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Abstract
Retailers canmakemarketing efforts to increase themarket demand, but the results from their activities are generally uncertain
and influenced by free riding. This paper considers marketing strategies in a two-echelon supply chain under free riding, where
a manufacturer sells products through two competitive retailers who have different powers. The dominant retailer will decide
whether to make marketing efforts, and the following retailer will choose whether to follow the decision of the dominant
retailer. We establish our demand functions relying on the price and marketing efforts, and then build six decentralized game
models to examine how marketing strategies and power structures (manufacturer-dominant and retailer-dominant) affect
supply chain members’ performances. It is found that, for the dominant retailer, he will make marketing efforts if free riding
is not severe. As for the following retailer, in retailer-dominant structure, he will also make marketing efforts if the dominant
retailer makes that, while his strategy varies with the degree of free riding in manufacturer-dominant structure. We also show
that if the dominant retailer wants to make marketing efforts, he will make the same level of marketing efforts regardless of
his market base and competitor’s decision.

Keywords Marketing efforts · Free riding · Power structure · Supply chain

1 Introduction

In the current market, fragmented industries exist in many
areas of economic activity, such as some traditional service
industries (e.g., fast food, laundry), and some retail busi-
nesses (e.g., Walmart, Watsons). The characteristics of the
fragmented industries are scattered, and the company has no
economies of scale. If a company can overcome the frag-
mentation, then his return will be very high. The specific
ways to overcome fragmentation include chain operations or
franchising. Watsons is a typical case of success using the
above ways. It is China’s largest retail chain of health and
beauty products with more than 3,200 stores and more than
64 million members in 438 cities across China. These chain
retailers of Watsons have unified management and unified
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pricing, while some retailers dominate the region because of
their strong information resources and market base (Wang
et al. 2018). When a customer enters these dominant retail-
ers, he has a deeper understanding of a certain product and
desire to buy through the marketing efforts (e.g., promotion)
of the clerk, but for some reasons, he has not successfully
purchased; for example, his place of residence is far from
the retailer, and the product is not convenient to carry. At
the same time, the customer realizes that there is a retailer
of the same brand selling the same product near his home.
Therefore, he will eventually purchase it at a retailer near
his place of residence rather than the retailer he first met.
This phenomenon can be explained by the free-riding effect.
The basic meaning of free riding is to enjoy the benefits of
others without paying the cost. For example, many shipping
companies are unwilling to build lighthouses and they can
get the same services as well. In supply chain management,
free riding refers to that the service provided in one channel
helps the other channel get a final sale without any compen-
sation (Dan et al. 2014), which may mitigate the motivation
for marketing efforts. “Just seeing not buying” is a typical
free-riding behavior. The consumers enter the retail store to
view the product, and accept the retailer’s marketing service,
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but ultimately do not purchase. Instead, they turn to other
stores or channels to buy the same product.

In this paper, we consider amarketing problem in a supply
chain where a common manufacturer produces and supplies
products to duopoly retailers. One of the retailers is dom-
inant to the other one, and the sales price is determined
by a third party. Marketers often point out that the mar-
ket demand is not only affected by the sales price, but also
by the marketing investment (Esmaeili et al. 2009). To pro-
mote sales, the retailers can make marketing efforts, which
is a way of promotional campaign used by many retailers
to directly provide customers the brand knowledge of their
products and services and other specialties of their organi-
zations (Giri and Sharma 2014; Yang et al. 2015). However,
marketing strategies are challenging in profit-oriented com-
panies (Dogu and Albayrak 2018), and the presence of free
riding may affect their impacts, and thus influence the profit
of the entire supply chain. Some scholars (Wu et al. 2004;
Shin 2007; Kuksov and Lin 2010) suggested that free rid-
ing may benefit the supply chain members. For instance, Wu
et al. (2004) found that a seller can make positive profit by
establishing itself as an information service provider under
free riding. Shin (2007) showed analytically that free-riding
benefits not only the free-riding retailer, but also the retailer
that provides the service when customers are heterogeneous
in terms of their opportunity costs for shopping. Accord-
ing to other scholars (Carlton and Chevalier 2001; Xing and
Liu 2012; Balakrishnan et al. 2014), marketing efforts made
by retailers may not be so much effective because of free
riding. Therefore, what impact does free riding have on the
retailers’ marketing strategies and the profits of supply chain
members? And, we want to know whether the market base
of the dominant retailer may affect the retailers’ strategies.
The emergence and rapid development of large-sized retailers
(e.g., Walmart and Carrefour) outlets creates opportunities
for dominant retailers to align with the businesses in the sup-
ply chain, inwhich they have previously never been involved,
the power of manufacturers and retailers is reversing (Huang
and Ke 2017; Wang et al. 2019). Especially, Huang et al.
(2016) considered the effect of power structures on the pric-
ing and performance of supply chain members in a two-stage
supply chain. Our research also analyzes the effect of power
structures. However, there are some differences between the
previous literature and our research. First of all, the focus
of the previous literature is pricing strategy, and this paper
focuses on the marketing strategy. Secondly, the previous
paper assumes that there is no dominant power between the
two retailers, while we take the dominant power between the
two retailers into account in our paper. Finally, the effect of
free riding on the performance of supply chain members is
considered in our paper.

