Accepted Manuscript

Manufacturer encroachment with quality decision under asymmetric

demand information

Jianxiong Zhang, Sa Li, Shichen Zhang, Rui Dai

Pll:
DOI:
Reference:

To appear in:

Received date:

Revised date:

Accepted date:

S0377-2217(18)30679-9
https://doi.org/10.1016/j.ejor.2018.08.002
EOR 15295

European Journal of Operational Research

1 January 2018
5 July 2018
2 August 2018

5 ¥ Valurne 239, lssue 3, 16 Decenber 2014
& A

UROPEAN ..OURNAL OF
PERATIONAL ~ESEARCH

ScienceDirect

www.elsevier.com/locate/ejor

Please cite this article as: Jianxiong Zhang, Sa Li, Shichen Zhang, Rui Dai, Manufacturer encroach-
ment with quality decision under asymmetric demand information, European Journal of Operational
Research (2018), doi: https://doi.org/10.1016/j.ejor.2018.08.002

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service
to our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and
all legal disclaimers that apply to the journal pertain.



https://doi.org/10.1016/j.ejor.2018.08.002
https://doi.org/10.1016/j.ejor.2018.08.002

Highlights

e Encroachment with quality decision under asymmetric information is studied

Encroachment may lead to a lower quality

Encroachment always benefits the manufacturer and may also benefit the retailer

Asymmetric information may lead to a higher or lower quality

The manufacturer may prefer to keep information disadvantages



Manufacturer encroachment with quality decision under
asymmetric demand information

Jianxiong Zhang, Sa Li, Shichen Zhang*, Rui Dai
College of Management and Economics, Tiangin University, Tianjin 300072, China

Abstract

This paper investigates manufacturer encroachment with both endogenous quality deci-
sion and asymmetric demand information to examine the effects/of encroachment and
information structure on quality and profits for chain members. Manufacturer encroach-
ment results in a signaling game where at equilibrium the retailér” has to distort the
order quantity downward under low market size. Our résult shows that encroachment
leads to a lower quality when the manufacturer’s direct selling cost is intermediate. The
manufacturer always benefits from encroachment, and the retailer benefits from encroach-
ment under an intermediate direct selling cost of the manufacturer since she can deter
the manufacturer from selling directly to avoid .channel competition. Results provide
several information management implicationsy Compared to the full and no information
cases, asymmetric information may increasesquality when direct selling is relatively effi-
cient while decrease quality otherwise, The manufacturer may prefer to keep information
disadvantages when his direct sélling cost is relatively large and the prior probability of
large market size is high. Additionally, the informed retailer may be willing to share
information to avoid thedinexpected order quantity downward distortion in the case of
asymmetric information. when direct selling is efficient. As a result, the chain members
reach a consensus on‘information sharing when the manufacturer’s direct selling cost is

quite small or relatively large.

Keywords: Supply ¢hain management, Encroachment, Asymmetric information,

Product quality, Signaling game

1. Intreduction

The rapid development of e-commerce has enabled many manufacturers to build on-

line channels and sell products directly to consumers, aside from the existing traditional

*Corresponding author. Email: sczhang@tju.edu.cn
Email addresses: jxzhang@tju.edu.cn (Jianxiong Zhang), 1isa2016@tju.edu.cn (Sa Li),
sczhang@tju.edu.cn (Shichen Zhang), rdai@tju.edu.cn (Rui Dai)

Preprint submitted to Elsevier August 7, 2018



channel where products are sold through a retailer (Tedeschi, 2000). Such phenomenon of
manufacturers establishing online channels is usually termed as “manufacturer encroach-
ment”, which has been observed in a variety of industries (Tannenbaum, 1995). For
instance, a great deal of electronic product makers, e.g., Apple and HP, sell their prod-
ucts through both third-party retail stores and their own websites (Chen et al., 2017).
Another example is in the apparel and fashion industry, manufacturers, such as Nike, Adi-
das, Coach, also develop dual-channel supply chains consisting of both direct and retail
channels (Li et al., 2015).

Manufacturer encroachment gives rise to channel competition between the upstream
manufacturer and the downstream retailer. To manage these dual distribution channels
successfully, different manufacturers have adopted a variety of strategies.(Wang et al.,
2017). In order to avoid potential channel conflict, manufacturers,/such as Paimler, Nikon,
and Rubbermaid, only use the online direct channel as a virtueyshowroom to provide
users with product information and in-stock information ef nearby retail stores without
offering any products in the direct channel. In additien, as“quality plays a paramount
role in product design of a manufacturer (Jerath et al.,"2017)ydifferent channel structures
may be applied to different levels of product quality (Chen et al., 2017). A survey in
2014 indicated that 47% of 67 US sales channel'managers held the opinion that opening
a direct online channel is beneficial for product quality improvement (Forrester Research,
Inc., 2014). In apparel industry, it is shewn that the transition to a dual-channel setting
with both retail and direct channels could allow a manufacturer to deliver a better quality
product (Mount, 2013). As a regult, a question naturally arises that will manufacturer
encroachment always increase/product/quality.

In practice, in a retail ehannel which consists of upstream manufacturers and down-
stream retailers, the retailers are often closer to the consumers and have more expertise
and superior forecasting abilities in the selling process. Therefore, the retailers usually
hold a better knowledgeiabout the market demand than the manufacturers. Taking into
such practical’demand’ information asymmetry and following the backdrop of Li et al.
(2013), in this paper, we investigate manufacturer encroachment when the retailer knows
the true/market size while the manufacturer with encroachment capacity only knows the
prior distzibution of the market size.

Among the studies of manufacturer encroachment, some researches are based on a
framework of asymmetric demand information without considering quality decisions (Li
et al., 2013, 2015), while others incorporate product quality-setting problem under a full
information case (Chen et al., 2017; Ha et al., 2015). Based on the above-mentioned
considerations, this paper contributes to bridge the research gap by investigating the

endogenous product quality decision under asymmetric information, and intend to address



the following questions:

(1) Quality decisions: How will the manufacturer encroachment affect the equilibrium
quality decision? How will the information structure affect the product quality?

(2) Effects of encroachment: What are the effects of encroachment on the profits of
chain members under different information structures?

(3) Effects of information structures: What are the effects of different information
structures on the profits of chain members with manufacturer encroachment? What are
the insights for information management?

To answer the above questions, this paper considers a supply chain consisting of one
manufacturer (he) who decides on the product quality, wholesale price and the selling
quantity in the direct/online channel if he encroaches, and one retailer.(she) who sets
the order quantity in the retail channel. In order to investigate the effects of information
structures and obtain implications for information management, we look into cases with
and without manufacturer encroachment under full information (both players know the
true market size), asymmetric information (only the retailer knows the true market size),
and no information (neither player knows the true marketssize), respectively. By ana-
lyzing the effects of encroachment on product quality and profits for the chain members,
we come to the following results. First of all,"regardless of the information structures,
encroachment decreases product quality when the manufacturer’s direct selling cost is
intermediate, and the impact of the direct selling cost on product quality under manu-
facturer encroachment is not monotone. In_addition, the retailer may be better off with
manufacturer encroachment under an intermediate direct selling cost of the manufacturer
where she can deter the manufacturer from selling directly to avoid channel competition.
Moreover, for the manufagturer, encroachment is always beneficial by adding an addi-
tional direct channel, though under asymmetric information, launching a direct channel
can result in costly gignaling behavior on the retailer (the retailer who observes a low
market size has te distort her order quantity downward to signal the true market size).

The effectstof information structures on quality and profits of chain members can be
concluded as follows. Different from the results of prior literature that the manufacturer
always prefers the full information case, compared to the asymmetric information case
when eneroaching (Li et al., 2013), our results indicate that with an endogenous quality,
the manufacturer with encroachment may prefer to keep the information disadvantages
when the manufacturer’s direct selling cost is relatively large and the prior probability of
large market size is high. The reason is that although asymmetric information structure
can generate a loss for the manufacturer by the downward distorted order quantity, it also
can benefit him by better balancing the quality investment cost and the retail market rev-

enue from a lower quality. When the benefit outweighs the loss, asymmetric information



can ultimately benefit the manufacturer. Besides, the uninformed manufacturer is more
willing to sell to an informed retailer such that he can screen the true market size. For the
retailer, when she is informed, she may prefer to share the market information with the
manufacturer credibly; when she is uninformed, she may prefer not to develop advanced
information when direct selling is efficient. Moreover, both players reach a consensus on
information sharing when the manufacturer’s direct selling cost is quite small or relatively
large; however, there also exists a case where the manufacturer prefers a full-information
scenario while the retailer prefers to keep the market information private whensthe direct
selling cost is relatively small.

It should be mentioned that if the wholesale price is exogenously given (Déng and Rudi,
2004), some of our results change. First, encroachment always generatestazhigher quality
when the wholesale price is exogenous, whereas it may decrease quélity when the wholesale
price is endogenous. Second, with an exogenous wholesale prigésthe manhufacturer may be
worse off from encroachment under asymmetric informatien, %¥hcteas he always benefits
with an endogenous wholesale price. The reason is thiat with endogenous quality and
wholesale price decisions, the manufacturer not only\canwue the quality decision but
also can adjust the wholesale price to influence thenretailer’'s demand, and benefits from
encroachment. However, the other results of ourfpaper &bout the impacts of encroachment
on the retailer and impacts of information dfguctiire on the quality and both players hold
under both exogenous and endogenouggpcasés. $In particular, our main result that the
manufacturer may prefer to an asymmetricsinformation case rather than a full-information
case still holds given an exogenou$ whelesale price.

The remainder of our paper isterganized as follows. Section 2 reviews the related
literature. Section 3 presents thé models and gives the corresponding equilibrium solutions
with and without encreachment under three information structures. In Section 4, we
analyze the effects of encroachment and information structures on the product quality
and the profits of chaimymembers. Section 5 extends the basic model to a case where
an alternativetiming of quantity decisions is considered. Finally, conclusions and future

research directionsjare given in Section 6.

2. Literature Review

Studies related to our work with regard to manufacturer encroachment can be cat-
egorized into the following three streams: the effects of manufacturer encroachment on
the profits of chain members, product quality decisions under dual-channel structure, and
manufacturer encroachment under asymmetric information.

