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SHOULD A SUPPLIER ENGAGE IN THE MARKETPLACE? AN EQUILIBRIUM
ANALYSIS IN A HYBRID-FORMAT SUPPLY CHAIN

You Zhao

and Rui Hou∗

Abstract. Recently, e-commerce platforms have been acting as both a reseller and a marketplace to
serve consumers. This study considers a hybrid-format supply chain that consists of a supplier who sells
a product through an intermediary by a wholesale price contract. In addition, the supplier can decide
whether to accept the intermediary’s offer to engage in the marketplace (if the supplier accepts, then
the agency fee should be paid to the intermediary). We develop a game-theoretic model to investigate
the impact of supplier encroachment on the supply chain members. Then, we extend our basic model
to check the robustness of our main results. Our results show that the supplier prefers to engage in the
marketplace if the agency fee is low and the order fulfillment cost is relatively low, the intermediary
benefits from the supplier encroachment if the agency fee is relatively low, and consumers always
benefit from encroachment. Interestingly, we show that an increase in channel substitutability leads
to raising the supplier’s willingness to adopt an encroachment strategy. Our findings contribute to the
online marketplace literature by providing valuable insights into the operation management of online
marketplaces.
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Highlights
– We focus on the supplier’s encroachment decision and study its impact on supply chain members in a
hybrid-format online marketplace.
– The supplier may prefer to engage in an online marketplace when the agency fee and the order fulfillment
cost are within a certain range.
– The supplier’s willingness to adopt an encroachment strategy is contingent on the channel substitutability
and the order fulfillment cost.

1. Introduction
With the development of information technology and the consequent growth in the popularity of the Internet,
every aspect of life has been undergoing radical changes. For example, shopping via online trading platforms,
that is online intermediaries, such as “Taobao,” “Amazon,” and “Tmall,” has greatly facilitated our everyday
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activities1. Traditionally, an online intermediary platform purchases a product at a wholesale price and resells
it to the end market (e.g., BsetBuy.com) at a retail price. However, recently, intermediary platforms have been
providing an online marketplace to the supplier to sell their products directly; if the supplier accepts this offer,
then the agency fee is paid to the intermediary (e.g., Zappos.com). However, in reality, many suppliers not only
sell their products indirectly through reselling channels, but also participate in the marketplace established by
the intermediaries. For example, consider that six major publishers sell e-books through an agency mode, while
Amazon simultaneously distributes e-books through a wholesale mode with the help of the Internet2. One of
the biggest boosters behind Amazon’s e-book giant is its control over the most popular e-book delivery method,
the Kindle. As a result, Amazon not only controls e-books, but also the way people read e-books, thus further
increasing its market share3.
Importantly, order fulfillment costs such as transportation cost, pick and pack fees, and inventory cost should
be taken into consideration in such situations4. Wall Street Journal reports that fulfillment cost operations can
run as high as 25% of the sales revenue. It is worth observing that in this case, the intermediary is required to
bear the order fulfillment costs in the reselling channel, whereas the supplier has to bear the order fulfillment
cost in the agency selling channel when the intermediary’s offer is accepted.
It is a popular way for suppliers to increase their profits by establishing a direct selling channel. However, when
the supplier decides to establish a direct selling channel in the supply chain, it will eventually compete with the
retailer’s selling channel; this may damage the relationship between the supplier and the retailer. For example,
clothing firms such as Ralph Lauren, the Armani Group, Hugo Boss, and Baravade have established their offline
or department stores. However, the existing literature has not explored the impact of the supplier’s engagement
in the marketplace, which is a new way to gain more profits, on the supply chain members and consumers in a
hybrid-format supply chain. To fill this literature gap, we address the following research questions.
– Should a supplier engage in the marketplace?
– Can an intermediary benefit from the supplier’s encroachment?
To answer these questions, we develop a game-theorical model to study the wholesale price and quantity
decisions in a hybrid-format supply chain that consists of a supplier who sell products through an intermediary,
and an intermediary who acts as a reseller as well as a marketplace. The timeline of the game is as follows.
First, the supplier decides whether to engage in the marketplace or not and accordingly determines the wholesale
price. Second, the intermediary chooses its retail quantity. Third, the supplier determines its retail quantity if
it is engaged in the marketplace. Two scenarios are considered in this case: (i) the benchmark case of nonencroachment scenario in which the supplier rejects the intermediary’s offer, and (ii) an encroachment scenario
in which the supplier engages in the marketplace.
Our major findings can be summarized as follows. First, we find that the supplier prefers to engage in the
marketplace if the agency fee is low and the order fulfillment cost is relatively low. Moreover, the intermediary
benefits from the supplier encroachment if the agency fee is relatively low. Furthermore, it is observed that
1From 2014 to 2018, the growth rate of the transaction scale in China’s online shopping market slowed down by 70% as compared
to its value in 2012. In 2018, the transaction scale of China’s online shopping market was 7.90 trillion yuan, which was a year-on-year
increase of 27.27%. Moreover, in the first half of 2019, the transaction volume of China’s online retail market reached 4.34 trillion
yuan, which was a year-on-year increase of 24.80%. Source: https://www.sohu.com/a/297538822_473133 (accessed by Jun. 1. 2021).
2Amazon controls 70% of e-book sales and wants to sell e-books wholesale. In theory, they would pay the publisher a predetermined price, usually half the retail price of the e-book, and then sell it at the price they like. In addition, Amazon can sell e-books
for less than it pays publishers. The retail giant is unique in book sales because of its ability to offer big discounts, even at a loss.
Therefore, Amazon has realized customer loyalty and improved customer awareness; In return, these customers can buy e-books
and other products from Amazon.
3What is the agency model? It’s a Book Pricing System in which publishers set book prices and distributors (like Amazon or
apple) charge specific fees (about 30%) from publishers. Therefore, our problem is how to choose the most suitable model between
the agency model and the wholesale model. Wholesale pricing has traditionally been used to print books. In this mode, publishers
sell books to publishers at a predetermined price, usually 50% of the retail price; As a result, publishers sell the books to the public
at a price they like. Source: http://publishingtrendsetter.com/industryinsight/simple-explanation-agency-model/ (accessed
by Jan. 19. 2021).
4Order fulfillment by Amazon: https://www.amazon.ca/fulfillment-fees/b?node=13718757011 (accessed by Jan. 19. 2021)
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the consumers always benefit from encroachment. Hence, a “win–win” outcome can be achieved between the
supplier and the intermediary. Second, our results suggest that the agency fee threshold decreases in order fulfillment cost, while it increases in channel substitutability. Therefore, a higher order fulfillment cost reduces the
willingness of supplier encroachment, whereas a higher channel substitutability raises it. Third, we show that
the equilibrium profits for the supplier, intermediary, and entire supply chain are all monotonically decreasing
in channel substitutability but increasing in agency fee. In addition, we extend our basic model of simultaneous
encroachment and price competition to verify the robustness of our findings. Specifically, in the case of simultaneous encroachment, we find that the supplier is more likely to encroach under sequential decisions rather than
simultaneous quantity decisions; under price competition, we show that the intermediary benefits from supplier
encroachment if the agency fee is moderate and the channel substitutability is low, or both the agency fee and
the channel substitutability are relatively high.
The remainder of this paper is organized as follows. Section 2 presents a brief review on the existing literature.
We develop a standard model in Section 3. In Section 4, we present our results, identify the conditions under
which the supplier should engage in the marketplace in a hybrid-format supply chain, and evaluate the consumer
surplus and social welfare. We also present a few numerical examples in this regard. Section 5 extends our basic
model to examine the robustness of our major findings and discusses their implications. Finally, Section 6
summarizes the conclusions of the study, offers managerial insights, and discuss the scope for future research.