The main contributions of this paper are showed as
follows: First, our research contributes to the marketing lit-

erature by investigating different marketing strategies under
different power structures. We have not only considered the
difference in powers between retailers and manufacturer, but
also the difference in powers between two retailers. Second,
we fill a significant gap in the literature of free riding. To
the best of our knowledge, when free riding exists, the pre-
vious literature only considers the situation where only one
retailer makes marketing efforts. We also consider two more
situations where both retailers do or do not make market-
ing efforts. In addition, previous literature only considers the
one-way free-riding effect, andwe increase the consideration
of bilateral free-riding behavior between two retailers.

In our setting, the retailers have different powers and the
sales price is determined by the headquarter. We establish six
models under different power structures based on game the-
ory, and obtained equilibrium solutions. Then, we compare
equilibria to analyze supply chain members’ performances
under different power structures and examine whether the
retailers’ marketing strategies change with the degree of free
riding and different power structures. After that, we conduct
a numerical example to evaluate what the influence of free
riding is on supply chain members’ profits.

We find that if free riding is not severe, the dominant
retailer will make marketing efforts. As for the following
retailer, in retailer-dominant structure, once the dominant
retailer makes marketing efforts, he will also do that, while
his strategywill change as the degree of free riding changes in
manufacturer-dominant structure. Additionally, if the domi-
nant retailer wants to make marketing efforts, he will make
the same level of marketing efforts regardless of his market
base and competitor’s decision, and the marketing expendi-
tures of the two retailers are same if both of them choose
to make marketing efforts. Another finding is that if only
the dominant retailer makes marketing efforts, the following
retailer may prefer to see severe free riding in manufacturer-
dominant structure and weak free riding in retailer-dominant
structure. Some other managerial highlights are also pre-
sented in this paper.

The remainder of this paper is organized as follows. In
Sect. 2, we provide a review of related literature. Then, we
establish the demand functions in Sect. 3. In Sect. 4, six
decentralized models are built to formulate the marketing
strategy under two power structures. After that, in Sect. 5,
we compare and analyze the equilibrium results from Sect. 4,
and conduct a numerical example to explore free-riding effect
on supply chain members’ profits. Conclusions and future
research are presented in Sect. 6. The proofs of some propo-
sitions appear in Appendix.
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2 Related literature

Our research focuses on a decentralized supply chain with
onemanufacturer and two retailers,where themarket demand
takes into account marketing efforts and free riding. To
the best of our knowledge, the marketing efforts dependent
demand and the supply chain structures with one common
manufacturer and two retailers have been independently
discussed by many researchers, but few researchers have
combined them, and none has investigated the effects of
power structure onmarketing strategieswhen bothmarketing
efforts and free riding are considered.

2.1 Supply chain with one commonmanufacturer
and two retailers

Ingene and Parry (1995a) studied channel coordination in
a supply chain where a manufacturer sells through com-
peting retailers. Furthermore, they also explored wholesale
pricing behavior within a two-level vertical channel (Ingene
and Parry 1995b). Later, Zhao et al. (2012) studied the pric-
ing problem of substitutable products in a supply chain
with one manufacturer and two competitive retailers in a
fuzzy environment. These researcheswith one commonman-
ufacturer usually focused on the pricing problem in the
supply chain and the effects of power structure on the price
and profits. Giri and Sharma (2014) studied the manufac-
turer’s pricing strategy in a two-level supply chain with
competing retailers and advertising cost dependent demand.
They showed that it is always beneficial for the manufac-
turer to adopt different wholesale pricing strategies for the
retailers. Huang et al. (2016) built six decentralized game
models to examine how pricing strategies (Bertrand and
collusion) and power structures (manufacturer-dominant,
retailer-dominant, and non-dominant) affect supply chain
members’ performances. Chen et al. (2016) investigated the
impact of power structure on pricing decisions and perfor-
mance in a mixed dual-channel retail service supply chain.
Furthermore, Ke et al. (2018a) focused on a pricing problem
in a closed-loop supply chain (CLSC) with two competi-
tive risk-sensitive retailers under uncertain environment. To
extend, Huang et al. (2018) further developed three dynamic
models of a distribution channel where a manufacturer dis-
tributes its products through two competing retailers. They
found that the manufacturer as well as the supply chain
always prefers to see that the retailers make same strate-
gic behaviors, despite the fact that the retailers do not always
stick to the same behaviors. Themain difference between our
paper and the above literature is thatwe focus on the retailers’
marketing strategies when demand is influenced by retailer’s
marketing efforts without considering the sales price.

