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Many manufacturers have recently taken the initiative to enhance their demand forecasts with the help
of modern data analytics tools. Motivated by this trend, this paper examines the implications of en-
croachment when an upstream manufacturer privately observes the demand information. We analyze a
signaling game between a manufacturer and a retailer. The manufacturer privately observes the actual
forecast signal of the customer’s marginal utility of a product, and then determines a wholesale price,
which may signal its private information. Upon receiving the wholesale price, the retailer decides how
much to sell in the retail channel. The manufacturer, if in possession of a direct channel, finally deter-
mines how much to sell in this channel. Our analysis reveals that encroachment by a better-informed
manufacturer has many different implications that have not been documented in the literature. In par-
ticular, we find that compared with the prior literature focusing on a better-informed retailer, when the
upstream manufacturer is better informed, encroachment will more likely result in a lose-lose outcome.
Additionally, if better informed, the retailer may not opt to credibly share information. By contrast, we
show that in the presence of a better-informed manufacturer, both supply chain parties are willing to
establish the capability of credible information sharing unless it is too costly to do so. Interestingly, we
demonstrate that a greater degree of information asymmetry or a larger direct selling cost has the poten-
tial to benefit both supply chain parties; however, more accurate information may hurt them and inhibit
the manufacturer from encroachment.
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1. Introduction lytics company called Zodiac.> With the help of machine learning

technologies, Adidas can better spot consumer trends and design

Demand uncertainty is a crucial challenge to operations in the
context of supply chains. Traditionally, downstream retailers are
believed to be closer to the market and thus to possess better de-
mand information. Nevertheless, when launching a new product,
increasingly many manufacturers have better knowledge of cus-
tomers’ product valuation and therefore the market potential than
retailers, as they often have access to customer feedback and other
forms of data for older generations of products. For example, Apple
attributes its success to the insight it has into its consumer behav-
ior through the data the company leverages from purchases and
downloads on iTunes.! This information can be used to analyze the
market for new products.? Similarly, to gain greater knowledge of
its customers’ habits and thus predict demand for new products,
Nike, the world-famous sports brand, acquired a leading data ana-
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its new products taking those trends into account.* By contrast,
the downstream retailers may lack the expertise and resources to
collect and analyze data on that scale, and so have to rely on their
upstream manufacturers for such market (Guan, Liu, Chen, & Wang
2020, Guo & lyer 2010, Jiang, Tian, Xu, & Zhang 2016, Mohr &
Sohi 1995). Such an information disadvantage may deter the retail-
ers from purchasing large quantities of the products and thus, the
manufacturers have an incentive to signal their private information
to unknown retailers which they sell.

Supply chains in the aforementioned examples exhibit another
important feature: the manufacturers sell not only through down-
stream retailers but also through their own direct channels. Such
manufacturer encroachment is common in consumer electronics

3 https://www.forbes.com/sites/forbestechcouncil/2019/10/07/

how-nike-is-using-analytics-to-personalize-their- customer-experience/?sh=
713504491611.

