N
+

UST
http://justc.ustc.edu.cn Received: August 05, 2022; Accepted: September 28, 2022

Entry or not? Manufacturers’ product sharing strategy when
facing competition

Xiaolong Guo', Ning Zhang', Jingjing Yangz, and Chenchen Yang3 >

!Anhui Province Key Laboratory of Contemporary Logistics and Supply Chain, International Institute of Finance, School of Management,
University of Science and Technology of China, Hefei 230026, China,

’Macao Institute for Tourism Studies, Macau 999078, China;

ISchool of Economics, Hefei University of Technology, Hefei 230601, China

>Correspondence: Chenchen Yang, E-mail: yangcc@hfut.edu.cn
© 2023 The Author(s). This is an open access article under the CC BY-NC-ND 4.0 license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Graphical abstract

High-quality manufacturer

1)
e
= .
|
|
Owner 4'. @ Renter
r‘ Sharing [ r(
platform
Consumers Consumers

—————

Manufacturers’ product sharing strategies.

Public summary

m An analytical framework is developed to study the entry strategy of manufacturers to the sharing market facing competi-
tion.

m We identify whether and when manufacturers should enter the sharing market.

m The high-quality manufacturer should maintain a quality advantage once it chooses to share; otherwise, it is likely to
enter the trouble of lose—lose.

m The low-quality manufacturer will be more interested in offering product sharing when product difference or the sharing
platform’s service level is low.
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Abstract: Traditional manufacturers can take part in the sharing economy by renting products to consumers through shar-
ing platforms. We develop an analytical framework consisting of two manufacturers and a sharing platform to study the ef-
fect of product sharing on competing manufacturers’ entry and pricing strategies. On the one hand, when the high-quality
manufacturer works with the sharing platform, if the perceived quality of renting the high-quality product is larger than
that of purchasing the low-quality product, it shows that the high-quality manufacturer will benefit and should enter the
sharing market when the rental price is moderate. However, if the perceived quality of renting a high-quality product is
smaller than that of purchasing a low-quality product, both manufacturers will always suffer losses; thus, the high-quality
manufacturer should not provide sharing. Consequently, when the high-quality manufacturer chooses to share, the quality
advantage should be maintained. On the other hand, when the low-quality manufacturer works with the sharing platform, it
also finds that the low-quality manufacturer will always be better off from a moderate rental price. This implies that the
low-quality OEM has more interest in offering product sharing if the perceived quality of renting high-quality product is
smaller than that of purchasing low-quality product.

Keywords: product sharing; sharing economy; oligopoly competition; sharing mode
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1 Introduction traditional manufacturers are taking a certain strategy to cope
with the sharing economy; for example, some traditional
automobile manufacturers have provided product sharing.
Some of them choose to rent products to consumers through
their own sharing platform!”. For instance, BMW and
Daimler have launched ReachNow" and Car2go”, respect-
ively. In reality, a self-built platform restricts consumers from
renting products in many ways, including small scale and
little service experience, leading to inconvenient and costly
rental service!'". As a result, many manufacturers actively co-
operate with third-party B2C platforms, which charge a cer-
tain commission fee for helping OEMs rent out products. For
example, JIA BEI, a third-party B2C car-sharing platform,
provides operations and maintenance of car-sharing and
charges OEMs commission fees”. Compared with a self-built
platform, a third-party sharing platform is more feasible for
most OEMs.

In this paper, we focus on the OEMs’ sharing of products
and examine how product sharing with a third-party platform
affects competing manufacturers’ entry and pricing strategies.
Taking automobiles as an example, there are many OEMs in

As the global economic recession and social focus on sustain-
ability began, consumers and society began to explore more
effective uses of resources and products. In recent years, pro-
gress on the Internet and mobile communication technology
has made large-scale collaborative consumption possible!' ™.
The sharing economy is making changes in various industries,
and emerging sharing companies, such as Airbnb and Uber,
have made the sharing economy popular®™. The sharing of
products or services has developed rapidly in the past few
years. It is estimated that global revenues of the sharing mar-
ket have the potential to reach approximately $335 billion by
2025 from $15 billion now!. That is, the sharing economy
has huge prospects.

In traditional sharing (peer-to-peer sharing market),
product sharing occurs between consumers’’. Although it
provides convenience for consumers, original equipment
manufacturers (OEMs) may suffer from a decrease in sales
caused by the loss of some potential consumers. For example,
new car ownership fell by 5% when Getaround built the car
peer-to-peer sharing platform™. Similarly, in housing rental,

the hotel room revenue is estimated to have fallen by 10% in
the past five years due to Airbnb in Austin, Texas".
Faced with the emergence of the sharing economy, some

D https://baike.baidu.com/item/ReachNow
@ https://baike.baidu.com/item/car2go/16961433
® https://www.joy-go.com/business.html
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the market, but some of them cooperate with the sharing plat-
form, such as Buick providing electric vehicles for Evcard”,
while others do not. How do they make the choice? A few pa-
pers researched the B2C sharing model"*'*, and they con-
sidered only one OEM in the market, without competition
factors. However, the impact of product sharing on compet-
ing OEMs is still unclear. Based on previous studies, we re-
search the B2C sharing model in a competing environment.
We aim to research the following questions in a competitive
environment: (i) Under what conditions are consumers will-
ing to rent products? (ii) How does product sharing affect dif-
ferent manufacturers’ entry and pricing strategies?

We develop an analytical framework consisting of two
manufacturers and a sharing platform to study how product
sharing affects competing manufacturers. In the model, two
OEMs produce alternative products with different qualities
and sell them to consumers directly. When a third-party B2C
sharing platform enters the market, OEMs can rent out
products through the platform and pay a certain commission
fee. According to different participants in sharing, we discuss
two modes of B2C sharing, in which game theory is applied
to research the competing OEMs’ pricing strategies and then
provide certain suggestions for manufacturers’ entry
strategies.

We contribute to the literature by exploring the B2C shar-
ing model from the perspective of competing manufacturers.
First, the conditions under which consumers are willing to
rent products are identified. When the high-quality OEM co-
operates with the third-party sharing platform, if the per-
ceived quality of renting high-quality products is greater than
that of purchasing low-quality products, consumers are will-
ing to rent only if the use frequency and rental price are low.
Otherwise, consumers are willing to rent only if the rental
price is low enough. Moreover, when the low-quality OEM
cooperates with the sharing platform, rental demand exists
only when the rental price is low, and this rental price is much
lower than in the former case.