2.2 Marketing efforts

It is widely known that marketing efforts play a vital role
in the sales price and the market demand. Therefore, lots
of researchers have studied that in various aspects. Gurnani
and Xu (2006) found that the sales price is strongly related
to sales efforts when they studied the role of resale price
maintenance (RPM) contract in a market where demand
is influenced by retailer’s sales efforts. Ma et al. (2013)
investigated the equilibrium behaviors of a two-stage supply
chain under three supply chain structures when the mar-
ket demand depends on quality and marketing efforts. They
found that investing in marketing efforts is most profitable to
the retailer under retailer-dominant structure. In addition, Lei
et al. (2017) developed option contracts in a supplier-retailer
agricultural supply chain where the market demand depends
on sales effort. They revealed that both the optimal initial
order quantity and the optimal option quantity increase with
the sales effort.Moreover, Huang et al. (2018) considered the
cooperative promotion in a supply chain consisting of a man-
ufacturer and two competing retailers. They showed that the
promotion efforts of the retailers have a positive impact on
their demands, but a negative impact on the manufacturer’s
brand image. In recent years, carbon emission reduction has
aroused great concern, and consumers not only consider the
price and quality level of products, but also pay more atten-
tion to their green level (Yang et al. 2019). Therefore, many
scholars (Li et al. 2019; Lou and Ma 2018) have combined
carbon emission reduction effort with marketing efforts. For
example, Lou andMa (2018) studied the complexity of sales
effort and carbon emission reduction effort in a Bertrand
household appliance supply chain system. They indicated
that sales effort may not be so much effective to retailer’s
profit. Different from the literature above, we explore the
influence of retailers’ different powers and free riding on
retailers’ decision making.

2.3 Free riding

Many scholars have significant insights into free riding from
different perspectives. Rokkan and Buvik (2003) explored
the problem of free-riding behavior in voluntary retail chains
based on agency theory and group theory. Chiu et al. (2011)
focused on the most popular type of cross-channel free rid-
ing: searching for product information in an online store
and then purchasing in another brick-and-mortar store. They
found that when consumers perceive more multichannel
self-efficacy, they engage in more cross-channel free-riding
behavior. In addition, Heitz-Spahn (2013) aimed to under-
stand free riding from a consumer empowerment perspective.
They showed that cross-channel free-riders mainly seek to
fulfill price comparison, convenience and flexibility needs.

123



2106 H. Ke, Y. Jiang

The likelihood of free riding is higher when consumers adopt
cross-channel rather than single-channel behavior.

In recent years, more and more researchers focus on free
riding in dual-channel supply chain. Carlton and Chevalier
(2001) found that manufacturers who distribute their goods
directly through manufacturer websites tend to charge very
high prices for products when free riding occurs. Further-
more, Xing and Liu (2012) studied a supply chain with
one manufacturer and two retail channels. They pointed
out that free-riding effect reduces brick-and-mortar retailer’s
desired effort level, and thus hurts the manufacturer’s profit
and the overall supply chain performance. He et al. (2016)
evaluated the impact of consumer free riding on carbon
emissions in a product’s life cycle across a dual channel
closed loop supply chain. They found thatmanufacturersmay
gain economic benefits from consumer free-riding behav-
ior. Additionally, Pu et al. (2017) considered the effect of
free riding on sales effort in a dual-channel supply chain.
They showed that under deterministic demand, both the
offline store’s sales effort level and the dual-channel sup-
ply chain’s profit decrease as the number of free-riding
consumers increases. Recently, Zhou et al. (2018) investi-
gated how free riding affects themanufacturer’s and retailers’
pricing/service strategies and profits. They revealed that the
service-cost sharing contract can effectively stimulate the
retailer to improve his service level, while free riding occurs.
When free riding exists, the previous literature only considers
the situationwhere only one retailermakesmarketing efforts.
We also consider two more situations where both retailers do
or do not make marketing efforts.

3 Model formulation

Consider a supply chain with one commonmanufacturer and
two competitive retailers. The manufacturer (M) produces a
unique product at a constant cost c and sets the common
wholesale price w to the retailers (R1 and R2). We assume
the cost of production is zero for simplicity. In our setting, the
headquarter determines the price, so the price is an exogenous
variable for the retailers. What they can determine are their
marketing strategies (making marketing efforts or not). We
also assume that one of the retailers is dominant, which is
R1 without loss of generality. From perceived positions of
growing economic strength, the dominant retailer possesses
more abundant and precise market information (Wang et al.
2018). As master of both the retailers, this retailer exercises
his power to set the rules of the game; hence, he moves first
over the other retailer.We assume that if the dominant retailer
does notmakemarketing efforts, the following retailer would
not do that either, because he would suffer from high cost but
small impact. There are three scenarios in the end market: (i)
The two retailers both make marketing efforts. (ii) Only the

dominant retailer makes marketing efforts. (iii) None of the
retailers makes marketing efforts. In our model, we assume
that the retailers can affect the final demand by marketing

efforts with the cost of
ηe2i
2 (i = 1, 2) (Ma et al. 2013).

