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Abstract: This paper explores the logistics strategy selection of a manufacturer that uses two sales
channels (resale and agency channels) to sell the same product through an E-commerce platform. The
agency channel offers two logistic strategies, low-quality logistics services provided by third-party
enterprises (Strategy N) and high-quality logistics services provided by the platform (Strategy S).
When the manufacturer opts for Strategy S, a portion of the market share of the resale channel
shifts to the agency channel, which results in the platform logistics effect. We developed a game-
theoretic model to investigate the equilibrium results of a manufacturer under different logistics
strategies. The results show that there exists a threshold for the platform logistics effect. When the
platform logistics effect is lower than this threshold, the manufacturer prefers Strategy N. Otherwise,
the manufacturer prefers Strategy S. However, when the platform logistics price reaches a certain
level, the manufacturer will always prefer Strategy N. Our study provides valuable insights for
manufacturers and e-commerce platforms to optimize their operational decisions based on different
logistics strategies. It also helps manufacturers make rational choices about logistics strategies.

Keywords: e-commerce platform; sales mode; logistics strategy; manufacturer; co-opetitive environment

1. Introduction
1.1. Background and Motivation

With the rapid development of e-commerce, more consumers choose online shopping
channels [1-4]. According to the latest report released by Digital Commerce 360, US
consumer spending on online shopping reached 982.19 billion dollars in 2022, an increase
of 13% from the previous year’s 871.03 billion dollars. According to data from the National
Bureau of Statistics of China, in 2022, the total online retail sales in the country reached
13.79 trillion yuan, registering a year-on-year growth of 4%. Among this, the online retail
sales of physical goods amounted to 11.96 trillion yuan, exhibiting a year-on-year growth
of 6.2%. This accounted for a proportion of 27.2% in the total retail sales of consumer goods
in society.

Logistics services are an extremely important core element in the transaction mode
of e-commerce platforms and retail enterprises. To a certain extent, the quality of logistics
services can determine the success or failure of e-commerce platforms and retail enter-
prises [5-8]. According to reports, about 93% of shoppers believe that delivery methods
are an important factor in their overall shopping experience. As an important component
of logistics services, delivery time largely affects consumer demand [8-10]. E-commerce
consumers prefer fast and reliable delivery [11-13]. Many large e-commerce platforms
recognize the importance of logistics services to their business and have established their
own logistics systems to provide consumers with high-quality logistics services character-
ized by extremely short delivery times. Amazon and JD are typical representatives of such
e-commerce platforms. In recent years, Amazon has invested heavily in its logistics system,
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from air cargo hubs to last-mile transport [14]. JD is famous for its fast and reliable delivery
service [15].

Large e-commerce platforms, such as JD and Amazon, provide two types of selling
modes; namely, the reselling mode and the agency mode [16-18]. Specifically, in the
reselling mode, the e-commerce platform acts as a reseller by reselling products purchased
from upstream suppliers. That is, the platform owns all the rights to the products and
chooses how to sell them in its stores. In contrast, in the agency mode, the e-commerce
platform acts like a marketplace, allowing upstream suppliers to open their own stores on
the platform and sell products directly to consumers. In practice, the success of e-commerce
platforms is well documented. For example, one of the world’s most successful e-commerce
platforms, Amazon, announced that in 2018, its direct revenue from reselling reached
$117 billion, while its revenue from agency mode grew to $160 billion, accounting for 58%
of its total revenue.

Currently, more brand manufacturers are adopting both reselling and agency modes
on an e-commerce platform [19,20] in order to expand the market demand for their products.
Specifically, on the one hand, the platform opens its own stores (reselling channels) through
the reselling mode; on the other hand, the manufacturers open official stores (agency
channels) through the agency mode. For example, Xiaomi has both Mi JD’s self-operated
flagship store and Xiaomi's official flagship store on the JD platform. Other manufacturers
adopting this strategy include Dell, Midea, and Gree. There are two delivery strategies
for products sold through agency channels: one is to use third-party enterprise logistics
and the other is to use platform logistics. Usually, the service level of platform logistics
is higher than that of third-party enterprise logistics. By using platform logistics, the
manufacturer can enhance the competitiveness of agency channels and increase the market
size of agency-channel products. However, not all manufacturers use platform logistics.
Among the above companies, Xiaomi and Dell’s official flagship stores use third-party
enterprise logistics, while Midea and Gree’s official flagship stores use JD logistics. This
fact raises the question of what causes this phenomenon. This paper aims to find out the
reasons behind this fact. In addition, the use of platform logistics by the manufacturer has
changed the original competition structure. It is still not clear how this change affects the
operational decisions of the platform and the manufacturer.

Existing studies focus on exploring whether a platform should share its logistics with
third-party sellers [21-23], or whether enterprises should use platform logistics or third-
party enterprise logistics when opening online channels [24-27]. The research objects are
mostly logistics strategies between different platforms, or logistics strategies for selling
substitutable products on the same platform. As far as we know, there are seldom kinds of
literature exploring the logistics strategy when two stores (platform self-operated stores
and manufacturer’s official stores) coexist on the same platform from the perspective of the
manufacturer. Therefore, we cannot provide theoretical guidance for the manufacturers’
logistics strategy selection under the background of both cooperation and competition
between the manufacturer and the platform.

1.2. Research Questions, Contribution Statements, and Organization

Motivated by the aforementioned discussion, this paper considers a sales system
consisting of a manufacturer and an e-commerce platform. The manufacturer produces
one product and sells it through both resale and agency channels of the platform. For
products sold through agency channels, the manufacturer has two logistics strategies to
choose from: one is to use low-quality logistics services provided by third-party enterprises,
and the other is to use high-quality logistics services provided by the platform. When the
manufacturer uses platform logistics, a portion of the market share of the resale channel
will shift to the agency channel, which is referred to as the platform logistics effect. This
paper mainly investigates the following questions:

(1) What are the optimal decisions of the manufacturer and the platform under the two
logistics strategies? What is the difference between optimal decisions?
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(2) Under what conditions should manufacturers use platform logistics? How do platform lo-
gistics effects and platform logistics prices affect manufacturers’ logistics strategy choices?

(3) What role do platform commission rates and inter-channel competition play in manu-
facturers’ logistics strategy choices?

(4) Considering the unified pricing of resale channels and agency channels, and the platform
controlling the pricing power, what is the manufacturers’ logistics strategy preference?

To answer the above questions, we first construct and solve the game models under
the two logistics strategies. Then, we perform a comparative analysis of wholesale price,
retail price, sales quantity, and profit under the two logistics strategies. Subsequently,
we investigate the influence of platform commission rate and competitive intensity on
manufacturers’ logistics strategy preferences. Finally, we carry out an extended study
considering the unified pricing of resale channels and agency channels.