Furthermore, we analyze the effect of product sharing on
manufacturers’ entry and pricing strategies. On the one hand,
when the high-quality OEM cooperates with the third-party
sharing platform, the high-quality OEM will benefit only if
the rental price is moderate, and it should enter the sharing
market at this time in the situation that the perceived quality
of renting high-quality product is greater than that of purchas-
ing low-quality product. However, the profit of a low-quality
OEM is greater only with a high rental price. If the perceived
quality of rental high quality is less than that of purchasing
low quality product, the profits of both OEMs will be lower;
accordingly, the high-quality OEM should not join in the
sharing. The high-quality OEM is suggested to maintain a
quality advantage if it enters the sharing market. On the other
hand, when the low-quality OEM cooperates with the third-
party sharing platform, it should share when the rental price is
moderate. However, the profit of a high-quality OEM is
higher only if the rental price is low. It deduces that the low-
quality OEM has more interest in offering product sharing if

@ https://baijiahao.baidu.com/s?id=1631588931255587525&
wir=spider&for=pc

the perceived quality of renting high-quality product is smal-
ler than that of purchasing low-quality product.

The remainder of this paper is organized as follows. The
related works are summarized in Section 2. In Section 3, we
describe the model in detail, and in Section 4, we give the
equilibrium results and conditions under which consumers are
willing to rent. Through analysis, we show the effect of
product sharing on OEMs’ entry and pricing strategies in Sec-
tion 5. Finally, we summarize the conclusions, limitations and
future research directions of this study in Section 6.

2 Literature review

In the sharing economy, we study the entry strategies and pri-
cing decisions of competing manufacturers. In this section,
we review the literature related to sharing platforms and their
impact on traditional manufacturers of product sharing.

2.1 Operations management of sharing platforms

The literature on the operation decisions of sharing platforms
is extensive™ 'Y, Many studies focus on the service design and
resource allocation of sharing platforms. Through trading off
customer satisfaction against operation costs, He et al.'” stud-
ied how to design a geographical service region for service
providers to operate their service. Some car-sharing plat-
forms, such as Uber or DiDi, provide pooled rides for cus-
tomers, for which Jacob and Roet-Green!¥ designed price-
service menus and identified when the platform should offer
ride-sharing services. Due to rapid expansion in early times of
development, some platforms, such as ofo bicycles, have
large redundancy in allocation. By analyzing platform com-
panies’ operations in China’s sharing market, Xu et al.'"! pro-
posed three main mechanisms for sharing economy platforms
to coordinate external resources.

Many scholars study sharing platforms from an operation-
al perspective. There are many practices on P2P sharing in the
fashion industry. Motivated by this, Choi and He™ employed
stylized models and conducted empirical analysis in their re-
search. It is proven that the platform should adopt the reven-
ue sharing scheme rather than a fixed service fee scheme.
However, Hu and Zhou"" pointed out that the on-demand
matching platform may prefer a fixed commission because of
the simplicity of communication with independent contract-
ors. Benjaafar et al.”>*! examined a sharing platform maxim-
izing either profit or welfare in P2P and ride sharing, respect-
ively. Likewise, focusing on prices and subsidies, Fang et
al.” attempted to find the optimal prices of sharing platforms
in revenue maximization and social welfare maximization.
They show that supply shortages may lead to sharing plat-
forms’ limited profitability. Accordingly, platforms are mo-
tivated to encourage sharing via subsidies. Gal-Or*! ex-
amined the effect of competition among peer-to-peer lodging
platforms and finds that intensified competition may surpris-
ingly lead to a decline in consumer surplus owing to plat-
forms charging higher fees from peer suppliers. From other
perspectives, Bian et al.” indicated that the platform com-
pany does not always opt to offer the B2C sharing service,
which is heavily influenced by the fraction of P2P sharing
product owners, the platform firm’s customer approval level,
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and the related marginal production cost.

2.2 Impact of product sharing on traditional manufac-
turers

Many scholars research traditional manufacturers’ response to
changes in the market situation when the sharing economy
emerges” ">l For example, Bellos et al.”” found that an
OEM will improve the comfort of retail cars to raise their
price and improve the fuel efficiency of rental vehicles to re-
duce operating costs when developing its car-sharing busi-
ness. Roma et al."” examined incumbents’ price response to
emerging sharing economy platforms (e.g., Airbnb). They
show that the influence of the expanding importance of the
sharing economy on incumbents’ prices is determined by the
type of incumbents, the accommodation time, and the type of
customers. Similarly, Dai and Nu®" investigated the equilibri-
um price for a capacity-constrained manufacturer using vari-
ous sharing modes. They discovered that B2C sharing results
in a cheaper retail price for low-cost devices with a high lim-
ited capacity, creating a win—win situation for both the maker
and the customer.

A set of studies focuses on whether a manufacturer should
enter the sharing market and use a P2P or B2C sharing
strategy. From the perspectives of ownership and the pooling
effect, Yu et al." found that selling items of relatively high
(poor) quality in B2C sharing is extremely profitable for
product categories with a substantial pooling effect or when
firm profits highly from ownership. Tian et al.*¥ employed a
game-theoretic analytical model to research manufacturers’
participation in the sharing economy, finding that the OEM
will not join the product-sharing market at low transaction
costs or not at a very high marginal cost of production. In
contrast, based on a P2P sharing market, Wang et al.”* found
that only if the share of low-usage users is reasonably high
will the traditional manufacturer enter the sharing market. Ac-
cording to the value perception factor and the marginal cost,
Li et al."" examined the OEM’s decision to collaborate with a
third-party B2C platform or a third-party P2P platform. The
self-built platform, however, has not been considered. To ad-
dress this gap, Zhang et al."" investigated the effects of sever-
al factors, such as the consumers’ inconvenient cost and the
marginal cost of production, on the manufacturer’s mode se-
lection of establishing the sharing platform or cooperating
with a third-party sharing platform.

The above literature expounds on the challenges and op-
portunities brought by the sharing economy and studies the
impact of the sharing economy on manufacturers. However,
they do not consider competing OEMs, which is common in
reality. This research contributes to the literature by introdu-
cing competitive factors into the sharing market. Focusing on
product sharing, we describe the utility of consumers’ choices
under various sharing modes from the perspective of con-
sumers’ preference for product quality and then establish a
mathematical model using game theory to analyze the pricing
decisions and entry strategies of manufacturers in a competit-
ive market.

3 The model

Consider that there are two duopolistic original equipment
manufacturers (OEMs) in the market who produce similar

products with different qualities and sell them to customers
directly, as shown in mode SN of Fig. 1. Suppose the high-
quality OEM (OEMI1) produces high-quality products
(product 1) with quality ¢, and retails with price p,, while the
low-quality OEM (OEMZ2) produces low-quality products
(product 2) with quality ¢, (¢, < ¢,) and retails with price p,.
Without loss of generality, we normalize the two OEMs’ mar-
ginal costs to 0. This setting allows us to focus on the quality
competition between the OEMs with clear presentations, and
this setting is widely adopted in the literature® *. One may
argue that producing high-quality products will cost more re-
sources, including manpower, materials and financial support.
Here, we focus on the marginal costs rather than investments
for technology improvements. Therefore, it is reasonable to
assume that both OEMs have the same marginal cost.