Following the logic of Gurnani et al. (2007), we assume that
the market demand qi (i = 1, 2) is a linear function of the
sales price (p = w + r) and marketing efforts level (ei , i =
1, 2), and establish the demand functions considering free
riding, i.e.,

q1 = α − (w + r) + (1 − λ)e1y1 + λe2y2,

q2 = 1 − (w + r) + (1 − λ)e2y2 + λe1y1, (1)

where r is the mark-up determined by a third party. The
variable y1 and y2 are 0–1 variables. If y1 (or y2) equals to
1, R1 (or R2) will make marketing efforts. Table 1 shows the
related variables and parameters of the model in this paper.

4 Modeling under different power structures

In this section, we build six decentralizedmodels using game
theory to obtain equilibria for possible power structures in
which different strategies are taken. The dominant power in
the supply chain is manifested mainly in decision-making
order. The player with dominant power can move first over
the others.

4.1 Manufacturer-dominant structure

In some supply chain, the manufacturer may have more
power than the retailers (e.g., GM and Toyota are often much
larger than their retailers), so that he can move first over the
retailers.

4.1.1 MS-1: The two retailers both make marketing efforts

In this case, both of the two retailers choose to make market-
ing efforts. The demand functions and three-player game are
showed below.

q1 = α − (w + r) + (1 − λ)e1 + λe2,

q2 = 1 − (w + r) + (1 − λ)e2 + λe1, (2)

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎩

max
w

πm = w
(
α + 1 − 2(w + r) + e∗

1 + e∗
2

)

where e∗
1 solves the problem⎧

⎪⎪⎪⎨

⎪⎪⎪⎩

max
e1

π1 = r(α − (w + r) + (1 − λ)e1 + λe∗
2) − ηe21

2

where e∗
2 solves the problem

max
e2

π2 = r(1 − (w + r) + (1 − λ)e2 + λe1) − ηe22
2 .

(3)
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Table 1 Notations Notation Definition

α (α > 1) The market base of R1

η (0 ≤ η ≤ 1) The marketing cost coefficient

λ (0 ≤ λ ≤ 1)

ei (i = 1, 2) The level of marketing efforts

yi (i = 1, 2) 0–1 variables (if yi equals to 1, Ri will make marketing efforts)

qi (i = 1, 2) The market demand of retailer i

w The wholesale price

r The mark-up

πi The profit of retailer i

πm The profit of the manufacturer

πt The profit of the whole supply chain

Taking the first-order derivative of π2 with respect to e2 and
making it equal to 0, we have

dπ2

de2
= (1 − λ)r − e2η = 0. (4)

From Eq. (4), we find that

e∗
2 = (1 − λ)r

η
. (5)

Substituting Eq. (5) into R1’s profit function, then making
the first-order derivative of it to 0, we have

e∗
1 = (1 − λ)r

η
. (6)

Substituting Eqs. (5) and (6) into the manufacturer’s profit
function, then equating the first-order derivative to 0, we
obtain

w∗ = 2r + η − 2rη + αη − 2rλ

4η
. (7)

The profits of the supply chainmembers can also be obtained,
as shown in Table 1.

4.1.2 MS-2: Only the dominant retailer makes marketing
efforts

In this case, only the dominant retailer chooses to make mar-
keting efforts, and the following retailer does not need to
make decision. The problem becomes a two-player Stackel-
berg game. The demand functions and two-player game are
expressed as follows:

q1 = α − (w + r) + (1 − λ)e1,

q2 = 1 − (w + r) + λe1, (8)

⎧
⎪⎪⎪⎨

⎪⎪⎪⎩

max
w

πm = w(1 + α − 2(w + r) + e∗
1)

where e∗
1 solves the problem

max
e1

π1 = r(α − (w + r) + (1 − λ)e1) − ηe21
2 .

(9)

Similarly, we have

e∗
1 = (1 − λ)r

η
,

w∗ = r + η − 2rη + αη − rλ

4η
. (10)

4.1.3 MS-3: None of the retailers makes marketing efforts

In this case, the two retailers refuse tomakemarketing efforts,
so only the manufacturer makes his decision in the whole
supply chain.

q1 = α − (w + r),

q2 = 1 − (w + r), (11)

max
w

πm = w(1 + α − 2(w + r)). (12)

Similarly, we have

w∗ = 1

4
− r

2
+ α

4
. (13)

4.2 Retailer-dominant structure

In some supply chain, the retailers may have more power
than the manufacturer. Therefore, they can move first over
themanufacturer. In this situation, the decision-making order
is: The dominant retailer first chooses his marketing strategy,
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then the following retailer makes his choice, and at last, the
manufacturer determines the wholesale price.

4.2.1 RS-1: The two retailers both makemarketing efforts

In this scenario, the two retailers will makemarketing efforts.
Then the three-player game can be depicted as follows:

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎩

max
e1

π1 = r(α − (w∗ + r) + (1 − λ)e1 + λe∗
2) − ηe21

2

where e∗
2 solves the problem⎧

⎪⎪⎨

⎪⎪⎩

max
e2

π2 = r(1 − (w∗ + r) + (1 − λ)e2 + λe1) − ηe22
2

where w∗ solves the problem

max
w

πm = w (α + 1 − 2(w + r) + e1 + e2) .