4 https://which-50.com/machine-learning- helps-adidas-recast-its-supply-chain-
SO-customers-can- co-create/.
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(e.g., Apple, Huawei, Microsoft), clothing and fashion products (e.g.,
Adidas, Nike) (Guan et al. 2020, Matsui 2020, Tsay & Agrawal 2004,
Yang, Luo, & Zhang 2018, Zhang, Feng, & Wang 2021a). For in-
stance, Huawei established an official e-commerce platform to dis-
tribute its products to end consumers directly in 2012. To enter
the Chinese market, in October 2009, Apple began to sell its prod-
uct in China® and about one year later it introduced the Apple
store in China (www.apple.com.cn).® The implications of encroach-
ment by an upstream firm have long been studied in the academic
literature. It has been shown that under symmetric information,
encroachment can restrain the manufacturer’s wholesale price to
avoid a high retail price set by the retailer, thus mitigating double
marginalization and benefiting both parties (e.g., Arya, Mittendorf,
& Sappington 2007, Chiang, Chhajed, & Hess 2003, Hsiao & Chen
2014, Tsay & Agrawal 2004). In the context of a better-informed
retailer, Li, Gilbert, and Lai (2014) further report that a lose-lose
outcome may result from manufacturer encroachment and that the
retailer may be reluctant to credibly share its private information.
To the best of our knowledge, however, the implications of en-
croachment when the manufacturer possesses superior demand in-
formation have not been studied. As mentioned earlier, encroach-
ment with a better-informed upstream firm has become increas-
ingly relevant since there is a trend for manufacturers to begin en-
hancing their demand forecasts with modern data analytics tools.
In this paper, we attempt to fill this gap in the literature and ex-
plore how the encroachment by a better-informed manufacturer
influences each member’s profits and whether or not each party
is willing to develop the capability to enable credible information
sharing.

In this paper, based on the seminal framework by Arya et al.
(2007), a signaling game model between one manufacturer and
one retailer that incorporates the manufacturer-side private infor-
mation is developed. The customer’s marginal utility of the prod-
uct can be either high or low, following a two-point probability
distribution. The manufacturer privately observes the actual fore-
cast signal and first decides a wholesale price, which may reveal
the true customer’s marginal utility. Upon observing the wholesale
price, the retailer then makes order decision. The manufacturer, if
adding a direct channel, finally determines how much to distribute
through that channel. Compared with the existing literature, the
new feature of our model lies in the inclusion of the manufacturer-
side private information. By means of this new feature, our anal-
ysis reveals several novel results that have not been documented
in the extant literature. In our model, the manufacturer can sig-
nal the actual forecast signal of customer’s marginal utility through
the wholesale price. When observing a high signal, the manufac-
turer has to upwardly distort the wholesale price to convince the
less-informed retailer that the customer’s marginal utility of that
product is indeed high, thereby inducing the retailer to order more.
However, this upward distortion of the wholesale price amplifies
double marginalization; consequently, manufacturer encroachment
may hurt both parties, i.e., lead to a lose-lose outcome. The occur-
rence of this lose-lose outcome due to encroachment is reminis-
cent of Li et al. (2014), in which the authors focus on retailer-side
private information. Furthermore, we find that with manufacturer-
side private information, the lose-lose outcome arises under very
different conditions than those documented in Li et al. (2014). For
instance, even with a large probability of high forecast signal and a
small degree of information asymmetry, encroachment hurts both
parties as long as the direct selling cost is sufficiently large. Put dif-
ferently, with a better-informed upstream manufacturer, encroach-

5 https://www.cultofmac.com/510563/today-in-apple-history-iphone-goes-on-
sale-in-china-for-first-time/.

6 https://www.apple.com/newsroom/2010/10/26Apple-Launches-Online-Store-
in-China/.
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ment will more likely result in a lose-lose outcome versus a better-
informed downstream retailer. Our findings thus indicate that the
implications of encroachment crucially depend on which party is
better informed. Counter to intuition, we also find that due to
manufacturer encroachment, a larger direct selling cost or a greater
degree of information asymmetry may benefit both parties, as it
can cause the equilibrium to switch from a separating equilibrium
to a pooling one; however, due to encroachment, both supply chain
members may be hurt as information accuracy increases and so
more accurate information may inhibit the manufacturer from en-
croachment.

Finally, we examine if each supply chain party is willing to es-
tablish infrastructure for credible information sharing (e.g., an elec-
tronic data-interchange system). The literature has shown that in-
formation sharing may not simultaneously benefit both parties in
the case of a better-informed downstream retailer (Li et al. 2014).
By contrast, we reveal that information sharing benefits both sup-
ply chain parties, no matter with/without manufacturer encroach-
ment. Thus, our results imply that it may be easier to reach an
information sharing agreement between supply chain parties with
respect to the manufacturer-side private information than with
respect to the retailer-side private information. Additionally, we
show that with manufacturer encroachment, supply chain parties
may become reluctant to invest in the capability to share infor-
mation, although this is not necessarily the case without manufac-
turer encroachment.