The effects of manufacturer encroachment have been investigated by many previous

studies. Conventional wisdom points to that manufacturer encroachment benefits the



manufacturer by adding an additional channel, while harms the retailer by arising com-
petition. Such result has been extensively demonstrated by various studies. For instance,
Liu and Zhang (2006) consider the interaction of manufacturer encroachment and per-
sonalized pricing, and find that the manufacturer is better off while the retailer is worse
off with the entry of a direct selling channel. Considering two-part tariff contracts, Pan
(2016) indicates that encroachment may aggravate double marginalization and harm the
consumer welfare by introducing higher prices. However, more studies on manufacturer
encroachment have come to a contrary result that encroachment may benefit-both play-
ers. Chiang et al. (2003) suggest that encroachment can benefit both players'by reducing
inefficient double marginalization. Tsay and Agrawal (2004) discuss_manufacturer en-
croachment by embedding the strategy of sales effort which is influential.to-demands in
both channels. Results find that the additional direct channel is not necessarily detri-
mental to the retailer, since the manufacturer with encroachiment, may adjust his price
to mitigate channel conflict. Arya et al. (2007) demonstratethat the retailer can ben-
efit from encroachment when the manufacturer’s direct, selling cost is quite large. Cai
(2010) shows that both the manufacturer and the retailersmay benefit from adding a
direct channel when the retailer’s channel power is relatively large. Arya and Mitten-
dorf (2013) investigate manufacturer encroachment with strategic investment, and find
that when both players have incentives tofinvest to improve profitability, the manufac-
turer is more likely to promote the brand broadly, while the retailer is more interested
in investment that benefits its own channel. In addition, encroachment can benefit both
parties. Matsui (2016) focuses on the product distribution strategies for two competing
manufacturers, and shows that when facing a dual-channel rival, the manufacturer is not
always better off to adopt dualéchannel strategy. Yan et al. (2018) develop a two-period
model to investigate whether the manufacturer should encroach if the product is durable.
Their conclusion indicates that the best strategy for the manufacturer is to build an in-
active direct chamnel. ‘Additionally, when the durability of the product is very high or
very low, bothathe.manufacturer and the retailer benefit from encroachment. While all
of the above literature studies manufacturer encroachment without any quality decisions
and asymmetrie“information, this paper differs from encoding the important strategy of
quality for the manufacturer. Our results about the effects of encroachment show that
the manufacturer always benefits from encroachment, and the retailer may either gain a
revenue or get a loss from encroachment.

Product quality decision, as a key element in supply chain management, has attracted
a lot of attention (Jeuland and Shugan, 1983; Shi et al., 2013). Jeuland and Shugan (1983)
investigate quality-setting problem in a single retail channel, and demonstrate that both

product quality and profits of chain members hinder in a decentralized channel. Shi et



al. (2013) show that product quality relies heavily on distribution structures as well as
the distribution of consumer heterogeneity. Wang et al. (2017) develop a model involving
two manufacturers who compete in price and quality. Results show that in a quality
sensitive market, the pure integration structure is more likely to be the equilibrium, and
the manufacturer with higher consumer loyalty earns more profit. Some recent studies
investigate product quality in dual-channel supply chains and focus on the effects of man-
ufacturer encroachment on the quality. For instance, Ha et al. (2015) demonstrate that
with manufacturer encroachment, the manufacturer distorts product quality«either, up-
ward or downward. In addition, the manufacturer always prefers to sell the high-quality
product through the direct channel if he is capable to differentiate product qualities in dif-
ferent channels. Chen et al. (2017) investigate price and quality decisions.in dual-channel
supply chains, and show that adding a new channel can lead to quality enhancement
and supply chain performance improvement. Following the latter two studies, we also
examine the effects of encroachment on product quality. Differently, we base our setting
in an asymmetric information framework to better apptoxinmate reality. Our results are
similar to Ha et al. (2015) that encroachment may either leadto a higher or a lower prod-
uct quality. Additionally, we investigate the impacts of information structure on product
quality, and find that product quality under asymmetric information is the highest when
direct selling is relatively efficient, while it{is the lowest when direct selling is relatively
inefficient.

Related to our work, there exist a few, studies that explore manufacturer encroach-
ment under asymmetric informagion. Li et al. (2013) investigate supplier encroachment
by incorporating asymmetric information, and find that supplier encroachment might also
lead to “lose-lose” and “lose-win” outcomes for the supplier and the retailer, in addition
to “win-win” and “win-lose” under a full information setting. Li et al. (2015) look into
supplier encroachment by jointly considering asymmetric information and nonlinear pric-
ing. Two main results are concluded. For one thing, nonlinear pricing cannot mitigate
double marginalization. For another thing, apart from the downward distortion effect,
the upward distortion may also occur when the retailer purchases more than the efficient
quantity. Huang'et al. (2018) examine the retailer’s incentive of sharing the private de-
mand infermation with a supplier who chooses to encroach or not. They point out that the
retailer'may voluntarily share demand information in anticipation of supplier encroach-
ment, \since sharing the low demand information may prevent the supplier’s intention to
establish the direct selling channel. Our paper distinguishes from the above studies in in-
vestigating the problem of supplier encroachment with both asymmetric information and
endogenous quality decision. Our results about the retailer’s information sharing problem
are in line with those of Li et al. (2013) and Huang et al. (2018) that the retailer may



prefer to share demand information with the manufacturer credibly. However, our results
about the manufacturer’s preference on the information structures differ from the existing
literature such as Li et al. (2013) which indicates that the manufacturer always prefers
the full information case. On the contrary, we find that the manufacturer may prefer the
asymmetric information case and to keep uninformed since asymmetric information can
allow the manufacturer to better balance the quality investment cost and retail market
revenue by setting a lower quality.

To summarize, different from the existing literature which either investigates quality
strategies of firms under full information or delves into impacts of different information
structures on enterprises in supply chains, we take a comprehensive and mere practical
consideration by jointly taking into account both the endogenous -quality. decision and
asymmetric information into manufacturer encroachment in our resear¢h setting. Our
results provide managerial hints by exploring the effects of encreachment and information

structures on the product quality and profits of chain members.

3. The model

We consider a supply chain with one manufacturer-and one retailer. The manufacturer
produces a product with a quality level u and sells it"to the retailer at a wholesale price
w, after which the retailer resells it to end ‘comsumers at a retail price p. The manufac-
turer may also sell products directly to eonsumers via a direct channel, which incurs an
additional direct selling cost due todack of marketing skills and experience, compared to
the tactful retailer (Kapner, 2014). Without loss of generality, we normalize the selling
cost of the retailer to zero, while-that of the manufacturer is ¢ > 0 for each unit sold in
the direct channel (Arya €t al., 2007; Li et al., 2013).

The manufacturer.incurs-a.total investment cost for a given quality level u as

C(u) = %kuQ, (1)

where k > 0 represents the manufacturer’s cost efficiency of quality investment. Such
a quadratic funmetion form, which capturers the fact that raising quality is increasingly
costly, has been widely used in literature (Kim and Chhajed, 2000; Moorthy, 1992).

Comnsider that the market size « is ex ante, random, which can be either high (o = ay,)
with probability A or low (o = ;) with probability 1 — A, where «ay, > oy > 0. Therefore,
the expected market size p is given as p = Aay, + (1 — N)ay.

Since product design often takes a long time to decide and is hard to adjust once
production operations initiate, we assume that the manufacturer determines the quality
level before the selling season begins when market demand is unknown for all (Granot and

Yin, 2008). At the beginning of the selling season, the retailer who is closer to consumers
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and retail market learns the true market size, while the manufacturer only knows the
prior distribution because of the lack of data and information.

A consumer’s utility from purchasing a product with quality v and price p is U =
Ou — p, where 6 represents the consumer’s sensitivity to quality. Following Ronnen (1991),
Lehmann (1997) and Zhou et al. (2002), we assume that consumers are heterogenous and
6 is uniformly distributed on [0,1]. Besides, the value consumer obtained from external
option is assumed to zero. Thus, only the consumer whose utility is greater than zero will
buy the product, i.e., U = fu—p > 0. Accordingly, with the market size «, the.consumer

demand is formulated as ¢ = a(1 — %) The inverse demand function, therefore, is given

p—(i-2). g

where p is the market clearing price and ¢ is the total number of the product for sale.

as

The manufacturer sets the The manufacturer sets the .
. . L The manufacturer decides
product quality before the ~ wholesale price at the beginning . . .
. . . the direct selling quantity.
selling season begins. of the selling season.

| i i -
| T T\

The market clearing price is realized.

The profits of the manufacturer and the
retailer are realized.

The retailer who has observed the
market size decides the order quantity.

Figure 1: The'sequence of events

As shown in Figure 1, sequencenof events are: (1) the manufacturer sets the product
quality u before the selling.season begins; (2) at the beginning of the selling season, the
manufacturer sets the whelesale price w; (3) the retailer who has observed the actual
market size decides hér order/quantity gg; (4) the manufacturer decides his direct selling
quantity gy if he encroaghes; (5) the market clearing price is realized as p = u(1 — "’R:C%)
for i € {h,l}, and'the ¢hain members collect their profits.

We assume that ‘after receiving the retailer’s order, the manufacturer decides on the
quantity’that he“wants to sell directly. On one hand, since encroachment gives rise to
channel ‘eonflict, this desire to use both channel types may compel a manufacturer to
pay ‘careful attention to the relationship with his retail partners. In reality, to appease
the retailers, the manufacturer usually gives up the first-mover advantages on quantity
decisions. For example, while IBM may take orders for PCs over the Web, it gives
priority to the sales of its distributors in an attempt to mitigate channel conflict (Tsay
and Agrawal, 2004). Another example is that when the Air Jordan 2011 shoe was first
launched, it was only available at independent retail stores for several months before Nike
sells it on the official website (Business Wire, 2011). On the other hand, the manufacturer



can observe the retailer’s order decision, whereas the manufacturer’s own quantity decision
is usually unknown to the retailer; that is, the manufacturer cannot credibly commit to
not changing his quantity after receiving the retailer’s order. This assumption is in line
with numerous studies on manufacturer encroachment, such as Arya et al. (2007), Li et
al. (2013), Ha et al. (2015). In addition, we also consider an extended case that the
manufacturer first credibly commits the direct selling quantity, and then the retailer sets

the order quantity in Section 5.