2. Literature review
This section analyzes the existing literature on channel structure choice and supplier encroachment.
Our study is based on channel structure choice. In this context, Ryan et al. [19] consider a company that
sells its products directly in an online market and a retailer who only sells products through its own website;
however, the retailer can choose to sign a contract with Amazon and sell products through its marketing
system. Therefore, the retailer’s available market is expanded by marketing products, but certain costs such as
fixed participation fees or revenue sharing requirements have to be incurred in the process. Mantin et al. [17]
provide insights into the growing popularity of the 3P market. They show that retailers create an “external
choice” and improve their bargaining position in their negotiations with manufacturers by promising to have
an active 3P market; this contributes to the growing popularity of this market. Hagiu and Wright [9] find
that whether the market model is more popular than the reseller model or not depends on who between the
independent supplier and the middleman holds more important information about the best customization of
the marketing activities for each specific product. Abhishek et al. [1] employed a stylized theoretical model to
answer the following question in this context: when should e-retailers adopt the agent sales model instead of the
traditional resale model? They find that agent selling is more effective than resale and leads to lower retail prices;
however, the e-retailer finally transfers its control of the retail price to the manufacturer. Accordingly, Tian
et al. [22] find that the competition among upstream suppliers severely mitigates this possibility; moreover, the
interaction between order fulfillment costs and upstream competition intensity can regulate the optimal mode
selection of intermediaries. Tan and Carrillo [21] formulated and analyzed a vertical differentiated commodity
model to draw a comparison between the agency model and the wholesale model. They confirm that (a) the
revenue sharing structure and (b) price control by upstream publishers contribute to the benefits of the agency
model. Belhadj et al. [4] examined the strategic interaction between sellers and more informative platforms in
a signaling game. They find that the platform can choose between two different business models, that is, a
distributor or a pure market between buyers and sellers. The market model considers a spillover effect between
the internal platform sales and the seller’s direct sales. This model is always preferred in the case of low-value
goods. Based on the aforementioned studies, Alaei et al. [2] consider a model with two manufacturers and one
e-retailer; here, the manufacturers have their web store channel and are willing to use another channel, that is,
a reseller or a marketplace. Additionally, the manufacturers offer return policies in their online store channels
as a competitive strategy to attract more customers. They find that this has no influence on the choice of the
manufacturer between the market and reseller channels; however, it affects the profit gained by the manufacturer
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in each channel. Jia and Li [12] consider a closed-loop supply chain consisting of online markets, that is platform
services, and self-owned stores for e-retailers, which are available options for upstream manufacturers to sell new
and remanufactured products. Unlike these studies, we consider a hybrid-format supply chain with a supplier
and an intermediary. Additionally, the intermediary acts not only as a reseller, but also as an agency seller if
the supplier accepts the intermediary’s offer.
This study is also related to the case of supplier encroachment in a supply chain (see e.g., [5,13–16,23]). Arya
et al. [3] show that encroachment is beneficial to retailers when no synergies are admitted by suppliers. This
is because the firms adopting an encroachment strategy prefer to decrease the wholesale prices when the competition between two channels increases, thereby mitigating the double marginalization problems. Accordingly,
Li et al. [13] studied the supplier encroachment problem in which the retailer may be better than the supplier
who is informed. They find that the retail quantity is reduced when the market size is small because of the
high-cost signaling of the retailer incurred by the established supplier’s channel, which aggravates the double
marginalization problem. Ha et al. [8] investigated a one-to-one supply chain with supplier encroachment where
the product quality is considered to be endogenous. They show that the retailer always benefits from supplier
encroachment. In addition, the supplier prefers to sell the high-quality product through its own channel when
quality-differentiated products are offered. Further, Zhang et al. [25] study the supplier encroachment problem
with endogenous product quality decision under asymmetric information. They find that when the entry cost is
intermediate, encroachment results in a lower product quality. Moreover, the retailer prefers to share information with its supplier to reduce order risk when the supplier is efficient. Guan et al. [7] develop a dynamic model
to study the interaction between a strategic inventory and supplier encroachment in the second period. They
show that the retailer prefers to withhold the inventory in certain cases, making the supplier less resistant to
encroachment. Furthermore, in certain scenarios, the retailer may obtain more profits in the simultaneous case
compared to the sequential case. However, this study considers that the supplier encroaches the end market by
accepting the intermediary’s offer and pays an agency fee to the intermediary; this has not been analyzed in
prior studies.