Each consumer cannot buy or rent more than one unit and
can obtain usage value from the product. Consumer j’s per us-
age value v; depends on his own quality preference (6,) and
the quality of product i (g;), which means v; = 6,g,. We use the
heterogeneous 6, to describe consumers in the market who
have different preferences for product quality, assuming that
6 is uniformly distributed between 0 and 1. The use fre-
quency of consumers is u, which refers to the ratio of the time
consumers spend using the product to the service life of the
product, and we normalize the service life to one. u is as-
sumed to be a homogeneous parameter to focus on a certain
market, such as the use of bicycles by office workers®”*".
Therefore, uf,q; represents the total usage value for consumer
j who buys product i. Without loss of generality, the total
number of consumers is supposed to be one.

As shown in Fig. 1, in the sharing economy, OEMs can
share products through a third-party sharing platform, which
collects commission. According to different participants of
sharing, we discuss two modes of B2C sharing (mode SBH
and mode SBL). A consumer can either be owner by purchas-
ing from OEM, or be renter by renting from sharing platform.
It is noted that the commission rate @ € (0, 1) is given. Differ-
ent from previous studies in which sharing platforms make
price decisions, the sharing price is considered to be exogen-
ous in our research. On the one hand, an exogenous sharing
price is in line with reality due to intense rivalry and govern-
mental control”. For instance, in January 2018, the BMW 3
Series 2016 White model was priced at $80 both on Car2go
and Turo”. Furthermore, in China, the number of registered
car-sharing firms has topped 1600, and key players, such as
Gofun supported by Shou Qi Group and Morefun backed by
BAIC Group, utilize similar sharing pricing”. On the other
hand, an exogenous sharing price is widely adopted in the lit-
erature™ . This setting ensures that our study focuses on
manufacturers facing competition. Accordingly, an exogen-
ous sharing price is reasonably adopted in our research.

Consumers can choose to buy product 1, product 2, or an
outside choice if there is no sharing in the market (mode SN),
as shown in Fig. 1. To describe customer preferences, we em-

@ http://www.gov.cn/xinwen/2019-11/21/content 5454186.
htm

@ https://www.iresearch.com.cn/Detail/report?id=3347&is-
free=0
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Fig. 1. Structure of different modes.

ploy a utility function. Because the consumer is the owner, he
obtains gross usage value positively related to u, 6 and ¢ and
just needs to pay the purchase price p;, which has no relation
with use frequency u. Considering that the utility of the ex-
ternal option is 0, which means U,; =0, and Uy, is given by
Eq. (1), where o and j means consumer j buys and owns a
product, i = 1 means product 1 and i = 2 means product 2.

(1

In the B2C sharing model, we discuss the situation where
only one OEM works with the sharing platform. Accordingly,
there are two sharing modes with different sharing parti-
cipants. The OEM participating in the B2C sharing market
puts its products on the sharing platform, which rents
products to consumers at rental price (r, or r,) and only needs
to bear a certain maintenance cost. The OEM providing shar-
ing product can earn rental revenue ((1 —a)r, or (1 —a)r,) per
transaction. 8 (0 <3 < 1) is the quality discount coefficient of
consumers using rented products, reflecting consumers’ con-
cerns about quality when renting products from the platform.
B is assumed to be homogeneous to focus on a specific plat-
form, which has a fixed service level. For the same product,
the perceived quality from purchase will definitely be higher
than that of rental owing to the platform’s poor service level
and the gap on psychological generated by nonownership.
Every time the consumer uses product i, he obtains usage
value and pays the rent. Thus, what he pays is related to use
frequency w.The utility functions of different types of owners
(0) and renters () are given by Egs. (1) and (2), respectively.

U{j=;1(9jﬁq,»—r,-),i=1,2. 2)

The following is the sequence of events. In mode SN, the
OEMs first set the retail prices, and then consumers make
their choices to buy which product. In mode SB, in a specific
sharing mode (SBH or SBL), the OEMs choose their retail
price in the meantime. Next, consumers make decisions on
purchase, rental or outside options.

U =p0,q;—pi, i=1,2.

4 Analysis

In this section, we analyze the benchmark when there is no
sharing economy (mode SN) and then research OEMs’ equi-
libriums in mode SB. All the detailed analysis processes are
presented in the appendix. To make it more understandable,
we use subscript “1” (and “2”) to denote the high- (and low-)
quality manufacturer and use “o” and “#” for owner and
renter. Furthermore, SN\SBH\SBL are used as superscripts to

distinguish different modes.

54

Shared by OEM2

g

OEM1
P1

Sharing
Owner N Renter
platform 2

P2 1-ar,

OEM2

Mode SBL

4.1 Benchmark: no sharing mode (SN)

First, the no sharing mode is considered the benchmark case
with the OEMs as sellers only. Consumers can choose to buy
product 1, product 2 or outside options. According to Eq. (1),

the indifference point 6, = TP s obtained  from
u(gi=q)

U¢ = U. Furthermore, we obtain the thresholds 6, = 2

Hq>

through U$ >0 and 6, = g4l through Uy > 0. Therefore, we
M4,

have U¢ > U; if 6> 6,; U >0 if > 6,; and U? >0 if 6 > 6,.
After considering all different conditions, the relation is reas-
onable only when 6, > 6, > 6, to ensure that all possible mar-
ket segments exist. Consumers with 6 € (6,,1) prefer product 1
because U{ > U; > 0, while consumers with 6 € (6,, 6,) prefer
product 2 because U; > U¢ and U; > 0. Thus, the retail de-
mands for products 1 and 2 are D{" = 1-6, and Di" =6, - 6,,
respectively. Accordingly, the manufacturers’ profits are
1 Pi—D> )’ oy =p2( pP—pP &)

(g —q2) . Hlg—q)  pgs
In the following discussion, we will keep key steps and ig-
nore some details for simplicity because they are similar to
this process.

Note that there always exists purchase demand for product
1 and product 2 in mode SN. The OEMs’ optimal pricing and
profits are summarized in Lemma 4.1.

Lemma 4.1. When there is no sharing product in the mar-
ket, the equilibria are as follows.

(1) The high-quality OEM’s optimal retail price is

given by " = pl(

2 - . o 5
= M, the retail demand is DY* = —— and
4, - q, 4 (@1 — ) 49, —q,
the optimal profit is 79" = —l 1 = %)
(49, —q2)

(2) The low-quality OEM’s optimal retail price is

v = B 9) e verail demand is DS = —L— and
46[1_q2 ( _ ) 4q1_q2
the optimal profit is 73" = M
4q —q»)

To earn the most, the OEMs develop their optimal pricing
strategy according to Lemma 4.1. Then, consumers make
their purchase decisions. Finally, the OEMs make their
profits.