(14)

Similar to the models in manufacturer-dominant structure,
we should get the follower’s reactive function first given the
decisions of the leaders. By solving the above model, we can
get

e∗
1 = r(3 − 4λ)

4η
, e∗

2 = r(3 − 4λ)

4η
,

w∗ = 2(α + 1)η + r(−4η − 4λ + 3)

8η
. (15)

The profits of the supply chainmembers can also be obtained,
as shown in Table 2.

4.2.2 RS-2: Only the dominant retailer makes marketing
efforts

In this scenario, only the dominant retailer chooses to make
marketing efforts. The problem becomes a two-player Stack-

elberg game.

⎧
⎪⎪⎪⎨

⎪⎪⎪⎩

max
e1

π1 = r(α − (w∗ + r) + (1 − λ)e1) − ηe21
2

where w∗ solves the problem

max
w

πm = w (α + 1 − 2(w + r) + e1) .

(16)

Similar to the process of MS-1, we can get

e∗
1 = r(3 − 4λ)

4η
,

w∗ = 4(α + 1)η + r(−8η − 4λ + 3)

16η
. (17)

4.2.3 RS-3: None of the retailers makes marketing efforts

In this scenario, the results are consistent with those in the
manufacturer-dominant structure.

With the equilibria of the six models derived above, the
marketing efforts, wholesale prices, and profits are presented
in Tables 2 and 3.

5 Comparison and analysis

In this section, we use comparative analysis to compare the
equilibrium results from Tables 2 and 3, and get some inter-
esting propositions. First, we explore the effects of power
structure on marketing efforts, wholesale price and profits of
the two retailers. Then, we analyze the effects of the retailers’
marketing strategies on the supply chain members’ perfor-
mances. Finally, we conduct a numerical example to evaluate
what the influence of the parameterλ is on supply chainmem-
bers’ profits.

Table 2 The equilibria of the MS models

Structures MS-1 MS-2 MS-3

e1
(1−λ)r

η
(1−λ)r

η
–

e2
(1−λ)r

η
– –

w
αη+η−2ηr−2λr+2r

4η
αη+η−2ηr−λr+r

4η
α
4 − r

2 + 1
4

π1 − r(η(−3α+2r+1)+2(λ−1)λr)
4η − r

(−3αη+η+r
(
2η−2λ2+3λ−1

))

4η − 1
4 r(−3α + 2r + 1)

π2 − r(η(α+2r−3)+2(λ−1)λr)
4η − r

(
(α−3)η+r

(
2η+4λ2−5λ+1

))

4η − 1
4 r(α + 2r − 3)

πm
((α+1)η−2r(η+λ−1))2

8η2
(αη+η−2ηr−λr+r)2

8η2
1
8 (α − 2r + 1)2

πt
(α+1)2η2−4r2

(
η2+2η(λ−1)2−(λ−1)2

)−4(α+1)η(λ−1)r
8η2

(α+1)2η2+r2
(−4η2−4η(λ−1)2+(λ−1)2

)−2(α+1)η(λ−1)r
8η2

1
8

(
(α + 1)2 − 4r2

)
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Table 3 The equilibria of the RS models

Structures RS-1 RS-2 RS-3

e1
(3−4λ)r

4η
(3−4λ)r

4η –

e2
(3−4λ)r

4η – –

w
2(α+1)η+r(−4η−4λ+3)

8η
4(α+1)η+r(−8η−4λ+3)

16η
α
4 − r

2 + 1
4

π1
r
(
8(3α−1)η+r

(−16η−16λ2+8λ+3
))

32η
r
(
8(3α−1)η+r

(
(3−4λ)2−16η

))

32η − 1
4 r(−3α + 2r + 1)

π2
r
(
r
(−16η−16λ2+8λ+3

)−8(α−3)η
)

32η − r
(
4(α−3)η+r

(
8η+16λ2−16λ+3

))

16η − 1
4 r(α + 2r − 3)

πm
(r(4η+4λ−3)−2(α+1)η)2

32η2
(r(8η+4λ−3)−4(α+1)η)2

128η2
1
8 (α − 2r + 1)2

πt
C+r2

(−16η2+(3−4λ)2−2η(3−4λ)2
)−4r(1+α)η(−3+4λ)

32η2
4C+r2

(−64η2+(3−4λ)2−4η(3−4λ)2
)−8r(1+α)η(−3+4λ)

128η2
1
8

(
(α + 1)2 − 4r2

)

C = 4(1 + α)2η2

5.1 Effects of power structure

In order to elucidate the effects of power structure onmarket-
ing efforts, wholesale price and profits of the two retailers,
we compare the results in the two different power structures
under the same marketing strategy. The results are showed
in the following part.

