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SELECTION OF FINANCING STRATEGIES AND BUSINESS MODES FOR A
CAPITAL-CONSTRAINED MANUFACTURER

Y1 GAo AND LE1 FanG*

Abstract. E-commerce platforms adopt both reseller and agency business modes to achieve better
performance, and also provide financing services for qualified manufacturers to alleviate their financial
difficulties. This paper analyzes financing strategy (bank financing or platform financing) and business
mode selection (reseller mode, agency mode or both of them) for a capital-constrained manufacturer.
We find that no matter which business mode is adopted, the platform always provides lower interest
rates than bank, which in turn makes retail prices lower. Meanwhile, the manufacturer and the platform
can become more profitable under platform financing. In addition, compared with the manufacturer
adopting bank financing, the manufacturer has different business mode preferences when adopting plat-
form financing. We put forward business mode recommendations for the manufacturer under different
financing strategies.
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1. INTRODUCTION

With the vigorous development of e-commerce, many B2C platforms have added agency business mode,
allowing third-party sellers or manufacturers to settle in. For example, in the early days of JD.com, it operated
the platform through a reseller mode. It purchased products from manufacturers at wholesale prices and sold
them to customers at retail prices. At the end of 2010, JD.com added an agency mode in which third-party
manufacturers directly sold products to customers on the platform and the platform took a commission on each
transaction. The presence of third-party manufacturers greatly enriches the product categories of the platform
and attracts more customers. At the same time, allowing third-party manufacturers to sell products directly
saves the platform’s fixed costs such as inventory costs. Through the investigation, scholars find that platforms
with two business modes tend to choose high demand products to sell through reseller mode [12]. However, we
observe on JD.com that not all high demand products are sold through reseller mode. For example, Saturnbird,
Hello MyDeer and UCC are three types of coffee with high sales volume on JD.com. Saturnbird adopts reseller
mode, Hello My Deer adopts agency mode and UCC adopts both reseller and agency modes. This shows that
even if the platform is willing to resell the manufacturer’s products, the manufacturer does not necessarily adopt
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or only adopt reseller mode. When the platform provides two business modes for manufacturers, choosing an
optimal business mode is a crucial issue for manufacturers.

Due to the price competition of homogeneous products and the slow return of funds of the platform, man-
ufacturers on platform are likely to face a shortage of funds [5]. Banks, with their strong capital and perfect
financing system, have solved the financial difficulties of many manufacturers. However, the funds shortage
of manufacturers not only affects their own profits, but also affects the revenue of the platform. Therefore,
many platforms have also launched financing services for their cooperative manufacturers. For example, in
2013, JD.com launched the financing product Jingbaobei for its manufacturers of reseller mode, and launched
Jingxiaodai for third-party manufacturers of agency mode in 2014. For manufacturers, the platform’s financing
services have the characteristics of short review period and fast lending. Therefore, when the platform is willing
to provide loans to qualified manufacturers, choosing bank financing or platform financing is another important
decision faced by manufacturers.

In the current studies, Wang et al. [33] and Zhen et al. [47] compare the impact of bank financing and platform
financing on manufacturer’s decision-making and profits. However, only the agency mode of the platform is
considered in their research. In fact, platforms like JD and Amazon provide manufacturers with two business
modes, agency and reseller. Different from the agency mode where the manufacturer bears the demand risk,
the reseller mode is where the platform bears the demand risk. The manufacturer’s financing behavior may
have different effects on the equilibrium decision-making and profit under the platform’s reseller mode, which is
worthy of further exploration. In addition, Tian et al. [30]’s study has proved that manufacturer’s business mode
preference on the platform is affected by cost. Coincidentally, financing behavior affects the manufacturer’s cost.
Therefore, financing behavior is likely to affect manufacturer’s business mode preference.

Based on the motivations above, we study the interaction between financing strategy and business mode
selection of a manufacturer. We consider a supply chain which consists of an e-commerce platform and a
capital-constrained manufacturer. The platform provides reseller mode and agency mode to the manufacturer.
Meanwhile, the platform provides financing service if the manufacturer’s qualifications meet the requirements.
The manufacturer decides whether to finance from a bank or the platform and which kind of business mode
to adopt: reseller mode (mode R), agency mode (mode A) or both of them (mode RA). We try to solve the
following problems:

(1) Under different financing strategies, what are the equilibrium decisions of the manufacturer and the plat-
form?

(2) In each mode, which financing strategy does the manufacturer prefer?

(3) How does the financing strategy affect the manufacturer’s business mode preference?

First, we derive equilibrium solutions of the manufacturer and the platform under different financing strategies
in each business mode, and analyze how the optimal decisions are affected by the relevant parameters. Then, in
each business mode, we compare the manufacturer’s profits when financing from the bank and when financing
from the platform, and analyze the optimal financing strategy. Finally, we compare the differences of the
manufacturer’s business mode preferences between bank financing and platform financing, and analyze the
impact of financing strategy on the manufacturer’s business mode preferences.

The main contributions of this paper are as follows. First, the research on platform financing is separately
considered under agency mode [33,47] or reseller mode [41]. Our research considers that the platform pro-
vides these two alternative business modes when financing the manufacturer. Through comparison, we find
that the interest rate decision of the platform under reseller mode is different from that under the agency
mode. Under reseller mode, the platform is willing to provide interest-free loans when the manufacturer has
no risk of external default. Differences in platform’s interest rate decisions affect manufacturer’s preference for
platform business modes. Second, different from Wei et al. [35]’s results, our research proves that when consid-
ering a manufacturer with capital constraint, the reseller mode or both two mode is better than only agency
mode under certain conditions. What’s more, the manufacturer’s business mode preferences when finances
from a bank are different from those when finances from the platform. Our research provides a reference for
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capital-constrained manufacturers when choosing the platform’s business mode under different financing strate-
gies. Through the main conclusions drawn in this study, we suggest that platforms should provide manufacturers
with lower interest rates than bank. Manufacturers should adjust their business mode choices based on financing
decisions. If possible, manufacturers should try their best to seek financial support from the platform.

The following sections are arranged as follows. Section 2 reviews relevant literature about this study. Section 3
describes the model and notations. Section 4, Sections 5 and 6 discuss the financing equilibrium in mode R,
mode A and mode RA, respectively. Section 7 shows the optimal business mode strategies through numerical
experiments. Section 8 discusses the results obtained by models analysis and numerical experiments, and sum-
marizes the management implications of this study. Section 9 concludes this study and proposes future research
directions.

2. LITERATURE REVIEW

Literature related to this study can be classified into two streams: supply chain finance and e-commerce
platform’s business mode.