3. Model development
We consider a hybrid-format supply chain in which a supplier (referred to as “S”) sells a product at the
wholesale price w with a quality level m to an intermediary (referred to as “I”). In line with Tian et al. [22], we
assume that the intermediary acts not only as a reseller, but also as a marketplace. Specifically, the intermediary
offers an agency fee λ, 0 ≤ λ ≤ 1 to the supplier, such that the supplier must pay λ to the intermediary on
accepting this arrangement5. Therefore, we can consider the agency fee as the cost of supplier encroachment.
Moreover, similar to Fleischmann et al. [6] and Tian et al. [22], we assume that the order fulfillment cost, such
as delivering physical products to consumers, which is commonly cited as one of the most expensive and critical
operations of online sellers, to be a fixed item to fulfill the consumers’ order. Further, the intermediary will
incur a fixed cost FI > 0 upon acting as a reseller; whereas, if the supplier will incur a fixed cost FS > 0 upon
accepting the intermediary’s offer. However, we assume that the order fulfillment cost structure is FS = FI = F .
It is worth noting that the intermediary’s selling cost and the supplier’s unit cost for producing the product are
normalized to zero. Figure 1 shows the channel structures.
According to Singh and Vives [20] and Huang et al. [11], a representative consumer’s utility function is given
by
1
U (qI , qS ) = a(qI + qS ) − (qI2 + 2bqI qS + qS2 ) − (pI qI + pS qS ),
2

(3.1)

5This arrangement is commonly observed in e-commerce platforms such as JD.com and Amazon. Moreover, the supplier has to
pay a fixed fee to the intermediary on accepting this arrangement; however, in line with Abhishek et al. [1], Tan and Carrillo [21],
Tian et al. [22], Belhadj et al. [4] and Alaei et al. [2], it is normalized to zero. Empirical data show that the values of the agency
fees range from 6% to 25% and 5% to 12% of the retail price on Amazon.com and JD.com, respectively.
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Figure 1. Non-encroachment and encroachment.
where a represents the basic market demand, which is a non-negative item. qI (pI ) and qS (pS ) are the intermediary’s and supplier’s retail quantities (prices), respectively. b ∈ (0, 1) represent channel substitutability with
a higher value of b leading to a greater intensity of quantity competition. By solving the first-order conditions
∂U (qI ,qS )
I ,qS )
= 0 and ∂U (q
= 0, the inverse demand functions in the reselling and agency channels, respectively,
∂qI
∂qS
can be expressed as follows.
pI = a − qI − bqS ,

(3.2)

pS = a − qS − bqI .

(3.3)

The above inverse demand functions are widely adopted in operations management (see e.g., [3, 11]). Moreover,
similar to the non-encroachment scenario, the inverse demand function in the reselling channel is given by
pI = a − qI .
Based on the above description, the timeline of the game is as follows (see Fig. 2). First, the supplier decides
whether to engage in the marketplace and then determines the wholesale price w. Second, the intermediary
chooses the retail quantity qI . Third, the supplier determines the retail quantity qS upon engaging in the
marketplace. We employ the backward induction method to derive the equilibrium outcomes of this game. The
timeline of the game is in line with Arya et al. [3]; however, given the various possibilities of the supplier’s and
intermediary’s decision sequences, we consider a situation where the supplier and the intermediary determine the
retail quantities qS and qI simultaneously to examine the robustness of the model. Additionally, we investigate
the scenarios of price competition in Section 5.

4. Results
In this section, first, we derive the equilibrium outcomes under the non-encroachment and encroachment
scenarios, respectively. Second, we compare these two scenarios to determine when the supplier should engage
in the marketplace. Third, we study the impact of supplier encroachment on consumer surplus and social welfare.
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Figure 2. Timeline of the game.

4.1. Benchmark: non-encroachment scenario
We consider a benchmark case where the supplier rejects the intermediary’s offer, that is, a non-encroachment
scenario. We solve the game by using backward induction. Here, the intermediary first maximizes the following
problem:
max(a − qI − w)qI − F,
(4.1)
qI

by choosing
1
(a − w).
2
Anticipating the intermediary’s reaction, the supplier maximizes the following problem
qIN (w) =

1
max (a − w)w,
w 2

(4.2)

(4.3)

by choosing

a
·
2
We summarize equilibrium results under the non-encroachment scenario as follows.
wN =

a N
a
, qI = ,
2
4
N
N
2
Y
Y
a
a2
=
− F,
= ·
16
8

wN =

I

(4.4)

(4.5)
(4.6)

S

4.2. Encroachment scenario
We now consider a situation where the supplier accepts the intermediary’s offer, that is, the supplier decides
to encroach the end market. Again, the equilibrium results are derived via backward induction. For any value of
the wholesale price w and intermediary’s retail quantity qI , the supplier first solves the following maximization
problem:
max wqI + (1 − λ) (a − bqI − qS ) qS − F,
(4.7)
qS

by choosing
1
(a − bqI ) .
2
Anticipating the supplier’s reaction, the intermediary maximizes the following problem:
qSE (qI ) =

max (a − qI − bqS − w) qI + λ (a − bqI − qS ) qS − F,
qI

(4.8)

(4.9)
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by choosing
qIE (w) =

a (b + bλ − 2) + 2w
·
b2 (2 + λ) − 4

(4.10)