The main contributions of this paper are reflected in the following aspects. First, this
paper considers that the manufacturer uses two sales modes on the same platform, and
investigates the manufacturers’ logistics strategy selection in a co-opetition environment.
To the best of our knowledge, little research has been conducted on this aspect. Second,
we provide the conditions for manufacturers to use platform logistics, and reveal the
effects of platform logistics effects and logistics prices on manufacturers’ logistics strategy
preferences. Additionally, we examine the roles that platform commission rates and
competitive intensity play in manufacturers’ logistics strategy choices. Third, we give
manufacturers’ logistics strategy preferences under the unified pricing of the resale channel
and agency channel. Finally, the results obtained in this paper can guide manufacturers
and platforms to optimize operational decisions under different logistics service strategies,
and help manufacturers make informed decisions for logistics strategies.

The rest of this paper is organized as follows. Section 2 reviews the relevant litera-
ture. Section 3 presents the model setting and equilibrium results. Section 4 provides a
related analysis and discussion. Section 5 carries out a sensitivity analysis of the relevant
parameters. Section 6 conducts an extension study to explore logistics strategies under
unified pricing. Section 7 summarizes the main findings and management implications
and suggests future research directions. All proofs are provided in Appendix A.

2. Literature Review

Our work is primarily related to two research streams. The first stream encompasses
those studies concerning logistics strategies in e-commerce, and the second stream concen-
trates on the selling mode decision of an e-commerce platform. This section will review
the literature on these two streams and discern the differences between this paper and the
existing literature.

2.1. Logistics Strategies in E-Commerce

Logistics plays an important role in e-commerce activities, and many scholars have
studied logistics strategies in e-commerce. He et al. [22] and Niu et al. [28] studied the logis-
tics resource sharing problem between two e-commerce platforms, wherein one platform
had its own logistics system and was willing to share its logistics resources with another
platform that lacked its own system. He et al. [13] studied the logistics resource sharing
problem in a dual-channel e-commerce supply chain composed of a manufacturer and an
e-commerce platform. The manufacturer sells products through the platform’s reselling
mode and also builds its own website to directly sell the same products. Considering an
e-commerce platform and a merchant selling substitute products through the platform,
Qin et al. [23] studied the impact of platform logistics resource sharing on the platform
and merchant and explored under what conditions the two parties would reach a logistics
sharing agreement. Qin et al. [16] studied the interaction mechanism between e-commerce
platform sales modes and logistics strategies, proposing four modes based on two sales
modes (reselling mode and agency mode) and two logistics strategies (supplier providing
logistics services and platform providing logistics services). The authors mainly explored
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which mode was optimal and determined the equilibrium scenario through the strategic
game between the supplier and the platform. Cao et al. [26] studied the channel selection
and logistics strategies of offline enterprises, mainly exploring whether online enterprises
should open an online sales channel through an e-commerce platform; and if opened,
whether to use third-party logistics or platform logistics. On the basis of the supplier
reselling through the e-commerce platform, Zhang and Ma [27] considered introducing an
agency mode and studied the optimization decision under different logistics strategies. The
authors mainly explored the reaction of the supplier and e-commerce platform to the intro-
duction of the agency mode and which logistics strategy should be adopted. Considering a
manufacturer selling two substitute products through an agency mode or a reselling mode
and an e-commerce platform, Li et al. [25] studied different logistics strategies between the
manufacturer and the platform. Wang et al. [24] studied the channel selection and logistics
strategies of the manufacturer. The manufacturer can choose single-channel (reselling
mode) sales or dual-channel (reselling mode and agency mode) sales. When choosing
dual channels, the manufacturer needs to decide whether to build its own logistics or use
platform logistics. Considering an e-commerce supply chain composed of a manufacturer,
an e-commerce platform, and a third-party logistics enterprise, He et al. [21] explored the
manufacturer’s channel invasion and the platform’s logistics integration strategy.

Unlike the above literature, this paper focuses on the logistics strategies of manufac-
turers when selling products through two sales modes on e-commerce platforms. The
paper most similar to this paper is Wang et al. [20], which explores whether manufacturers
should use the high-quality logistics services provided by platforms. However, there are
three differences between our research and theirs. First, Wang et al. [20] mainly studied
the impacts of external and internal platform logistics costs on manufacturers’ logistics
preferences, while this paper focuses on the effects of platform logistics effects and platform
logistics prices on manufacturers’ logistics preferences by modeling the increased market
size of the agency channel when using platform logistics (which we refer to as the platform
logistics effect). Second, Wang et al. [20] constructed a quantity competition model, while
this paper constructed a price competition model. We focused on the impacts of the price
competition intensity between channels on manufacturers’ logistics preferences and found
that the increase in competition intensity will raise the threshold of manufacturers’ use of
platform logistics. Third, we conducted a model extension to explore the logistics strategies
when the reselling channel and agency channel have unified prices.

2.2. Selling Mode Decision of an E-Commerce Platform

With the development of e-commerce, many scholars have paid attention to the
operation decision-making problems related to e-commerce platform retail. For example,
under the premise of reselling model, Mantin et al. [29] explored whether the platform
should introduce the agency mode. Considering when sellers and platforms are able to
strive to increase demand, Hagiu and Wright [30] explored the strategy selection between
the two sales modes. Abhishek et al. [31] studied the optimal sales mode of the platform
under the premise of the existence of traditional retail channels. Tian et al. [32] investigated
how the sales mode decision depends on the order fulfillment cost and competition intensity.
Liu et al. [33] explored the impacts of data-driven marketing and market size on the
platform’s sales mode preference. Pu et al. [34] investigated the three possible online sales
channels of a manufacturer (direct sales channel, agency channel, and reselling channel),
while the manufacturer also distributes its products through independent retailers in
traditional channels. In addition, Pu et al. [18] studied the online sales mode selection
strategies of manufacturers under different offline channel power structures. Considering
three channel configurations, i.e., direct sales, agency sales, and dual-channel sales, Zhang
et al. [35] explored which channel configuration should be chosen from the perspectives
of manufacturers and the entire supply chain. Considering a manufacturer producing
the same product sold through two competitive e-commerce platforms, Wei et al. [36]
studied the platform’s sales mode selection problem. Shi et al. [37] studied under what
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conditions manufacturers and retailers should introduce the agency mode. Huang et al. [38]
investigated the interactive mechanism between the introduction of proprietary brands and
the selection of sales modes by manufacturers. Luo et al. [39] studied how product quality
decisions affect the selection of distribution channels (resale only, agency only, and both)
on the platform. Zhen and Xu [40] explored the impact of different pricing strategies on the
introduction of third-party platform channels by manufacturers and retailers. Liu et al. [41]
studied the motivation of manufacturers and e-commerce platforms to adopt hybrid retail
strategies. Wang et al. [42] examined the interaction between suppliers” online channel
selection and green investment in e-commerce platforms. Ha et al. [19] studied the impact
of service efforts of e-commerce platforms on channel structure. Under the assumption of
the existence of a resale mode, Ha et al. [43] explored the interaction between manufacturers’
introduction of agency mode and information sharing of e-commerce platforms. On the
basis of retailers reselling products through the platform, considering the selection of
sales modes (resale, agency, and direct sales) by manufacturers to introduce dual channels,
Wang et al. [17] explored which sales mode manufacturers should choose. Considering
three channel structures, namely direct sales from self-built websites, agency sales through
e-commerce platforms, and direct sales + agency sales, Sigin et al. [44] explored the channel
selection strategies of electronic retailers.