2.1. Supply chain finance

The first stream of literature is supply chain finance. Our study mainly focuses on related research of bank
financing and platform financing. In the research of bank financing, Yan et al. [39], Li et al. [17] and Lu et al.
[21] study the bank’s partial credit guarantee financing. Jin et al. [13] expand three financing strategies in which
bank participate. Huang et al. [10] discuss optimal financing decisions of the retailer and the bank under three
types of contracts. Yan and Ye [38] study whether upstream supplier should add direct channel when the retailer
uses bank financing and equity financing to ease funding constraints. In addition, more and more scholars are
paying attention to the financial performance of the green supply chain. Many enterprises have increased their
investment in environmental protection in order to obtain economic and environmental returns [37]. Sachin
and Rajesh [27] explore the impact of sustainability indicators, including the environment, on enterprises’
financial performance. Huang et al. [11] study the impact of government subsidies for green products on the
profits of a capital-constrained supply chain. In the research of platform financing, Chen et al. [5]’s case study
shows how supply chain finance helps e-commerce platforms gain competitive advantages. Wang et al. [33] and
Gong et al. [7] investigate the optimal financing strategies of the retailer and the platform and show how platform
financing benefits supply chain members. In addition, manufacturers always face different forms of competition.
Dong et al. [6] investigate how the platform provides financing to two competing manufacturers. Zhen et al. [47]
and Yan et al. [41,42] study how platform financing affects the profitability of supply chain members when there
is channel competition. Qin et al. [25] study a manufacturer who is regulated by a cap-and-trade mechanism,
it sells products on an e-commerce platform. The manufacturer can use platform financing, upstream trade
credit financing or a combination of both financing. The authors analyze the effects of each financing method
on carbon emission reduction and order decisions. In the current research on platform financing, scholars only
pay attention to agency mode of the platform, or only consider the reseller mode. Our study fills this gap by
considering both of these two modes when comparing bank financing with platform financing.

2.2. E-commerce platform’s business mode

Another stream of literature is e-commerce platform’s business mode. A variety of business modes can ensure
the flexibility of supply chains, which is vital to the development of supply chains [26]. The main business
modes of e-commerce platforms include reseller mode and agency mode. From the perspective of the platform,
the choice of reseller mode, agency mode or hybrid mode affects the platform’s revenue and development. Hagiu
and Wright [8] consider that the choice between reseller mode or agency mode depends on who has the most
important information, the supplier or the platform. Abhishek et al. [1] further find that the influence of online
channels on traditional channels should be taken into account when deciding whether to choose reseller mode or
agency mode. According to the attribute of platform internal competition, Tian et al. [30] consider the impact of
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TABLE 1. Location of this study.

Platform’s business  Capital

Literature Supply chain structure mode constraint
Wang et al. [33] One platform, one retailer Agency Vv
Gong et al. [7] One platform, one retailer Agency Vv
Dong et al. [6] One platform, one/two retailer Agency Vv
Zhen et al. [47] One platform, one manufacturer, one retailer ~ Agency Vv
Yan et al. [41] One platform, one supplier Reseller N4
Yan et al. [42] One platform, one supplier, one retailer Agency Vv
Wei et al. [35] One platform, two manufacturers Agency and reseller —
Zennyo [43] One platform, two suppliers Agency and reseller
Zhao and Hou [46]  One intermediary, one supplier Agency and reseller —
This study One platform, one manufacturer Agency and reseller 4/

the intensity of competition between upstream products on the choice of sales mode. Some other studies discuss
the optimal operation decisions of the platform when it has two business modes at the same time. Jiang et al. [12]
study an interesting problem, that is, the platform tends to resell high-demand products and consign long-tail
products, which makes high-demand sellers attempt to hide high demand to retain the right to sell products.
The game between the platform and sellers affects their profits. Zhang and Zhang [44] study the influence of the
platform’s demand information sharing strategy on the supplier’s offline expansion strategy under the reseller
mode and the agency mode, respectively. From the perspective of manufacturers, when platforms provide two
alternative business modes, different choices have different effects on the profit of manufacturers. Wei et al. [35]
and Zennyo [43] consider how manufacturers choose the business mode of the platform when two manufacturers
compete with each other. Zhao and Hou [46] study whether a manufacturer under the platform reseller mode
should introduce agency channel. Our research is also from the perspective of the manufacturer to analyze how
the manufacturer should choose the business mode when the platform provides two business modes. Different
from the existing research, we consider the manufacturer’s capital constraints and financing strategies, which
have an impact on the manufacturer’s business modes selection.

In this study, we focus on how the capital-constrained manufacturer chooses financing strategy and platform
business modes. In the studies of platform financing [7,33], they assume that the platform only provides the
agency mode. In our research, the platform provides both an agency mode and a reseller mode, which expands
existing research. In addition, the capital constraint of the manufacturer has been ignored in previous studies
about selection of business modes [35,43]. Our study fills the research gap by discussing the impact of financing
strategies on the manufacturer’s business mode choices. The location of this study is shown in Table 1.

3. MODEL DESCRIPTION

We consider a supply chain which consists of an e-commerce platform (referred to as “he”) and a capital-
constrained manufacturer (referred to as “she”). The platform has two business modes: reseller mode and
agency mode, and provides financing service to the manufacturer if her qualifications meet the requirements.
The manufacturer can sell her products through only reseller mode (mode R), only agency mode (mode A), or
both two modes (mode RA). Meanwhile, she can complete production by financing from a bank or the platform.

The notations are summarized in Table 2. We use the superscript “k” to denote the business mode the
manufacturer chooses, where &k = R, A or RA. The subscript “/ = 1”7 denotes the case when the manufacturer
finances from a bank and “/ = 2” denotes finances from the platform. In addition, the subscript “j = m,e, b’
denote the manufacturer, the e-commerce platform and the bank.

In accordance with the literature related to our study [35,41,47], we use a linear price-dependent demand
function to represent actual demand. a represents initial demand of the market. € represents stochastic demand
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TABLE 2. Notations.