3.1. No encroachment under asymmetric information

We begin by a benchmark case where the manufacturer does not eneroach under
asymmetric information, which is denoted by a superscript “AN”. Sttategies of the man-
ufacturer and retailer are derived by applying backward induction. Therefore, given a

wholesale price w and a quality level u, the retailer chooses order quantity gz to maxi-

TR = (U (1_%) _w) 4R, i:hal7 (3>

(u— w)a;

AN
= 4
dr o ( )

As the retailer knows the market size exaetly, she chooses her order quantity according

mize her profit

which yields

to the actual market size, that is, the highstyipe Tetailer (who finds o = o) will set gr =

(“72—“;)% and the low-type retailer (who finds o = a;) will set gr = *5***. Anticipating

this, the uninformed manufacturer chooses wholesale price w to maximize his expected

(u—w)oy

profit
SR .
which renders
wt = . (6)

Substituting (6) inte. Equation (5), we can obtain the equilibrium quality level is

AN H
ok (7)
At equilibrium, the wholesale price, order quantity, expected profits of the chain members

respectively are

A B e 1 N SR s s g i (8)
16k F 4 e M R 128k
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3.2. Encroachment under asymmetric information

In this subsection, we focus on the scenario that allows for manufacturer encroachment
under asymmetric information, which is denoted by a superscript “AE”.

Under asymmetric information, the manufacturer does not know the actual market
size, but he can make rational inference about it according to the retailer’s order quantity.
As shown in (2), a higher price indicates less products to be sold in the market. Hence, for
any given qg, the retailer prefers the manufacturer to set a lower direct selling quantity
qrr, which in turn enables her to tag a higher price. However, the manufacturer’s selling
quantity will be higher if he infers a large value of market size. As a result; the/high-type
retailer has an incentive to mimic a low-type one to mislead the manufacturer of a low
market size. On the other hand, the low-type retailer intends to separate herself from
the high-type retailer so that the manufacturer will set a lower direct selling quantity. In
order to separate from the high-type one, the low-type retailer'needs t6 distort her order
quantity downward until the high-type retailer finds it unprofitable to mimic the low-type
retailer.

On another front, the retailer can set a same order quantity no matter the market
size is high or low. In such case, the manufacturer cannot gain any information from the
retailer’s order quantity.

The former case represents a separatingioutcome, whereas the latter corresponds to
a pooling outcome. We refer to the manufacturer in the former case as the “informed”
manufacturer, and that in the latter case_as the “uninformed” manufacturer. In the
separating equilibrium, the lowstype retailer distorts her order quantity downward to
prevent the high-type retailer’s mimicking. In the pooling equilibrium, the two types of
retailers choose the same order{quantity.

We first consider the separating case with a superscript “s”. According to backward
induction, we first sélve the manufacturer’s optimal direct selling quantity. Now that
the manufacturer’knowsithe actual market size based on the inference from the retailer’s

order quantity*then the informed manufacturer chooses his direct selling quantity q,; to

maximize o2
WﬁEzwqR%—(u(l—w)—c)qM—%, i=h,l. (9)
Q;
According to the first-order condition, we generate the optimal direct selling quantity as
(o —qp)u —coy | T
qM |: 2u ) ? IS ( )

where 27 = max{z,0}. Therefore, anticipating the manufacturer’s optimal reaction on

the direct selling quantity, the retailer decides her order quantity qr so as to maximize

= (u (1—w)—w> qr, 1=h,l. (11)

87
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In the separating equilibrium, we consider that the manufacturer’s belief is a = «, if
qr > q%, while o = oy if qg < ¢f;. There exists a Perfect Bayesian Equilibrium (PBE) if
and only if the retailer’s strategy of quantity gr satisfies

max 7r(qr > qplan) > maxmr(qr < qplon), (12)
max Tr(qr < qploy) > maxmr(qr > qh|a), (13)
qr = 0. (14)

If the market size is large, inequality (12) guarantees that, compared to pretending that
the market size is small, the retailer is better off by signaling the manufacturerthe actual
large market size. If the market size is small, inequality (13) leads to-a lower profit for
the retailer if she signals the manufacturer a large market size. Inéquality=(14) ensures
a non-negative order quantity for the retailer. Solving inequalities (12)-(14), we generate

the following lemma.

Lemma 1. With the threshold value

ﬂ[c—i—u—2w]+, if w <w,
2u

s _ 1

qr = " [((2c, — cu)u + coy — 2way,

—v/ (e + ag)e + (B, — ap)u “dway) (u — ¢) (o — ay))] " otherwise,

the most profitable separating equilibriumm. for retailer is: when o = ay,, the retailer sets

qr = qF = w > qp; when o= «y, the retailer’s order quantity qr = ggE = qp-
Here. = “on—Sonpte(antar)
T 2(an—v) :

According to Lemma 1, we, find that in the separating equilibrium, the high-type
retailer can set her first-bestiorder quantity, while the low-type one signals the true small
market size at the expense of an order quantity downward distortion when w > w. Only

when w < w, thelorder quantity of the low-type retailer gﬁE would coincide with the first-
aferu—2w] ™
2u

will orderdess.under asymmetric information than she would under full information. The

best order quantity . When the wholesale price w > w, the low-type retailer
low-type retailer needs to downward distort the order quantity to a level such that the
high-type retailer would have no incentive to mimic. Consequently, the market size is
credibly signaled; that is, the manufacturer can always learn the market size from the
retailer’s order quantity and decide his direct selling quantity accordingly.

Next, we turn to the pooling case denoted by a superscript “o”. Based on the ex-

pected market size, the uninformed manufacturer chooses the direct selling quantity ¢,

/{2
ﬁﬁEIE[wQR—l—(u(l—w)—C)qM—Tu}, (15)

to maximize

«Q
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which gives
o _ ((gqr — M\gr — ay)u + coy)ay, + Augroy + (16)
Im 2u((h — 1)an — Aau) '

For the pooling equilibrium, we consider that the manufacturer’s belief is the same as

his prior belief if gr < ¢%, and his belief is o = «, if gr > ¢%. There exists a PBE if and
only if the retailer’s strategy satisfies

( max7r(qr < qglan) = Tr(qr = qrlan), (17)
max 7r(qr < qglon) = wr(qr = qglo), (18)
max 7r(qr < qplan) > maxwr(qr > q%lan), (19)
max 7r(qr < q%|a;) > maxwr(qr > qnlar), (20)

Lg% > 0. (21)

Equalities (17)-(18) demonstrate: if the retailer wants the manufacturer to remain un-
informed, her order quantity needs to satisty gr < ¢%, andher profit is highest when
qr = ¢% no matter how large the market size is. Inequalities (19)-(20) make sure that,
compared to the case that the manufacturer believestin aslarge market size, it is more
profitable for the retailer to keep the manufacturer uninformed. Solving (17)-(21) renders

the following lemma.

Lemma 2. The most profitable pooling equilibrium for the retailer is

((c+u —2w)ay = 2\ (ap — ;) (v —w))oy ] ™

2u((1 — N)ap + Aay) ’

qr = qp = (22)

no matter how large the market sige/is. Such a pooling equilibrium exists only when
conditions (A13) and (A14). inithe Appendiz are satisfied.

To refine multiple equilibria, we adopt intuitive criterion (Cho and Kreps, 1987) and

obtain the following proposition.

Proposition 1. Any pooling equilibrium and any other separating equilibrium, except

those presented in Lemma 1, cannot survive the intuitive criterion.

By Proposition 1, we only need to focus on the separating equilibrium where the
manufacturer can perfectly infer the market size from the retailer’s order quantity.

Atthe beginning of the selling season, anticipating the subgame equilibrium in Lemma 1,
the manufacturer chooses the wholesale price w to maximize

s k?
ﬂﬁE:E[wqRJr(u(l—M)—c)q]sw—%], (23)

«

in which, qr = G when o = ay, and qr = ng when a = o as shown in Lemma 1.

Finally, before the sell season begins, the manufacturer sets the optimal quality. Due to

13



the complexity of manufacturer’s profit function, analytical expression for the equilibrium
quality and wholesale price are hard to derive. Hence, we resort to numerical analysis in

Section 4 to gain some managerial insights.

3.3. Full information

In order to investigate how information about market size affects the chain members’
decisions, in this subsection, we look into the case where both the retailer and the manu-
facturer know the actual market size at the beginning of the selling season. Superseripts
“FN” and “FE” represent the cases without and with manufacturer encroachment under
full information, respectively.

We begin by Case FN. Solving the game backwards, we first.obtain the retailer’s
optimal order quantity as

gy = (24)
Substituting (24) into the manufacturer’s profit

k 2
T = WYR — %» L= h7 l: (25)

FN.

we can get the optimal wholesale price is w"™\ =ug_for either ¢ = h or ¢ = [. Finally,

before the selling season begins, the manufaeturer chooses the quality level to maximize
the expected profit as

YN fou?
2 o2

(u—"w

v =E (26)

which yields the optimal quality level as u™Y = & The equilibrium wholesale price, order
quantity, expected profits of thé chain members are the same as those under asymmetric
information, which can beseen in (8).

Next, we turn tolCase FE. If the manufacturer encroaches, the manufacturer who

also knows the trie market size chooses his direct selling quantity to maximize

k2
WM:wqR—I—(u(l—W—W)—c)qM—%, i=nh,l. (27)

Q

The firstsorder condition of (27) indicates

(00— g —ca]*
iip = | i=hl (29

The retailer chooses her order quantity after anticipating the manufacturer’s response.
The retailer’s profit is

TR = (u (1—qR+—qM> —w) qr, 1=h,l, (29)

e%)
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according to which we derive the retailer’s optimal order quantity as

J— . +
FE:{(U—FC 2w)az] =l

30
dr 2 ( )

Substituting (30) and (28) into (27) renders the optimal wholesale price for the man-

ufacturer as 3
uU—c
WP —

= = h,l 31
6 ) 1 b ( )
with the corresponding quantities
2cq;
FE i
= =h,l 32
qR 3’LL ’ ? ] ( )
o (Bu—>5c)a;
an 6u y 0 ) (33)

Lastly, before the selling begins, we can obtain the optimal qualityslevel to maximize the
manufacturer’s expected profit as shown in Lemma 3. The equilibrium wholesale price,

order quantity, expected profits for both players can be‘ebtained correspondingly.

Lemma 3. Under full information with encroachmentythe optimal quality level is

ur, ifC<Cl,

UFE = Uz, Zf C1 S c < Cg, (34>

u™, i ¢ > cy.

Here, ¢; and u; (j =1,2) can be“seen in Appendix.