In addition to Ha et al. [19] and Ha et al. [43], the aforementioned literature does
not consider the same manufacturer selling products through the two sales modes of e-
commerce platforms simultaneously. However, Ha et al. [19] and Ha et al. [43] did not
consider the logistics strategy among channels. This paper aims to explore this issue to fill
the gap in the existing research.

3. Model

We consider a sales system composed of a manufacturer and an e-commerce platform.
The e-commerce platform has two sales modes, namely the resale mode and the agency
mode. The manufacturer uses both modes to sell the same product. Specifically, through the
resale mode, the manufacturer wholesales the product to the platform and then the platform
opens a self-operated store (resale channel); through the agency mode, the manufacturer
opens an official store (agency channel) through the platform. The platform’s commission
rate is r. According to the survey of Tmall and JD, the commission rate is within 10%, thus
we assume 0 < r < 0.1. The platform has an advanced self-operated logistics system, which
can quickly deliver products to consumers compared with other third-party enterprise
logistics. The products sold through the agency channel have two logistics strategies to
choose from: one is to use low-quality logistics services provided by third-party enterprises
(Strategy N); the other is to use high-quality logistics services provided by the platform
(Strategy S). Here, products sold through the resale channel are always delivered by
platform logistics. The model structure is shown in Figure 1.

Generally, the service level of platform logistics is higher than that of third-party
enterprises. Without loss of generality, we assume that the logistics price of third-party
enterprises is zero, and the logistics price of the platform is ¢. In addition, we normalize the
marginal production cost to zero, which does not affect the results obtained in this paper.
The mathematical notation of the model is summarized in Table 1.

Following He et al. [13], Liu et al. [23], Niu et al. [41], Qin et al. [45], and Zennyo [46],
the demand functions of the agency channel and the resale channel under Strategy N are,

respectively,

G = a—pm+k(pp — pm) @

9, =1=pp+k(pm—pp) )
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Figure 1. Model structure.

Table 1. Summary of notations.

Notation Definition

l Platform logistics effect

k The cross-price sensitivity

r Commission rate

a The market size of the agency channel
t The unit price of platform logistics

w The wholesale price

p;'. Retail price, i € {N, S}, j € {m, p}
q} Demand function, i € {N, S}, j € {m, p}
7-[; Profit function, i € {N, S}, j € {m,p}

Here, we normalize the market size of the agency channel and the resale channel to
a and 1, respectively. Considering that the market size of the agency channel is usually
smaller than that of the resale channel, thus we assume 0 < a < 1. py, and p,, are retail
prices for agency channels and resale channels, respectively. k is the cross-price sensitivity,
which reflects the competitive intensity of channels. Usually, the cross-price sensitivity is
smaller than the price sensitivity, thus we assume 0 < k < 1.

Under Strategy S, the demand functions of the agency channel and resale channel are,
respectively,

qfn:a—i-l—pm—i-k(pp—pm) 3)

gy =1-1=pp+k(pm—pp) @)

The manufacturer using platform logistics increases the market size of the agency
channel. Therefore, when the manufacturer uses platform logistics, the market size of the
agency channel will increase from a to a + [. Wherein [ represents the increase in market
size when the manufacturer uses platform logistics, which we call the platform logistics
effect. Since the total market size of the same product is determined, manufacturers using
platform logistics will erode the market size of the resale channel, that is, the resale channel
market size will decrease from 1to 1 — /.

3.1. Strategy N
Under Strategy N, the manufacturer uses third-party enterprise logistics. Conse-
quently, the objective functions of the manufacturer and the platform are, respectively,

maxr = wg + (1 1)pug) ®)
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maxni,\] = (pp— w)qi}’ + rpmgy (6)

The sequence of events is as follows. In the first stage, the manufacturer decides the
wholesale price w; in the second stage, the platform and the manufacturer decide on both
the retail price p, and py, simultaneously. We solve the model by backward induction and
find Lemma 1.

Lemma 1. The equilibrium results under Strategy N are as follows:

k(atk+ak) 8(1+k)*(=1+4r) _ k(atk+ak)r
N* 1+2k 84k2(—3+7r)>—16k(—1+r)—8r 142k
w =
2(1+k)
N a+k+ak k(1+7)
P 2+4k 84 k2(=3+7)* —16k(—1+471) —8r
pN*:2+k(4+a+k+ak) 2(14+k)(=1+7)
’ 204+k)(1+2k) 84 k(=3 +7)* —16k(—1+7) —8r

an =1-py +k(p)" —p)

7 =1-p +k(ph - 1))

oy =wq,” + (1 —=7)py an

N* N* N*\ N* N* N*
Ty :(pp -—w )qp +Pm Gm

3.2. Strategy S

Under Strategy S, the manufacturer uses platform logistics. Typically, the platform
charges the same logistics price for all merchants; in addition, the platform logistics price
setting must consider the logistics price of other third-party companies. These factors make
the platform unable to set the platform logistics price from the perspective of its profit
maximization. Therefore, we assume that the platform logistics price is an exogenous
variable. The objective functions of the manufacturer and the platform are, respectively,

max7ty, = wy + [(1—7)pm — tqy, @)

max7t, = (pp —w)qy + (rpm + t)q5, ®)

The sequence of events is as follows. In the first stage, the manufacturer decides the
wholesale price w; in the second stage, the platform and the manufacturer decide on both
the retail price p, and p;, simultaneously. We solve the model by backward induction and
find Lemma 2.