Proposition 1 Referring to Tables 2 and 3, we have

eMS-1
1 > eRS-11 , eMS-1

2 > eRS-12 , eMS-2
1 > eRS-21 ;

wMS-1 > wRS-1, wMS-2 > wRS-2.

In Proposition 1, we can easily find that both thewholesale
price and marketing efforts are higher in manufacturer-
dominant structure compared with those in retailer-dominant
structure. Because the higher wholesale price leads to lower
sales, the retailers need to make more marketing efforts to
mitigate the adverse effects above. These results conform
with the corresponding results in Ke et al. (2018b).

Proposition 2 For the equilibrium profits of the two retailers,
if both of them make marketing efforts, then we have

πMS-1
1 > πRS-1

1 , πMS-1
2 > πRS-1

2 ,

with the common condition 3
8 < λ ≤ 1 holding.

If only the dominant retailer chooses to make marketing
efforts, we have

πMS-2
1 < πRS-2

1 ;

and,

πMS-2
2 < πRS-2

2 ,

with the condition 0 ≤ λ < 1
4 holding.

Proposition 2 reveals that if the two retailers both choose
to make marketing efforts, when the value of λ is in (3/8, 1],
the retailers will earn more profits in manufacturer-dominant
structure. Besides, we can also find that if the two retail-
ers choose differently, the dominant retailer will always be
more profitable in retailer-dominant structure because he can
make the most favorable decision for himself first. The fol-
lowing retailer will obtain more profits in retailer-dominant
structure, too, if the value of λ is in [0, 1/4). These results
indicate that if only the dominant retailer makes marketing
efforts, the following retailermayprefer to see severe free rid-
ing in manufacturer-dominant structure and weak free riding
in retailer-dominant structure. Combined with Proposition 1,
we know that the wholesale price is higher in manufacturer-
dominant structure which results in lower demand, so that
the following retailer wants to get more benefits from the
dominant retailer’s marketing efforts in order to weaken the
harmful effects.

5.2 Effects of marketing strategies

How do the duopoly retailers’ different strategies in sales
process affect the equilibrium wholesale price? What is the
influence of the two retailers’marketing strategies on the total
supply chain? This part will answer these two questions.

Proposition 3 From Table 2, it can be acquired that

eMS-1
1 = eMS-2

1 = (1 − λ)r

η
,

wMS-1 > wMS-2 > wMS-3.

Proposition 3 shows that in manufacturer-dominant struc-
ture, if the dominant retailer makes marketing efforts, he will
make the same level of marketing efforts regardless of his
competitor’s decision and market base. The wholesale price
is the highest when the two retailers make marketing efforts,
while the lowest when both of them do not make marketing
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efforts. To some extent, the retailers’ marketing efforts may
increase the wholesale price.

Proposition 4 In comparison with profits acquired from the
three decentralized models in manufacturer-dominant struc-
ture, we have

πMS-1
1 > πMS-3

1 , πMS-1
2 > πMS-3

2 ;

and,

πMS-1
1 > πMS-2

1 , πMS-2
2 > πMS-3

2 ,

with the common condition 1
4 < λ ≤ 1 holding.

We also obtain that

πMS-2
1 > πMS-3

1 , πMS-1
2 > πMS-2

2 ,

with the common condition 0 ≤ λ < 1
2 holding.

From Proposition 4, we can easily see that the two retail-
ers cannot always benefit from their marketing efforts. To be
specific, if the value ofλ is in (1/4, 1/2), the profits of the two
retailers are the highest in scenario 1, the second highest in
scenarios 2, and the lowest in scenarios 3. Additionally, both
of the retailers are always more profitable in scenario 1 com-
pared with scenario 3 in manufacturer-dominant structure.
These results mean that in manufacturer-dominant structure,
the following retailer had bettermakemarketing efforts when
the value of λ is below 1/2. If free riding is severe, the follow-
ing retailer will not do any marketing efforts because he can
gain more profits from severe free riding than his own mar-
keting efforts. However, when the dominant retailer makes
the decision, he will consider the following retailer’s reaction
above. Thus, the dominant retailer will not make marketing
efforts, either. At last, none of the retailers makes marketing
efforts, which may be unwise decisions for them.

Proposition 5 Referring to Tables 2 and 3, we see that

eRS-11 = eRS-21 = (3 − 4λ)r

4η
<

(1 − λ)r

η
= eMS-1

1

We also obtain that

wRS-1 > wRS-2 > wRS-3,

with the condition 0 ≤ λ < 3
4 holding.

In Proposition 5, we find that in retailer-dominant struc-
ture, if the dominant retailer chooses to make marketing
efforts, he will also make the same level of marketing efforts
regardless of his competitor’s decision and market base.
The level of marketing efforts is lower in retailer-dominant

structure than that inmanufacturer-dominant structure.Addi-
tionally, we can also find that the wholesale price will be the
highest if the two retailers choose to make marketing efforts
with the condition 0 ≤ λ < 3

4 holding.