Parameters
B : Manufacturer’s initial capital

¢ : Manufacturer’s unit production cost

a : The initial demand of the market

€ : The stochastic demand of the market

B : The probability that the stochastic demand is high
b : Demand sensitivity to own price

d : The coefficient of cross-price sensitivity

0 : Reseller channel demand ratio in mode RA, 6 € [0, 1]
A : Platform’s commission ratio, A € [0, 1]

Hfj: Profit functions

Decision variables

pfj : Retail price for consumers

w® : Manufacturer’s wholesale price to the platform, £ = R, RA

7% : Loan interest rate, j = e,b, 7¥ € [0, 1]

of the market, it represents the volatility of demand. In this study, we assume that stochastic demand follows a
binomial distribution, which has been used in many studies [18,19,23,47]. ey represents high demand and the
probability of high demand is 8. Correspondingly, ¢, represents low demand and the probability is 1 — 5. We
assume that low demand is low enough. When a capital-constrained manufacturer assumes the risk of stochastic
demand, no matter in mode A or mode RA, the occurrence of low demand will cause the manufacturer to go
bankrupt [19,23]. In mode R, the platform bears the risk of stochastic demand. Since the platform is well-funded
and there is no risk of bankruptcy, we assume that the platform will place orders with the expected value of
stochastic demand p = Bey + (1 — B)er, which is very common in the real industry [47]. Then, the demand
function can be expressed as ¢& = a—bpl +p. In mode A, the manufacturer assumes the risk of stochastic demand
and will go bankrupt when low demand occurs. Due to the limited liability, no matter how many products the
manufacturer orders, her profit is zero when bankruptcy occurs. So the manufacturer always tends to place
orders in accordance with high demand to ensure maximum profit [23]. The demand function can be expressed
as ¢ = a— bpiAm +epg. In mode RA, the demand function of the platform’s reseller channel can be expressed as
q* = 0(a + p) — bpRA + dpR2 . the agency channel can be expressed as ¢’ = (1 —0)(a +ep) — bpi2 + dpRA.
We assume that 0 < d < b which represents that market demand decreases with their own channel’s price but
increases with the other channel’s price. Consumers are more sensitive to price in their own channel than in
other channel. Without loss of generality, we have the following assumptions that ¢* > 0, c(l + Tf) <wk < pfj,

c(1+ rf) <(1- /\)pfj.

4. THE MODE R

In this section, we discuss the optimal operational and financial decisions of the manufacturer when she
chooses the reseller mode of the platform.
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4.1. Finance from a bank

When the manufacturer decides to finance from a bank, the subsequent of the events are as follows. First,
the bank decides the interest rate 7"5. Then, the manufacturer decides the wholesale price w according to the
interest rate. Finally, the platform decides his retail price p}. We solve this Stackelberg game in reverse order.

At the end of the selling season, the platform’s profit can be expressed as
H?e = ﬁplieqR + (1 - ﬁ)p?e (a‘ - bpllzte + €L) - w{{qR (41)
So we can conclude in Proposition 4.1:

Proposition 4.1. In mode R, when the manufacturer finance from a bank, the optimal retail price of the
platform is
R* a—l—w?b—i—ﬂz(e;f—e,;)—&-sl;
Pre = 2b '

(4.2)

Proposition 4.1 indicates that the retail price increases with w®. When the wholesale price increases, the
increased cost of platform will be transferred to consumers, resulting in the increase of retail price. For a given
w}, the retail price increases with a and 3 but decreases with b. The increase of a and 3 will increase the total
demand of the market. As has been observed in practice, an increase in demand leads to an increase in price.
However, when consumers become more sensitive to price, the market demand will decrease, and the platform
has to lower the retail price to increase market demand.

For the manufacturer, she borrows (ch — B) from the bank to produce products. Then she acquire wiq?
from the platform. Finally she pays back to the bank (ch — B) (1 + r,f{). The manufacturer’s profit can be
expressed as

= whieh - (ch — B) (1 + 7’5) - B. (4.3)
Proposition 4.2. In mode R, when the manufacturer finance from a bank, the optimal wholesale price of the
manufacturer is

R+ a+ bc(l + 7"5) +(2-=8)Ber + (1 —pB)2%,

wy = 5 : (4.4)

Proposition 4.2 indicates that the wholesale price increases with 7t and it is not difficult to conclude that
the retail price will also increase with 7",1}. The increase in financing cost leads to the wholesale price and retail
price increase simultaneously. For a given r,f‘, the wholesale price increases with a, 3, ¢ but decreases with b
which is the same with retail price.

For the bank, its profit function can be expressed as

I = (g™ — B)TbR. (4.5)

Proposition 4.3. In mode R, when the manufacturer finance from a bank, the optimal interest rate of the bank

is
re  ac—bc? — 4B+ c[(2 — B)Ben + (1 — B)3cL]

Ty = T . (4.6)

According to Proposition 4.3, we can acquire that the interest rate decreases with B. When the initial
capital of the manufacturer increases, the manufacturer will borrow less. To increase the amount of money the
manufacturer borrow and thus increase the bank’s revenue, the bank will lower interest rate to further lower
retail price, which leads to an increase of the market demand.
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4.2. Finance from the platform

When the manufacturer decides to finance from the platform, the subsequent of the events are as follows.
First, the platform decides the interest rate r&. Then, the manufacturer decides the wholesale price wi. Finally,
the platform decides his retail price p&.. We solve this Stackelberg game in reverse order.

The platform’s profit can be expressed as

5. = BpSq™ + (1 — B)ph(a — bph. + 1) — wig™ + (cg™ — B)rk. (4.7)

The first three part of the function is the sales profit and the forth part is the financing revenue. From the
above expression, we can get the optimal retail price.

Proposition 4.4. In mode R, when the manufacturer finance from the platform, the optimal retail price of the
platform is

re a+wlb—cbrR + 32 (ey —ep) +ep

— 4.8
P2e 2% ( )
The effect of parameters on pY is similar to that of p}t.
The manufacturer’s profit can be expressed as
g, = wig™ — (g™ — B) (1 + %) — B. (4.9)

Proposition 4.5. In mode R, when the manufacturer finance from the platform, the optimal wholesale price
of the manufacturer is

a+be(l+7r8)+(2-p8)Ben+(1- ﬁ)ZEL.
2b

wy = (4.10)

Proposition 4.5 indicates that the only difference between w5 and w!" is the interest rates. Substitute the

equations (4.8), (4.10) into the profit function of the platform, we can get the optimal interest rate of the
platform.

Proposition 4.6. In mode R, when the manufacturer finance from the platform, the optimal interest rate of
the platform is

=0, (4.11)

In our study, we assume that the manufacturer has no outside default risk. In mode R, when the manufacturer
completes the delivery and receives the payment from the platform, she can always cover her loan. In other
words, the platform does not have any financing risks, and a positive interest rate will inevitably make the
platform profitable. However, the increase in interest rate also leads to an increase in wholesale and retail
prices, which increases the ordering cost of the platform and reduces market demand. This is not cost-effective
for the platform. Therefore, the platform is willing to give up the financing income and only maintain a state
of no loss in exchange for lower cost and higher demand to maximize the overall income. This conclusion is
similar to Murali et al. [24]’s research, that is, when an enterprise has two related businesses, in some cases, the
enterprise is willing to abandon one of them to better achieve the other.

By comparing different financing strategies of the manufacturer in mode R, we obtain Corollary 4.7.