Lemma 3 distinguishes three’cages: (1) if ¢ < c;, the optimal quality level is uf® = uy,

FE — y4, and

and the manufacturer ehicroaches with ¢iF > 0; (2) if ¢y < ¢ < ¢, u
the retailer deters thé manufacturer from selling directly by choosing an order quantity
gk = %ﬁc) (i &{h,1}) such that ¢}¥ = 0 (according to Equation (28)); (3) if ¢ > ¢,

then u/® = ufY

, and the existence of the direct channel shows no influence on the chain
members’ decisions, that is, the equilibrium results under encroachment are the same as
those under no“encroachment.

It should be mentioned that the case of ¢fF = 0 with encroachment (no sales in the
direct ‘¢hannel) is not necessarily the same as the case without encroachment (no direct
channel exists). As shown in Lemma 3, if ¢; < ¢ < ¢y, although we can get ¢fF = 0,
this case which is caused by the retailer’s order quantity decision differs from the case
without encroachment. This can illustrate the phenomenon in reality that with man-
ufacturer encroachment, a large variety of products are exclusively sold in the retailer.
For example, Dell and Toshiba have developed exclusive high-end personal computers

for their retail partners like Best Buy and Circuit City (Lawton, 2007). In the apparel
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industry, companies such as Ralph Lauren, the Armani Group, Hugo Boss, and Baravade
have developed exclusive lines for the independent retailers (Ha et al., 2015). It also high-
lights the business reality that manufacturers, such as Daimler, Nikon, and Rubbermaid,
used the direct channel merely as a medium to provide consumers with both product
information and availability information such that consumers can buy products from the
nearest in-stock retailer. They do not offer the products for sale directly, in order to avoid

potential channel conflict (Wang et al., 2017).

3.4. No information
In this subsection, we discuss the case that neither the manufacturernor the retailer
knows the actual market size during the whole planning horizon. As in‘the above analysis,

we first investigate the no encroachment case denoted by a superscript “NN”. The retailer

o= [(u(1-%) o) e

«

decides gg to maximize

which renders

w _ (u—w)m
=" 36
4r 2u (36)
where m = —2*~—_ Anticipating this, the manufacturer chooses the optimal wholesale
h—Aap+Aqg
price as w™N = 5. Lastly, the optimal quality level.is
NN\ ™M

U ) 37
S (37)

The equilibrium wholesale price, order quantity, expected profits of the chain members

respectively are

NN m Ny _ T NN _ _NN m? (38)

= — = T = — .
ok’ P70 ™ TR gk
Next, we consider théicase with manufacturer encroachment under no information,

which is denoted by a“superseript “NE”. The manufacturer chooses ¢, to maximize
+ ku?
FM:E[MQR+<U<1—M>_C>QM_T:|7 (39)
Q@

which yields

+
NE (m — gr)u —cm
= : 40
e (40)
Basedwon this, we can obtain the optimal order quantity for the retailer as
+
NE (c+u—2w)m
pry . 41
o = [ (41)

Plugging (40) and (41) into (39), we can get the optimal wholesale price for the manufac-
3u—c
6
the manufacturer’s expected profit is shown in Lemma 4. The equilibrium wholesale price,

turer as w = Finally, before the selling begins, the optimal quality level to maximize

order quantity, expected profits for both players can be obtained correspondingly.
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Lemma 4. Under no information with encroachment, the optimal quality level is

ﬂla ch < 6l;
W= h,,  ifE < o<, (42)
™, ifc> 6.

Here, ¢; and @; (j =1,2) can be seen in Appendix.

Similar to the case under full information, there are also three cases underino infor-
mation: (1) if ¢ < ¢, the manufacturer encroaches, and u™f' = iy; (2)df cN< ¢ < &,
the retailer prevents the manufacturer from selling directly by setting-am order quantity
q¥F = M, and u™F = @y; (3) if ¢ > &, the existence of the directh¢hantel shows no

u
influence on the chain members’ decisions, and v*¥ = u™V.

4. Analysis

In this section, we investigate the effects of encreachment and information on the
equilibrium quality and profits of chain members:“With numerical analysis, we consider

the following parameters: a;, = 1.5, oy = 1, A =0.5, k= 0.2.

4.1. Encroachment vs. no encroachment

In this subsection, we examine the effects‘of manufacturer encroachment under differ-

ent information structures.

4.1.1. Full information
Proposition 2. Under full inforniation,
(1) if ¢ < ¢y, the optimal ‘quality level with encroachment ut® first decreases and then

FE s independent of c;

increases with epand if ¢ > co, u
(2) there exists.a threshold value c3 such that u'™® < u'™ if ¢ < ¢ < ¢3, and uf® > ™

otherwise.

Proposition"2-and Figure 2(a) indicate the impacts of the manufacturer’s direct selling
cost ¢ on the/optimal quality level v!*. We find that the impact of ¢ on the product
qualityyuf” is not monotone. The reason can be explained as follows. (1) If ¢ < ¢,
the manufacturer sells products through both the retail channel and the direct channel.
According to Equations (32) and (33), we get % = —% < 0 and % = % > 0,
i € {h,l}, implying that with ¢ increasing, demand in the direct channel drops while
that in the retail channel enhances. On the other hand, when wu is smaller, the decreased
demand in the direct channel and the increased demand in the retail channel by increasing

¢ are larger, i.e., more demand is shifted from the direct channel to the retail channel.
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Thus, when ¢ increases, i.e., direct selling is less efficient, a smaller u is adopted to shift
more demand from the direct channel to the retail channel. (2) If ¢; < ¢ < ¢y, the retailer
deters the manufacturer from selling directly by setting an order quantity ¢k = W
(1 € {h,1}). Obviously, % = —% < 0,4 € {h,l}, implying that the demand in the
retail channel decreases with c¢; that is, when direct selling is less efficient, a smaller order
quantity is needed to help the retailer to deter the manufacturer from selling directly. In
addition, with a larger u, the decreased demand in the retail channel by increasing c is
smaller. Consequently, when ¢ increases, a larger u is set to allow the manufacturer to
retain the retail demand at a certain level (less retail demand is reduced). (3) If.¢ > ¢y, the
equilibrium results keep the same as those without encroachment, and v/* isindependent
of c¢. Note that with ¢ increasing, the optimal quality level u* exhibit a-dewnside jump
at ¢ = ¢; and ¢ = c. With ¢ increasing, the retailer will have incentive'to prevent the
manufacturer from selling directly, which leads to a lower guality, of/the manufacturer
(when ¢ = ¢;); when c is relatively large, both players are4yilling to adopt the strategies
in the case without encroachment, which also reduces the quality (when ¢ = ¢3).
Furthermore, Proposition 2 and Figure 2(a) also imply*that encroachment decreases
quality only when c is intermediate, i.e., ¢; < ¢ < cg-~More specifical results are concluded
as follows. (1) In the dual-channel selling cases(i.e.; ¢ < ¢;), a higher quality is set
by encroachment. The reason is that compared|to the no-encroachment case, a higher
quality will lead to more marginal revenue\inrthe encroachment scenario where there
exists a direct channel free of double marginalization. Such result can be supported
by some business practices. For example, it is shown that in apparel industry, dual-
channel selling is beneficial for produet quality improvement (Mount, 2013). (2) In the
case where the retailer preventithe manufacturer from selling directly by setting an order
quantity (i.e., ¢; < ¢ <dcp)pencroachment may decrease the quality when c is relatively
small (i.e., ¢ < ¢3).4 Here, under both the cases with and without encroachment, the
manufacturer only reliesyon the retailer to sell the products. Without encroachment, the
manufacturer “optimal/ quality level u/V = &, which is independent of c¢. Nevertheless,
with encroachment), the manufacturer’s direct selling cost ¢ will affect the retailer’s order
quantity reaction, and thus affect the manufacturer’s quality decision. Specifically, the
retailer’shordér quantity reaction is ¢f° = a; (1— %) (i € {h,1}) in order to ensure
¢tF '="0y Note that increasing quality can help the manufacturer to reach a higher
order guantity from the retailer, but it also incurs a larger quality investment cost. The
manufacturer should strike a balance between the benefit from more retail demand and
the loss from larger investment cost by rasing quality. As a result, when c is relatively
large, investing in quality can greatly enhance the order quantity from the retailer, and

the manufacturer will raise quality with encroachment; while when c¢ is relatively small,

18



: .— : : . 0.2 : S : : :
—_— : ; E : —
1 A | 1, L i
i : : N : : _-— = E
: : # oz : : u
18r : : s : : "
=~ : : i \ : : i
o : - ' : :
i A : . R ' : e W
o ” Co ;
12} [ ; L v ;
| : , v : - :
| T R e
| N A
08} LT P L
’ 1 L et :
i 0 = o :
pa} e P o
et i m s o |
N N leee™NL WL N
0 0.2 0.4 0.8 08 1 12 14 0 02 0.4 0.& 0.4 1 12

(a) Product quality (b) Profits

Figure 2: Product quality and profits with different=¢.under full information

he will lower the quality to save cost. (3) If ¢ >\¢3, encroachment shows no influence on
the quality level.

Figure 2(b) depicts profits for the chain“members with different ¢ under full informa-
tion. When ¢ > ¢,, encroachment~does not affect the chain members’ profits. For the
manufacturer, the impact of ¢ on“his profit with encroachment 74¥ is not monotone. If
¢ < c1, the manufacturer’s profit rl¥ ‘decreases with ¢ since his profit from the direct chan-
nel reduces when direct selling hecomes less efficient. If ¢; < ¢ < ¢, ﬁff first increases
and then decreases withic. On one hand, the optimal quality level, and correspondingly
the wholesale price.inerease with ¢. On the other hand, the order quantity from the re-
tailer decreases With ¢.)As a result, m4F first increases and then decreases with c. For the
retailer, her profit with encroachment 75F increases with ¢ if ¢ < ¢y due to the increased
competitive pewer of the retail channel. In addition, the retailer’s profit 75F exhibits an
upside jump when she has incentive to prevent the manufacture from selling directly (at
¢ =‘ep).and a downside jump when both chain members are willing to use the equilibrium

strategies under the case without encroachment (at ¢ = ¢y).