Lemma 2. The equilibrium results under Strategy S are as follows:
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S*

32k — 81 — 8r + 8ak — 24kl — 32kr + 81r — 8kt + 24ak? + 25ak3 + 9ak* — 24k%1
—7k31 — 56k%r — 48Kk3r — 15k*r — 32k2t — 41k3t — 18k*t + 48k% + 32k3 + 9k*
+8k212 4+ 16k3r2 + 7k*12 — k*r3 + 8kir? + 8k21r + k31r + 32k2rt + 38k3rt + 8
+12kArt + 24ak?r? + 23ak3r2 — ak3r3 + 7ak*r? — ak*r3 + 16k21r2 + 7k31r2

—K31r3 — k3r2t — 2k*r2t — 16akr + 16kir + 8krt + 8akr? — 48ak?r — 47ak3r — 15ak*r

S* _
Pr =

(4k2+6k+2) (k212 —6k2r+9k2 —16kr+16k—8r+8)

s _ 1 <a+k+uk+l L ak(1+)(n) t )

P =2\ TI32k T T 3R (a4r) P —16k(—1tr)—8r 1T
48k — 121 — 24r + 8ak — 40kl — 96kr + 241r + 8kt + 24ak? + 25ak® + 9ak*
—46k2] — 19Kk31 + 48kr? — 134k%r — 76k3r — 15k*r — 121r% + 32k%t + 41k3¢t
+18k*t + 70k% + 44k3 + 9k* + 1212 + 66k>r? — 2k?r3 + 36k3r? — 4k3r3 + 7k*r?
— k43 — 40klr? + 86k21r + 29Kk31r — 32k2rt — 38k3rt — 12k*rt + 24ak®r2 + 12
+23ak3r2 — ak3r3 + Tak*r? — ak*r3 — 42K21r2 + 2K21¢3 — 13K31#2 + 3Kk3173
+I372t + 2Kk42t — 16akr + 80klr — 8krt + 8akr? — 48ak%r — 47ak3r — 15ak*r

2(1—r)(2k? + 3k + 1) (k?r2 — 6k?r 4 9k> — 16kr + 16k — 8r + 8)
7o =1—pi +k(p —pi)
7 =1-p5 +k(pi —p})

o = wqy + (1=1)pp an

S* S* S*\ .S* S§* _S*
Ty = (pp -—w )qp + 7P Gm

S* S* 9 S*
Corollary 1. %~ < 0, azg,ln >0, ’;t; <0

Corollary 1 shows that the wholesale price as well as the resale channel price decrease
with the platform logistics effect, while the agency channel price increases. This is because
the enhancement of the platform logistics effect means that the market size of the resale
channel is reduced. Lower market size forces the platform to lower the resale channel price
to increase sales. To incentivize the marketing efforts of the resale channel, the manufacturer
can lower the wholesale price to maintain the marginal profit of the resale channel. On
the other hand, the enhancement of the platform logistics effect means an increase in the
market size of the agency channel. Therefore, the manufacturer can set a higher agency
channel price to obtain more revenue.

JwS” s apy
Corollary 2. ®5— < 0, 51~ >0, -~ > 0.

Corollary 2 shows that with the increase in the platform logistics price, the agency
channel price and the resale channel price both increase, while the wholesale price decreases.
Clearly, to maintain profits, the manufacturer will increase the agency channel price to
offset the rise in logistics costs. When the agency channel price increases, the platform can
take the opportunity to increase the resale channel price. On the one hand, this can narrow
the price gap between channels and weaken the intensity of competition; on the other hand,
it can increase the marginal profit to procure more returns.
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4. Analysis and Discussion

This section compares the equilibrium results of the two logistics strategies. The
following proposition illustrates the results of the comparison of the wholesale price,
retail price, sales quantity, and profit. The values of t1, {2, 3,4 and Iy are shown in the
Appendix A.

4.1. Comparison of Prices

We find Proposition 1 by comparing wholesale prices under the two logistics strategies.
Proposition 1. The wholesale price under Strateqy S is less than Strategy N, i.e., wN" > wS"

Proposition 1 states that Strategy S leads to a reduction in wholesale price compared
to Strategy N. Corollary 1 shows that the wholesale price under Strategy S is affected by
the platform logistics effect and price. Transfer of market demand between channels or the
rise of platform logistics price reduces the wholesale price. The usage of platform logistics
by manufacturers intensifies competition with the resale channel, and to reduce conflict
between channels, manufacturers can reduce wholesale prices.

Proposition 2. (i) The agency channel price under Strategy S is greater than Strategy N,
ie, p5, > pN'. (ii) If t > t,, the resale channel price under Strategy S is higher than Strat-
egy N, i.e., p’s,* > pﬁ]*;otherwise, pfj < py*.

Proposition 2 (i) states that the price of the reselling channel is higher under Strategy
S than under Strategy N due to a larger platform logistics price and improved shopping
experience in the agency channel. Proposition 2 (ii) shows that the price of the reselling
channel only increases when the platform logistics price exceeds a certain threshold. The
use of platform logistics by the manufacturer causes the market size of the reselling channel
to shrink, and the platform raises the price of the reselling channel. However, when the
agency channel price is high enough, the platform can raise the price of the reselling channel
to reduce the price gap between the two channels and increase unit product profit.

Proposition 3. If t> 1ty the margznal proﬁt of the resale channel under Strategy S is larger than
Strategy N, i.e., pp —wS > pp

Proposition 3 suggests that the marginal profit of the reselling channel is higher under
Strategy S compared to Strategy N, but only when the platform logistics price exceeds a
certain threshold. This is because, according to Proposition 1, the wholesale price is lower
under Strategy S. Additionally, Proposition 2 (ii) highlights that the price of the reselling
channel is higher under Strategy S when the platform logistics price is above a certain
threshold. As a result, in situations where the platform logistics price is higher, the marginal
profit of the reselling channel is higher under Strategy S.

4.2. Comparison of Sales Quantities

By comparing sales quantities under the two logistics strategies, we find Proposition 4.

Proposition 4. ( z) If t > t3, the sales quantity of the agency channel under Strategy S is less than
Strategy N, i.e., q5 < qN .

(zz) The sales quantity of the resale channel under Strategy S is less than Strategy N,
ie., qp < qp .

(iii) If t > ty, the total sales quantity under Strategy S is less than Strategy N, i.e., ¢° < gV

Proposition 4 (i) indicates that compared to Strategy N, if the platform logistics price is
greater than a certain threshold, the sales quantity of the agency channel under Strategy S
will be smaller. This is because the large market size of the agency channel under Strategy
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S leads to a higher price, causing a decrease in demand. Proposition 4 (ii) reveals that
the sales quantity of the resale channel under Strategy S is always larger than in Strategy
N. This is mainly due to the reduction in the market size of the resale channel under
Strategy S. Proposition 4 (iii) indicates that when the platform logistics price is greater than
a certain threshold, the total sales quantity under Strategy N is greater than that of Strategy
S. In conclusion, the platform logistics price is a decisive factor in determining the overall
product sales under the two logistics strategies.

4.3. Comparison of Profits

We first compare the manufacturer’s profits under the two logistics strategies and find
Proposition 5.

Proposition 5. (i) If Iy > 1, the manufacturer’s profit under Strategy S is always lower than
Strategy N, i.e., 75, < 71N .

(ii) when ly < 1, if | < ly, the manufacturer’s profit under Strategy S is lower than Strategy
N, ie, my, < 7' If lg < 1 < 1, the manufacturer’s profit under Strategy S is higher than

Strategy N, i.e., nﬁf > nnl\{*.

