (w− c)(dr + z) (24)

Eπ1
r (Q, s) = (pr − cr)Emin{Q, Dr}+ ϕE(Q− Dr)

+ − wQ− C(s) (25)

To explore the effectiveness of Mechanism 1, we analyze how Mechanism 1 affect the
optimal solutions and profit under the decentralized scenario and obtain Proposition 4.

Proposition 4.

(i) s1∗ < sD∗, d1∗
m < dD∗

m , Q1∗ > QD∗;
(ii) Eπ1∗

r > EπD∗
r

(iii) Mechanism 1 cannot coordinate the supply chain.

Proof of Proposition 4.

(i) From Equation (24), we can acquire the manufacturer’s optimal online price as

p′m
1∗

=
α[θ(pr + w− c) + c]

2
= αpD∗

m (26)

From Equation (25), we can acquire the retailer’s optimal stocking factor and service
level as

z1∗ = F−1(
pr − w− cr

pr − ϕ− cr
) (27)

s1∗ = [
λD(pr − w− cr)(pr − p′m

1∗)

vη(1− θ)
]

1
λ+2

(28)

Since p′m
1∗ = αpD∗

m > pD∗
m , thus s1∗ < sD∗;

The difference between d1∗
m and dD∗

m is

d1∗
m − dD∗

m = B
−λ
λ+2 D

vθ(1−θ)
×
(

θpr−αpD∗
m

(pr−αpD∗
m )

λ
λ+2
− θpr−pD∗

m

(pr−pD∗
m )

λ
λ+2

)

= B
−λ
λ+2 D

vθ(1−θ)
×

( θpr−αpD∗
m

pr−αpD∗
m

) λ
λ+2

(θpr − αpD∗
m )

2
λ+2

−
(

θpr−pD∗
m

pr−pD∗
m

) λ
λ+2

(θpr − pD∗
m )

2
λ+2


(29)

where B = λD(pr−cr−w)
vη(1−θ)

.

Since θpr−αD∗
m

pr−αpD∗
m
− θpr−pD∗

m
pr−pD∗

m
= (1−α)(1−θ)prpD∗

m
(pr−pD∗

m )(pr−αpD∗
m )

< 0, thus d1∗
m < dD∗

m .

The difference between d1
r
∗ and dD

r
∗ is
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d1
r
∗ − dD

r
∗ = ( pr−pD∗

m

v(sD∗)λ
(1−θ)

− pr−p′m
1∗

v(s1∗)λ
(1−θ)

)× D

= D
v(1−θ)(sD∗)λ

(s1∗)λ × {(pr − pD∗
m )

1− λ
λ+2 (pr − pD∗

m )
λ

λ+2 [ λD(pr−cr−w)(pr−p′m
1∗)

vη(1−θ)
]

λ
λ+2

− (pr − p′m
1∗
)1− λ

λ+2
(pr − p′m

1∗)
λ

λ+2 [ λD(pr−w−cr)(pr−pD∗
m )

vη(1−θ)
]

λ
λ+2 }

= D
v(1−θ)(sD∗)λ

(s1∗)λ × [ λD(pr−w−cr)(pr−pD∗
m )(pr−p′m

1∗)
vη(1−θ)

]

λ
λ+2
× [(pr − pD∗

m )
2

λ+2 − (pr − p′m
1∗)

2
λ+2 ]

(30)

It is obvious to see that (pr − pD∗
m )

2
λ+2 − (pr − p′m

1∗)
2

λ+2 > 0, thus dl∗
r > dD∗

r . From
Q1∗ = d1

r
∗ + z1∗, QD∗ = dD

r
∗ + zD∗ and zD∗ = z1∗, we can obtain Q1∗ > QD∗.