Proposition 3. Under full information,
(1) the manufacturer always prefers to encroach, i.e., miF > wiN.
2) there exist a threshold value ¢y such that 58 > N if ¢y < ¢ < ¢y, and whF < 7EN
R R R R

otherwise.
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Proposition 3 and Figure 2(b) also demonstrate the effects of encroachment on profits
for the chain members. For the manufacturer, he is always better off with encroachment
since the added direct channel not only can enhance demand (when ¢ < ¢;), but also can
serve as an effective threat to the retailer and allow the manufacturer to use the quality
and wholesale price decisions more aggressively to extract profit from the retailer channel
(when ¢; < ¢ < ¢y). For the retailer, she can also benefit from encroachment when ¢y <
¢ < ¢y. Note that encroachment has three effects on the retailer: a negative competition
effect (adding a direct channel gives rise to channel competition, which hurts the retailer),
and a wholesale price change effect (a different level of wholesale price is adepted by the
manufacturer with encroachment), and a quality change effect (encroachment changes
the quality). If ¢ < ¢;, the negative competition effect dominates the other two effects,
and encroachment hurts the retailer. If ¢; < ¢ < ¢y, there aré no sales in the direct
channel, and only the later two effects play a part. In otherwords, the retailer deters
the manufacturer from selling directly to avoid channel compeétition successfully. In this
single-channel selling case, only under a relatively largé ¢ (when ¢ > ¢;), encroachment
increases quality or/and decreases wholesale price, which will'benefit the retailer.

In sum, encroachment can lead to a “win-win™ outcome for the manufacturer and the
retailer when there are no sales in the direct channel!” This result may offer a possible
explanation for manufacturers like Daimler and Nikon to use the direct channel merely

as a virtual showroom to provide information where products are not available.

4.1.2. No information
Proposition 4. Under no information,
(1) if ¢ < &, the optimalquality)level with encroachment u™F first decreases and then
increases with ¢, andwif ¢ >y, uNF is independent of c;
(2) there exist a thyéshold value ¢3 such that u™ < u™N if ¢, < ¢ < ¢3, and u™F > u™

otherwise.

NE and the impacts of

Proposition 4 and/Figure 3(a) indicate the impacts of ¢ on u
manufacturer.encroachment on the quality. The results are similar to the case under full
information. Specifically, except the case that the existence of the direct channel does not
affect the'ehain members’ decisions, or say, when ¢ < &, the optimal quality level u™¥
first ‘décreases and then increases with c¢. In addition, encroachment decreases quality
when the manufacturer’s direct selling cost ¢ is medium, i.e., ¢; < ¢ < ¢s, since a lower
quality can help the manufacturer to better balance the quality investment cost and the

retail market revenue.

Proposition 5. Under no information,

(1) the manufacturer always prefers to encroach, i.e., m3F > wi\V;
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(2) there exist a threshold value ¢y such that e > 7R if ¢4 < ¢ < é9, and THE < RN

otherwise.
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Figure 3: Product quality and profits with different ¢ under no information

Proposition 5 and Figure 3(b) suggest the impacts of manufacturer encroachment on

the chain members’ profits and the impacts of ¢ on 73F and w)F

. Similar to the results
under full information, if ¢ ig’relatively small such that different strategies are adopted
between the cases with and without encroachment (¢ < &), the manufacturer’s profit
with encroachment 7i7 first decreases, and then increases, and lastly decreases again
with ¢; while the retailer’s profit with encroachment 7¥ increases with ¢. In addition,
the manufacturer always benefits from encroachment, while the retailer is better off with
encroachment”onlytunder a medium direct selling cost (¢4 < ¢ < ¢&) where she avoids
channel competition and benefits from an increased quality or/and a decreased wholesale

price.

4.1.8 “Asymmetric information

Since it is challenging to derive the analytical results, we examine the effects of manu-
facturer encroachment under asymmetric information by carrying out a numerical study.
Figure 4 shows product quality and profits for the manufacturer and the retailer with
different ¢ under both the cases with and without encroachment. The results are simi-
lar to those under full or no information. If ¢ < 0.344, the manufacturer sells products

through both the retail channel and the direct channel. The increase of ¢ leads to a lower
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quality u®, a lower manufacturer’s product 74, and a higher retailer’s profit W}’%E I

0.344 < ¢ < 1.224, the retailer deters the manufacturer from selling directly. With ¢

AE and 74P increase, and m4F first increases and then decreases. If ¢ > 1.224,

increasing, u
the results remain the same as those without encroachment, and the chain members’
decisions are independent of c.

In addition, encroachment decreases quality when 0.344 < ¢ < 0.529 since anticipating
the retailer’s reaction to deter him from selling directly, the manufacturer can lewer the
quality to achieve a balance between the quality investment cost and the retail market
revenue. [t should be mentioned that although encroachment leads to order quantity
downward distortion under asymmetric information, the manufacturer canystill benefit
from encroachment. This result differs from that in Li et al. (2013) where.in the absence
of quality decisions, the manufacturer may be worse off with encroachment-since the order
quantity is downward distorted by the retailer to signal the true market size. The reason
is that with endogenous quality decision, the manufacturer nét only can use the quality
decision but also can adjust the wholesale price to influence\the retailer’s demand. As
a result, despite of the downward distorted order quantity,»the additional direct channel
always benefits the manufacturer by increasing demand or serving as an effective threat
to help him to extract profit from the retail ¢hannel more aggressively. Furthermore,
the retailer can also benefit from encroachment when 0.478 < ¢ < 1.224 since she avoids
channel competition by preventing the manufa¢turer from selling directly and enjoys the

increased quality or/and reduced wholesale price by encroachment.
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Figure 4: Product quality and profits with different ¢ under asymmetric information
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Figure 5: The effectsf manufacturer encroachment on the quality via different system parameters

Figure 5 demonstrates more subtle results about the impacts of encroachment on prod-
uct quality with respect to ¢, k, A, and Z—’; Under asymmetric information, the ability to
encroaching can“éither enhance or hinder a manufacturer’s quality investment, depending
on the demand distribution parameters (i.e., A, o, and ), his cost disadvantage (i.e., ¢)
and ‘quality investment cost efficiency (i.e., k). First, we can find that encroachment
decreases quality only when the manufacturer’s direct selling cost ¢ is intermediate, the
reason of which has been given in previous analysis. Second, the region where encroach-
ment decreases quality shrinks with & increasing. When quality investment is less efficient,
i.e., k is larger, the manufacturer has less incentive to lower quality with encroachment.

Third, encroachment is more likely to reduce quality when A (the prior probability of
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intermediate. Finally, we can find that with the ratio of the

the large market size)
two market si o‘a—’;) increasing, the region where encroachment decreases quality
expands. en the difference of two market sizes is larger, the retailer who observes
a large market size has more incentive to mimic the low-type retailer. As a result, the
low-type er has to distort the order quantity downward more severely. Anticipating
the retailer’s effort on preventing him from selling directly by setting a greatly downward
distorted order quantity, the manufacturer is more likely to reduce the quality to match
this lower order quantity from the retailer in the encroachment case.

Figure 6 indicates the impacts of encroachment on the retailer’s profit with respect to
¢, k, \, and z—’; As depicted in Figure 6, the retailer can benefit from manufacturer en-

croachment when c is intermediate. By adjusting the order quantity, the retailer can deter
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the manufacturer from selling directly with an intermediate ¢, which indeed eliminates
the negative competition effect of encroachment. Consequently, although the retailer has
to downward distort the order quantity to signal the true market size under asymmetric
information, she still can gain more profits with encroachment due to a reduced wholesale
price or/and an increased quality. Furthermore, the region where the retailer is better
off with encroachment shrinks with & increasing, while expands with A or O;—’l‘ increasing.
When the quality investment is efficient (i.e., k is small), or the probability of large‘market
size is high (i.e., A is large), or the ratio of two market sizes is large (i.e., ‘z—’; isdarge), the

retailer is more likely to benefit from encroachment.

4.2. Asymmetric information vs. full information vs. no information

In this subsection, we investigate the impacts of information structure,on the product
quality and profits of the chain members with manufacturer encroachment. Main results
are illustrated in Figure 7.

Figure 7(a) depicts the product quality under different information structures. First,
the quality under no information (i.e., u’¥) is always lower-than that under full infor-
mation. The reason is that under no information, neither of the players know the true
market size, and the manufacturer is cautious‘im,setting product quality. Therefore, he
sets a lower quality to avoid the potential loss when the actual market size turns out to
be oy. Second, when ¢ < 0.344, v*F >_u/P\holds; when 0.344 < ¢ < 1.198, u'F > y4F
stands; when ¢ > 1.198, encroachment does not affect the chain members’ decisions under
full information (thus we pay speeial attention to the former two cases). This attributes
to the order quantity downwapd- distortion effect (the low-type retailer has to downward
distort the order quantity t0 separate herself from the high-type one) in the presence of
asymmetric informations Tn a dual-channel selling case (¢ < 0.344), such distortion effect
has two aspects: on enhe hand, it has a direct effect by reducing the order quantity in the
retail channel; onthe other hand, it has an indirect effect by alleviating the competition
between the manufacturer and the retailer, which in turn increases the marginal revenue
in the direct/ channel. To match the lower order quantity from the retailer caused by the
direct distortiom=etfect, the manufacturer would decrease the quality; however, since the
marginalirevenue in the direct channel enlarges due to the indirect distortion effect, the
manufaeturer has incentives to improve the quality. Since the indirect distortion effect
dominates the direct one, the manufacturer sets a higher quality to expand profit from

the direct channel. In a single-channel selling case (0.344 < ¢ < 1.198), as shown in
ai(u—c)

Section 3, the retailer deters the manufacturer from direct selling by setting qp = ==

(¢ € {h,l}), which implies that a lower quality corresponds to a lower order quantity.
Thus, the manufacturer lowers the quality to corresponding to the lower retail demand

(the order quantity is downward distorted) under asymmetric information, compared to
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the case with full information.