Proposition 5 depicts the relationship between the profits of manufacturers under
the two logistics strategies. It can be seen that the platform logistics effect plays a crucial
role. Specifically, when [y > 1, the profits of the manufacturers under Strategy N are
always greater than those under Strategy S. That is to say, even if all the market share of
the reselling channel is transferred to the agency channel, Strategy S is still unfavorable to
the manufacturers. When Iy < 1 and [y < I < 1, the manufacturers under Strategy S can
recoup more profits.

To better illustrate the conclusion of Proposition 5, we use numerical simulations
to depict the relationship between the profits of manufacturers under the two logistics
strategies and the platform logistics effect. The parameters are set as follows: a = 0.5,
k=06, r=0.05 t € {0, 0.1, 0.2, 0.3}. We produce Figures 2 and 3.

0.4

0 0.2 0.4 0.6 0.8 1
i

Figure 2. The relationship between the manufacturers’ profit and I.

As shown in Figure 2, if t = 0 when the platform logistics price is zero, the manufac-
turer’s profit under Strategy S gradually increases with the enhancement of the platform
logistics effect, and it is always higher than that under Strategy N. This implies that when
the cost of using platform logistics is equal to the cost of using third-party enterprise
logistics, the manufacturer would prefer to use platform logistics. However, due to the
efficiency of platform logistics, the corresponding usage costs are higher. Next, we analyze
the situation where the platform logistics price is higher than zero.
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Figure 3. Manufacturers’ logistics strategy preferences.

Ift = 0.1and t = 0.2, the platform logistics price and platform logistics effect are given,
the manufacturer’s profit under Strategy S will still increase with the platform logistics
effect. However, when the platform logistics price is high (i.e., t = 0.2), the manufacturer’s
profit under Strategy S will only be greater than Strategy N when the platform logistics
effect is relatively strong. Intuitively, this implies that larger platform logistics prices will
lead to decreased manufacturer profits, but when the platform logistics effect is large
enough, manufacturers using platform logistics can still gain improved performance.

If t = 0.3, the analysis of the manufacturer’s profits derived from Strategies S and
N reveals that, under an enhanced platform logistics effect, the former initially decreases
and then increases, always remaining lower than the latter. This implies that raising the
platform logistics price does not yield higher profits for the manufacturer; even if the resale
channel’s market share is entirely transferred to the agency channel, the manufacturer
cannot gain more profit from the utilization of platform logistics.

In addition, we find that the manufacturer’s profit under Strategy S is negatively
correlated with the platform logistics price; that is, an increase in the platform logistics price
will result in a decrease in the manufacturer’s profit. This result is intuitive. Furthermore, as
shown in Figure 3, when ¢t is within a certain range, the threshold [j is positively correlated
t. This suggests that if the platform logistics price is high, the manufacturer will prefer
Strategy S only when the platform logistics effect is sufficiently large. Moreover, if the
platform logistics price is high enough, the manufacturer will always prefer Strategy
N. Additionally, if the platform logistics effect is constant, the manufacturer’s strategic
preference will shift from S to N as the platform logistics price increases.

We can further utilize numerical simulations to analyze the platforms and total profits
under two different logistics strategies, and use Figures 4 and 5 to demonstrate our findings.

From Figure 4, when t = 0, the platform’s profit under Strategy S decreases with the
platform logistics effect, and it is always less than Strategy N. This is intuitively understand-
able, as without the benefit of logistics services, the market size of the resale channel would
be small, thus leading to a decrease in the platform’s revenue. However, when ¢t = 0.1, the
platform’s profit under Strategy S decreases initially and then increases with the platform
logistics effect, and it is always greater than Strategy N. This is because when the platform
logistics effect is strong enough, the platform can garner more commission income. Based
on the results from t = 0, we can conclude that if the platform logistics price is low, the
platform’s profit under Strategy S is higher than that of Strategy N, regardless of the size of
the platform logistics effect. Additionally, if t = 0.2 and t = 0.3, the platform logistics price
is high, the platform profit under Strategy S increases with the platform logistics effect, and
is always greater than that of Strategy N. Thus, when the platform logistics price is high,
the platform will always prefer Strategy S.
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Figure 4. Relationship between the platform’s profit and I.
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Figure 5. Relationship between total profit and /.

As illustrated in Figure 5, if ¢+ = 0.1, the total profit under Strategy S decreases or
increases with the platform logistics effect. Moreover, when ¢t = 0, if the platform logistics
effect is sufficiently high, the total profit under Strategy S is greater than Strategy N,
indicating that if the platform logistics price is equal to the logistics price of third-party
enterprises and more market share is transferred to the agency channel, then the entire
sales system will reap more benefits. Additionally, when t = 0.2 or t = 0.3, the total
profit under Strategy S is positively correlated with the platform logistics effect and is
always greater than Strategy N, implying that when the platform logistics price is within
a certain reasonable range, dual cooperation between the manufacturer and the platform
will generate more profits.

5. Sensitivity Analysis

In this section, we investigate how commission rate and competitive intensity influence
manufacturers’ choices in terms of logistics strategies. We aim to assess how these two
factors affect the selection of logistics strategies by manufacturers.

5.1. Effect of Commission Rate on Manufacturers” Strategic Preferences

The parameters are set as follows: a = 0.5, k = 0.6. We explore the effect of commission
rate on manufacturers’ logistics strategy preferences under different values of platform
logistics prices and analyze the results in Figure 6.
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Figure 6. The impact of commission rate on manufacturers’ logistics strategy preferences.
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Figure 6 shows the relationship between [y and r under different levels of t. The results
demonstrate a positive correlation between [y and 7, the two variables, indicating that as
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the commission rate increases, the manufacturer is more likely to select Strategy S when
the platform logistics cost is high. However, as the platform logistics cost increases, the
probability of the manufacturer preferring Strategy S decreases, indicating that the platform
logistics cost must be sufficiently small for the manufacturer to find the agency channel
profitable. When the cost of platform logistics is sufficiently high, manufacturers may
switch from Strategy S to Strategy N. This suggests that an increase in the commission rate
can alter the manufacturers’ preference for Strategy S, as a higher cost of platform logistics
will make it more favorable.

5.2. The Impact of Competitive Intensity on Manufacturers” Strategic Preferences

The parameters are set as follows: a = 0.5, r = 0.05. We examine how varying levels
of competitive intensity and platform logistics prices influence manufacturers” logistics
strategy preferences, as illustrated in Figure 7.

Strategy S

04 1

03r ]

02+ Strategy N 4

0.1F .

0 0.02 0.04 0.06 0.08 0.1

(@ t=0.1

0.7 r Stragety S b

06| b
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02t Stragety N J

0.1 1

0 0.02 0.04 0.06 0.08 0.1

(b) t=0.2

Figure 7. Cont.
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Figure 7. Effect of competitive intensity on manufacturers’ logistics strategy preferences.