(ii) Substituting z = Q− dr, s1∗ and z1∗ into Equation (25), sD∗ and zD∗ into Equation (6),
respectively, we can get the retailer’s optimal expected profits Eπ1∗

r and EπD∗
r under

Mechanism 1 and under the decentralized scenario, respectively, and the difference
between Eπ1∗

r and EπD∗
r is

Eπ1∗
r − EπD∗

r = (pr − cr − w)(d1
r
∗ − dD

r
∗) +

1
2

η(sD∗)
2 − 1

2
η(s1∗)

2
(31)

According to Proposition 4(i), we have d1
r
∗ > dD

r
∗ and 1

2 η(sD∗)
2
> 1

2 η(s1∗)
2. Thus, we

have Eπ1∗
r > EπD∗

r .
(iii) Comparing Equation (19) with Equation (26), Equation (20) with Equation (27) and

Equation (21) with Equation (28), we can figure out that Mechanism 1 cannot coordi-
nate the supply chain. �

From Proposition 4, we can see that Mechanism 1 will discourage the retailer from
providing service but can motivate the retailer to increase order quantity. The reason lies in
that once the online price increases, the price difference between channels decreases, which
weakens the price advantage of the online channel. Under this circumstance, the retailer
reduces her service level to further keep customers from becoming service free-riders via
decreasing the utility the free riding customers obtain. Then, some customers will not
choose to shift and become free-riders, but choose to stay in the offline channel, which
finally increases the demand and order quantity in the offline channel. Moreover, the
increased sales and reduced service costs outweigh the increased ordering costs. Thus, the
retailer’s expected profit increases.

The analyses of Proposition 4 indicate the crucial role of price difference between
channels in controlling customers’ free-riding behavior. We can also see that Mechanism 1
can effectively alleviate channel conflict resulting from free riding and benefit the retailer.
This mechanism is relatively easy to implement and can be employed when firms’ purpose
is mainly to alleviate channel conflict.

5.2. Mechanism 2: Price Hike with Service Cost Sharing

Based on Mechanism 1, we put forward Mechanism 2 (superscripted by 2) to further
induce the retailer to improve service level to attract more potential customers. That is,
the manufacturer undertakes a fraction of the service cost in the offline channel. We use t
(0 < t < 1) to denote the fraction shared by the manufacturer.

Hence, supply chain members’ profit functions are

π2
m(p′m) = (

p′m
α
− c)dm + (w− c)(dr + z)− tC(s) (32)

Eπ2
r (Q, s) = (pr − cr)Emin{Q, Dr}+ ϕE(Q− Dr)

+ − wQ− (1− t)C(s) (33)
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To explore the effectiveness of Mechanism 2, we analyze how Mechanism 2 affects the
optimal solutions and profit under the decentralized scenario, and obtain Proposition 5.

Proposition 5.

(i) s2∗ > s1∗,d2∗
m < d1∗

m ,Q2∗ > Q1∗;
(ii) Eπ2∗

r > Eπ1∗
r ;

(iii) Mechanism 2 cannot coordinate the supply chain.

Proof of Proposition 5. (i) The proof is similar to the proof of Proposition 4(i); (ii) the proof
is similar to the proof of Proposition 4(ii); and (iii) from Equation (32), we can obtain the
manufacturer’s optimal solution as

p′m
2∗

=
α[θ(pr + w− c) + c]

2
= αpD∗

m (34)

From Equation (33), we can obtain the retailer’s optimal solutions as

z2∗ = F−1(
pr − w− cr

pr − ϕ− cr
) (35)

s2∗ = [
λD(pr − w− cr)(pr − p′m

2∗)

vη(1− θ)(1− t)
]

1
λ+2

(36)

Compared Equation (19) with Equation (34), Equation(20) with Equation (35) and
Equation (21) with Equation (36), we can figure out that Mechanism 2 cannot coordinate
the supply chain. �

Proposition 5 shows that although Mechanism 2 cannot coordinate the supply chain,
it further improves the retailer’ s performance due to the higher service level and more
order quantity compared with Mechanism 1. Besides, we can see that with other conditions
unchanged, the retailer can be effectively encouraged to increase service level by the
cost-sharing mechanism. However, compared with Mechanism 1, it is noticeable that the
increased service level will further promote the demand in the offline channel but reduce
customer free-riding behavior to a larger extent. This indicates the decisive role of price
difference in controlling customer free-riding behavior.