Figure 7(b) demonstrates the impacts of different information structures on the man-
ufacturer’s profit. For one thing, we find that 7i¥ > 7 when c is relatively small
(c < 0.855), and miF < w41 when c is relatively large (0.855 < ¢ < 1.224), and 7iF = 74
when ¢ is quite large (¢ > 1.224 and encroachment does not affect the chain members’
decisions under both full and asymmetric information). When ¢ is relatively large, the
result is counterintuitive, where the manufacturer who faces an informed retailer prefers
to be uninformed and keep the information disadvantages, rather than grasping theytrue
market information; that is, 7fF < 74, Such conclusion differs from thatuin Li et al.
(2013) where the manufacturer always prefers the full information cage. The reason is
as follows. Under the case that the retailer has capacity to deter thé unanufacturer from
selling directly, if ¢ is relatively large, investing in quality brings a small benefit from
increasing order quantity, however, it incurs a significant quality investment cost. Com-
pared to the full-information case, the order quantity downward distortion effect under
asymmetric information can allow the manufacturer to lewer the quality (as shown in Fig-
ure 7(a)). When 0.855 < ¢ < 1.224, such a decreased quality’can help the manufacturer
to avoid the great quality investment cost in return for a negligible benefit (i.e., better
balance the quality investment cost and retail arket revenue), and it compensates for
the loss of order quantity downward distortion; that is, asymmetric information eventu-
ally benefits the manufacturer. However, when'c < 0.855 such that the direct channel
is relatively efficient, the loss from the downward distorted order quantity is significant
for the manufacturer. As a result; he gets a loss from asymmetric information. For an-
other thing, we find that 7)F & 7, which means the uninformed manufacturer prefers
to interact with an informed tetailer, since he can screen the true market size from the
separated order quantity and tailor his optimal direct selling quantity to the true market
size so as to generate more profits.

Figure 7(c) shéws how different information structures affect the retailer’s profit. Ac-
cording to Figure'7(c); when c is quite small (¢ < 0.344), the retailer prefers to share
her information credibly, i.e., 75F > 74F: when c is intermediate (0.344 < ¢ < 1.224),
she bengfits from the information advantages and is reluctant to share information, i.e.,
kP < mE: when c is large (¢ > 1.224), encroachment shows no influence on the chain
membersi-decisions, and 75F = 74P, Sharing information with the manufacturer is a
double-edged sword for the retailer. On one hand, sharing information means giving up
the information advantages for the retailer, and allows the manufacturer to tailor his
optimal wholesale price and direct selling quantity to extract more profits from the re-
tailer, which hurts the retailer. On the other hand, information sharing can also cure

the retailer’s incentive to distort her order quantity. Such an avoidance from the order
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quantity distortion may benefit the retailer. As a result, the retailer may or may not
prefer to share her information with the manufacturer when the latter establishes a direct
channel channel. In addition, we conclude that 78 > 7maF when c is small (¢ < 0.344)
while 7¥F < m4F when c is not small (¢ > 0.344). Having a better knowledge can allow
the retailer to tailor her order quantity to each market size, but it can also generate an
unexpected order quantity distortion. Thus, the retailer prefers to keep uninformed when
¢ is small while is willing to develop the informational capability when ¢ is not simall.

Moreover, combining Figures 7(b) and 7(c) shows that in most cases, the chain mem-
bers can reach a consensus on information sharing. Specifically, both the manufacturer
and the retailer have incentives to eliminate the information advantages of the retailer
and reach a full-information case when c¢ is quite small (¢ < 0.344)while.both of them
benefit from the information advantages over the manufacturer when c igtelatively large
(i.e. 0.855 < ¢ < 1.224). In addition, there also exists a case ‘where the chain mem-
bers have different preferences on information sharing when“c is relatively small (i.e.,
0.344 < ¢ < 0.855). Specifically, the retailer prefersdto keep the market information
private; however, the manufacturer prefers to a full-infermation case.

To gain a deeper intuition, we further demonstrate the results about when the man-
ufacturer prefers asymmetric information rathersthan full information with respect to
different ¢, k, A, and i—’l in Figure 8. First, compared to a full-information case, the
manufacturer prefers to keep uninformed.when his direct selling cost c is relatively large,
which is in line with the previous analysiss_Second, it should be mentioned that when A
is small, the manufacturer always prefers a full-information case. Facing a market with
a high probability of small market Size/(i.e., A is small), there are more opportunities for
a low-type retailer to distort order/quantity downward. Thus, the manufacturer prefers
a full-information case due,to such a strong order quantity distortion effect when A is
small. Third, Figure 8 also indicates that the manufacturer is more likely to prefer an
asymmetric-informationicase when k& and Z—’; are intermediate, or A is large. It should be
mentioned that.when A = 1, no information asymmetry exists. In fact, there will be a
discontinuity between the equilibrium results with a A close to 1 and with a A equaling
to 1. Such a dis€ontinuity is common among signaling games, which can also be seen in
Li et al.(2013).

5. Extension: alternative timing of quantity decisions

In the basic model, we assumed that the manufacturer sets the direct selling quantity
after observing the retailer’s order quantity decision. Here, we examine the case where
the manufacturer commits a direct selling quantity before the retailer’s order quantity

decision. Before receiving the retailer’s order quantity qr, the manufacturer cannot infer
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the market size according to qr, thus needs to predict the retailer’s order quantity reaction
and decides the optimal direct selling quantity ¢;; to maximize his expected profit. Solving

the game backwards, we first get the retailer’s optimal order quantity as

(@ — qar)u — ] ™

2u ’

qr = i€ {h,l}. (43)
Here, the superscript “D” denotes the case that the manufacturer’s direct selling giantity
is set before the retailer’s order quantity. Anticipating the retailer’s order quantitysreac-
tion, to maximize the manufacturer’s expected profit, we can obtain the optimal direct

selling quantity as

= [52m] (a4

Based on this, the manufacturer’s optimal wholesale price under#a given u is

p_ U
=—. 45
w 5 (45)
Finally, the manufacturer’s expected profit can be given by

2c2m4um—2kud —2ucm (o, —ap)?(1-X) 3
Tu T S ) if u>2c, (46)

if v < 2e.

T = wlpi—Aku)
— =5
When u > 2¢, we have ¢} > 0, andthémantfacturer sells products through dual channels;
when u < 2¢, we have ¢} = 0swhere the manufacturer sells products only through the
retail channel, and the existénce of the direct channel does not affect the chain members’
decisions. It should be_mentioned that in the basic model where the retailer has first-
move advantages to décide the order quantity, she can choose an order quantity to deter
the manufacturer fromselling directly; however, in this case where the manufacturer first
commits a direct'sélling quantity, the retailer cannot control the manufacturer’s direct
selling quantity through her order quantity decision. As a result, the case that the retailer

deters the manufacturer from selling directly does not exist.
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Figure 9: Product quality and profits with different ¢ undera direct selling quantity commitment

Figure 9 shows the effects of encroachment,on product quality and profits for chain
members when the manufacturer’s direct selling'quantity is set before the retailer’s order
quantity decision. The manufacturer is still\always better off with encroachment due to
the increased demand of an additional channel. Different from the basic case, the results
show that encroachment always inereases product quality and the retailer is always worse
off with encroachment. The reasonyis that in this case, the retailer cannot avoid channel
competition caused by encreachment, which adversely affects her profit.

Figure 10 shows the @emparison of manufacturer’s profits with different timings of
quantity decisions. It/ndicates that the manufacturer can gain more profits when he sets
the direct selling quantity later (i.e., the basic case). Thus, the manufacturer has incentive
to revise his diréet selling quantity after receiving the retailer’s order. In other words, the

manufacturet’s direct selling quantity commitment aforehand indeed is not credible.

6. Conclusion

We'consider manufacturer encroachment with endogenous product quality under three
different information structures, i.e., full information, asymmetric information, and no
information, to explore the effects of encroachment and information on the product quality
and profits of chain members. Under the case of asymmetric information where a signaling
game arises, only the separating equilibrium satisfies the intuitive criterion so that the

low-type retailer has to distort her order quantity downward to costly signal her type.
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By examining the effects of encroachment on the quality, we find that encroachment
decreases quality if the manufacturer’s direct selling cost is intermediate, and increases
quality otherwise. Under each information structure, encroachment benefits the retailer
under an intermediate direct selling cost when she deters the manufacturer from selling
directly (which eliminates the negative competition effect caused by encroachment). The
manufacturer is always better off with encroachment since the added channel can either
increase demand or serve as an effective threat to the retailer and allow the manufacturer
to use the quality and wholesale price decisions more aggressively to extract_profitifrom
the retailer channel.

We further explore the implications with manufacturer encroachment for,inférmation
management and generate the following results. (1) Quality may be‘upwazd changed by
asymmetric information when direct selling is relatively efficienty but may be downward
changed when direct selling is relatively inefficient. (2) The manufacturer may prefer to
keep the information disadvantages, rather than having a bétter knowledge about the
market size when his direct selling cost is relatively large and the prior probability of
large market size is high. The rationale behind it is‘thatsaSymmetric information not
only leads to a downward distorted order quantity,.but also allows the manufacturer to
set the quality at a different level. Specificallypmasymmetric information can help the
manufacturer to better balance the quality,invéstment cost and retail market revenue
by setting a lower quality, which compensates for the loss of order quantity downward
distortion. This result complements prior literature that has shown that without quality
decisions, the manufacturer with” encroachment always prefers a full-information case.
(3) The manufacturer prefers to_sell,to an informed retailer since he can screen the true
market size from the separated/order quantity. (4) To avoid the negative effects of order
distortion caused by asymmetric information, an informed retailer may be willing to share
the information with{the manufacturer when direct selling is efficient. (5) Both players
can reach a consensus on information sharing when the manufacturer’s direct selling cost
is quite small or.relatively large; however, there also exists a case where the manufacturer
prefers a full-information case while the retailer prefers to keep information advantages
when the direct"selling cost is relatively small.

In addition, we also investigate an extended case where the manufacturer has a priority
on setting the direct selling quantity. In this case, encroachment is still beneficial to
the manufacturer; however, different from the case where the retailer has a first-mover
advantages on quantity decisions, encroachment always hurts the retailer since she cannot
avoid channel competition. Moreover, comparing the two cases with different timings
of quantity decisions, we find that the manufacturer always prefers to a later quantity

decision on the direct channel; that is, an aforehand direct selling quantity commitment
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may be not credible.