Proposition 6 In comparison with profits acquired from
Table 3, we have

πRS-2
1 > πRS-3

1 , πRS-1
2 > πRS-2

2 ;

and,

πRS-1
1 > πRS-2

1 , πRS-2
2 > πRS-3

2 ,

with the common condition 1
4 < λ < 3

4 holding.
We also find that

πRS-1
1 > πRS-3

1 , πRS-1
2 > πRS-3

2 ,

with the common condition 0 ≤ λ < 3
4 holding.

FromProposition6,wecan see that the dominant retailer is
always more profitable in scenario 2 compared with scenario
3, and the following retailer is always more profitable in sce-
nario 1 compared with scenario 2. In addition, if the value
of λ is in (1/4,3/4), the dominant retailer can benefit from
the follower’s marketing efforts. The above results show that
in retailer-dominant structure, if the dominant retailer makes
marketing efforts, it is wise for the following retailer to make
marketing efforts, too.Besides, the dominant retailer canben-
efit from the two retailers’ marketing efforts when free riding
is moderate.

5.3 Numerical example

In this section, we conduct a numerical example to verify
some propositions, and examine the impact of free riding on
the manufacturer’s and total supply chain’s profits. We use
a fictitious data set, and set α = 3/2, r = 1/4, η = 1. The
results are illustrated in Figs. 1 and 2. Figure 1a shows that
in manufacturer-dominant structure, the dominant retailer’s
profit is always higher than that of the follower regardless
of strategies, and the profit is not monotonic with λ. When
the free-riding coefficient is below 0.5, both of the duopoly
retailers will make marketing efforts. Otherwise, the domi-
nant retailer has two choices, but the following retailer will
not make any marketing efforts no matter what decision
is made by his competitor, because he finds that free rid-
ing brings more benefits compared with his own marketing
efforts. Besides, we can also see that the two retailers can
gain more profits in scenario 1 than scenario 3. These obser-
vations are consistent with Proposition 4.
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Fig. 1 The effect of λ on the retailers’ profits

Fig. 2 The effect of λ on the manufacturer’s and the entire supply chain’s profits

From Fig. 1b, we can easily find that in retailer-dominant
structure, there is no doubt that the dominant retailer also ben-
efits more from the whole market in any situations, because
he has more potential customers. When the free-riding coef-
ficient is below 0.75, both of the duopoly retailers will make
marketing efforts. In addition, we can find that the domi-
nant retailer can gain more profits in scenario 2 than scenario
3, while the following retailer can benefit more from sce-
nario 1 compared with scenario 2. Moreover, we can also
see that once the dominant retailer makes marketing efforts,
the following retailer will do it, too. These observations are
consistent with Proposition 6.

Figure 2a shows that the manufacturer’s and the total
supply chain’s profits are negatively correlated with λ in sce-
narios 1 and 2 in manufacturer-dominant structure. That is
to say, free riding decreases the efficiency of the total supply
chain. Additionally, we can easily see that, the manufacturer
hopes that both of the retailers will make marketing efforts,

which accords with our intuition and is partially consistent
with the findings of Huang et al. (2018). Although free riding
may hurt the efficiency of the supply chain, the two retailers
can mitigate it by their common marketing efforts. How-
ever, in reality, the retailers do not always adhere to the same
behaviors.

Figure 2b reveals that the manufacturer’s and the whole
supply chain’s profits are negatively correlated with λ in
scenarios 1 and 2 in retailer-dominant structure. This result
is the same as the one in manufacturer-dominant structure.
The difference is that the manufacturer and total supply
chain can always acquire the highest profits in scenario 1
in manufacturer-dominant structure, while only if free riding
is not severe, they can obtain the highest profits in scenario
1 in retailer-dominant structure.

We use multiple sets of data and conduct several experi-
ments, all of which get similar results
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6 Conclusions

This papermainly investigated the retailers’marketing strate-
gies in two-echelon supply chain with marketing efforts
induced demand considering free riding, in which a common
manufacturer provides a unique product to duopoly retailers,
and the two retailers in turn sell the product to the end mar-
ket. We built six models to derive the equilibrium outcomes
under two different power structures. When the retailers are
Stackelberg leaders, they can move into the market first, and
decide whether to make marketing efforts or not, and if do,
how much. There are three scenarios in the end market: (i)
The two retailers both make marketing efforts. (ii) Only the
dominant retailer makes marketing efforts. (iii) None of the
retailers makes marketing efforts.