The remainder of this study is organized as follows.
Section 2 reviews the literature to show how our study makes an
important contribution and Section 3 describes the details of the
model. In Sections 4 and 5, respectively, we present the equilib-
rium outcomes of both the No-Encroachment and Encroachment
settings and then discuss the main results and managerial insights.
Sections 6-8 considers four model extensions and alternative set-
tings. This is followed by the conclusions in Section 9. Details of
proofs are given in the Appendix.

2. Literature review
2.1. Encroachment

The implications of manufacturer encroachment have been
widely studied in the academic literature. Due to the mitigation of
double marginalization, encroachment benefits both supply chain
parties (Arya et al. 2007, Chiang et al. 2003, Tsay & Agrawal
2004). Recently, based on the above classical studies, some stud-
ies have taken more factors into consideration when deciding to
add a direct channel or not. For example, by extending Arya et al.
(2007) to take product quality as an endogenous decision vari-
able and two channels sell differentiated products, Ha, Long, and
Nasiry (2016) find a win-lose outcome in a large variety of scenar-
ios. A similar conclusion is drawn by Zhang et al. (2021a), who find
that the manufacturer can be better off while the retailer is worse
off due to encroachment. Zhang, Song, Shi, and Yang (2021b) also
study quality differentiation in a dual-channel supply chain to an-
alyze whether the manufacturer should sell the high-quality prod-
uct through the direct channel or the retail channel. As the re-
tailer becomes worse off due to channel competition caused by
encroachment, Matsui (2020) and Yang et al. (2018) suggest that
the two parties should negotiate over the wholesale price. Wang
and Li (2021) study encroachment in a setting with a dual-purpose
retailer that pursues both its own profit and consumer surplus.
Zhang and Hezarkhani (2021) consider an upstream competition
setting in which two manufacturers can sell their products through
a common retailer as well as their direct channels. By contrast, Liu,
Guan, and Wang (2021a) consider the downstream competition in
which one supplier can sell the product through multiple retail-
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ers. We differ from the above studies in that we consider manu-
facturer encroachment in a context of asymmetric information. We
find that due to information asymmetry, it is costly for a better-
informed manufacturer to signal the customer’s marginal utility by
distorting the wholesale price upward, which this amplifies double
marginalization and, thus, leads to a lose-lose outcome.

Some work has been done on the effects of information asym-
metry on upstream encroachment. Li et al. (2014) find that the re-
tailer’s costly signaling behavior of reducing the order quantity oc-
curs if the supplier wants to encroach. Such downward order dis-
tortion may stimulate the supplier to raise the wholesale price,
thus amplifying the double marginalization and hurting both of
them. Li, Gilbert, and Lai (2015) also find a lose-lose outcome
due to upstream encroachment with a better-informed retailer.
Again with a better-informed retailer, Zhang, Li, Zhang, and Dai
(2019a) study how information asymmetry affects the manufac-
turer’s optimal decisions on encroachment and product quality.
Similarly, Zhang, Wei, and Zhang (2022) also consider the sup-
plier’s encroachment and quality decisions with a better informed-
retailer. Unlike these studies, we consider a better-informed man-
ufacturer, which is likely to be the case for new products. Due
to this essential difference, even with the same finding that en-
croachment may hurt both of them, the rationale of our study is
quite different from theirs. In our study, we find that if the better-
informed manufacturer who observes a high forecast signal wants
to separate itself from the low type, a sufficiently high wholesale
price that deviated from the first-best will be charged, thereby
amplifying the double marginalization. By contrast, Gao, Guo, and
Orsdemir (2021) consider a better-informed manufacturer who
possesses the private selling cost and reveal that such asymmetric
information can alleviate double marginalization rather than exac-
erbating it. Hence, our work demonstrates that the implications of
encroachment with a better-informed upstream firm depend criti-
cally on the content of the upstream private information.