Corollary 4.7. In mode R, by comparing the optimal decisions of the manufacturer and the platform, we have

(1) b >rd, wi >wi, pie > pis
(2) ot <1l T <R

2m>
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Corollary 4.7 indicates that in mode R, when the manufacturer finances from a bank, the interest rate,
wholesale price and retail price are always higher than when it finances from the platform. As we summarized in
Proposition 4.6, the platform is willing to provide interest-free loans to the manufacturer, which reduces the cost
of the manufacturer. Therefore, the manufacturer is willing to provide a lower wholesale price, which in turn
allows the platform to set a lower retail price. These further lead to a reduction in the cost of the manufacturer
and the platform, and increase the market demand. Both the manufacturer and the platform can benefit from
finance service of the platform.

5. THE MODE A

In this section, we discuss the optimal operational and financial decisions of the manufacturer when she
chooses the agency mode of the platform.

5.1. Finance from a bank

When the manufacturer decides to finance from a bank, the sequence of events are as follows. First, the bank
decides the interest rate r{f. Then, according to the interest rate, the manufacturer decides the retail price p2,.
We solve this Stackelberg game in reverse order.

The manufacturer’s profit can be expressed as

e = Bl(1 - MNpp g® — (ch -B)(1+ 7‘1‘?)] - B. (5.1)
So we can conclude in Proposition 5.1:

Proposition 5.1. In mode A, when the manufacturer finance from a bank, the optimal retail price of the
manufacturer is

— a C T'A -
T +b2(§<1+_3)>+<1 e (5.2)

Proposition 5.1 indicates that given the interest rate, pﬁ; increases with a, e, ¢, A but decreases with b.
Because a and ep increase the market demand, ¢ and )\ increase the costs of the manufacturer, all these will
increase the retail price. Similarly, increased price sensitivity will still lower the retail price.

The bank’s profit function can be expressed as

I = B(cq™ — B) (1 +713) + (1 = B)(L = Npih, (a — bpl, +e1) — (cg® — B). (5.3)
Then we can acquire Proposition 5.2:

Proposition 5.2. In mode A, when the manufacturer finance from a bank, the optimal interest rate of the bank

is
a1 =XNacB—=bc2B —2(1 = NBB+c(1 = N)[(28 — Ven + (1 — B)eL]
" = . (5.4)
(14 B)bc?

Because the manufacturer has a risk of bankruptcy, when he borrows a larger amount from the bank (a
larger a), the bank prefers a higher interest rate to balance the risk. When he borrows a smaller amount from
the bank (a larger B or b), the bank will use a lower interest rate. When considering [, an increase in § will
simultaneously increase the amount of borrowing and reduce the risk of bankruptcy, which will have two opposite

2
effects on interest rates. Specifically, when B is relatively low (B < acl=N)—be ;(01(71;))‘)(3811_2”))7 the increase

in 8 mainly increases the amount of borrowing, which leads to a larger interest rate. When B is relatively high

ac(1—X)—bc?4c(1—X\)(3e g —2
B> ) s )(Ben—2¢e1)

smaller interest rate.
In this model, the platform does not make any decisions. The platform’s profit can be expressed as

1, = Api, (a = bpl, + 1. (5.5)

), the increase in § mainly reduces the risk of bankruptcy, which leads to a
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5.2. Finance from the platform

When the manufacturer decides to finance from the platform, the platform decides the interest rate rf, then,
the manufacturer decides the retail price p3, .
The manufacturer’s profit can be expressed as

15, = B[(1 = Np3,a® — (c¢® = B)(1+72)] - B. (5.6)
So we can conclude in Proposition 5.3:

Proposition 5.3. In mode A, when the manufacturer finance from the platform, the optimal retail price of the
manufacturer is
A (I=XNa+bc(1+72)+ (1 - Nen

Proposition 5.3 indicates that the only difference between p{\,; and pQA;L is the interest rate. Therefore, we
next focus on the optimal interest rate decision.
The platform’s profit function can be expressed as

15, = A3, (0= by, + 1) + Bleq™ = B) (1 +72) + (1= B)(1 = N, (a = bp, + 1) = (eg™ = B). (5.8)
Then we can acquire Proposition 5.4:

Proposition 5.4. In mode A, when the manufacturer finance from the platform, the optimal interest rate of
the platform is

A (1 —=X)2acB—b2(B—A3+A) —2(1 =X)?BB+c(1 - N)[(28—-A3—1)ey + (1 — Bler] (5.9)
°© 14 6(1 — \)]bc? )

r?* has similar properties to r?*, which has been explained under Proposition 5.2. Next, we compare the
optimal decisions and optimal profits under the two financing options.

Corollary 5.5. In mode A, by comparing the equilibrium solutions of the manufacturer and the platform, we
can conclude that

(1) 75" > 18 ph > Do
(2) 4y, <113, I, <113,

Compared with the bank who purely rely on financing to make a profit, the platform can also benefit from
sales. When the platform provides financing service to the manufacturer, higher interest rate can obtain more
financing revenue. But due to the increase in price and the decrease in demand, the sales revenue of the platform
will be damaged. Therefore, the platform is willing to provide a lower interest rate. Even though this will reduce
financing revenue, it effectively increases market demand and sales revenue. In this way, the manufacturer can
benefit from lower interest rate and higher market demand, and the platform can obtain additional financing
revenue, thus increasing their profits.

6. THE MODE RA

In this section, we discuss the optimal operational and financial decisions of the manufacturer when she
chooses both the reseller and agency modes of the platform.
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6.1. Finance from a bank

When the manufacturer decides to finance from a bank, the sequence of events are as follows. First, the bank
decides the 1nterest rate r . Then, the manufacturer decides both the wholesale prlce wit? and retail price of
the agency mode pt2 Flnally, the platform decides his retail price of reseller mode pitA

At the end of the selling season, the platform’s profit can be expressed as

IRA = gpRtAgRa 4 (1—6)p§‘eA[9(a+6L)—bp + dptA] — witAghA
+ S {Ban® + (1= B)[(1 = 0)(a+ L) — bpl + dpit] }. (6.1)

In mode RA, the profit of the platform includes the reseller channel’s profit (the first three parts) and the
agency channel’s profit (the forth part). The platform’s optimal retail price decision can be summarized as
follows:

Proposition 6.1. In mode RA, when the manufacturer finance from a bank, the optimal retail price of reseller
mode is
ra o+ wib+ (14 N)dpl +0[3%(enr —e) + er]

Pie - 2 (62)

Proposition 6.1 indicates that the platform’s retail price increases with p%ﬁ. Due to price competition, when
agency channel increases the price, the price of the reseller channel will also increase. At the same time, the
increase in witA increases the cost of the platform, so he increases the retail price to keep profitability. In
addition, for the given pR4 and wl4, the increases of # and d increase the market demand which lead to a
higher retail price of the platform.