Compared with previous literature, we considered the
effect of free riding on the retailers’ marketing strategies in a
supply chain with marketing efforts induced demand. Addi-
tionally, we compared supply chain members’ performances
under different power structures and marketing strategies.
Besides, we conducted numerical analysis to explore the
effect of free riding on supply chain members’ profits under
different power structures. Some interesting results were
obtained: (i) For the dominant retailer, he will make mar-
keting efforts if free riding is not severe. As for the following
retailer, in retailer-dominant structure, once the dominant
retailermakesmarketing efforts, hewill do that, too,while his
strategy varies with the degree of free riding inmanufacturer-
dominant structure. (ii) If only the dominant retailer makes
marketing efforts, the following retailer may prefer to see
severe free riding in manufacturer-dominant structure and
weak free riding in retailer-dominant structure. (iii) If the
dominant retailer wants to make marketing efforts, he will
make the same level of marketing efforts regardless of his
market base and competitor’s decision. And the marketing
expenditures of the two retailers are same if both of them
choose to make marketing efforts. (iv) The wholesale price
is not lower in manufacturer-dominant structure than that in
retailer-dominant structure, and the level ofmarketing efforts
is lower in retailer-dominant structure.

These conclusions can help competing retailers decide
whether to make marketing efforts and how much market-
ing efforts to make based on actual market conditions. In
addition, this paper suggests that manufacturers can encour-
age and support collective-friendly activities, thereby urging
them to actively carry out their own marketing efforts and
reduce free riding.

The above findings are based upon some assumptions
with respect to demand function. In the real world, how-
ever, demand might behave more complicated. Our paper
can be extended in several ways. One immediate extension
is the inclusion of stochastic demand instead of deterministic
demand. Secondly, the mark-up is made by the third party in

our paper, so further research can take this factor into account
in supply chain’s decision. Additionally, we find that if free
riding is severe, the decision of the dominant retailer is uncer-
tain. Therefore, it is worth further investigating mechanisms
behind it.
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Appendix

Proof of Proposition 2 Referring to Tables 2 and 3, it can be
easily obtained that if the two retailers both make marketing
efforts, we have

πMS-1
1 − πRS-1

1 = (8λ − 3)r2

32η
,

πMS-1
2 − πRS-1

2 = (8λ − 3)r2

32η
.

If 3
8 < λ ≤, then we have πMS-1

1 > πRS-1
1 , πMS-1

2 > πRS-1
2 .

If only the dominant retailer makes marketing efforts, we
have

πMS-2
1 − πRS-2

1 = − r2

32η
< 0,

πMS-2
2 − πRS-2

2 = (4λ − 1)r2

16η
.

If 0 ≤ λ < 1
4 , then we have

πMS-2
2 < πRS-2

2 .

Therefore, Proposition 2 is proved.

Proof of Proposition 4 From Table 2, we can find that

πMS-1
1 − πMS-3

1 = − (λ − 1)λr2

2η
> 0,

πMS-1
2 − πMS-3

2 = − (λ − 1)λr2

2η
> 0,

πMS-1
1 − πMS-2

1 = −
(
4λ2 − 5λ + 1

)
r2

4η
,

πMS-2
2 − πMS-3

2 = −
(
4λ2 − 5λ + 1

)
r2

4η
.
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If 1
4 < λ ≤ 1, then we have

πMS-1
1 > πMS-2

1 , πMS-2
2 > πMS-3

2 .

We also find that

πMS-2
1 − πMS-3

1 =
(
2λ2 − 3λ + 1

)
r2

4η
,

πMS-1
2 − πMS-2

2 =
(
2λ2 − 3λ + 1

)
r2

4η
.

If 0 ≤ λ < 1
2 , then we have

πMS-2
1 > πMS-3

1 , πMS-1
2 > πMS-2

2 .

Thus, Proposition 4 is proved.

Proof of Proposition 5 Referring to Tables 2 and 3, we have

eRS-11 = eRS-21 < eMS-1
1 = eMS-2

1 .

We can also get that

wRS-1 − wRS-2 = (3 − 4λ)r

16η
,

wRS-2 − wRS-3 = (3 − 4λ)r

8η
,

wRS-1 − wRS-3 = (3 − 4λ)r

16η
.

If 0 ≤ λ < 3
4 , then we have

wRS-1 > wRS-2 > wRS-3.

Thus, Proposition 5 is proved.

Proof of Proposition 6 Referring to Table 3, we get

πRS-2
1 − πRS-3

1 = (3 − 4λ)2r2

32η
> 0,

πRS-1
2 − πRS-2

2 = (3 − 4λ)2r2

32η
> 0,

πRS-1
1 − πRS-2

1 = −
(
16λ2 − 16λ + 3

)
r2

16η
,

πRS-2
2 − πRS-3

2 = −
(
16λ2 − 16λ + 3

)
r2

16η
.

If 1
4 < λ < 3

4 , then we have

πRS-1
1 > πRS-2

1 , πRS-2
2 > πRS-3

2 .

Besides, we have

πRS-1
1 − πRS-3

1 =
(−16λ2 + 8λ + 3

)
r2

32η
,

πRS-1
2 − πRS-3

2 =
(−16λ2 + 8λ + 3

)
r2

32η
.

If 0 ≤ λ < 3
4 , then we have

πRS-1
1 > πRS-3

1 , πRS-1
2 > πRS-3

2 .

Thus, Proposition 6 is proved.
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