By substituting qIE (w) into qSE (qI ), the supplier chooses wE to maximize profits. We also summarize the equilibrium outcomes as follows.
a [8 + b (−8λ + b (−6 + b + bλ(4 + λ)))]
,
2 [−8 + b2 (5 + λ)]
2a(−1 + b)
qIE =
,
−8 + b2 (5 + λ)
a [−8 + b(2 + b(3 + λ))]
qSE = −
,
2 [−8 + b2 (5 + λ)]



E
Y
a2 16 − 32b + 64λ + 8b3 (2 + λ) − 4b2 −2 + 21λ + 4λ2 + b4 −8 + 21λ + 10λ2 + λ3
=
− F,
2
4 [−8 + b2 (5 + λ)]
I


E
Y
a2 −12 + 8b + 8λ − b2 −1 + 4λ + λ2
=
− F.
4 [−8 + b2 (5 + λ)]

wE = −

(4.11)
(4.12)
(4.13)
(4.14)

(4.15)

S

Based on the above equilibrium results, we obtain the observations stated in the following lemma.
Lemma 4.1. The following relationships always hold: wE < wN , qIE < qSE .
By Lemma 4.1, we find that wE < wN always holds, that is, the wholesale price under the encroachment
scenario is lower than that under the non-encroachment scenario. Hence, if the supplier engages in the marketplace, the wholesale price will be reduced, and the double marginalization problem will be mitigated. Moreover,
we find that qIE < qSN always holds, that is, the retail quantity under reselling channel is always lower than that
under the non-encroachment scenario. This is because when the supplier engages in the marketplace, the selling
price in the agency selling channel will be always lower than that in the reselling channel.

4.3. Encroachment vs. non-encroachment
Using the above equilibrium outcomes, we answer the question of whether the supplier should encroach or
not, or the supply chain members benefit from the supplier’ encroachment, as stated in the following theorem.
Theorem 4.2. In equilibrium, for any b ∈ (0, 1)
(i) when F ≤ F0 =
λ ∈ (0, λ0 (b, F ));

a2 [−12+8b+8λ−b2 (−1+4λ+λ2 )]
4[−8+b2 (5+λ)]2

−

a2
8 ,

the supplier prefers to encroach if and only if

(ii) the intermediary is q
beneficial to the supplier’s encroachment if and only if λ ∈ (0, λ1 (b)), where λ0 (b, F ) =
4
4 2
4 3
4 4
2 b2 F −176a2 b4 F +64b4 F 2
16a2 −9a2 b2 −8b2 F
1
− 4 256a −416a b +128a b +57a ab4 b+256a
, λ1 (b) is the unique solution of
4
4a2 b2
a2 (16−32b+64λ+8b3 (2+λ)−4b2 (−2+21λ+4λ2 )+b4 (−8+21λ+10λ2 +λ3 ))
4(−8+b2 (5+λ))2

=

a2
16 .

Theorem 4.2 presents the conditions under which the supplier accepts the intermediary’s offer and determines to encroach the end market. For any given value of b, part(i) reveals that the supplier will benefit from
encroachment when the order fulfillment cost does not exceed a given threshold and the agency fee is relatively
low. Therefore, if the supplier has the retail quantity decision power upon accepting the intermediary’s offer;
however, the supplier also incurs a fixed order fulfillment cost concurrently. Moreover, a smaller agency fee will
elicit the supplier to accept the intermediary’s offer. One may expect that the intermediary benefits from the
supplier’s encroachment when the supplier accepts a higher agency fee arrangement. However, part(ii) suggests
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that the intermediary is beneficial to the supplier’s encroachment if the agency fee is low, since the supplier
is willing to adjust to a lower wholesale price under the encroachment scenario compared to that under the
non-encroachment scenario. In addition, a reduction in demand in the agency channel is less than the reduction
in the wholesale price; therefore, the intermediary benefits from the supplier encroachment when the agency fee
is low.
Combining part(i) and (ii), we find that a “win–win” outcome can be achieved for the supplier and the
intermediary when 0 < λ ≤ min{λ0 (b, F ), λ1 (b)} holds.
Proposition 4.3. Under the encroachment scenario, in equilibrium,
(i) the equilibrium profits for the supplier, intermediary, and entire supply chain monotonically decrease with
channel substitutability;
(ii) the equilibrium profits for the intermediary and the whole supply chain monotonically increase with the
agency fee, whereas they decrease with it in the case of the supplier;
(iii) the threshold λ0 (b, F ) decreases with the order fulfillment cost F , while it increases with the channel substitutability b.
Proposition 4.3(i) indicates that an increase in the channel substitutability will decrease the profits for the
supplier, intermediary, and entire supply chain. Hence, the profits of the supply chain parties decrease due to
an increasing channel competition. Interestingly, part(ii) indicates that the intermediary and the whole supply
chain can gain more profits as the agency fee increases, whereas the supplier is negatively affected by it, which
is in sharp contrast to Tian et al. [22]. A supplier who engages in the marketplace can adjust the retail quantity
and reduce the wholesale price for the intermediary to increase the demand in the reselling channel. However,
the intermediary obtains new profits from the agency selling channel; therefore, the supplier, intermediary, and
entire supply chain can benefit from an increase in the agency fee. The intuition is that the supplier prefers
to reject the intermediary’s offer as the channel substitutability increases. However, part(iii) presents that the
agency fee threshold decreases in F , whereas it increases in b, that is, the increased F may reduce the supplier’s
willingness to adopt an encroachment strategy, whereas due to an increased b, the supplier may prefer to
encroach. This is because although the intermediary may offer a higher agency fee to the supplier when the
channel substitutability increases, the supplier will still prefer to accept it when the revenue from the reselling
channel outweighs the loss from the agency channel.
Overall, we find that the intermediary should focus on choosing an appropriate value of the agency fee to
ensure that the supplier accepts the offer when the order fulfillment cost is bounded. Conversely, the supplier
also should consider a trade-off between the order fulfillment cost and the profits gained from using the retail
quantity power.