How practical is the cost sharing? The cost sharing applies to the situation where
the retailer’s service cost can be verifiable. In practice, we can find that the service cost
can be verified in some cases. More specifically, the manufacturer can observe and verify
whether the retailer advertises the product through television and local newspaper or not.
Besides, retailer’s service cost is often verifiable when the effort involves point of sale
promotion [44].

5.3. Mechanism 3: Price Hike with Service Cost Sharing and Surplus Compensation

To achieve the supply chain coordination, we propose price hike with service cost
sharing and surplus compensation on the basis of Mechanism 2, which is denoted by
superscript 3. On the basis of Mechanism 2, the manufacturer promises to pay the retailer
b(0 < b < w− ϕ) for each unsold product when the selling season ends as compensation.

Hence, supply chain members’ profit functions are

π3
m(p′m) = (

p′m
α
− c)dm + (w− c)(dr + z)− bz + bEmin{z, εr} − tC(s) (37)

Eπ3
r (Q, s) = (pr − cr)Emin{Q, Dr}+ (b + ϕ)E(Q− Dr)

+ − wQ− (1− t)C(s) (38)

The proposition in the following shows how the decentralized supply chain achieves
coordination under Mechanism 3.
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Proposition 6. The condition that the decentralized supply chain can realize optimization under
Mechanism 3 is 

α = θ(2pr−cr)+c(1−θ)
θ(pr+w)+c(1−θ)

t = wA3−A4
(pr−cr)A3−A4

b = (w−c)(pr−cr−ϕ)
pr−cr−c

w > A4
A3

(39)

where A3 = θ[(1− θ)(2pr − c) + θcr], A4 = [2θpr+c(1−θ)−θcr][c(1−θ)+θcr]
2 , A3 > 0, A4 > 0.

Proof of Proposition 6. Let p′m
3∗ = pC

m
∗, s3∗ = sC∗ and z3∗ = zC∗, and then we get

α = θ(2pr−cr)+c(1−θ)
θ(pr+w)+c(1−θ)

, t = wA3−A4
(pr−cr)A3−A4

and b = (w−c)(pr−cr−ϕ)
pr−cr−c .

We can prove that 1 < α < θpr
pD∗

m
. Besides, it’s obvious to see that A3 > 0, A4 > 0, and

when w > A4
A3

, we have 0 < t < 1. According to the assumption, we can get b > w− c. To
avoid the retailer deliberately benefiting from the unit compensation of the unsold product,
b < w− ϕ, thus w− c < b < w− ϕ. �

Thus, according to Proposition 6, the price hike with service cost sharing and surplus
compensation mechanism can help the decentralized supply chain achieve the system-wide
optimization. Then, we are wondering the impact of different mechanisms on reducing
free-riding behavior.

Corollary 1. e3 > e1 > eD.

Proof of Corollary 1. d3∗
m represents the free-riding demand under Mechanism 3, d1∗

m
represents the free-riding demand under Mechanism 1 and dD∗

m represents the free-riding
demand under the decentralized scenario. The difference between d3∗

m and dD∗
m is

d3∗
m − dD∗

m = B
−λ

λ+2 D
vθ(1−θ)

×

 θpr−αpD∗
m

(
pr−αpD∗

m
1−t )

λ
λ+2
− θpr−pD∗

m

(pr−pD∗
m )

λ
λ+2


= B

−λ
λ+2 D

vθ(1−θ)
×

( (θpr−αpD∗
m )(1−t)

pr−αpD∗
m

) λ
λ+2

× (θpr − αpD∗
m )

2
λ+2

−
(

θpr−pD∗
m

pr−pD∗
m

) λ
λ+2

× (θpr − pD∗
m )

2
λ+2


= B

−λ
λ+2 D

vθ(1−θ)
×

(1− t)
λ

λ+2
(

θpr−αpD∗
m

pr−αpD∗
m

) λ
λ+2

(θpr − αpD∗
m )

2
λ+2

−
(

θpr−pD∗
m

pr−pD∗
m

) λ
λ+2

(θpr − pD∗
m )

2
λ+2


(40)

where B = λD(pr−cr−w)
vη(1−θ)

.