The manufacturer’s profit can be expressed as

IS = p{wfqf + (1= Npfaan® — [e(a™™ + o) — Bl (1 +3+*) } — B. (6.3)

Proposition 6.2. In mode RA, when the manufacturer finance from a bank, the optimal retail price and whole-
sale price of the manufacturer are

rac (T=XNaXy —c(1+r5) (d® — %) + (1 - X)X,

= 4

plm 2(1—/\)(b2 —d2) (6 )

Ra- abYy +bc(14+7p2) (02 —d?) +epYa+eLY3 65)
= 2002 — ) '

where X1 = b(1 — 0) +df, X5 = [b(1 — 0) + dBfleyy + d(1 — B)fer, Vi = (0 — A+ A0)b + (1 — 0 — A0)d,
=B0[(2 =P — (1 = B+ N)d?*] +bd(1 = N)(1—0), Y3 = (1 - B)0[(1 - B)b* — (A — B)d?].

Proposition 6.2 indicates that given a T§A7 an increase in demand (a, 8, €g, €1, (1 — 6)) or cost (¢, A) can

lead to an increase in the retail price of the manufacturer. When rf‘A increases, the wholesale price and the
retail price of the manufacturer increases which leads to the increase of platform’s retail price.

For the bank, its profit function can be expressed as

IE = Be(a™ + g — B (14 %) + (1 5) [l + (1 pRAL— 0)a+20) — 0p8 + apt])
- [c(q?A + qfflA) - BJ. (6.6)

}:‘A is the interest rate that maximizes equation (6.6). Because the form is too complicated, we will not

discuss it in detail.
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6.2. Finance from the platform

When the manufacturer decides to finance from the platform, the sequence of events are as follows. First, the
platform decides the 1nterest rate rRA . Then, the manufacturer decides both the wholesale prlce wi? and retail
price of the agency mode p5Aa Flnally, the platform decides his retail price of reseller mode p}A. We solve this
Stackelberg game in reverse order

At the end of the selling season, the platform’s profit can be expressed as

IEA = BpiigRA 4 (1 —~ ﬁ)szeA [0(a+er) — bp5 + dpSh] — withghA

+>\p2A{ﬁq ﬁ)[(1—9)(a+8L)—bp +dp5]}
+ Ble(g™ + ap )—B](1+TRA) — B){wy gl
+ (1= NpEa[(1 = 0)(a+er) — bphy + dpS2]} — [e(¢B* + ¢&*) — B]. (6.7)

So we can conclude in Proposition 6.3:

Proposition 6.3. In mode RA, when the manufacturer finance from the platform, the optimal retail price of
reseller mode s

ra o+ wiAbB 4+ (2 — B+ BA)dpSn + c(b—d)[1 — B(1+ )] +0[%(en —EL)+5L]_

= 6.8

P2e 2% ( )
We further analyze the manufacturer’s decisions. The manufacturer’s profit can be expressed as

Mg = B{wy gl + (1= Nphnan® — [e(ae® + a5*) = BJ(1+ %)} - B. (6.9)

Then we can come to Proposition 6.4:

Proposition 6.4. In mode RA, when the manufacturer finance from the platform, the optimal retail price and
wholesale price of the manufacturer are

rac (1 =XNaX; —c(1+ rEAY(d? — b)) + (1 — V) Xy

Pom = 21— N — &) (6.10)
RA® aZ1 + C(b2 — dz)ZQ + 55[—[23 + (]. — ,6)9€LZ4
witA = D)) (6.11)

where X1 = b(1—0)+df, Xo = [b(1 —0)+dB0ley +d(1—B)er, Zy = b0 +bdF(1—0)(1—\) —d*0(1 — 5+ BN),
Zy = d—b+B(20—d)(1+rEA), Z3 = 0(2—B)b>—0(24+-\3—28)d%+bd(1—0)(1-N), Z4 = (1—B)b>—(1+13—203)d>.

Substitute the equations (6.8), (6.10), (6.11) into the profit function of the platform, we can sort out the
platform’s profit as a function of 24, EA is the interest rate that maximizes the platform’s profit.

Due to the complexity of calculation, we will use numerical experiments to assist in comparing the decisions
and profits of the manufacturer and the platform under these two financing modes. According to the realistic
data of the commission rate of JD and Amazon, we set A = 0.15. In addition, because under the mode RA,
customers buy the same product on the same platform whether it is in the reseller channel or the agency channel,
we assume that all customers are distributed on the two channels with equal probability, i.e., § = 0.5 [35,42].
According to the constraints b > d, ey > e, we refer to the existing literature [47] to set b = 1, d = 0.5,
eg = 1.5 and e, = 0. Other parameters are set as: a = 1, § = 0.9 and B = 0.1 [41,47]. We show how the
optimal interest rates of mode RA are affected by c¢ in Figure 1.

Figure 1 shows that the optimal interest rates in mode RA first increase and then decrease with ¢. When ¢
is relatively low, the increase in ¢ increases the total amount of borrowings, and the increase in financing risk
leads to an increase in interest rate. When ¢ continues to increase, the retail price also continue to increase,
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FIGURE 1. The optimal interest rates under different c.
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FIGURE 2. The optimal retail prices under different c.

and the decrease in demand reduces the total amount of borrowings. At this time, the financing risk decreases
and the interest rate also decreases. Figure 1 also shows that the interest rate of the platform is always lower
than that of the bank, because the platform has an incentive to exchange lower interest rate for lower retail
prices, thereby increasing total demand. This is determined by the dual roles of the platform (loan provider and
transaction participant).

Then, we show the optimal retail prices under these two financing modes.

Figure 2 shows that retail prices increase with c. In addition, whether it is the retail price of the platform or
the retail price of the manufacturer, the retail prices are always lower when financing from the platform because
of the lower interest rate of the platform. In the same financing mode, the price of the platform is always higher
than the price of the manufacturer. This is due to the double marginal effect of the platform’s reseller mode.

Figure 3 shows that wholesale prices increase with ¢. We also find that when c is relatively low, the wholesale
price of financing from the bank is higher, but when c is relatively high, the wholesale price of financing from
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FIGURE 4. The manufacturer’s profits under different c.

the platform is higher. Since when financing the platform, the manufacturer’s retail price is always lower, and
the marginal profit of agency channel is also lower. As ¢ increases, the manufacturer will increase the wholesale
price more to increase profit of the reseller channel.

Figures 4 and 5 show the profits of the manufacturer and the platform under different financing modes. For
the manufacturer, her profit always decreases as ¢ increases, which is consistent with intuition. Financing from
the platform always enables her to obtain higher profit due to the lower interest rate. For the platform, when the
manufacturer financing from the bank, the profit of the platform decreases with c. This is because the increase
in price reduces the demand. But when the manufacturer financing from the platform, the profit of the platform
increases with ¢ when c is high. This is because the high ¢ leads to a high financing revenue of platform. It is not
difficult to find that the platform can always benefit from providing financing because he can obtain additional
financing income.
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So far, we have found that whether it is mode R, mode A or mode RA, the manufacturer is always more
willing to finance from the platform. However, due to a series of requirements such as qualification review for
financing, not all manufacturers can obtain financing provided by the platform. Under different financing modes,
will the manufacturer’s preference for business modes be affected? We will solve this question in the next section.