2.2. Information sharing

Our research also relates to information sharing in distribution
channels (e.g., Guo, Li, & Zhang 2014, Ha, Tian, & Tong 2017, Zhang
et al. 2019a, Zhou, Zhao, & Wang 2019). However, these studies pri-
marily assume that downstream retailers can observe more and
better information than the upstream manufacturers because re-
tailers are closer to the market. In actual fact, many manufacturers
are better informed about matters such as demand or quality in-
formation because they have invested heavily in sophisticated in-
formation gathering and demand forecasting systems, particularly
when a manufacturer in fashion and seasonal goods launches a
new product or enters a new market (Guo & Iyer 2010, Guan &
Chen 2017). Therefore, a growing number of studies have analyzed
information sharing in the context of a better-informed manufac-
turer (e.g., Cao, Guan, Fan, & Zhou 2020, Gal-Or, Geylani, & Dukes
2008, Guan & Chen 2017, Guan, Mantrala, & Bian 2019, Guo & lyer
2010, Jiang et al. 2016).

For example, in the context of an upstream manufacturer and
two competing retailers, Gal-Or et al. (2008) find that when all
three members privately observe the information, it is in the man-
ufacturer’s interest to share information with the less-informed
than with the better-informed retailer. Cao et al. (2020) study the
disclosure problem in which an upstream manufacturer privately
possesses information on product quality. Similarly, Guan & Chen
(2017) and Guan et al. (2019) consider the joint decision on in-
formation acquisition and disclosure within a single retail chan-
nel when the manufacturer is better informed about quality in-
formation than the retailer. Thus, the biggest difference between
our study and theirs is that the better-informed manufacturer has
to disclose its private information through a signaling game rather
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than directly truthful disclosure. Although the supply chain mem-
bers can benefit from more through directly truthful disclosure
than the signaling game, the better-informed party may manipu-
late: he can share the information to improve efficiency; however,
he can also abuse it to extract a greater surplus. Therefore, the un-
informed party may not trust the information transmitted by the
better-informed one, and, thus, it may be necessary for the better-
informed party to disclose private information through a signaling
game rather than directly truthful disclosure.

On this point, closer to our study is Jiang et al. (2016) who con-
sider a better-informed manufacturer that distributes the product
through a retailer within a single retail channel. Based on the pric-
ing decision, the high-type manufacturer wants to restrain the re-
tailer from charging a higher retail price, in order to increase the
demand for its product. Therefore, they reveal that the manufac-
turer who possesses a higher market potential benefits from mim-
icking the low type and sharing information with the downstream
retailer, even if the retailer is reluctant to acquire such informa-
tion. However, when considering Cournot (quantity) competition
between two channels, which can be more suitable to a situation
with a long production lead time, we find that the low-type manu-
facturer has an incentive to stimulate the retailer to order more by
mimicking the high type. As a result, due to the upwardly distorted
wholesale price, both of them can be better off from information
sharing.

Recently, some studies have investigated information sharing
in the context of upstream encroachment. For example, Huang,
Guan, and Chen (2018) reveal that the supplier's decision re-
garding whether or not to encroach will greatly affect the re-
tailer’s preference towards information sharing. Similarly, Guan
et al. (2020) study how encroachment affects the supplier’s dis-
closure strategy when the quality level is common to both the
supplier and the retailer while remaining unknown to consumers.
Our work differs from theirs in two important ways. On the one
hand, we consider an asymmetric information setting in which
only the manufacturer can privately observe the forecast signal of
customer’s marginal utility. On the other hand, they focus on truth-
ful disclosure, whereby the informed party directly shares infor-
mation, while we focus on a signaling game in which it is costly
to convey information. Due to these essential differences, we find
that manufacturer encroachment may hurt both parties.