Figure 7 depicts the relationship between [y and k under different values of t. We
observe a positive relationship between /y and k. That is, when the competitive intensity
increases, the manufacturer will be more likely to prefer Strategy S due to the greater
platform logistics effect. However, as the price of platform logistics increases, the probability
of the manufacturer preferring Strategy S decreases, which is consistent with the findings
presented in Figure 6. In conclusion, we can see that an increase in competitive intensity, as
well as a higher commission rate, will make it more advantageous for manufacturers to
prefer Strategy S.

6. Unified Pricing Decision

In this section, we consider the case where both the resale and agency channels are
uniformly priced. As platforms generally maintain a dominant position in channel pricing,
dual-channel pricing is likely to be determined by the platform, denoted as p. For the
manufacturer, we use the superscript EN to indicate the use of third-party enterprise
logistics, and the superscript ES to indicate the use of platform logistics.

Under Strategy EN, the demand functions of the agency channel and the resale channel
are, respectively,

G =a—p )
N =1-p (10)

Furthermore, the objective function of the manufacturer and platform are, respectively,

max7ty," = wq,N + (1= r)pgy (11)
maxnﬁN =(p— w)qﬁN + rpgEN (12)

Under Strategy ES, the demand functions of the agency channel and the resale channel
are, respectively,

q,lff:a—i-l—ﬁ (13)
g° =1-1-p (14)

Furthermore, the objective function of the manufacturer and platform are, respectively,

maxrtE® = wgtS + [(1-r)p — g (15)
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max7t,® = (p — w)q,° + (rp + )4, (16)

The sequence of events can be outlined as follows: initially, the manufacturer sets a

wholesale price p; then, the platform determines a retail price based on Lemmas 3 and 4,
which is obtained by solving the model.

Lemma 3. The equilibrium results under Strateqy EN are as follows:

ENs @ -+4r —2ar +2r? — ar?
w =
3+7r

~EN*_3+Q+27’

 2(3+7)
EN* _ _ _ 34+a+2r
i 2(3+47)

qEN* — 3—a

P 2(3+r)

JENx _ —3 4+ 6a + a* + 8r — 8ar + 4r> — dar?
"o 4(3+7)
EN* (—3 + 61)2 + (-27"‘ ﬂ(30 + El))?’ + 24(—1 + H)T’Z +4(—1 + a)r3
=

4(3+71)?

Lemma 4. The equilibrium results under Strategy ES are as follows:

WES* _ a+ 1+ 4r —2ar — 6lr +2r? — ar®> — 31r> + 3t + rt
B 3+r

FESH _ 3+a—21+2r—2lr

2(3+471)
Ess _ —3+5a+ 8l —2r+2ar + 4lr
Im = 23+ 71)
s« _ 3—a—4l
A Ty
SENe_ 1 —3+a?>+82(—1+7r(2+7r)) + 12t +4r(2+7r+1t)
" 4B 4r)\ 42083+ 21(=1+r(2471)) —6t —2r(247+1t)) — 4 (=3 + 6t + (6 + 3r +2t))
ESx 1 (=3+a+4l)(-3+a—2ar(2+7r) —=21(2+7)(=1+3r) + 6t +2r(3+2r + 1))
" = —
P 43412\ +(=3+5a+81+2(=1+a+2l)r)(6t+r(3+a+2r—2l(1+7r)+2t))

By comparing the optimal decisions under the two logistics strategies, we find Proposition 6.

Proposition 6. The optimal decisions under Strategy ES and Strategy EN satisfy the following
relationship:

WES* > EN* | GES* o GEN
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Under Strategy ES, the manufacturer has to pay the corresponding logistics costs,
which can be recouped by increasing the wholesale price. This means that the whole-
sale price under Strategy ES will be greater than the wholesale price under Strategy EN,
i.e., wES* > wEN* At the same time, in order to maintain sales, the platform will lower
the retail price, resulting in a lower retail price under Strategy ES than under Strategy EN,
ie HES* HENx*

e, pEor < pEN*,

By comparing the sales quantities under the two logistics strategies, we find Proposi-

tion 7.

Proposition 7. The sales quantities under Strategy ES and Strategy EN satisfy the following

relationship: g > qhN*, q55* < qpN*, q=5* > gEN*.

From Proposition 6, it can be seen that the retail price under Strategy ES is lower than
that of Strategy EN, and the market size of the agency channel under Strategy ES is large.
Therefore, the sales quantity of the agency channel under Strategy ES is greater than that of
Strategy EN, i.e., g5%* > gEN*. For the resale channel, the retail price decreases under the
ES Strategy, resulting in an increase in sales quantity. However, due to the reduced market
size of the resale channel, the sales quantity of the resale channel under the ES Strategy is

lower than that of Strategy EN, i.e., qgs < q?N *. The total sales quantity under Strategy

ES is higher than that under Strategy EN, due to its smaller retail price, i.e., 5% > gEN*.
By comparing the profits under the two logistics strategies, we find Proposition 8. The

values of /] and I; are shown in Appendix A.

Proposition 8. The firms’ profits under Strategy ES and Strategy EN satisfy the following relationship:
(i) If | < min{ly,1}, the manufacturer’s profit under Strategy ES is higher than Strategy EN,
ie., mES* > N otherwise, we have 7th>* < mEN*.
(ii) If I < min{ly, 1}, the platform’s profit under Strategy ES is lower than Strategy EN,
ie., nES* < NEN*; otherwise, we have 7155* > HEN*.

(iii) The total profit under Strategy ES is always higher than Strategy EN, i.e., tE* > mEN*,

From Proposition 8 (i), when the platform logistics effect is below a certain threshold,
the manufacturer can gain more benefits via Strategy ES. This is due to the fact that when
a higher market share is shifted to the agency channel, the manufacturer’s revenue from
wholesale products decreases. Moreover, the retail price, being determined by the platform,
may decrease even if the agency channel’s market share grows, which does not necessarily
result in an increase in agency channel revenue. Therefore, if and only if the platform
logistics effect is low, the manufacturer will opt for Strategy ES.

Proposition 8 (ii) shows that when the platform logistics effect is greater than a certain
threshold, the platform can obtain more benefits under Strategy ES. Specifically, the plat-
form can obtain higher profits from three sources: sales revenue from the resale channel,
commission revenue, and logistics service revenue. The increased market size of the agency
channel reduces the sales in the resale channel, thus resulting in reduced product profit
margins. Nonetheless, the platform can still benefit from the increased commission income
and the additional income from logistics services.

Proposition 8 (iii) states that the sales system under Strategy ES can generate more
profit. This is attributed to the stronger cooperation between the manufacturer and the
platform due to the use of platform logistics, which in turn eliminates the double marginal
effect and, consequently, leads to enhanced performance.