7. MANUFACTURER’S BUSINESS MODE PREFERENCE ANALYSIS

In this section, we analyze how financing decision affects the manufacturer’s business mode preference. We
use numerical experiments to show how the manufacturer’s business mode preference is affected by ¢, b and B
when financing from a bank or the platform.

7.1. The influence of ¢

We first show how the retail prices and the manufacturer’s profits are affected by ¢ when the manufacturer
finances from the bank.

Figure 6 shows that when the manufacturer finances from the bank, the retail prices increase with ¢. The
price under mode R is the highest, followed by the average price under mode RA, and the lowest is the price
under mode A. The prices of the reseller channel are always higher than those of the agency channel, which
is due to the double marginalization effect. For the manufacturer, she is always willing to choose mode A, as
shown in Figure 7, because low price brings more demand. Under the three business modes, the profits of the
manufacturer decrease with cost under both mode A and mode RA, because the increase of retail prices leads to
a decrease in demands. But under mode R, the manufacturer’s profit first increases and then decreases, because
the manufacturer obtains wholesale revenue, and the marginal profit is small under mode R. When the cost
is relatively low, the increase in the wholesale price increases the manufacturer’s marginal profit, so the total
profit will increase slightly. But when the cost is relatively high, the increase in cost will greatly reduce the
demand, resulting in a decline in total profit.

But when the manufacturer finances from the platform, the results are different. Figure 8 shows that when
the manufacturer finances from the platform, the retail prices also increase with c¢. But the lowest price is the
average price of mode RA. Considering the conclusions we have drawn before, when a manufacturer finances
from the platform, the prices are lower than when she finances from the bank. At this time, if the manufacturer
chooses the lowest price mode, even if more demand is obtained, it is difficult to guarantee profit because the
price is too low. Therefore, as shown in Figure 9, when c is low, the manufacturer chooses a slightly higher price
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F1GURE 7. The manufacturer’s profits under different ¢ when finances from a bank.

mode, mode A, to ensure marginal profit. With the increase of ¢, the prices gradually rising, the manufacturer
chooses the lowest price mode, model RA, to ensure sufficient demand. Different from Figure 7, in Figure 9, the
manufacturer’s profit in mode R decreases with the cost. The reason is that when the manufacturer finances
from the platform, the platform is willing to provide interest-free interest rates under mode R. At this time,
the increase in cost has little effect on wholesale price, and cannot significantly increase the marginal revenue.
Therefore, the reduced demand decreases the manufacturer’s profit.

7.2. The influence of b

In this section, we discuss how b affects prices and the mode preferences of the manufacturer.

Figures 10 and 11 show that as b increases, retail prices decrease with b. We have explained this result in the
previous propositions. When consumers’ sensitivity to prices increases, market demand will decrease accordingly.
Therefore, decision makers need to lower prices to increase demand. Figures 12 and 13 show the manufacturer’s
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FIGURE 9. The manufacturer’s profits under different ¢ when finances from the platform.

mode preference under different b. The increase in b leads to the decrease in retail prices, so the profits of the
manufacturer decrease accordingly. For the manufacturer, when b is relatively low, she can choose a mode with
a high price which can ensure marginal profit. But when b is relatively high, she has to choose a mode with a low
price to ensure demand. As shown in Figures 12 and 13, whether it is financing from a bank or the platform, the
manufacturer always prefers the mode RA when b is relatively low, and prefers the mode A when b is relatively
high. But when b is at an intermediate level, financing decision will affect the manufacturer’s business mode
preference. Specifically, if the manufacturer finances from the bank, she will prefer mode A, and if she finances
from the platform, she will prefer mode RA. As we mentioned before, when a manufacturer finances from a
bank, the retail prices will be higher. At this time, as b increases, her demand will decrease faster, so she earlier
chooses a mode with more demand to ensure profit.
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7.3. The influence of B

In this section, we discuss how the initial capital affects prices and the mode preferences of the manufacturer.

When the manufacturer finances from a bank, Figure 14 shows that retail prices decrease with B. With the
increase of B, the manufacturer’s loan amount decreases, and the financing cost also decreases, resulting in a
decrease in prices. Similarly, due to the double marginalization effect, the retail prices of the reseller channel
are higher. Figure 15 shows that the manufacturer’s profits first increase and then decrease with B which is
caused by the decrease in prices. When the prices gradually decrease at a high level, the manufacturer’s demands
increase, leading to an increase in profits. As the prices drop further, the profits margin decrease, leading to
lower profits for the manufacturer. By comparison, the manufacturer has the highest profit in mode A when
finances from a bank, because the lower price in mode A brings more demand.

When the manufacturer finances from the platform, the price in mode R is not affected by B, as is shown in
Figure 16. This is because in mode R, the platform is willing to provide interest-free loans, which is equivalent to
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F1GURE 13. The manufacturer’s profits under different b when finances from the platform.

the situation that the manufacturer has sufficient funds. Therefore, in Figure 17, the profit of the manufacturer
in mode R is also not affected by B. When B is low, due to the change in interest rate, the manufacturer will
be more profitable in mode RA. When B is high, the price of mode A and mode RA are both low, but the price
of mode R is high, which can ensure that the manufacturer has sufficient marginal profit, so the manufacturer
will choose mode R.

Through comparative analysis, we find that when the manufacturer finances from a bank, if b is relatively
small, the manufacturer prefers mode RA, otherwise, mode A is her best choice. But when the manufacturer
finances from the platform, she prefers mode RA when c is relatively high, b is relatively low or B is low enough,
and prefers mode R when B is high enough. Otherwise, she prefers mode A. These results indicate that different
financing strategies affect the manufacturer’s business mode preferences. We also find that due to the double
marginalization effect, the reseller channel of the platform, no matter under mode R or mode RA, usually has
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F1GURE 15. The manufacturer’s profits under different B when finances from a bank.

higher retail prices than that of mode A or mode RA’s agency channel, which makes the two channels have
different advantages. That is, high prices can ensure sufficient marginal revenue, and low prices can ensure
sufficient market demand. Although there will be competition if two channels are selected at the same time, it
can also neutralize the advantages and disadvantages of price and market demand. The manufacturer needs to
weigh the marginal revenue and market demand to make the best business mode choice.

8. DISCUSSIONS AND IMPLICATIONS

8.1. Discussions

In this section, we discuss the results obtained by models analysis and numerical experiments of this study.
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FIGURE 17. The manufacturer’s profits under different B when finances from the platform.