4.4. Consumer surplus and social welfare
We investigate the consumer surplus and social welfare under the non-encroachment and encroachment scenarios. We substitute the inverse demand functions introduced in Section 3 into equation (3.1) to derive the consumer surplus under the non-encroachment and encroachment scenarios given by U (qI , qS ) = 21 (qI2 +2bqI qM +qS2 )
and U (qI ) = 12 qI2 , respectively. Based on the above description, the consumer surplus under the nonencroachment and encroachment scenarios are respectively given by

 CSN = a2 , and
32
(4.16)
2
2
 CSE = a (80+b [−4(27+4λ)+b(4−4λ+b(3+λ)(11+λ)))]
.
8(−8+b2 (5+λ))2
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Q
Q
The social welfare is given by SW = I + S +αCS, where α measures the relative importance of consumer
surplus (see e.g., [11]). We summarize the social welfare considering the following two scenarios.

SWN =







E

SW =

7a2
32
2

− F,

a [224 + 80α + b(−192 + 4b2 (28 − λ(−8 + α) + α)
+b3 (3 + λ)(−2 + 11α + λ(2 + α)) − 4b(30 + 27α + 4λ(3 + α)))]
8(−8+b2 (5+λ))2

(4.17)
− 2F.

According to equations (4.16) and (4.17), we compare the consumer surplus and social welfare under the
encroachment and non-encroachment scenarios, respectively, as stated in the following lemma.
Lemma 4.4. The following relationships hold: CSE > CSN and SWE > SWN .
Lemma 4.4 indicates that the consumers and social welfare derive benefits from supplier encroachment. This
is because when the supplier engages in the marketplace, both the supplier and intermediary suffer from channel
competition due to a reduced wholesale price; this causes the intermediary to adopt flexibility and adjust the
retail quantity, that is, a lower retail price will be determined under the encroachment scenario rather than the
non-encroachment scenario. These results contradict Arya et al. [3], who concluded that consumers benefit from
supplier encroachment under certain conditions.
The following proposition characterizes the impact of channel substitutability and agency fee on consumer
surplus and social welfare, respectively.
E

Proposition 4.5. (i) ∂CS
∂b < 0,
∂SWE
∂SWE
(ii) ∂b < 0, ∂λ > 0.

∂CSE
∂λ

> 0;

Based on Proposition 4.5, we find that both consumer surplus and social welfare decrease with an increase
in the channel substitutability, whereas they increase with an increase in the agency fee. That is because an
increased channel substitutability has a negative impact on the revenues of the supplier and the intermediary,
whereas an increased agency fee has a positive impact on them. These results are explained in Proposition 4.3.

4.5. Numerical examples
In order to explain our theoretical results, we present some numerical examples. It is worth noting that under
the non-encroachment scenario, the equilibrium outcomes do not depend on the order fulfillment cost, agency
fee, and channel substitutability. Therefore, we do not provide numerical examples in this case and focus on
the impact of the agency fee and channel substitutability on the profits obtained by the intermediary and the
supplier, and determine the consumer surplus under the encroachment scenario.
Similar to Tian et al. [22], we set a = 10 and F = 1, for the agency fee and channel substitutability, respectively, and the range between 0 and 1. Figure 3 shows the impact of the agency fee and channel substitutability
on the intermediary’s profit. We find that the intermediary’s profit increases as the agency fee increases, whereas
it decreases with an increase in channel substitutability.
Figure 3 shows the impact of the agency fee and channel substitutability on the intermediary’s profit. We
find that the intermediary’s profit increases as the agency fee increases, whereas it decreases with the increase
in channel substitutability. Not surprisingly, the intermediary suffers from the loss of profit because of the high
intensity competition; however, she can benefit from a high agency fee paid by the supplier simultaneously. In
practice, for highly competitive products, the intermediary should induce the supplier to increase the agency
fee to achieve a “win–win” outcome.
Figure 4 illustrates the impact of the agency fee and channel substitutability on the supplier’s profit. Clearly,
the supplier’s profit decreases as both the agency fee and channel substitutability increase. In other words, the
supplier is hurt by the increase in agency fee because he has to bear it, and suffer the profit loss due to high
channel substitutability. In practice, the supplier may decide not to engage in the online marketplace when he
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Figure 3. Impact of agency fee and channel substitutability on the intermediary’s profit.

Figure 4. Impact of agency fee and channel substitutability on the supplier’s profit.
has to pay a high agency fee. Moreover, for highly competitive products, the supplier face a trade-off problem
between the agency fee and channel substitutability.
Figure 5 reveals the impact of the agency fee and channel substitutability on the consumer surplus. Concretely, consumer surplus increases as the agency fee increases, whereas it decreases with the increase in channel
substitutability. That is, consumers benefit from the raised agency fee charged by the intermediary, whereas the
increase in channel substitutability is detrimental to them.
The aformentioned observations are in line with our obtained theoretical results. Further, we validate our
model.

5. Discussion
This section presents some extensions to check the robustness of our basic model. First, we change the encroachment setting to examine the robustness of our main results and investigate the impact of decision sequence
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Figure 5. Impact of agency fee and channel substitutability on consumer surplus.
on the supplier’s encroachment decision. Additionally, we consider that the supplier and the intermediary determine the retail quantity simultaneously. Next, since the quantity competition case has been explored in our
basic model, we now consider a case where both the intermediary and the supplier encroach in price competition.