Figure 8 presents the relationship between the logistics strategy preference of the
firm and the platform logistics effect across different values of t. The results indicate that
both /1 and I, as t increases. Proposition 8 reveals that if [ < /1, the manufacturer prefers
Strategy ES, whereas the platform prefers Strategy ES if | > I. Based on these findings, it
is evident that in area A, the manufacturer prefers Strategy EN and the platform prefers
Strategy ES; in area B, both the manufacturer and the platform prefer Strategy ES; in area
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C, the manufacturer prefers Strategy ES, while the platform prefers Strategy EN. These
results suggest that as the platform logistics price increases, the threshold at which the
manufacturer prefers Strategy ES increases, while the threshold at which the platform
prefers Strategy ES decreases.
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Figure 8. Logistics strategy preferences of manufacturers and platforms (¢ = 0.5, k = 0.6, r = 0.05).

7. Conclusions

This paper discusses a sales system consisting of a manufacturer and an e-commerce
platform that offers two sales modes. The platform has its own logistics system that pro-
vides quick and efficient delivery services for consumers. The logistics services are also
offered to third-party sellers. The manufacturer can choose between two logistics strategies
for products sold in the agency channel: third-party enterprise logistics (Strategy N) or
platform logistics (Strategy S). This paper first constructs a game model and obtains the
equilibrium results under the two logistics strategies. It then compares and analyzes the
wholesale price, retail price, sales, and profits under the two logistics strategies. This paper
also explores the impact of commission rate and competition intensity on the manufac-
turer’s logistics strategy preference. Finally, this paper considers the case of unified pricing
of the agency channel and the resale channel and conducts extension research.

This paper presents several key findings and managerial implications. First, imple-
menting Strategy S compared to Strategy N results in a lower wholesale price and a higher
agency channel price. This suggests that leveraging the platform’s logistics services can
lead to cost savings in the wholesale stage, while allowing for a higher retail price to be
offered to consumers through the platform. However, the crucial finding is that the resale
channel price and marginal profit experience an increase only when the platform logistics
price surpasses a specific threshold. This implies that there is a critical point at which the
benefits of the platform’s logistics services outweigh the associated costs. For instance,
consider a case study involving an e-commerce marketplace. When the platform logistics
price is below the threshold, the higher costs associated with utilizing the platform’s lo-
gistics network may outweigh any potential benefits. In such cases, Strategy N may be
more financially advantageous, resulting in a higher marginal profit. Conversely, once the
platform logistics price exceeds the threshold, there are notable advantages to utilizing
the platform’s logistics services. These benefits can include improved efficiency, faster
delivery times, and enhanced customer satisfaction. As a result, the resale channel price
can be increased to justify the added value of the platform’s logistics support. This, in turn,
contributes to an increase in the brand’s marginal profit. In summary, while Strategy S
yields a lower wholesale price and a higher agency channel price compared to Strategy N,
the actual increase in resale channel price and marginal profit is contingent on the platform
logistics price surpassing a specific threshold. Thus, businesses must carefully evaluate the
economics associated with platform logistics services to determine the optimal strategy.
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Second, when the manufacturer adopts Strategy S and leverages the e-commerce
platform’s logistics services, it benefits from the platform’s extensive distribution network
and streamlined fulfillment processes. Initially, there may be a decrease in resale channel
sales due to the manufacturer bypassing agency channels. However, as the platform
logistics price remains below a certain threshold, the manufacturer experiences an increase
in agency channel sales. This is because the platform’s logistics services enable wider
product availability, faster delivery times, and greater visibility on the platform, attracting
more consumers to purchase through the agency channel. Additionally, the combination of
increased agency channel sales and resale channel sales (albeit lower) contributes to a boost
in total sales. The platform’s logistics services help reach new customers and enhance the
overall market reach, leading to an overall increase in sales volume and revenue for the
manufacturer. It is important to note that the specific threshold for the platform logistics
price may vary depending on factors such as product type, market demand, competition,
and pricing dynamics. Therefore, it is necessary to analyze the specific industry and market
conditions to determine the optimal threshold and assess the impact of Strategy S on resale
channel sales, agency channel sales, and total sales.

Third, this paper highlights the importance of the platform logistics effect and identi-
fies a threshold beyond which the manufacturer prefers Strategy S. Furthermore, this paper
finds that this preference threshold increases in relation to the commission rate and compe-
tition intensity. To illustrate this conclusion, we can consider the example of e-commerce
platforms and their relationship with third-party sellers. In a scenario where the commis-
sion rate charged by the platform is low and there is minimal competition, manufacturers or
sellers may opt for Strategy N. This allows them to retain higher profit margins by avoiding
the platform’s commission fees. However, as the commission rate and competition intensity
increase, the platform logistics effect becomes more pronounced. The platform’s services,
such as order fulfillment, warehousing, and customer reach, have become increasingly
valuable for manufacturers. This is particularly evident when competition in the market
intensifies, as the platform’s wide customer base and efficient logistics network can help
manufacturers gain access to a larger audience and streamline their operations. Once the
commission rate and competition intensity surpass a certain threshold, manufacturers may
shift their preference toward Strategy S, which involves utilizing the platform’s logistics
services. Despite the commission fees, the benefits provided by the platform, such as
broader market exposure and streamlined operations, outweigh the costs. Manufacturers
can tap into the platform’s existing logistics infrastructure, which is often more efficient
and cost-effective than establishing their own. The actual threshold for preferring Strategy
S will vary depending on factors such as the specific industry, market dynamics, and indi-
vidual manufacturer’s circumstances. Therefore, it is crucial for manufacturers to carefully
evaluate the platform logistics effect in relation to the commission rate and competition
intensity to make informed decisions. Overall, the case of e-commerce platforms and third-
party sellers illustrates how the platform logistics effect and its threshold can influence
manufacturers’ preferences for Strategy N or Strategy S based on the commission rate and
competition intensity.

Finally, this paper finds that adopting Strategy ES, which combines elements of both
the resale and agency channels, can result in several outcomes. Specifically, it leads to
higher wholesale prices, agency channel sales, total sales, and profits, but with lower
resale channel sales. To elaborate on this conclusion, consider a hypothetical example of a
consumer electronics manufacturer that sells its products through both resale channels and
agency channels. When implementing Strategy ES, the manufacturer sets a unified price
for its products across both channels. By doing so, it can achieve higher wholesale prices,
as retailers perceive the higher price as a reflection of product quality or exclusivity. This
allows the manufacturer to capture a higher profit margin on each unit sold to retailers.
Moreover, the adoption of Strategy ES tends to boost agency channel sales. With a unified
price, consumers may view the manufacturer’s official store or website as a reliable and
trustworthy source. They may be willing to pay the higher price, expecting better service,
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product support, or an enhanced buying experience. This increased trust and perceived
value can drive higher sales through the agency channel. As a result of higher wholesale
and agency channel sales, the total sales volume of the manufacturer’s products is likely to
increase under Strategy ES. This could be driven by a combination of higher retailer demand
(based on the perception of higher product value) and increased consumer confidence in
the manufacturer’s direct sales channel. While higher wholesale prices, agency channel
sales, and total sales contribute to increased profits, it is important to note that adopting
Strategy ES may lead to lower resale channel sales. Resale channels, such as third-party
retailers or distributors, might face challenges in competing with the manufacturer’s
unified pricing strategy. Consumers who can purchase the product directly from the
manufacturer at a consistent price may be less inclined to buy from other retailers offering
the same product at potentially higher prices. It is worth noting that the specific outcomes
of implementing Strategy ES will depend on various factors, such as market conditions,
product attributes, and consumer preferences. Therefore, manufacturers should carefully
analyze their industry and customer base to determine the appropriate pricing and channel
strategies that align with their goals and market dynamics. In summary, the analysis
indicates that implementing Strategy ES with unified pricing can lead to higher wholesale
prices, agency channel sales, total sales, and profits. However, it may have the trade-off
of lower resale channel sales as consumers are more likely to purchase directly from the
manufacturer’s preferred channels.