Since θpr−αpD∗
m

pr−αpD∗
m
− θpr−pD∗

m
pr−pD∗

m
= (1−α)(1−θ)pr pD∗

m
(pr−pD∗

m )(pr−αpD∗
m )

< 0, (θpr − αpD∗
m )

2
λ+2

< (θpr − pD∗
m )

2
λ+2

and (1− t)
λ

λ+2 < 1, thus d3∗
m < dD∗

m . Similarly, we can obtain d1∗
m < dD∗

m . Besides, it is
obvious that d3∗

m < d1∗
m . Therefore, e3 > e1 > eD. �

We denote ei = |di∗
m−dD∗

m |
dD∗

m
as the reducing extent of free-riding behavior under different

scenarios, where i= {D, 1, 2, 3}. Notice that e2 is equal to e3. According to the definition of
e, we can see that the bigger e is, the greater reducing extent of free-riding behavior will be.
Corollary 1 shows that the three mechanisms can eliminate free-riding behavior to some
extent. However, the extent varies under different mechanisms. The reducing extent of free-
riding behavior under Mechanism 2 or 3 is greater than that under Mechanism 1. Besides,
we can see that the extent is related to the service cost sharing fraction the manufacturer
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undertakes and the degree by which the manufacturer increases his online retail price. This
means that when the manufacturer undertakes a greater fraction of the service costs or
increases the online price by a larger degree, the free-riding behavior can be restrained by a
greater extent. This indicates that the appropriate combination of price hike strategy and
service cost sharing strategy is an efficient way to reduce the free-riding behavior and to
motivate the retailer to improve her service level to attract more potential customers.

5.4. Members’ Win-Win Situations

In this subsection, we conduct numerical examples to examine whether the mecha-
nisms can benefit supply chain members. Let w = 10, pr = 15.1, λ = 0.9, ϕ = 4.5, c = 4.7,
cr = 4.1, η = 0.1, D = 600, v = 450, and ε ∼ U[10, 30]. The values of parameters meet the
conditions in the analyses. To make the model meaningful, the numerical examples are con-
ducted when θ > 0.53. The results are presented in Figures 1–3, where ∆πi∗

m = πi∗
m − πD∗

m ,
∆πi∗

r = Eπi∗
r − EπD∗

r , i = {1, 2, 3}.
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Figure 3. The impact of θ on the profit variation under Mechanism 3.

Figure 1 in θ dicates that the retailer can profit from Mechanism 1, while the manufac-
turer cannot. This indicates that if the manufacturer employs a price hike alone, his interest
will be hurt. To achieve members’ win–win situations, a transfer payment f 1, which is from
the retailer to the manufacturer and locates between f 1

L and f 1
U, where f 1

L = πD∗
m − π1∗

m and
f 1
U = Eπ1∗

r − EπD∗
r , is complementarily designed to guarantee that the manufacturer also

profits from Mechanism 1. Note that the transfer payment is a kind of ex post behaviors,
which is complementally designed to guarantee both members to benefit from the mecha-
nism at the same time in case one member’s interest is undermined after the mechanism
is implemented. If the aforementioned situation happens, the detailed interval of the
transfer payment can be obtained after the demand is realized, and how much the payment
will be depends on the relative size of both members’ bargaining power. In practice, the
transfer payment from the downstream member to the upstream member can be found in
the videocassette supply chain. To improve performance, members in the videocassette
supply chain cooperate with each other. The upstream member distributes the product
(videocassette) to the downstream member at a lower price. When the sales period ends,
the retailer gives a payment to the upstream member [45].