4.2 B2C sharing mode (SB)

In this case, it is assumed that only one OEM works with the
B2C sharing platform. Therefore, there are two conditions ac-
cording to different sharing participants: (i) mode SBH: the
high-quality OEM enters the sharing market; (ii) mode SBL:
the low-quality OEM cooperates enters the sharing market.
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4.2.1 The high-quality OEM enters the sharing market
(SBH)

Now, we examine when the third-party sharing platform co-
operates with the high-quality OEM, consumers can either
buy product 1 or product 2 from OEMs directly or rent
product 1 on the third-party sharing platform. Several indif-

ference points are obtained, 6, = P~ b , 0,= P —Hn X

pr—pur 1(qi—q») n1-pBq

and 6; = (2—,31) from U? = U3, U = U; and U, = U3, re-
H\g>— g,

spectively. We obtain the thresholds 6, = BL and 6, = P

from U] >0, U; > 0. ™ Hi

In the sharing market, rental products compete with retail
products. Nevertheless, product 1 is of better quality than
product 2 (g, > q,), and the relationship between the per-
ceived quality of renting product 1 and purchasing product 2
is still unknown due to the quality discount parameter 5. For
this reason, we research the SBH mode from two aspects ac-
cording to the difference between the perceived quality of
rental and purchase product, as shown in Fig. 2.

When B¢, > ¢,, the perceived quality of renting product 1 is
higher than that of buying product 2 due to the great quality
difference or the large quality discount parameter. According
to Fig. 2, with a similar derivation process in the benchmark
model, we obtain the demands for product 1 and product 2,
respectively: Di* =1-6,, D™ =0,-6, and D;* =6,-6,.

Moreover, the profits of the two OEMs can be expressed as
follows: (]_M)J’_(I_Q).rl( P — M1,
P2~ [

u(1-p)g, ) p(1-Brg,
ﬂ(fb _,3‘11))’ =P (,U((]z _,341) _/1_511)

P>~ [N
Similarly, when B¢, < ¢, i.e., the perceived quality of rent-
ing product 1 is lower than that of buying product 2 to con-
sumers as a result of a small quality difference or small qual-
ity discount parameter, the quantities demanded for product 1
and product 2 are as follows: DS% =1-6,, D’* =6, -0, and

lo

SBH __
T =D

D;P" =0, -0,. The profit expressions of the OEMs are
Pr—D2 Pr— 7
= p (1 ——)+(1 —a)r (—— —) and
I TS \u(g:~Ba)  Bai
S = Pi— P2 P2~ K1

2

\ul@-q)  ulg:—Ba))

To further study the sharing economy, the conditions are
concluded for the existence of rental demand in Proposition
4.1.

Proposition 4.1. When the high-quality OEM works with
the B2C sharing platform:

(1) When Bq, > ¢,, in the domain where 0 < u < u*®*, or

Rent 1

Buy 2 Buy |
[
0 6 63 0, 1
@) Bq1>q:
Rent 1 Buy2 Buy 1
1 K_A_Y_H_)\_W
0 0, 63 6, 1
®) Ba1<q.

Fig. 2. Possible scenarios of consumer segmentations in mode SBH.

0<r <rio

products exist;

(2) when Bgq, < g,, in the domain where r, <r{®”, con-
sumers willing to rent products exist;

(3) otherwise, there is no consumer willing to rent
products.

The most evident aspect of mode B2C, in comparison to
mode SN, is that the sharing product directly competes with
retail products. As shown in Fig. 3, consumers are willing to
rent in the gray area. First, when B¢, > ¢,, in the domain of
0 <u<u®™, due to consumers’ low usage frequency and the
high perceived quality of rental product 1, shared product 1 is
particularly appealing to customers. Consequently, there ex-
ist consumers willing to rent. However, if consumers have a
higher usage frequency (1" <u < 1), only product 1 with a
low rental price (0 < r, <r;*') can attract them. In addition,
in the remaining area, consumers only purchase products be-
cause of the high use frequency and high rental price. In addi-
tion, when B¢, < g,, in the domain of r, > r{*?, no consumer
is willing to rent product 1 because of the high rental price.
Moreover, the feasible region of r, in this case is far smaller
than the former. This can be explained by the small quality
difference and the small quality discount parameter, which
means that rental product 1 brings less usage value than retail
product 2. Consequently, consumers decline in willingness to
pay for rental and willing to rent exist only in the domain of
small enough r, (r, < r{***) when Bq, < g,.

In the domain where there exists consumer willing to rent,
we can obtain the following equilibria in Lemma 4.2. In the
remaining area, it is the same as the SN case, as there is no
rental demand.

Lemma 4.2. When the high-quality OEM works with the
B2C sharing platform and there exists rental demand, there
exists a pair of unique solutions that maximizes the two
OEMSs’ profits.

Lemma 4.2 shows that OEMs have unique optimal prices
leading to the highest profits in the SBH mode. The analysis
process is presented in detail in the appendix. We will com-
pare OEMs’ equilibrium profits in modes SBH and SN in
Section 5 to further understand the impact of the sharing
economy.

and u** <u <1, consumers willing to rent

4.2.2 The low-quality OEM enters the sharing market
(SBL)

In this part, the background is that the low-quality OEM not
only sells product 2 to consumers but also shares it through
the sharing platform, while the high-quality OEM only retails
product 1. Consumers can rent product 2 at r, in the sharing
market and purchase products directly from the two OEMs.
Moreover, the sharing platform charges the low-quality OEM
commission for providing shared service and bearing main-
Pi—D2
H(g—q)
U; and U; = U;. Mean-

tenance cost. The indifference points 6, and

0 = P> — K1,
T u-pg

while, we obtain 8, = — from U; > 0. With a similar deriva-
q>

tion process in the benchmark model, the demands for differ-

ent products are expressed as D}** =1-6,, D* =6, -6, and

are obtained by U
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Fig. 3. Conditions for the existence of rental demand in mode SBH.

D3Pt =6,—6,. The profit expressions of the OEMs are

(1_ Pi— P> ) Pi— D>
—P2tun

1(q1—q2) Z(ﬂ(ql -

=Dy + Ut 7, .
#—(_1 B ) +(l-a)r, (#—(_1 B - @), where the high-
quality OEM derives its income only from retail and the low-
quality OEM from retail and rental. We know that product 1
is of better quality than product 2 (g, > ¢,), and the quality
discount parameter is smaller than 1. It is clear that ¢, > Bq,.
The conditions under which rental demand exists are sum-
marized in Proposition 4.2.

Proposition 4.2. When the low-quality works with OEM
the B2C sharing platform:

(1) In the domain where r, < r;*, there exist consumers
willing to rent products;

(2) otherwise, there is no consumer willing to rent
products.

From Proposition 4.2, it is known that only in the part un-
der r, < 3% exist consumers willing to rent, as shown in the
gray area of Fig. 4. When the low-quality OEM shares its
product in the market, consumers’ willingness to rent is low
because of the low quality of product 2.