Consequently, we suggest three possible research directions for further exploration.
First, it would be interesting to study how manufacturers’ logistics strategies are affected
by a different pricing power between the platform and the manufacturer. Second, it
would be valuable to examine logistics strategies under different competitive intensities,
as competition may be further intensified when the manufacturer uses platform logistics.
Finally, it would be interesting to explore how competition between offline and online
channels affects manufacturers’ logistics strategies.
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I1—71) (—12(—1 )+ k(4o + 46k + 19K — 10(2 + k)%r + k(2 + 3k)r2>)
k(1 + 2k) (8 FR2(=34 1) —16k(—1+7) — 8r)

=

Therefore, we have pg* > ppN "ift >t and pg* < pPN " otherwise. [J

Proof of Proposition 3.

From (pf,* — w5*> — (ppN* — wN*) =0, we get

(I(=1+7r)(4(—=1+71) = 8k(—2+7r)(=1471) + K3 (—12+ (=9 + 1) (=1 +7r)r) — 2k*(11 4+ r(—16 + 9r))))
(k(1+26) (84 K2(=3+ 1) — 16k(~1+7) = 8r) (2~ 7))

Therefore, if t > ¢, then (p?,* — w5*> > (py* - wN*). O

Proof of Proposition 4.

1(8+k(22—k(7+2k—r)(—3+4r)—18r)—8r)(1—r)
(142k) (8+k2(—3+7)> ~16k(~1+7)—8r)

t > t3,then g5, < gN"; Otherwise, g5, > gV

. Therefore, if

(i) From g5, —gN" =0, we find t; =

oy S*  N* _ 1(2(=147)+k(—4-3k+(4+k)r))
() 9 =9 = e s ek 1) -8

1(1—r) (4—4r+k(10—6r+k(7+72)))
(142k) (8-+k2(—3+7)*—16k(—1+r)—8r) "

Therefore, if t > t4, then g° < gN’; Otherwise, g5 > gN". O

(iii) From g% — gN* = 0, we find t4 =

Proof of Proposition 5.
(i) We can obtain
S* - N* _ A112+B11+C1
m m 2
A(1+K)(1+ 2K) (8 FR2(=3+ 1) —16k(—1+7) — 8r) 1—r)

where,
Ap = (=14 7212 — 87+ k(=16(=2 +7) + k(29 + 8k + (=6 +7)r))).
By =2(-1+r)x

a(1+k) (8+k2(73+ r)? —16k(—1+7) — 87’)(71 )+
(=14 7)(—4+k(=8(1+7) + k(k + k(=6 +r)r — 4(1+4r)))) + (1 + 2k) (8+k2(—3+r)2 —16k(—=1+7) — 8r>t

Cp = —(1+2k) (8 FI3(=3+7)2 —16k(—1+7) — 8r)t(2a(1 Fh)(L—7)+t+2k(1—r+1)

Let ¢1(I) = A1I% 4 Byl + Cy. From A; > 0, C; < 0, we know that g;(I) = 0 there exists
a unique positive root to g1 () = 0, and denote it as [y = VA W. Therefore, if
I < min{ly,1}, g1(I) <0 — 75, < 7" ; otherwise, g1(I) >0 — 75, > 7l . O
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92 EN

Proof of Lemma 3. From % = —2(1+r) < 0, we know 7T§N is concave in p. Let
a”EN 1+art+w
ap = 0, we obtain prN (w) = Tl
~F . 2 EN
Substituting pEN (w) into 75N, we find aaz;g = =3 (ﬁ:)z < 0 and know 75N is

ENx

EN
concave in w. Let agz; = 0, we obtain the optimal wholesale price w"N*. Substituting w™

into p*N (w), we obtain the optimal retail price pEN*. OJ

aZTfES
Proof of Lemma 4. From # =

an.ES
ap = 0, we obtain pt°(w) = “Jr(gi#

—2(1+r) < 0, we know 7'(55 is concave in p. Let

ES
Substituting p=° (w) into L%, we find aZ)’é’ =3 (ji’f)z < 0 and know 7t;;

ES ;

1S concave

anm

= 0, we obtain the optimal wholesale price w"%*. Substituting w" into
pES (w), we obtaln the optimal retail price p£%*. O

in w. Let

Proof of Proposition 6.

(i) We can find wFS* — wEN* = w Since 0 < r < 0.1, we have
wES* _ EN* 5 170~3l(22(}r1r)+(3+7)t < 0.
(ii) p ~ES% __ ﬁEN* _ (;j:;’) <0.0
Proof of Proposition 7.
. 21(2+
(i) qhs* —qENr =22 +f) >0,
(ii) ES* q;l;ZN* _ 3+r <0.
(iif) qu* — gENF = (gljrrrr) <> 0.0
Proof of Proposition 8.
2
(i) We can get n,lf;s* — n,ElN* = %, where, A, = —2 + 4r + 272,

By=3-3r*+a(-1+2r+7*) —6t—2r(3+1t),Co = —(—1+a)(3+71)t
Let go(I) = Ayl?> + Byl + Cp. From Ay < 0, C; > 0, we know that there exists a
—Bo++/Bx2—4A5C,
74,

I < min{l}, 1}, then g (1) >0 — 75, > 7" ; otherwise, g»(1) <0 — 75, < 7"

unique positive root to (/) = 0 and denote it as [} = . Therefore, if

(i) We can find 7'(55* - nﬁN* = %, where, A3 = —2(2+7r)(=1+r(4+71)),

By=(B—a)2+7r)(=14+r(4+71)+2B+1)%,C3 = (—14a)(3+7r)*t
Let g5(1) = A3zl? 4+ B3l + C3. From Az > 0, C3 < 0, we know that there exists a

— \/B:2—
unique positive root to g3(I) = 0 and denote it as I3 = W. Therefore, if
I <min{l, 1}, then g3(I) <0 — 75 < 7)) ; otherwise,g>(I) > 0 = 715 > 7

2
(iii) We can find B — EN* = % > 0, that is 7765 > 7EN* [
r
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