Firstly, when considering financing decision, the platform always provides a lower interest rate. The purpose
of platform providing financing service is different from that of a bank. A bank providing financing service to
manufacturers is to earn interest revenue, while platform’s revenue comes from two parts, including interest
revenue and sales revenue. Although a higher interest rate will increase the platform’s financing revenue, it also
leads to higher prices and lower demand which damages sales revenue. In order to balance the two parts of
the revenue, the platform can sacrifice a part of the financing revenue to increase the sales revenue, thereby
promoting the increase of the overall profit. Due to the low interest, the retail prices of products are always lower
under platform financing. Platform financing is a better choice for the manufacturer and the platform, because
low interest saves cost for the manufacturer and low price brings more demand.The result is similar to Zhen
et al. [47] that platform financing is a better choice for the manufacturer than bank financing. However, we find
other different and interesting results when extending Zhen et al. [47]’s pure agency mode to both agency and
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reseller modes. Specifically, under the reseller mode, the platform is even willing to provide interest free loans
to manufacturers without risk of external default. This makes the reseller mode potentially more advantageous
than the agency mode. We further prove that if the platform has two business modes, the capital-constrained
manufacturer will not always prefer the agency mode, and her preference for the business mode will be influenced
by parameters such as demand sensitivity to price, production cost and initial capital.

Secondly, when considering business mode decision, the reseller channel of the platform, no matter under
mode R or mode RA, usually has higher retail prices than that of mode A or mode RA’s agency channel, which
is due to the double marginal effect. When considering the choice of business modes, the manufacturer needs
to make a trade-off between high (low) prices and low (high) demands. At the same time, different financing
strategies also affect the manufacturer’s business mode preference. Specifically, if the manufacturer finances
from the bank, she prefers mode RA when the price is not sensitive to demand, otherwise, she prefers mode A.
If the manufacturer finances from the platform, she prefers mode RA when production cost is relatively high,
the price is not sensitive to demand or initial capital is low enough, and prefers mode R when initial capital is
high enough. Otherwise, she prefers mode A. Based on the above results, we find that retail prices are affected
by both financing decisions and business mode decisions, and further affect market demand. Changes in prices
and demands will affect the profits of the manufacturer and the platform. In Wei et al. [35)’s study, they verified
that manufacturers without capital constraints always prefer the agency mode than reseller mode. Our research
shows that if the manufacturer incurs the challenge of capital constraints, the reseller mode or the mixed mode
of two roles may be a better choice than the agency mode based on demand sensitivity to price, production cost
and initial capital, and different financing strategies will also affect the manufacturer’s mode preference.

8.2. Implications

Based on the above discussions, we put forward management implications of this study.

For a manufacturer, her profit is affected by both financing decision and business mode decision, we suggest
that the manufacturer should adjust the most favorable business mode based on financing strategy. In addition,
it is always advantageous for manufacturers to finance from the platform, because the platform can always
provide lower financing interest rates. However, not all manufacturers can obtain financing provided by the
platform. We suggest that manufacturers should try their best to obtain the qualifications to finance from the
platform, such as better sales performance and higher credit levels, etc..

For a platform, we suggest that the platform should provide lower financing interest rate than a bank, and
maximizing financing revenue should not be the sole goal of platform’s financing decision. In addition, when
the manufacturer chooses platform financing, the platform will become more profitable. Therefore, the platform
should actively provide manufacturers with comprehensive financing services to attract more manufacturers to
choose platform financing. At the same time, the platform should also help manufacturers who cannot obtain
platform financing qualifications to meet financing requirements as soon as possible. Besides, from the results
of numerical experiments, we can conclude that the diversified business modes of the platform are suitable for
manufacturers with different conditions. Therefore, the platform should actively provide flexible business modes
to attract more manufacturers to cooperate with the platform.

9. CONCLUSIONS

In practice, many e-commerce platforms provide reseller business mode and agency business mode for man-
ufacturers. In addition, platforms also provide financing services for capital-constrained manufacturers. Bank
financing and platform financing are both commonly used for manufacturers on the platform. In this study, we
analyze a capital-constrained manufacturer’s optimal financing decision (bank financing or platform financing)
and business mode choice (only reseller mode, only agency mode or both of them), and analyze the interaction
between financing decisions and business mode choice.

We draw the following main conclusions. Firstly, no matter in mode R, mode A or mode RA, the platform can
always provide lower financing interest rate than bank, resulting in lower retail prices. Especially in the absence of
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other default risks of the manufacturer, the platform is willing to provide interest-free loans in mode R. Secondly,
different financing strategies affect the manufacturer’s business mode preference. If the manufacturer finances
from the bank, she prefers mode RA when the price is not sensitive to demand, otherwise, she prefers mode
A. If the manufacturer finances from the platform, she prefers mode RA when production cost is relatively
high, the price is not sensitive to demand or initial capital is low enough, and prefers mode R when initial
capital is high enough. Otherwise, she prefers mode A. Thirdly, although bank financing can solve the financial
constraint for the manufacturer, financing from the platform always makes the manufacturer and the platform
more profitable. Therefore, both the platform and the manufacturer should try their best to facilitate financing
cooperation between them.

The theoretical and practical significance of this research are summarized as follows. The theoretical signif-
icance of this study is to explore how financing decisions affect the business mode choices of manufacturers
on the platform, and fill the gaps in previous studies that only focused on one business mode of the platform
or did not consider the impact of the manufacturer’s financial constraints on business mode preference. The
practical significance of this research is to provide guidance on how platforms provide financing services and
how manufacturers choose the most suitable business mode based on different financing methods.

There are still some limitations in this study. First, this study assumes that the e-commerce platform provides
generous financing strategy. In future research, we will further consider the situation where the platform has
a loan limit for the manufacturer. Second, we only consider the decision of one manufacturer and ignore the
competition among manufacturers. Therefore, we will further consider the financing and business mode decisions
of manufacturers where multiple manufacturers are competing.

APPENDIX A.

R
Proof of Proposition 4.1. Taking the derivative of function (4.1) with respect to p}, we have difie — —2bpRt +

dpRe
R oot - R . doft '
a+ wib + Bu + (1 — B)er, because o = —2b < 0, the optimal p7, satisfies i 0, then we have
le le
p¥ _ a+wf‘b+ﬁ;b+(lf,3)m. 0
R
Proof of Proposition 4.2. Taking the derivative of function (4.3) with respect to wl, we have ddlgﬂlgn =
1
" R be(1+rR 2R . . R
(a — bpf‘e) + u— %b + w, because ddgég" = —b < 0, the optimal w} satisfies ddlzulﬁ”' = 0, then we
1 1
have w?* _ a+bc(1+r?)+(2;bﬁ)ﬁ5H+(17,8)25L . 0
R
Proof of Proposition 4.5. Taking the derivative of function (4.5) with respect to ryt, we have i?f;
" 2 R 2R R
cla—bp +p) — B — bc4rb , because % = f% < 0, the optimal r}* satisfies (312}; = 0, then we have
b b
R* _ ac—b02—4B+c[(2—ﬁ)ﬁay+(1—ﬁ)2£1‘}
Ty = 2bc? : 0
R
Proof of Proposition 4.4. Taking the derivative of function (4.7) with respect to pk., we have igg: = —2bpR +
2R R
a+witb —ber} + 3%(ey — e1) + €1, because ddpl}g; = —2b < 0, the optimal p} satisfies (31212*6 = 0, then we have
2e 2e
p2Re* _ a+w2RbfcbreR+2€2(ersL)+sL. 0
R
Proof of Proposition 4.5. Taking the derivative of function (4.9) with respect to wX, we have ddlgjgn =
2
. R be(14rR 2[R . . 5
(a— bpR —&—u) — wgb + w, because ddg,%g" = —b < 0, the optimal wi satisfies ddlzjﬁ” = 0, then we
2 2
x be(1+r8)+(2— -B)?
have wh = atbe(lrd)+( Qf)ﬁEHHl Aer O