5.1. Simultaneous encroachment
In our basic model, we consider the decision sequence in a sequential encroachment setting wherein the
intermediary determines the retailer quantity in the reselling channel before the supplier sets the retail quantity
in the agency selling channel. However, other encroachment settings can be explored to test the robustness
of the results. Form here, we investigate the simultaneous encroachment setting wherein the supplier and the
intermediary determine the retail quantity simultaneously, which is in line with Arya et al. [3], Huang et al. [10]
and Huang et al. [11].
In this setting, the analysis procedure is in line with our basic model. We summarize the results as stated in
the following theorem.
Theorem 5.1. Under simultaneous encroachment, in equilibrium, for any given b ∈ (0, 1)
2

2

2

)]
(i) when F ≤ F1 = − a [12−8λ+b(−8+b(1+λ)
− a8 , the supplier prefers to encroach if and only if λ ∈
4[−8+b2 (3+λ)]
(0, λ2 (b, F ));
(ii) the intermediary is beneficial to the supplier’s encroachment if and only if λ ∈ (λ3 (b), 1).

Theorem 5.1 presents conditions in which the supplier and the intermediary benefit from encroachment. These
findings are somewhat similar to our main results. Part(i) suggests that the supplier engages in the marketplace
if the order fulfillment cost is low and the agency fee is relatively low. It is worth noting that the threshold
λ2 (b, F ) is different from the threshold λ2 (b, F ) in our main results. In contrast with our main results, part(ii)
shows that the intermediary benefits from the supplier’s encroachment if the agency fee is relatively high. In
other words, different decision sequences affect the conditions under which the intermediary benefits from the
supplier’s encroachment when the supplier engages in the marketplace. Moreover, we find that if λ2 (b) > λ3 (b)
and λ3 (b) < λ ≤ λ2 (b), a “win–win” outcome can be achieved for both the supplier and the intermediary. Clearly,
although we have changed the decision sequence to simultaneous encroachment, Theorem 5.1 indicates that the
supplier does not always prefer to engage in online marketplace. That is, the supplier’s encroachment decision
is dependent on the order fulfillment cost and the agency fee. Moreover, the online marketplace benefits from
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the supplier’s encroachment under certain conditions. These results are consistence with the results obtained in
our basic model.
By comparing the sequential and simultaneous encroachment settings, the following proposition can be obtained.
Proposition 5.2. (i) The supplier is more likely to encroach under sequential than under simultaneous quantity
decisions;
(ii) The intermediary is better off which the decision sequence is dependent on the relationship between λ1 (b)
and λ3 (b).
A previous study, Ha et al. [8] has shown that the supplier prefers to establish a direct selling channel under
simultaneous than sequential quantity decisions when considering the product quality level. However, based on
Proposition 5.2(i), we find that the supplier is more likely to encroach under sequential than under simultaneous
quantity decisions, that is, λ1 (b, F ) > λ2 (b, F ), which is in line with Arya et al. [3]. According to part(ii), we
find that it is difficult to distinguish the dominant decision sequence. That is, when we are ready to compare
the values of λ1 (b) and λ3 (b), there are two possible outcomes: (i) λ1 (b) ≥ λ3 (b), that is, under different decision
sequences, the intermediary benefits from the supplier’s encroachment under a totally different region of the
agency fee; (ii) λ1 (b) < λ3 (b), in which there is a coincidence area of the agency fee between the two decision
sequences. Nevertheless, we cannot determine which decision sequence is preferred by the intermediary.. This
finding is in sharp contrast to Arya et al. [3].

5.2. Price competition
Since the quantity competition has been investigated in our basic model, here we consider the price competition between the supplier and the intermediary under the encroachment scenario. According to Arya et al. [3],
Mittendorf et al. [18], Yoon [24] and Huang et al. [10], the inverse demand function can be expressed as
qi =

a
1
b
−
pi +
pj
2
1+b 1−b
1 − b2

for i 6= j, i = I, S.

(5.1)

The timeline of the game is in line with our basic model and the equilibrium outcomes are listed in the
Appendix A. We present the findings in the following theorem.
Theorem 5.3. Under price competition, in equilibrium,
2

2

2

+λ(4+λ)+b(−1+λ(4+λ))))]
− a8 , for any given b ∈ (0, 1), the
(i) when F ≤ F2 = − a (−1+λ)[12−8λ+b(4−8λ+b(−9+2b
4(1+b)(8+b4 −8λ+b2 (−1+λ)(5+λ))
supplier prefers to encroach if and only if λ ∈ (0, λ4 (b, F ));
(ii) the intermediary is beneficial to the supplier’s encroachment if and only if λ ∈ (λ5 (b), λ6 (b)) and b ∈ (0, b2 ),
or λ ∈ (λ7 (b), 1) and b ∈ [b2 , 1).

Not surprisingly, based on Theorem 5.3(i), we observe that the supplier prefers to engage in the marketplace if
both the order fulfillment cost and the agency fee are low. This result is in line with our main results as stated in
our basic model. However, it is directly observed from part(ii) that the intermediary benefits from the supplier’s
encroachment if the agency fee is moderate and the channel substitutability is low, or if both the agency fee
and the channel substitutability are relatively high. The reason is that when the channel substitutability is low,
if the intermediary offers a low agency fee, it will not be the best choice; however, if she offers a high agency
fee then the supplier may reject this arrangement. Conversely, when the channel substitutability is high, if the
intermediary offers a low agency fee, it may hurt her revenue because the competition between the reselling
channel and the agency channel will be high. Similarly, we can find that there exists a region where a “win–
win” outcome can be achieved for both the supplier and the intermediary. When the online marketplace and
the supplier engage in price competition, Theorem 5.3 suggests that the supplier’s encroachment decision is
contingent on the order fulfillment cost and the agency fee. Further, we show that a “win–win” outcome can
be achieved for both the online marketplace and the supplier. In summary, our main findings obtained for the
basic model still hold under the price competition scenario and the robustness of our basic model is checked.
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6. Conclusions and managerial insights
6.1. Conclusions
Motivated by the rise of intermediaries that offer online marketplaces to the supplier (e.g., Amazon, JD.com)
and establish agency selling channels to sell products to consumers, we consider a hybrid supply chain consisting
of a supplier and an intermediary in which the intermediary acts as both a reseller and an agency seller (if the
supplier accepts her offer).
Further, this study investigates the impact of agency fee, channel substitutability, and order fulfillment cost
on the supplier and the intermediary profitability. Additionally, our study explores the conditions under which
the supplier should engage in the marketplace.
Our major findings are summarized as follows. First, we find that the supplier prefers to engage in the marketplace if the agency fee is low and the order fulfillment cost is relatively low, the intermediary benefits from
the supplier encroachment if the agency fee is relatively low, and consumers always benefits from encroachment.
In other words, a “win–win” outcome can be achieved for both the supplier and the intermediary. Second, our
results suggest that the agency fee threshold decreases in order fulfillment cost, whereas increases in channel substitutability. That is, a higher order fulfillment cost reduces the supplier’s willingness to adopt an encroachment
strategy; however, a higher channel substitutability raises it. Third, we show that the equilibrium profits for the
supplier, the intermediary, and the whole supply chain monotonically decrease with channel substitutability,
whereas increase with agency fee. In addition, we extend our basic model, that is, simultaneous encroachment
and price competition, to check the robustness of our findings. Concretely, under the simultaneous encroachment scenario, we find that the supplier is more likely to encroach under sequential than under simultaneous
quantity decisions, while under price competition, we show that the intermediary benefits from the supplier’s
encroachment if the agency fee is moderate and the channel substitutability is low, or if both the agency fee
and channel substitutability are relatively high.