In the domain where r, < r§®", we can obtain the following
lemma. In the remaining area, it degenerates to mode SN as
there is no rental demand.

Lemma 4.3. When the low-quality OEM works with the
B2C sharing platform, in the domain of r, < r;*", there exists
a pair of unique solutions that maximizes the two OEMs’
profits.

Lemma 4.3 shows that OEMs can reach an equilibrium in
the sharing market with the participation of the low-quality
OEM. More details of the analysis are presented in the ap-
pendix. In Section 5, we will analyze OEMs’ equilibrium res-
ults in modes SBL and SN to make the impact of the sharing
economy more understood.

In this section, we have answered the question: Under what
conditions are consumers willing to rent products? Further-
more, there is a question to be answered: Should OEMs enter
the sharing market?

SBL _
T =D

and =

5 Discussion

With the development of the sharing economy, an increasing
number of manufacturers choose to cooperate with sharing

5-6

platforms, and can sharing definitely bring benefits to OEMs?
If not, under what environment should OEMs choose to
share? In this section, the no sharing mode (mode SN) is used
as the basic mode to research OEMs’ entry strategies in the
sharing market in a competitive environment. Similarly, it is
divided into three parts according to the different sharing par-
ticipants: (i) mode SBH vs mode SN; (ii) mode SBL vs mode
SN; (iii) mode SBH vs mode SBL. To focus on the impact of
product sharing, we only study the domains from Section 4,
where consumers willing to rent in the SBH and SBL modes
exist in the following analysis.

5.1 Mode SBH vs mode SN

We first compare the profits and prices under mode SBH and
mode SN. The profit and retail price differences are defined
as A’ = i — iV ApiBH = pSEH — SV i =1, 2, respect-
ively. Through analysis of the profit difference of the two
OEMs under different modes in the two situations, Proposi-
tion 5.1 is derived.

Proposition 5.1. When the high-quality OEM works with
the B2C sharing platform and there exists rental demand:

(1) When Bgq, > g5

a) Am™ >0 if #58 <ry < 7P and AP <0 if 1y
orr, > r "

< rfBH3

SBHS5.

b) Am™ > 0 if r, > r;*; and Am® <0 if r, < %
c) Ap{™ > 0 if r, > r{#"%; and Ap™ < 0 if r, < 1P
d) Ap3* >0 if r, > %7 and Aps® <0 if r, <27

(2) When B¢, < g,:
a) A" < 0 and Am3™ < 0.
b) Ap{*" <0and Ap3* < 0.

SBL

Fig. 4. Conditions for the existence of rental demand in mode SBL.
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Note that the profit differences are discussed in the condi-
tion with the existence of consumers willing to rent. We set
q, =8.95, g, =5.54, u=0.598, @ = 0.231, and 8 = 0.855 (0.5)
to draw Fig. 5 (Fig. 6), which helps us comprehend Proposi-
tion 5.1 more easily. From the above proposition, it is known
that in the SBH mode, product sharing affects the two OEMs
in different ways. In the condition when the perceived quality
of rental product 1 is larger than that of retail product 2
(Bq, > q»), first, if r, is too low (r, < ri®?"), the emergence of
rental products will erode the purchasing demand for the re-
tail products. For this reason, the two OEMs have to lower re-
tail prices to reduce the decrease in purchase demand. For the
high-quality OEM, its total profit is lower than that in mode
SN because the new rental profit cannot completely com-
pensate for the decrease in retail profit. Second, as the rental
price increases, the price for product 1 increases significantly,
but the demand for retail and rental product 1 is inversely re-
lated to the rental price. It induces that if », is in the middle
range (ri%7 < r; < r’"™), compared to the no-sharing market,
the high-quality OEM makes more profits because of the rev-
enue from rental exceeding the reduction in retail revenue.
Third, if r, is high enough (r, > r{*#*), although the retail price
is much higher than that in mode SN, the demand for retail
and rental products 1 is relatively low, so the total profit of
the high-quality OEM is lower than that in mode SN.

In other words, the high-quality OEM should join the B2C
sharing economy if r is in the middle range
(P < < r®™), while it should not if r, is too low

(r; < 7$#) or too high (r, > i),

For the low-quality OEM, if r, is low (r, < r;*®), it has to
lower its retail price to reduce the decrease in purchase de-
mand but still profits less than when there is no sharing. With
ry higher (r, > r{*®), the demand and price for retail of
product 2 will rise, even more than that in mode SN, which
leads to greater profit. In summary, the low-quality OEM will
be better off if r, is high and worse off if r, is low.

Additionally, the case is analyzed in detail when the per-
ceived quality of rental product 1 is smaller than that of retail
product 2 (8¢, < ¢,). Compared with the no sharing economy,
the equilibrium prices of the two OEMs are lower, and the
purchase demand for product 1 is lower. In contrast, the pur-
chase demand for product 2 is positively related to the rental
price of product 1 and finally higher than that without a shar-
ing economy. In contrast, the rental demand for product 1
negatively correlates with the rental price. Inevitably, the ap-
pearance of rental products results in more competition
between the OEMs, causing a price war. Hence, the low-qual-
ity OEM is worse off without a doubt because of the large
loss of sale. For the high-quality OEM, rental revenue cannot
make up for the loss of sale, leading to a decline in total profit
compared to when there is no sharing.

In conclusion, if the high-quality OEM decides to join the
sharing economy, it needs to maintain the quality advantage
to ensure Bq, > ¢,. Once the quality gap with a low-quality
OEM is narrowed, it is likely to enter the trouble of lose—lose.
Under this condition, the low-quality OEM may be better off

n

Fig. 5. Impact of sharing in mode SBH (8¢, > ¢»).
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n

Fig. 6. Impact of sharing in mode SBH (84, < ¢2).

or worse. If worse, it can improve its product quality to force
the high-quality OEM to give up sharing.

5.2 Mode SBL vs mode SN

Moreover, the equilibria of the two manufacturers are com-
pared under mode SBL and mode SN. The profit and price
differences are expressed as Am® =g -V, Apit =
P —piv, i =1, 2, respectively. After analysis, the results
are as shown in Proposition 5.2.

Proposition 5.2. When the low-quality OEM works with
the B2C sharing platform and there exists rental demand, the
rental price of product 2 affects the two OEMs in different
ways:

(1) AP >0, if r, > 55 and A?® < 0 if r, < ™7,

2) AP >0, if ™ <r, <™ and AnS™ <0 if r, <r5PH

orr,>n"".
B) AP >0, if r, > %5, and Ap$* <0 if r, < r3%8.
@) AP >0, ifr, > "7 and ApS* <0 if r, <y *.