From Figures 2 and 3, we can see that both members can profit from Mechanisms 2
and 3 when θ is located in certain ranges. Furthermore, we can see that with Mechanism 3,
the supply chain system can not only achieve coordination, but also guarantee members’
win–win situations. Although the supply chain system with Mechanisms 1 and 2 cannot
achieve coordination, the supply chain members under Mechanism 2 can achieve Pareto
improvements, and they can also achieve Pareto improvements under Mechanism 1 plus a
complementary payment.

6. The Impacts of Changing θθθ on Supply Chain Efficiencies

To examine the supply chain efficiencies under different scenarios, we denote

Ei = Eπi∗
r +πi∗

m
EπC∗ as the supply chain efficiency under scenario i, where i= {D, 1, 2, 3} rep-

resenting the decentralized, Mechanism 1, Mechanism 2 and Mechanism 3 scenarios,
respectively. Let w = 8, pr = 18, λ = 0.5, ϕ = 4.5, c = 5, cr = 4, η = 0.3, D = 100, v = 80,
ε ∼ U[10, 30]. Then, we show the supply chain efficiency with different Mechanisms Figure 4.

Figure 4 shows the impact of different mechanisms on supply chain efficiency. It is
noticeable to see that the difference of efficiency between Mechanisms 3 and 1 is not beyond
1.2%, which indicates that the cost-sharing and surplus compensation in Mechanism 3 do
not effectively enhance the supply chain efficiency. Then, we set 1.2% as a base and adjust
the values of parameters. In order to intuitively compare the supply chain efficiency under
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Mechanism 1 with that under Mechanism 3, we denote4E = Eπ3∗−Eπ1∗

EπC∗ to represent the
difference of efficiency between Mechanisms 3 and 1. The result is summarized in Figure 5.
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Figure 5 shows that the difference of efficiency between Mechanisms 3 and 1. Since 
the offline price ( rp ) and the wholesale price (w ) affect the horizontal relationship be-
tween channels and the vertical relationship between members, we next adjust the values 
of these two parameters to see how the gap changes. Note that as an intermediate param-
eter, the wholesale price does not appear when we add both members’ profit function 
together. However, it will affect the optimal solutions if the supply chain does not coordi-
nate. Therefore, the wholesale price will affect the uncoordinated optimal service level 
and stoking factor under Mechanism 1: ① Only increase w  to 10 and keep other parameters fixed. 

Figure 5 shows that the impact of increasing wholesale price ( r( 10, 18)E w p= = ) on 
the difference of efficiency between Mechanisms 3 and 1. We can see that compared with 

r( 8, 18)E w p= = , such difference becomes more obvious. This indicates that the increase 
of w  widens the gap of supply chain efficiency between the two mechanisms. This is 
because the increase of w  will lower the retailer’s margin profit and intensify double 
marginalization. Then, the retailer has to control her cost by reducing service level. The 
decrease of service level then leads to the demand decrease, which further drives the re-
tailer to lower the order quantity. However, the design of cost-sharing and surplus com-
pensation in Mechanism 3 is to motivate the retailer to improve service level and increase 
order quantity. Therefore, to some extent, Mechanism 3 can prevent the decrease of the 
efficiency resulting from the increase of w . ② Only decrease rp  to 15 and keep other parameters fixed. 

Figure 5 shows the impact of decreasing retail price ( r( 8, 15)E w p= = ) on the differ-
ence of efficiency between Mechanisms 3 and 1. We can see that, compared with 

r( 8, 18)E w p= = , such difference becomes a little more obvious. The reason is twofold. 
Firstly, the decrease of rp  will drive the manufacturer to decrease his online price and 
then lead to a decrease of price difference between channels. Secondly, the decrease of 
price difference will further discourage the retailer from providing service. The triggered 
price competition and lowered service level will further damage the supply chain effi-
ciency. However, to a certain extent, Mechanism 3 motivates the retailer to improve ser-
vice level to attract and retain customers, and alleviate the negative effect of price compe-
tition between channels. ③ Increase w  to 10 and decrease rp  to 15 simultaneously. 

Figure 5. The difference of efficiency between Mechanisms 3 and 1.