Despite the importance of the managerial insights for manufacturer encroachment with
quality decisions and information management, our study also has a few limitations. First,
we focus on the common linear wholesale price contract. However, it is also of interest to
study a nonlinear pricing contract where the issue under asymmetric information changes
from signaling to screening. Second, more generalized quality investment cost function
may be considered in the future study. Third, in this paper, we consider thelcase of
asymmetric demand information where the retailer has a better knowledge about thetrue
market size. We can also encode the asymmetric cost information where the manufacturer

privately knows his direct selling cost in the future works.
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Appendix

Proof of Lemma 1. If the retailer wants to separate, she will set different order quantities
under different market sizes. As shown in (12)y*and (13), the manufacturer’s belief is
a=qy if gg > ¢}, and is a = a; if gr < ¢}

As 5
(cHu —2w)ay, — uqR)qR, (A1)
20éh

Tr(qr > qplan) =

and
(2(u — w)ay, —ulqr + aq) + caq)qr

20%

mr(qr < grlan) = : (A2)

in order to satisfy inequality, constraint (12), we need

» o —ag)udco—2way, 1

90 o V ((an+aq) e+ (Ba —ag)u—dway,) (u—c) (i —ay).

qr < dqr
When « = ay,, it/is optimal for the retailer to set the first-best order quantity as

g (c+u—2w)oy,

— i A3
4R ou (A3)
Noting that
s c+u—2w)o —u
(g < ghlay) = {EHE 2000~ Wanlan, (A1)
87/

B 2(u —w)ay — (qr + ap)u + cap)q

Tr(qr > qplou) = = . (2Rozl s : - (45)
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it is straightforward to get the retailer’s first-best order quantity qr = (CJ“u;—EWM when
a = aq. Then, we can easily get the most profitable order quantity when oo = oy as
AE s . (ct+u—2w)y
= ¢} = min , . A6
a4 = dr {qR 5 (A6)

When g3, = w, constraint (13) is obviously satisfied; when g5, = §g, it can also be

verified that constraint (13) is satisfied. In addition, denoting A = w —Ar, wWe
can find
0A _on—o ap(u—c)(ap—aqp) (A7)
ow u uy/((an+ay)e+Ban—a)u—dway) (u—c) (o, —oy)
A _ 203 (u—c)*(ap—y)? <0, (AS)

ow? ur/(((an+ar) e+ (3an—ap)u—4way) (u—c) (ag—ay) )

ulan—3a))+c(antou) &

which implies that A is concave in w. Solving A = 0, we can/get w'=

2(an—ay)
w, and w = “¥¢. By virtue of w < %€ and @ < %€, WehaveA:W—QRSO
when w < w; otherwise, A > 0 holds. In other wordsjgs = w if w < w and

¢ = qr if w > 0.

The proof is complete.
Proof of Lemma 2. If the retailer wants the manufacturer to remain uninformed, she
will set the same order quantity for different,market sizes. As shown in (17)-(21), the
manufacturer does not know the actual'market size if g < ¢%, and the manufacturer’s

belief is oo = oy, if qr > ¢%.

Since
o qar 2
< = — — _ _
ﬂ.R(qR = qR|ah) 2ah((]— / )\)ah ¥ )\al) (2(1 )\)(U w)ah + (((q,R + 20([)>\ qr Oél)’l,l,
+ ar(c — 2M\w))ay, — Mugray), (A9)
and
o dr 2
< = 2 — 2w — 2 -2
7r(qr < q%lov) 20 (L= Nar >\Oéz)< Mu —w) () + (2w — 2u)A + ¢+ u — 2w)ay,
— uAgr)oy + uapqr(A — 1)), (A10)

in order,to satisfy constraints (17)-(18), we need

o
2u((1 — Moy + Ay)

qn < (2w = 2u)A 4+ c+ u — 2w)ap, + 2y (u — w)), (A11)
and noting that the larger ¢% is, the larger mr(qr < ¢%|an) and mr(qr < ¢%|ay) are, we
set

T = 2u((1 - )\O)[lozh + A\) (o =2wA+etu=2w)ant 2Aalu=w) )
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In addition, we need to satisfy constraints (19)-(20), which hold if
2A(u — w) (o — ap) + (u+ s — 2w)ay > 0, (A13)
and

(A—l)Q(u+c—2w)2ah3—(A—1)((9u2+(20—20w)u+c2—45w+12w2))\
2

+(=3u+c+2w) (u+ec—2w)) o+ 120X (u—w)? ()\—§> ap,

— 4N (u—w)? <0. (A14)

The proof is complete.
Proof of Proposition 1. We adopt intuitive criterion to refine thé two equilibria existing
in our model. For a signaling game that contains one signal sender and one signal receiver,
the intuitive criterion uses two steps to examine an equilibrium:

Firstly, define a set of types of sender, denoted by €2, with which the highest profit that
a sender can obtain by adopting an off-equilibrium is\Jlower_than the profit by adopting
the equilibrium strategy. In our model, suppose the equilibrium order quantity for the
retailer is ¢%; when the actual market size is small and-the equilibrium order quantity is

q%, When the actual market size is large. For any off-equilibrium gg;,
Q= {a;" Vlah) > Vigrs)}, (A15)

where V (¢%;) denotes retailer’s equilibrium profit, while V' (qp;) denotes the highest profit
the retailer can obtain by setting qr as’off-equilibrium quantity gg;. Note that for a given

qri, the retailer obtains the*highest profit if the manufacturer believes the actual market

Vian) = (u(1- 252) 0 gu, (A16)

Q;

size is small, i.e.,

where qp; is the manufacturer’s most profitable order quantity if he believes the actual
market size is «;.

Therefore, Q@-€ontains the market sizes with which the equilibrium dominates all the
off-equilibrium strategy. Define Q¢ as the complement of Q€. if Q° is an empty set,
which means under each market size, all off-equilibrium is dominated by the equilibrium
strategy, then the second step becomes unnecessary. If Q¢ is not empty, we need to
implement the second step.

Secondly, for a market size in ¢, we examine whether there exist an off-equilibrium
quantity that such deviation leads the manufacturer to believe that the actual market
size is a; € Q° and the retailer’s equilibrium profit is lower than the lowest profit the

retailer can obtain by ordering an off-equilibrium quantity. If there is such a type, then
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the equilibrium cannot survive intuitive criterion. In our model, we denote V (qg;) as the

lowest profit the retailer obtains by adopting an off-equilibrium strategy,

(U (1 - qlﬁ:#) B w) qri, if a € QF,
Vgri) = (u <1 _ gmitan

Qg

) - w> qri, Otherwise. (A17)

If aj, € QF, then the retailer will obtain the lowest profit after a deviation from
equilibrium quantity, which leads the manufacturer to believe the actual markét, size is
large; otherwise, V (qr;) denotes the lowest profit the retailer can obtain under@deviation
from equilibrium quantity that leads the manufacturer to believe the actual market size
is small. If there exist such a a; € QY such that V(q¢%;) < V(qri), them thetequilibrium
cannot survive intuitive criterion.

Following above two steps, we examine whether separating equilibrium or pooling
equilibrium can survive intuitive criterion.

If the retailer chooses pooling strategy, we define her prefit as

Vio (qr) = (u (1 — QRZ—QK/I) — w) qryt = h,l, (A18)
in which «; is the true market size observed by the_retailer and the manufacturer is
uninformed.

If the retailer chooses separating strategy, we define her profit as

J
Vij (qr) = <U (1 S M) - w) qr, 1=h,l, (A19)

€%}
in which o; is the actual marketysizey6bserved by the retailer, while «; is the belief held
by the manufacturer and the corresponding direct selling quantity is q?w.
First, we demonstrate that any pooling equilibrium cannot survive intuitive criterion.
Given the product quality u, there exists a pooling equilibrium where the retailer sets the
same order quantityrq% for different market sizes. Noting that

Vi (47) = (u (1 - M) - w) G, (A20)

67]

Vio (45) = (u (1 - QR*—‘]M) - w) & (A21)

87

we call always find a ¢a < ¢% such that Vj, (q}%) = Vi (¢%).
Substituting ¢4 into Vi, (¢r), and plugging ¢% into Vi, (qr), we can get

Vi) = (u (1= EE00) o) g (A22)

ap

Vio (a) = (u (1 - M) - w) 0% (A23)

ap,
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As a result,

u u
Vi) Vi (o) = (2 = ) G+ i) (A2
o o U U o o o
Vi (680 = Vioa) = (= = ) dh + ) (A2)

in which,

(Oél - qf%) U — Sq;

¢y = o0 , (A26)
g = (k= AZZ (—(;z_) . ;raia_z)fahl;r AR (A27)
By virtue of g5 < ¢% and Vj (qé) = Vi, (¢%), it is obvious that
Vio (45) = Vio (a%) > Viu (ar) — Vad(qR) (A28)
and thus,
Vio (4%) > Vi ()= (A29)

Based on the above statements, as demonstrated.in Figure 11, we can find a ¢5 = g+e,
and € is small enough such that the retailef has an incentive to deviate from the pooling
equilibrium ¢% to ¢& if she finds that the market size is small, but she will not deviate
from the pooling equilibrium if she finds that the market size is large. We assume that
such a deviation always leads the manufacturer to believe that the actual market size is

small, i.e.,

Vio (¢%) > Vi (47) - (A30)
Vio (4%) < Vu (q7) - (A31)

Hence, the pooling equilibrium cannot survive the intuitive criterion.
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Figure 11: Refinement over pooling equilibrium

Now, we prove that any other separating equilibrium cannot survive the intuitive
criterion except the separating equilibrium presented in Lemia 1. In order to convince
the manufacturer that the actual market size is small, the retailer needs to set her order
quantity gr < gy, then a retailer will set gr = ¢fmto maximize her profit. As a result, a
retailer who observes the small market size has no incentive to deviate her order quantity
to a lower ¢ such that ¢ < ¢5. Without doubt, a retailer who observes a large market
size will not deviate her first-best order“quantity to any other quantity. Hence, any
other separating equilibrium cannot survive the intuitive criterion except the separating
equilibrium presented in Lemma, 1.

The proof is complete.