Note that the profit differences are compared under the
condition that consumers are willing to rent; otherwise, the
profit difference is 0. To observe Proposition 5.2 more intuit-
ively, we draw Fig.7 by setting ¢, =8.95, ¢,=5.54,
u=0.598,  =0.231, and 8=0.855. To begin with the low
rental price of product 2, the emergence of rental products
erodes the purchase demand for the two products. To reduce
the decrease in purchase demand, the OEMs will take the ini-
tiative to lower the retail price. For the low-quality OEM, its
total profit is less than when there is no sharing, although it
can obtain rental revenue that cannot completely compensate

r

for the decrease in retail profit. Second, the demand for pur-
chases and rentals is negatively related to rental prices. Thus,
if r, is in the middle range (r3*” < r, < r;***), the rental reven-
ue exceeds the reduction in sales profit, which means that the
low-quality OEM makes more profits in the SBL mode than
in the SN mode. Third, if r, is high enough (r, > r$**), al-
though the retail price is higher, the low-quality OEM is
worse off, resulting from very little demand for rental and
purchase of product 2. To conclude, the low-quality OEM
should enter the B2C sharing economy if r, is in a middle
range (r;"” <r, <ry®), while it should not if r, is too low
(r, <7$*7) or too high (r, > r3**).

For the high-quality OEM, when r, is low, the manufac-
turer earns less, although it tries to reduce the decline of pur-
chase demand by price cut. If r, is high, the high-quality
OEM will be better off because of the increase of the retail
demand and retail price compared with the no-sharing market.
In summary, the high-quality OEM will be better off if r, is
high (r, > r$**°) and worse off if r, is low (r, < r;"").

5.3 Mode SBH vs mode SBL

In this part, mode SBH is compared with mode SBL in the
condition when there exist consumers willing to rent product
1 and product 2. Considering the complexity of the analytic
formula, this part adopts a numerical experiment for analysis.
We set g, =8.95, ¢, =5.54, u=0.598, and @ =0.231. Simil-
arly, our discussion consists of two parts according to the dif-
ference between the perceived quality of purchase product 2
and rental product 1.
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Fig. 7. Impact of sharing in mode SBL.

First, B is set as 0.855 to satisfy that the perceived quality
of rental product 1 is larger than that of purchase product 2
(Bq, > q»), and different entry strategies are illustrated from
the manufacturers’ perspective. As shown in Fig. 8a, we can
obtain four parts. First, in part [, Am® <0 and Ami™ >0,
which implies that the high-quality OEM is better off in the
SBL mode and should not offer rental service. In contrast,
AP > 0 and Ar$® < 0 in part II, which shows that the high-
quality OEM should enter the sharing market. In parts III and
IV, A >0 and Am® > 0. In contrast, if r, is given, the
high-quality OEM is better off in mode SBH when r, is high
(part III) and better off in mode SBL when r, is low (part IV).
As above, the high-quality OEM is suggested to enter the

(Eli) the high-quality OEM’s profit comparison

0.8
I 111 I
AmPH < 0,AnPE > 0 AxPBH > AxfPE >0
0.6
R I\ o
0.4 AREL 5 ARSH 5
II
0.2
AxfBH > 0,
APl <0
0
0 0.5 1 1.5 2 25
r1
Fig. 8. OEMs’ profit comparisons in modes SBH and SBL when gg; > ¢,.
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sharing market in part Il and part IV, that is, r, is moderate
and r, is low.

Four parts can also be observed from Fig. 8b. Similarly,
A" >0 and Am® <0 inpart V; accordingly, the low-
quality OEM should not cooperate with the sharing platform.
In part VI, it is better to offer rental service for the low-qual-
ity OEM because Am® < 0 and Ans® > 0. In part VIl and part
VII, the low-quality OEM is better off in modes SBH and
SBL, respectively. This happens because if r, is given, the
low-quality OEM’s profit is positively related to r,. Con-
sequently, the low-quality OEM should cooperate with the
platform when r, is moderate and r, is low.

From Proposition 5.1, we know that both OEMs are worse

(})) the low-quality OEM’s profit comparison

038 i
0.6 VI VI
An$PH < 0,An5PE > 0 An$PH > AnsPE >0
04r
Vi
AmsBE > AxSPH >0 \%
02F AnfPH >0,
AnfPL <0
0
0 0.5 1 L5 2 25
T
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off in mode SBH than in mode SN when the perceived qual-
ity of rental product 1 is larger than that of purchase product 2
(Bq: < ¢.), which leads to a low quality-difference or small
quality discount parameter. However, there always exists a re-
gion such that OEMs are better off in mode SBL than in
mode SN, according to Proposition 5.2. Consequently, both
OEMs may prefer SBL, which means that only the low-
quality OEM is interested in product sharing when g, < g,.

6 Conclusions

The sharing economy is displacing the traditional business
mode as the Internet and mobile communication technology
advance. Traditional companies provide product sharing in
various forms to win back customers. At present, most stud-
ies on the decision-making of manufacturers in the sharing
economy consider a complete monopoly market, while com-
petition factors in real life have a significant influence. For
this purpose, we innovatively add competition factors when
considering the impact of the sharing economy on manufac-
turers. In this paper, we consider a market consisting of a
sharing platform and two manufacturers, which produce al-
ternative products of different quality. Furthermore, we pro-
pose a new sharing model in which two OEMs compete with
each other. Two modes are researched according to different
sharing participants. The manufacturer, joining the sharing
market, not only sells products but also rents out through the
sharing platform, and consumers make decisions on purchase
or rental. We address the condition under which there exist
consumers with rental willingness and how OEMs make their
entry and pricing strategies in product sharing. Our findings
are summarized below.

First, in mode SBH, where the high-quality OEM works
with the sharing platform, we research two aspects according
to the difference between the perceived quality of rental
product 1 and retail product 2 because rental products com-
pete with retail products. On the one hand, when the per-
ceived quality of renting product 1 is greater than the per-
ceived quality of purchasing product 2, if use frequency is
low or use frequency is high but the rental price is low, con-
sumers with rental willingness exist in the market. On this
premise, the high-quality OEM profits less if the rental price
of product 1 is too low or too high, resulting from encroach-
ment of the retail market or loss of potential customers. Thus,
it is suggested to share when rental prices are moderate. On
the other hand, when the perceived quality of renting a high-
quality product is lower than the perceived quality of purchas-
ing a low-quality product, consumers are willing to rent only
if the rental price is low enough, and this rental price is much
lower than in the former case. Under this condition, the
profits of both OEMs will be lower; accordingly, the high-
quality OEM should not enter the sharing market.

Second, in mode SBH, if the high-quality OEM decides to
join the sharing economy, it is suggested to maintain quality
advantage because once the quality gap with low-quality
OEM is narrowed, it is likely to enter the trouble of lose—lose.
A low-quality OEM may be better off or worse. If worse, it
can improve its product quality to force the high-quality OEM
to give up sharing.

Third, in mode SBL, where the low-quality OEM works
with the sharing platform, there exists no consumer willing to
rent only if the rental price is high. Based on this, if the rental
price is moderate, the low-quality OEM should enter the shar-
ing market because of higher profit. When compared with
mode SBH, we find that the low-quality OEM has more in-
terest in offering product sharing if the perceived quality of
renting high-quality product is smaller than that of purchas-
ing low-quality product.