Figure 5 shows that the difference of efficiency between Mechanisms 3 and 1. Since
the offline price (pr) and the wholesale price (w) affect the horizontal relationship between
channels and the vertical relationship between members, we next adjust the values of these
two parameters to see how the gap changes. Note that as an intermediate parameter, the
wholesale price does not appear when we add both members’ profit function together.
However, it will affect the optimal solutions if the supply chain does not coordinate.
Therefore, the wholesale price will affect the uncoordinated optimal service level and
stoking factor under Mechanism 1:

1© Only increase w to 10 and keep other parameters fixed.

Figure 5 shows that the impact of increasing wholesale price (4E(w = 10, pr = 18))
on the difference of efficiency between Mechanisms 3 and 1. We can see that compared
with4E(w = 8, pr = 18), such difference becomes more obvious. This indicates that the
increase of w widens the gap of supply chain efficiency between the two mechanisms. This
is because the increase of w will lower the retailer’s margin profit and intensify double
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marginalization. Then, the retailer has to control her cost by reducing service level. The
decrease of service level then leads to the demand decrease, which further drives the retailer
to lower the order quantity. However, the design of cost-sharing and surplus compensation
in Mechanism 3 is to motivate the retailer to improve service level and increase order
quantity. Therefore, to some extent, Mechanism 3 can prevent the decrease of the efficiency
resulting from the increase of w.

2© Only decrease pr to 15 and keep other parameters fixed.

Figure 5 shows the impact of decreasing retail price (4E(w = 8, pr = 15)) on the
difference of efficiency between Mechanisms 3 and 1. We can see that, compared with
4E(w = 8, pr = 18), such difference becomes a little more obvious. The reason is twofold.
Firstly, the decrease of pr will drive the manufacturer to decrease his online price and then
lead to a decrease of price difference between channels. Secondly, the decrease of price
difference will further discourage the retailer from providing service. The triggered price
competition and lowered service level will further damage the supply chain efficiency.
However, to a certain extent, Mechanism 3 motivates the retailer to improve service level
to attract and retain customers, and alleviate the negative effect of price competition
between channels.

3© Increase w to 10 and decrease pr to 15 simultaneously.

The simultaneous adjustments of increasing w and decreasing pr (4E(w = 10, pr = 15))
not only further cuts down the retailer’s margin profit, but also intensifies price competition
between channels, which widens the gap of supply chain efficiency between Mechanisms 3
and 1 to a greater degree.

The observations above indicate how the horizontal price competition and vertical
wholesale price affect the difference of supply chain efficiency between Mechanism 1 and
Mechanism 3. Firstly, we find that the simultaneous intensification of price competition
and double marginalization will make Mechanism 3 obviously outperform Mechanism 1.
Secondly, from observations 1© and 2©, we find that the intensification of double marginal-
ization or the intensification of price competition alone will make Mechanism 3 a little
more obviously outperform than Mechanism 1. However, the intensification of double
marginalization brings greater outperformance for Mechanism 3 than the intensification of
price competition does. This indicates that double marginalization plays a stronger role in
supply chain efficiency. On the contrary, when the price difference is relatively large or the
wholesale price is relatively low, the difference of efficiency is close. Mechanism 1 should
be advocated. Note that the difference of efficiency between Mechanisms 3 and 1 in any
figure is more obvious when θ is not very high than that when θ is high. This indicates
that when the customer’s acceptance of the online channel is not very high, appropriate
mechanisms can help the retailer to retain customers and attract potential customers, and
enhance supply chain efficiency.

7. Conclusions
7.1. Summary

We concentrate on a coordinating issue when free riding exists in a dual-channel supply
chain. Through developing decision models under the decentralized and the centralized
scenarios and comparing the optimal solutions, we figure out that the manufacturer under
the decentralized scenario will decrease his online price to cope with the retailer and induce
customers to become free-riders. To lower risk, the retailer reduces the order quantity. The
self-interested decisions under the decentralized scenario finally deflect the supply chain
from system optimization. Then, we propose three progressive coordinating mechanisms
to mitigate channel competition and improve supply chain performance.