SELECTION OF FINANCING STRATEGIES AND BUSINESS MODES 3241

R
Proof of Proposztwn 4.6. Taking the derivative of function (4.7) with respect to rZ, we have (g%f =-B <0,

then we have r =0. O

Proof of Corollary 4.7. Substitute equations (4.4), (4 6) into equation (4.2), substitute equations (4.10), (4.11)
into equation (4.8), we have it > rB wl" > wl pR" > pR Let D = a —be+ (2 — B)Ben + (1 — B)2%ey,

ny = =485" +§§£CD+C *D* , O = D2 .} is a concave function of B When B = <D TR is the maximum
where TI}, = g; =15 . From the premlse cqg® > B, we have B < L Som} <TMF . Next we compare the
profit of the platform. Because " = 0, given a w, we have pi = pR}", H{‘e = Hg‘e = %wQ —Zla+(2—0)Ben +
(1-08)%eL] + [”ﬁz(sH;b”)“L]z. It is a convex function of w. When w = @ = a+(27ﬁ)551§+(17ﬁ)2“, IR is the
minimum. Because sz* < wf“* < w, we have Hlf‘e* < ng;j. g

Proof of Proposition 5.1. Taking the derivative of function (5.1) with respect to p7 , we have dnlm =(1-

dp
N = (1= Nbp, +be(1+14), b P — —9(1 — A)b < 0, the optimal tisfies 9 = 0, th
)t — (1 = N)bps, + be(1 + 1), because el (1-X)b< e optimal pf\ satisfies dpf en
* A)a—+be r A
we have pf = (1=Aa+ 2(1)1("‘1' b)\))"’(l Jen O
Proof of Proposition 5.2. Taking the derivative of function (5.3) with respect to rbA, we have r{f* =
(1=N)acB—be2B—2(1=\) BB+c(1-N) (26— e +(1—B)eL] O
a+8)be? :
A
Proof of Proposition 5.3. Taking the derivative of function (5.6) with respect to pb,., we have iHA =(1-
Pom
277A A
Ng® = (1= A)bpd,,, + be(1 + ), because ddfg‘? = —2(1 — A\)b < 0, the optimal p},, satisfies & 3 5’: = 0, then
* (1=Na+be(14+r2)+(1-N)e
we have p?m = 2(b(1_ /\)) “. O

Proof of Proposition 5.4. Taking the derivative of function (5.8) with respect to r2, the optimal r% satisfies

4 — 0, then we have rA” = (A acbel (BAIEN 20N Bl (2300 Den+(=Pec] 0

Proof of Corollary 5.5. reA* — r?* < 0, we have 7‘?* < rbA*, pQ,; < ph; Substitute the expression of pﬁ; into

the manufacturer’s profit function, we have IIA = —B + BB(1 + r) 4 Zlbctr)—(ater)(= M 1t is a convex

a(1—x)
; - c(1—X\)—bc® —2B(1—X\)+c(1— . .
function of r. When r = 7 = 2<d=A)be B JreQ=Nen [TA is the minimum. Because 7

A —
<71, <7,
we have 115, < IS . HQE is a concave function of r, when r = r2’ IO (r2 ) is the maximum. Therefore,
A (") = T+ Bleq® — B)(L+ 1) + (1= B)(L = \jph, (0 — b, + 1) — (ca® — B) < T1A (r") = T, that

is, IT{, < TI5.. O
Proof of Proposition 6.1. Taking the derivative of function (6.1) with respect to pi*, we have %ﬁ = fa +
2 1RA
wib + (1 4+ N)dplh + 0[8%(eg —er) + 2] — 2bpt2, because iprfﬁ = —2b < 0, the optimal pf# satisfies
RA RA _
%K _ 0, then we have pRA _ fatw; b-+(14+N)dp! 2b+9[5 (em—er)+er] ) 0
le

Proof of Proposition 6.2. Taking the partial derivative of function (6.3) with respect to pRA. wRA the

. . . . * 1-XN)aX 1RAd2b21>\X .
Hessian matrix is negative definite, then we have pRa~ = (Ve X Cg(;&)(zg ) S, with =

abY; +be PRAY (242 -
bY1+be(1+ ”21,)(5,27;))+€HY2+5LY3’ where X; = b(1 — 0) +df, Xo = [b(1 — 0) + dBfleny + d(l — B)ber,

=0 - A+M)b+(1—0-X)d, Y2 = B0[(2—B)b? — (1— B+ N)d?| +bd(1 —N)(1—10), Y3 =(1-0)8
(1= B)p* = (A= B)d?]. O
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RA
Proof of Proposition 6.3. Taking the derivative of function (6.7) with respect to pg‘eA, we have ilggg =
2

ba + w8 + (2 — B + BNRE + b — )1 — B + 8] + 0[8%(eg —er) +er] — 2l;p2R€A,

d2TRA . . dAIiA *
because ek = —2b < 0, the optimal pA  satisfies Lis = 0, then we have pRAT =
2e 2e

BatwiAbB+(2—B+BN) dpEA +c(b—d)[1—B(1+r7)+0(8% (e —er) +eL]
2b :

Proof of Proposition 6.4. Taking the partial derivative of function (6.9) with respect to pia, wiA  the

(1-XN)aX1—c(1+rt) (d®=b>)+(1-X) X RA*

Hessian matrix is negative definite, then we have pgﬁ* = SN (=) , W =
2_ 42 = _ e

atitcll o) Ze b fen 2ot 000t 2 where Xy = b(1— 0) +df, X = [b(1—0) + df0len +d(1 - B)0z1, Z1 = b0+

bdB(1—0)(1—N)—d*0(1—B+BN), Zo = d—b+B(2b—d)(1+rEA), Zs = 0(2—B)b?—0(2+A\B—26)d>+bd(1—0) (1-N),

Zy=(1— B — (1+ 13 —28)d>. 0
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