6.2. Managerial insights and limitations
Our findings provide some meaningful managerial insights. First, to achieve a “win–win” outcome, online
marketplaces (e.g., Amazon.com, JD.com) should charge a relatively low agency fee, and the supplier should
control the cost of order fulfillment. This insight is in line with real-world situations. According to Tian et al.
[22], for different products, JD.com charges an agency fee from 6% to 25% and Amazon.com charges an agency
fee from 5% to 12%, which fully verifies the effectiveness of our insights. Second, for highly competitive products,
the supplier should accept the marketplace’s offer to extract profits. However, simultaneously, a higher order
fulfillment cost may reduce the supplier’s willingness to adopt an encroachment strategy; thus, he may attempt
to reduce the order fulfillment cost by introducing new and advanced technologies. This insight shows that the
supplier’s willingness encroachment to adopt an encroachment strategy is contingent on the trade-off between
the channel substitutability and the order fulfillment cost. In practice, it is commonly known that JD.com has
two operation modes6: (1) JD self-operated store; (2) JD flagship store. We can observe that the supplier prefers
to open a flagship store for highly competitive products, such as smartphones and computers. Third, for highly
competitive products, a higher channel substitutability (agency) hurts (benefits) the supply chain members.
The intuition behind this insight hinges on the trade-off between the channel substitutability and the agency
fee.
In summary, the aforementioned insights show that the order fulfillment cost, channel substitutability, and
agency fee are three interacting forces that direct the equilibrium decisions for supply chain members.
Nevertheless, this study has some limitations. First, we only consider a supply chain with a supplier and an
intermediary; however, it will be beneficial to study two competing supply chains. Second, we assume that the
6JD self-operated store: the operation is the responsibility of JD, and the business is mainly responsible for promotion, such
as which advertisements to put and which activities to participate in. JD flagship store: businesses operate more by themselves,
whether it is the daily operation of the store or the logistics and promotion of products, which are operated by businesses themselves.
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order fulfillment cost for the supplier and the intermediary are symmetric; however, in real-life situations, the
asymmetric order fulfillment cost structure should be considered. Finally, since, in practice, the market demand
is uncertain, information asymmetry cases shall be explored. Therefore, future studies should build on our study
and extend it by investigating these issues.

Appendix A.
Proof of Lemma 4.1. Firstly, we easily have that wN − wE =
a(−4+b(−2+b(3+λ)))
2(−8+b2 (5+λ))

obtain that qSE − qIE =

ab(−8λ+b(−1+b+λ+bλ(4+λ)))
2(−8+b2 (5+λ))

> 0. Secondly, we can

> 0. This concludes the proof.



Proof of Theorem 4.2. We first show that the supplier acceptsQthe intermediary’s
offer if F ≤ F0 and λ <
QN
E
λ0 (b, F ). Concretely, we should find the sufficient conditions for S > S . Second, we present the intermediary
benefits from the supplier encroachment if λ < λ1 (b). Concretely, we should find the sufficient conditions for
QE QN

I >
I .
Proof of Proposition 4.3. Part(i). For given any value of a > 0, 1 > b > 0, 1 > λ > 0 and 1 > α > 0, we can
easily have that
∂

QE

∂

∂b
QE

I

S

∂b

=−

2a2 (−1 + b)(32 + b(−24 − 12b(1 + λ) + b2 (2 + λ)(5 + λ)))
< 0,
(−8 + b2 (5 + λ))3

(A.1)

=−

2a2 (−1 + b)(−8 + b(5 + λ))
< 0.
(−8 + b2 (5 + λ))3

(A.2)

Part(ii). For given any value of a > 0, 1 > b > 0, 1 > λ > 0 and 1 > α > 0, we can easily have that
a2 (−512 − 8b5 (−1 + λ) + 192b2 (5 + λ) − 4b4 (151 + λ(59 + 6λ)) +
∂ I
b6 (121 + λ(79 + λ(15 + λ))))
=
> 0,
∂λ
4(−8 + b2 (5 + λ))3
QE
∂ S
a2 (−8 + b(2 + b(3 + λ)))(−8 + b(−2 + b(7 + λ)))
=−
> 0.
∂λ
4(−8 + b2 (5 + λ))3
QE

(A.3)
(A.4)

Part(iii). For given any value of a > 0, 1 > b > 0, 1 > λ > 0 and 1 > α > 0, we can easily have that
∂λ0 (b, F )
2
a2 (−32 + 22b2 ) − 16b2 F
=− 2 +
< 0,
∂F
a
a4 b2 A
∂λ0 (b, F )
64b2 F + 8a2 (16 + 2b3 − b2 (13 + A))
=
>0
∂b
a2 b5 A
s
where, A =

57 −

176F
a2


+ 32

8
b4

+

4
b

+

2F 2
a4

+

−13+ 8F
a2
b2

(A.5)
(A.6)


.