We find that although Mechanism 1 and Mechanism 2 cannot coordinate the de-
centralized supply chain, both members can realize Pareto improvements under certain
circumstances. We also find that Mechanism 3 can help the supply chain realize the cen-
tralized system-wide optimal profit as well as members’ win–win situations. In addition,
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the implementation of the three mechanisms can effectively reduce free-riding behavior
to some extent. However, the extent under different mechanisms is different, which is
further related to the parameters in the mechanisms. Finally, we compare the supply chain
efficiency under three mechanisms with the decentralized scenario through numerical
examples and focus on discussing how price difference and wholesale price affect the
difference of supply chain efficiency under Mechanisms 1 and 3.

The major contribution of this paper lies in that a novel mechanism is put forward to
coordinate a decentralized supply chain in which the retailer provides experience service
to improve customers’ valuation for the products and customers may become free-riders
after receiving the service in the offline channel. On this basis, we reveal how the price
difference between channels and service provision affects customer free-riding behavior.
Besides, the proposed mechanisms in this paper also give some managerial insights in
practice, and numerical results show the application conditions for different mechanisms.

Our analysis might also have some limitations. We assumed that the retailer only sells
the manufacturer’s single product. However, the retailer may have his own brand. Under
such cases, free-riding customers may choose to switch channels for the manufacturer’s
product or switch brand for the retailer’s product. Therefore, further research might
investigate the impact of customers’ multiple free-riding behaviors on optimal decisions
and channel competition, and design suitable contracts to realize supply chain coordination.

7.2. Managerial Insights

The results provide managerial insights in the following two aspects:

(i) How does a dual-channel firm treat price difference between channels and service
provision when facing customer free-riding behavior?

According to the comparison among the decentralized scenario, Mechanism 1 and
Mechanism 2, we reveal the way that price difference and service provision in affecting
customer free-riding behavior. The dual-channel managers should understand the follow-
ing points. Firstly, the price difference of prices between online and offline channels plays a
decisive role in reducing free riding behavior. Thus, managers need to hold an overall view-
point on managing the dual-channel supply chain. This is, they should control the price
difference by avoiding setting excessively low online price. Although the increased online
price will lead to the demand reduction of free-riding customers, it can provide a higher
margin profit for the manufacturer and increase the retailer’s order quantity, which may
indirectly benefit the manufacturer in turn and improve supply chain efficiency. Secondly,
although Mechanism 2 plays a positive role in stimulating the retailer to increase service
level, the increased service level promotes the demand in the offline channel to a greater de-
gree while reduces the free-riding demand to a greater degree compared with Mechanism 1.
Thus, managers need to understand the role of service correctly. The increased service level
can bring more profit increase for the retailer as well as the manufacturer.

(ii) How to employ the proposed mechanisms in practice?

The three progressive mechanisms bring different effects on the improvement of
supply chain efficiency and the control of free riding behavior. The improvement of
supply chain efficiency is mainly related to the influencing factors including the offline
price, the wholesale price and customer’s acceptance of online channel. For Mechanism 1,
although it cannot coordinate the supply chain, it is the easiest one for dual-channel firms
to employ. Especially, its effect on improving supply chain efficiency is close to the system-
wide optimization when the price difference is relatively large or the wholesale price is
relatively low. For Mechanism 2, it can further improve the supply chain efficiency and
realize members’ win–win situation when one can observe the other’s service cost. For
Mechanism 3, it can coordinate the supply chain and realize win–win situation for members.
Besides, its effect can be obvious outstanding as the wholesale price increases and the price
difference decreases. Thus, managers can employ the suitable mechanism according to
market conditions they are faced with. In detail, they can obtain the information about
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the influencing factors via doing market survey, referring to industry reports, etc. When
managers choose the mechanism, they can refer to the mechanism parameters to determine
the optimal decisions and control customer free-riding behavior.
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