Proof of Lemma 3. Noteithat’'the manufacturer’s optimal quantity decision in the last
stage is ¢tF = [%TL We distinguish three cases: (A;) if (; — qr)u — ca; > 0,
then ¢tF > 0, and the manufacturer encroaches; (As) if (a; —qr)u—ca; = 0, then ¢t = 0,
and the retailer-choeses qr to deter the manufacturer from selling directly (which follows
the corner,solution); (Asz) if (a; — qr)u — ca; < 0, then ¢} = 0, and the existence of the
direct channel does not affect the chain members’ decisions. According to the backward
inductionpfor a given u, the manufacturer’s expected profit for each of the three cases

can he‘given by

7uc? —6pcut3pu’ —6ku’ : 5c
o , ifu >

FE _ ) p(4uc—u?—3c?)—ku? ¢ B¢ 5¢
(p—4ku)u if u < 6¢

8 i

We solve each of the three constrained maximization problems (denoted by A;, As, and
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Aj3) and then compare the maximized 71 in the three cases to find the global maximum.
Problem Ay: u > @

We can get the ﬁrst order derivative and the second-order derivative of ¥ as

2 Omyf  (Bu® =7 — 12ku?

£ = A
fluy 2 52 e (A33)
Pt Tuc? — 6kud
! A M
filw) = ou? 6u3 ’ (A34)

respectively. When f/(%) > 0, i.e, ¢ < 22 f(u) first increases and then degrease with u;
63p

when ¢ > 5260, (u) always decreases with u. It means there exists a unique ui satisfying
f(ur) =0 and f'(u) <0.
We can get the following results. (1) If f((7“c )3) <0, ie., o> §Um We can get

7
f(u) <0, which means ntE decreases with u. The unique maximizer is u* = 3. (2) If

f(Sc) < 0 and f((?uc E ) > 0, i.e, 125k <c< 6\fk’ 7hE first decreases, then increases and

finally decreases again with u increasing. The maximizer is_either u* = % or u* = uy.

It needs to compare WﬂE|u:% and 7P|y, (3) IF £(28). > D, ie., ¢ < 2L 7fF first

increases and then decreases with u increasing. The,unigue maximizer is u* = u;.

3u FE
If e <c< Gfk’ comparing 7iF| u=5e and 717 |y, , We have

TP _ alE c(24p — 125kc) \ Tuc? — 6ucuy + 3uu? — 6ku’
M e A s 90 12u,
c(24p — 12bke)  puy — pe — 3ku?

90 2 (A35)

According to the implicit function theotem, we can get 6puiuf (c) —14puc—36kuiu)(c) = 0.
Tuc
3(p—6kuq)uy
3u?(p — 6kuy) < 0. Then we,can get

ie., uj(c) = I addition, by virtue of f/'(u;) < 0, we have Tuc* — 6ku} =

O[mAT b5 AT Juman] _ 12p—125ke  puf(c) — p — Bkugu) (c)

3

de B 45 2
(69 — 250kc)uy — 105puc
B 90u,
694 — 250kc) £ — 105uc
> (69 901316’“ 2o, (A36)

FE‘ . . . . o
lu=se — Tf Ju=u,] increases with c. There exists a unique ¢ =

which| implies that [7tF
co € (1251@7 G}k) which satisfying [r1F um3e 7P —u] = 0. As a result, if ¢ < ¢y, the
maximizer is u* = uy, and if ¢ > ¢, the maximizer is u* = 3.

Problem A,: %C <u< %‘3
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We can get the first-order derivative and the second-order derivative of wfF as

ot (3¢ —u?)p — 2ku?

ou 2u? ’ (A37)
Ot 3uc? + ku?
auﬂj =0 <0, (A38)

respectively. From (A38), we can find that 7fF is concave in u. Denote the unique interior

maximizer as u = uy, which satisfying (3¢ — u3)p — 2ku3 = 0. We Can get the following
omyp _ 5kc FE

results. (1) If =M \u:% = L& — % >0, ie, c < 2L we can get 200 > () fhat is 5

. . . )

increases with ¢. The unlque maximizer is u* = 3. (2) If gM | e = 13—“ =% <0, e,

u U= 24
c> 1645_4’2’ we can get < 0; that is 7P decreases with c¢. The uhique maximizer is
x __ B¢ 3u 650 ) FE :
uw =% (3)If g5 <c < Tut the manufacturer’s profit m);” reaches theymaximum when
u* = us.

Problem Asz: u < %.
Obviously, 7iF is concave in u. The unique interior maximizer is © = ufN = o It
FN _ 5c FE ;
<%, 20k:’ Ty increases

with ¢, and the unique maximizer is u* =

u ie.,c> the unique maximizer of 7t istu*s uV; if ¢ <

6c
=
Comparison to find the global mazimum.

20k’

It should be mentioned that 75F (u) is gontinmdous. Based on the preceding analysis,

we can get the following results.

() Ife< 125k, 7t first increases and thenidecreases with ¢, and the unique maximizer
s u* = uy.
By I
(2) If 55 < ¢ <3 NS mhF fiest increases, then decreases, and then increases and

decreases again with ¢. The‘maximizer is either u* = uy or u* = uy. Next, we compare

)=, and 7P|, _,,. We have

plduge — uj — 3¢®) — kuj  Tuc® — 6pcuy + 3puf — 6ku?

ME|u=u2 — T |u:m

29 12wy
dpc — 2puy — 3ku3 uy — pe — 3ku?
_ 2K ,u22 2 MU ,UQ L (A39)
Accordifg to theimplicit function theorem, we can get 6uc — 2uuqub(c) — 6kuiub(c) = 0.
Le., uh(h= (uTglg;W Then we can get
Oyt lumug — TAF lumun] _ 4p — 2pu(c) — 6kuguy(c) — puui(c) — p — 6kuguy(c)
o “_ ’
:M(5_“_22_%>>0, (A40)

by virtue of u; > & and £ = H% < 0.6351, which implies that [7fF|,—u, — T 4w, |

increases with c. There eX1sts a unique ¢ = ¢y € (125k, 5 fk) which satisfying [m1F|,—., —
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il —] = 0. As a result, if ¢ < ¢;, the maximizer is u* = w;, and if ¢ > ¢, the
maximizer is u* = us.
14 3u FE : . .
(3) If ovE < ¢S om0 T first increases, and then decreases with c. The unique
maximizer is u* = us.
(4) If ¢ > 2%, The maximizer is either u* = uy or u* = u'™. Comparing {7 | and
20k * — U2 - . p g M lu=u2
mtE| _v, we have

2 2
1 dpc — 2puy — 3ku
P |ucury — TP ) 1o —4)
u vl D s, A42
Oc 2 (A42)
by virtue of = = 1/%5“2 > 0.6733, which implies that [71F|,_,m “ar i ju=,] increases
with c. There exists a unique ¢ = ¢ > 24 which satisfying [7F | —umv —T5F |ucu,]. As a

result, if ¢ < ¢y, the maximizer is ©* = uy, and if ¢ > ¢, the-thaximizer is v* = v, In

summary, we can get the optimal quality level as shown in{Lemma 3.
The proof is complete.

Proof of Proposition 2. According to Proof of Lemma"3] we can get u(c) < 0 and

FE

uhy(c) > 0. Thus, if ¢ < ¢, u® = u; decreases with'c; if ¢; < ¢ < ¢, u' = uy increases

FE

with ¢; if ¢ > ¢y, the increase of ¢ shows no\influence on u Next, we prove that

UFE < ’LLFN

when ¢; < ¢ < c3. Here, c3 satisfies ug = vV, If ¢ < ¢1, ' = u;. As
shown in Proof of Lemma 3, u; > -éik > -8% = u¥N_ If ¢; < ¢ < ¢y, we can observe that if
c = 0.06%, u'™ ~ 0.9542% < ufN, while if\c = 0.1%, u'” ~ 0.152% > uf™N. Thus, there
exists a unique c3 satisfying us =™ . If ¢ > ¢y, we can get uf? = ufN.

The proof is complete.
Proof of Proposition 3./First, we consider the effects of encroachment on the manufac-

turer’s profit. Under encroachment, the manufacturer’s profit decreases with ¢ if ¢ < ¢

since
OrtFlu _ ) S Ok (@) _ (= Ohunui(0) = plTe=3u) oy
dc 2 2 6uy
It means if 74/ |—] > 737, we can get 7} > w7 holds for all ¢ < ¢;. When ¢ = £, we
can get 37 |u—uy — Th1 lu=us < 0, which means ¢; < 7&-. Thus, we can get
FE Iy I FN
AL le=er > 0.0102? > Togp = ™M (A44)

whichymeans that 7f¥ > 7IN holds for all ¢ < ¢;. Next, we prove that if ¢; < ¢ < ¢y, TtF

first increases and then decreases with ¢. Since
aﬂ]\iﬂu:m p(2ug — 3c)

_ A45
oc Ug ’ ( |

OmiF lumvy _ Spu(cr(€) o) _ 3p(3uc® —wf(u+3kw)) _ 3k o g
o (u2)? W+ 3kus) potSkuy
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. . . a ¥ U=u
mhf is concave in the interval ¢ € [ci,cp]. Observe that, when ¢ = 0.06%, % =

M(2u+2730) > (0. Thus, we can get that if ¢; < ¢ < ¢y, 7P first increases and then decreases
with ¢, and 71 > 7IN holds. When ¢ > ¢y, we have 7iF = 7tV In sum, 7i¥ > =iV
always holds.

Second, we consider the effects of encroachment on the retailer’s profit. If ¢ < ¢y, we

prove that the retailer’s profit increases with c. If ¢ < ¢;, we can get

org”  2uc(2uy — cuf(c))
oc 9u?

> 0. (A47)

If ¢; < ¢ < ¢y, we can get

org” _ p(uz — ) ((ug + cJuy(c) — 2us) _ w(ug — c)(3uc — fiug ~4ku3)

dc 2u3 2113

s — o)(3pe — pe — k(5P
2u}

> 0. (A48)

Observe that if ¢ = 0, 75" = 0 < 7", while if ¢ = 0.15%, 7fF) ~ 0.0103%2 > 7EN. Thus,
we can find a unique threshold value ¢, satisfying 75"= 75" such that 75° > 75" if
¢4 < ¢ < cg, and WEE < WEN otherwise.

The proof is complete.

Proof of Lemma 4. Similar to Proof of Lemma 3, we can find a unique ¢ = ¢; €

( 3Im m
125k’ 6v/7k

interior maximizers. As a result, if ¢.< ¢, the maximizer is u* = @, and if ¢; < ¢ < ¢y,

the maximizer is u* = s, and if€.> ¢, the maximizer is v* = ™™V,

) which satisfying [m3F |u=u, 7ot Juza,] = 0, where @; and @y are the possible

Proof of Proposition 4. /The proof is similar to Proof of Proposition 2, thus it is
omitted. Here, ¢5 satisfies/ty ='W,

Proof of Proposition 5.%The proof is similar to Proof of Proposition 3, thus it is
omitted. Here, ¢, iS% threshold value satisfying 7% = 7" such that 7 > 7fV if

G4 < € < Cg, and WgE < ﬂgN otherwise.
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