Finally, the retail prices of the OEMs are positively related
to rental prices. At the beginning, when the rental price is
low, the retail price is lower than when there is no sharing
caused by fierce competition. Generally, once the rental price
is above a certain value, the retail price in the sharing market
is higher than no sharing. Differently, when the perceived
quality of renting a high-quality product is lower than the per-
ceived quality of purchasing a low-quality product, the retail
prices in mode SBH are always lower than no sharing be-
cause the rental price is kept low enough to ensure the exist-
ence of consumers willing to rent.

Against the background of the sharing economy, this paper
studies the influence of product sharing on the entry and pri-
cing strategies of competing manufacturers and obtains some
innovative research results. However, there are still some lim-
itations in this study, and future directions can be expanded.
For instance, it is more realistic to consider the heterogeneity
of consumers both in quality preference and usage frequency.
It would be interesting to research the scenario when both
manufacturers enter the sharing market. In addition, we use
fixed rental prices to study manufacturers’ operations but do
not take platform pricing into account. To research further,
the platform’s operation should be included.
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@ Manufacturers’ product sharing strategy in a competitive context Guo et al.

To ensure that there exist consumers willing to rent product 1, it should satisfy 6; < 8; < 6,. Therefore, we obtain r, > 0 if
O<u<uw™and0<r < ifu'™ <u<l1.

o _ D~ 6~ 090+ 4.0~ G5 +29.9:P+ giof - 241908 9. 5 + gief’
41 +30.4:~ 43 - 24,3+ 4 |

= 41924 = 41954 = §1uB + 414U + 143U — 24,q:uB + g’
' -0+ - qiu 3q iU — Gut 4140 — Ga+ 418 - 24148 2quB ~ G aB + 2¢,4:0B+ ¢ + qiup — g
(2) When g, < ¢,

Similarly, to ensure that consumers willing to rent product 1 exist, it should satisfy 6, < 6; <6,. We obtain 0 < r, < ri¥" if
O<u<l.

PSB2 _ _q?qZﬁ + QIQ;B + q?ﬁz - Q%qzlgz
‘ ~44:9: + G+ 24+ 4B

Proof of Lemma 4.2.

(1) When B¢, > ¢,

The analysis process is the same as the former, and finally, we have

s L _ i Hgn e 1 Clturo)n
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_— r SBH*_i(u+(_1+”+“)r1_2u( 1+2(1+’8)q1_2q2)r1)
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(2) When g, < g,
First, we know that 7% = p, (l - Lpz))+(1 —a)n (M - L), B = pz( P~ b P, un ) Then, we can

u(g - u(g:-Ba)  Bay u(gi—q)  ulg.—Bq,)
obtain p$" = (g, _(Zzz(;,é)lq,_—ﬁizl ) and p3*" = g, z 441);22);2_"1(]:/3611) through % =0and 82;” =0. By substituting
P i e e D D = e va PV~ T 0 12 ra™
B e Ter—
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Proof of Proposition 4.2.

To ensure that consumers are willing to rent product 2, from 6, < ,, we obtain 0 <r, <1 if 0 <u<u*® and 0 <r, < 5" if
w’™ <u <1 To ensure that the purchase demand of product 2 exists, from 6, < 6,, we have 0 <r, <r3®? if 0 <u <’ and
r,>0 if ¥’ <u<1 Because u’* <u*® and r,* <r®?, we obtain 0<r,<n®* if O<u<u’™ and O<r,<r®" if
u*#? < u < 1 to ensure that both rental and purchase demands exist. In other words, there exist consumers willing to rent and buy
product 2 only if 0 < r, < ;.
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SBLI1 SBLI1 .
oo _ | 10wt <u< 1;
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Proof of Lemma 4.3.

- - -p,+ -p,+
First, we know that ﬂf‘“:p,(l —M), P :pz( PP PR )+(1 —a)rz(M i) Then, we

u(q:—q) w(gi—q)  u(-1+p)q; u(-1+p)q. pq.

aﬂSBL
! =0
. . (g1 —q)Qug, —2uBg, + (1 +u—a)r,) @)1= g, +2(1+u—a)r,) ap, ’

can obtain p’f = and p3f = through

P 49, -1+ 3p)q, P 4g,-(1+3p)q, o

By substituting, we have op,

D 2uq, - 2ufg, +(1+u—-ayr, . _ (w-uB)q,-2(1—u—-a)r)+q,(—u(l-p)Bq, +(1 —a+B-2uB—af)r,)

. u(dq-(1+38¢q) " u(l-8)q,(4q, —(1+3p)q,) ’

DS = (@ —¢)w(d-Bg+2(+u—-a)r,) —ur,(4q, —(1+38)q) 1,
2r

ug,(1-p)(4g, —(1+3B)¢>) Ba.’

o — @ =92 Qug, —2ufq, + (1 +u-a) n)
! u(=4q, +(1+38)q,)

and

BL* __ ] —_ — — — — — —
™ = w0 B —aa + 1+ 3y B(q1 = g2 )(u(=1+B)g, = 2(1 +u—a)ry)(q, (u( = 1 +B)g, =21+ u+a)r,) +
G(—u(=1+B)Bg, + (=1 +a=B+2uf+ap)r,)) = (1 —a)(4q, — (1 +3B)q, )r,(q, (u( =1+ B)Bg> = 2(u(=2+p) + B - aff)r,) -

G (u(~1+B)Bgs + (u—2B+uB+2aB)r))).
Proof of Proposition 5.1.
(1) When B4, > g,
a) The profit gaps of OEMs between mode SBH and mode SN are as follows:

A = o _ g 2WL=P)(A = )rig, +(Bay = ) (L =B)g, +1)" = (1 =a)'ri] _ 4uqi(qi = q2)
Lo 4u(1-B)q,(Bq, = q2) 4qi -

: s qru uqi(q — ¢-)g
ArSPH = gSBH _ SN — —
: : : 4q,—q.B)(q—q,(1+)) (4q, _%)2

Let us describe function A as 2u(l-B)(1-a)rig,+(Bqg, —q.) W’ ((1-B)q, +r, Y —(1- a/)zr]z](4q, —-¢,) -16(1-p) wq-
(91— ¢)(Bgi—q) =0. We obtain A7 >0 from 2u(l-pB)(1-a)r’q +(Bq, —q.) [ ((1-B)q, +r) — (1 —a)'rl(4q, —q.)" >
16(1-pB)u*q; (g, — g.) (Bq, — ¢,). Otherwise, Ax™ < 0. Furthermore, r{** and r{** are a pair of solutions of function A.