Proof of Lemma 4.4. For given any value of a > 0, 1 > b > 0, 1 > λ > 0 and 1 > α > 0, first, we can easily
have that
!

2
2
4
80
+
b
(−4(27
+
4λ)
+
b
(4
−
4λ
+
b(3
+
λ)(11
+
λ)))
a
CSE − CSN =
− 1 > 0.
(A.7)
2
32
(−8 + b2 (5 + λ))
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Second, we can also obtain that

4 224 + 80α + b −192 + 4b2 (28 − λ(−8 + α) + α) + b3 (3 + λ)

a2 
 (−2 + 11α + λ(2 + α)) − 4b (30 + 27α + 4λ(3 + α))))
− 7
=
2
 > 0.

32
(−8 + b2 (5 + λ))


SWE − SWN

This concludes the proof.

(A.8)



Proof of Proposition 4.5. For given any value of a > 0, 1 > b > 0, 1 > λ > 0 and 1 > α > 0, first, we have that
∂CSE
a2 b(−16(−2 + λ) + b(24(−1 + λ) + b(6 − 18λ + b(−1 + λ)(5 + λ))))
> 0,
=
∂b
2(−8 + b2 (5 + λ))3
∂CSE
a2 (−1 + b)b2 (−8 + b2 (6 + b(−1 + λ)))
=−
> 0.
∂λ
2(−8 + b2 (5 + λ))3

(A.9)
(A.10)

Second, we also have that
∂SW
∂b

E

a2 (384 + b4 (5 + λ)(−28 + λ(−8 + α) − α) + 24b2 (−1 + λ)(−2 +
α) − 16b(40 − 2α + λ(2 + α)) + 2b3 (λ(74 + 4λ − 9α) + 3(58 + α))
=
> 0,
2(−8 + b2 (5 + λ))3

a2 (−1 + b)b2 (4(−1 + b)(−4 + b2 (2 + λ)) + (8 + b2 (−6 + b − bλ))α)
∂SWE
=
> 0.
∂λ
2(−8 + b2 (5 + λ))3
This concludes the proof.

(A.11)
(A.12)


Proof of Theorem 5.1. We now present the equilibrium outcomes under simultaneous encroachment setting
(denoted as superscript “ES”) when the supplier engages in the marketplace as follows:
w

ES

qIES
qSES
ES
Y



a 8 + b −8λ + b(−4 + b(1 + λ)2 )
,
=−
2[−8 + b2 (3 + λ)]
2a(−1 + b)
=
,
−8 + b2 (3 + λ)
a [−8 + b(2 + b + bλ)]
=−
,
2 [−8 + b2 (3 + λ)]
=

S

(A.14)
(A.15)

a2 [16 + 64c + b (−32 + b (16 − 4c(13 + 4c) + bc (8 + b(1 + c)(5 + c))))]
2

I
ES
Y

(A.13)

=−

a2

4 [−8 + b2 (3 + λ)]

12 − 8c + b −8 + b(1 + c)2
− F.
2
4 [−8 + b2 (3 + λ)]

− F,

(A.16)

(A.17)

According to the above equilibrium outcomes, the proof procedure is similar to Theorem 4.2. This concludes
the proof.

Proof of Proposition 5.2. To begin with, we compare the values of λ0 (b, F ) and λ2 (b, F ), and λ0 (b, F ) > λ2 (b, F )
always holds. Moreover, since we cannot characterize the relationships between λ1 (b) and λ3 (b), thereby we
discuss it on two sides which have stated in the body of our paper.
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Proof of Theorem 5.3. We now present the equilibrium outcomes under price competition setting (denoted as
superscript “EP”) when the supplier engages in the marketplace as follows:
a(−1 + λ)(8 + b(−8λ + b(−6 + b + b2 + bλ(4 + λ))))
,
2(8 + b4 − 8λ + b2 (−1 + λ)(5 + λ))
a(−12(−1 + λ) + b(4(−1 + λ) + b(−6 + b + b2 − bλ(2 + λ) + 2λ(3 + λ))))
,
pEP
I =
2(8 + b4 − 8λ + b2 (−1 + λ)(5 + λ))
a(8 − 8λ + b(2(1 + λ) + b(−7 − b(1 + λ) + b2 (2 + λ) + λ(2 + λ))))
pEP
,
S =−
2(8 + b4 − 8λ + b2 (−1 + λ)(5 + λ))
a2 (8(−1 + b)(−2 + b2 ) + (32 + (−1 + b)b(−96 + b(−28 + b(64 + b(7 + b(−18 + b +
2b2 ))))))λ+2(−2+b2 )(28+b(36+b(−18+b(−22+b(3+5b)))))λ2 +(64+b(64+
EP
Y
b(−52+b(−44+b(10+b(2+b+3b2 ))))))λ3 +8b2 (1+b)(−2+b2 )λ4 +b4 (1+b)λ5 )
− F,
=
4(1 + b)(8 + b4 − 8λ + b2 (−1 + λ)(5 + λ))2

wEP = −

(A.18)
(A.19)
(A.20)

(A.21)

I

EP
Y
S

=−

a2 (−1 + λ)(12 − 8λ + b(4 − 8λ + b(−9 + 2b2 + λ(4 + λ) + b(−1 + λ(4 + λ)))))
− F.
4(1 + b)(8 + b4 − 8λ + b2 (−1 + λ)(5 + λ))

(A.22)

According to the above equilibrium outcomes, the proof procedure is similar to Theorem 4.2. This concludes
the proof.
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