SBH S BH
b) Taking the first derivative of Am®" with respect to u, we obtain 3 2>0 if r, > %5 and 3 2 <0 if r; < %5, where

u u
2 - - 1+ -
s Va: (@0 - 4 (ﬁf‘ GRG0 4 ocover, when w=0, AP = 0; thus, AT <0 if r, < and AT >0 if
91— 49>
ryo> e, 1
. .1 2 - .
c) ApitH = pitH — piv = E((M_M’B)ql +(l+u—-a)yr)- M from Lemmas 4.1 and 4.2. Through calculation,
q— 4>

4uq, (q, — q.) — (u—up)q, (49, — q>)
(I+u-a)4q —q.) '

) . . uq,r ug,(q,—q,) . . . . . )
d) Ap3tH = pSBH" — pSN* = - . Similarly, Ap3®" > 0 if r, > r’®"; otherwise, Ap’#" <0 if r, < 5877,
) pz pz pz 2(1 +ﬁ)ql _2q2 4q1 —-q Yy pz 1 1 pl 1 1

where 75547 — 2g,(qi — )1 +B) g, — q»)
: (4q, — q.)q

(2) When B¢, < g,
The profit gaps of the OEMs between mode SBH and mode SN are as follows:

Ap{P" > 0 if r, > r{?; otherwise, Ap?* <0 if r, < r7%7, where r}™ =

u(q, — q:)(Bq, — g, — 2r,)

— Uur,
Aﬂ_fBH — ﬂ_fRH‘ _ﬂ_fN* — M(QI _42)(_2(_1 +ﬂ)q21 + rl)z A _a,)r] _L : (-4 + 3,8)‘11 +q ! _ 41/!41?(‘]1 —6122) ,
((4-36)q: —q») Ba u(—Bq, +q,) (4q,—q»)
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ASBH = SBH SV u(1-p)q,(q, - q,)(=Bq, +42+271)2 _ uq, (@ -9
o (@:=Bg)(4=3B)q, — )’ (4q, -

S BH S BH
a) Let us take the derivative of Ax{*" with respect to u. We find that 3 L > 0if ¥ < r, and 3 L < 0if % > r,, where
m

u

2 B — 2 2 .. . . aA S BH

i BHs = M From Proposition 4.2, we know that rental demand exists only if r, < r}*#*. Therefore, dl
qd\— 4>

< 0 always
(1 —4:)Bgi —q. —2r)

N, (HA+3Pate

Ba (-Bq, +4>)

< 0; accord-

holds in the range of r, < 7% as rB** < r}*. When u=0, Ar;* =(1-a)r,| -

ingly, Arj®" < 0 always holds if 0 < < L

OAmSP! OAmH b=
b) We find that 2 >0if ¥ < r, and = 0if ri5 > r,, where 1" = M
op Op 2(49:— ) 1-B

SBH
2

- (g, —pBqy)- From Proposi-

tion 4.2, we know that rental demand exists only if r, < {*#>. Based on this relation, < 0 in the range of r, < r}*** because

S < p$BH Moreover, An¥¥ = 0 at the point of ¢ = 0, which implies An%*" < 0 in the range of r, < r{**.
C) ApSti = pSB _ pSV = u(q, _(Zzi(?’z/;)lq_fil% +711) _ ZMZ;(‘IL;QZ)
1 2 1 2

. . . 2q,°B-2
if r, > r}?'%; otherwise, Ap?® <0 if r, <r{#"°, where r;*#'° = M
q— 4>

I

from Lemmas 4.1 and 4.2. Through calculation, Ap$*" >0

. From Proposition 4.2, we know that rental de-
mand exists only if r, < r{#. However, it always holds that »7%#* < r###1° which means Ap{*¥ <0 in the range of r, < r{**.
d) Apsei = psei — s = u(q, — q:)(q +2r, — Bq,) _ uq>(q: — q>)
: : : 4-38)q,—q. 49, - q

ry < r¥# From Proposition 4.2, we know that rental demand exists only if r, < r¥*"2. However, it always holds that 552 < p$811
which means Ap$™ < 0 in the range of r, < r{*".
Proof of Proposition 5.2

. Similarly, Ap3® >0 if r, > r§#""; otherwise, Api® <0 if

(g, — ) Qug, —2uBq, + (1 +M_a/)r2)2 _ 4”‘1?(% -q>)
u(4q, —(1+3B)q,)" (4q—q)
(I+u—a)r,(4q, — q.) > 2uBq,(q, —q,). Consequently, Anx** >0 if r,>nr* and Am* <0 if r,<nr??, where

sos . 2uBq (g —q)
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@) Simplifying APt = 8B — SN = we obtain

(2) It is known that

BL __ SBL"_ SN* __ ] _ — —_ — —_ —_ —_
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G(—u(=1+B)Bg, + (=1 +a=B+2uB+ap)r,)) - (1 —a)(4q, — (1 +3B)q: )r,(q, (u( =1+ B)Bgr = 2(u(=2+p) + B - aff)r,) -

03 (U= 1+ BB + (1~ 2B+ up+ 2ap)r))) — @1 =422
4q,—q)

From AnS®t = 0, we obtain b(4q, —¢,)’ — (1 —B) B’ ¢>q, (¢, — q.) (—=4q, + (1 +3B) ¢,)* = 0, where

b=p(q —)u(=1+B) g =2(A+u—-a)r)(q (u(=1+B) g =2(-1+u+a)r,) + ¢ (u(=1+p)Bg, + (=1 +a =B+ 2uB+af) r,)) -
(I-a)(4q, = (1+3B)q:) 12 (g (u(=1+B)Bqr =2 (u( =2+ ) + B = af)r2) = qx(u(=1 + B)Bq + (u = 2B+ uB +2a)r, ).

As a result, ArS® > 0 if b(4q, — q,)" — (1 - B) B¢ q, (¢, — ¢») (=4q, + (1 +3B) ¢,)* > 0, otherwise, AxS® < 0. 5% and 35 are a
pair of solutions of function B, and B is b(4q, — ¢,)° — (1 = B) B’ > q, (¢, — q.) (=4q, + (1 +3B) ¢,)* = 0.
B)ApE=pit —pV = (9, =) Guq, = 2ufg. + (L +u=-a)rs) _ 2uq:(4, =) from Lemmas 4.1 and 4.3. Through calculation,
49, —(1+3p)q, 49, - q>
2uq, (4q, - (1+36) q,)
4q1 -4
(@ —) w1 -Bg+2(l+u—-a)r,) ug:(q:—¢)
4q,—(1+3p)q, 44, - g
uq,(4q, —(1+3p)q,) u(l-p)q,

ApS <0 if r, < PP where 557 = - .
P nsh N T 0 tu—a) g —q) 2(tu-a)

Api® >0 if r, > r}?"¢; otherwise, Api® < 0 if r, < r{*#°, where 1726 = —2uq, +2ufq,.

4) ApS®t=p3t —psV = . Similarly, Ap$"™ >0 if r, > ri®"; otherwise,

1
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