2.3. The position of this paper

This present study aims to investigate the impact of manufac-
turer encroachment on profitability in the context of a manufac-
turer that is better informed than the retailer. While upstream
encroachment and information sharing have been widely stud-
ied in the literature, the asymmetric setting with a manufacturer
that processes better demand information than the retailer has
been neglected. Although it is traditionally assumed that retail-
ers can obtain better demand information than manufacturers as
they are much closer to the market, manufacturers are able to
obtain superior demand forecasts (e.g., Cao et al. 2020, Guan &
Chen 2017, Guan et al. 2019, Guo & Iyer 2010, Jiang et al. 2016),
mainly due to their advantages in terms of capital, resources and
expertise. Therefore, it is necessary to study encroachment by a
better-informed manufacturer. Our findings reveal that encroach-
ment can be detrimental to the manufacturer, despite the informa-
tion advantage. Additionally, the preference for information shar-
ing of a better-informed manufacturer is different from the case
with a better-informed retailer. In summary, by investigating the
impact of encroachment on the profitability and the preference of
information sharing within a better-informed manufacturer, we not
only complement the literature on upstream encroachment and in-
formation sharing, but also provide more insights for manufactur-
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Table 1
The Gap between Previous Studies and our Study.
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Encroachment  Retailer informed

Manufacturer informed

Truthful disclosure  Signaling game

Arya et al. (2007)

Li et al. (2014)

Li et al. (2015)

Ha et al. (2016)
Jiang et al. (2016)
Huang et al. (2018)
Cao et al. (2020)
Guan et al. (2020)
Zhang et al. (2019a)
This paper

V
J

LN Lk
LA

G U

W
N

LA
LA

ers to carry out effective channel management and information
sharing strategies. Table 1 summarizes the gap between previous
studies and our study.

3. Model setup

Consider a better-informed manufacturer (he, referred as to M)
can distribute his products either through a retail channel oper-
ated by a retailer (she, referred as to R) or through his own direct
channel.

Market Demand. Denote the quantities sold in the retail and
direct channels as q; and g, respectively. The market clearing
price can be determined according to p =6 — q, where q = q; + qm
is the total amount. This inverse demand function can be de-
rived from a representative consumer’s utility function U(qr, qm) =
6(qr + qm) — (@r + qm)?/2 — prGr — pmGm. a well-established ap-
proach to derive demand functions in the economics and market-
ing literature (Guan & Chen 2017, Guan et al. 2020, Singh & Vives
1984, Yoon 2016). Given the retail price p, and the direct-channel
price pm, the consumer chooses g, and g, to maximize her utility.
By taking the partial derivative of U with respect to g and g, we

have & =6 —q, — qm — pr and aaqli =60 — qr — gm — pm. Equating

aqr
them to zero, i.e., under the optimality condition, we can derive

the inverse demand functions as p; = pm =6 — qr — qm. Thus, we
will refer to @ as the customers marginal utility in what follows.”

We assume that the customer’s marginal utility 6 is random
and that its prior distribution follows a two-point distribution,
which can be either in a high (H) or low (L) state, with corre-
sponding marginal utilities of 6y =1+ A and 6, =1 — A, respec-
tively (Guan & Chen 2017, Guo 2009, Jiang et al. 2016).8 These
two marginal utility states occur with equal ex ante probabilities:
Pr(H) =Pr(L) = 1/2, as commonly assumed in the literature (Guo
2009, lIyer, Narasimhan, & Niraj 2007, Jiang et al. 2016, Liu, Dan,
Zhang, & Ma 2021b, Nasser & Turcic 2019, Zhang, Dan, & Zhou
2019b). Nevertheless, we will relax this assumption and analyze
more general prior probabilities in Section 6. Note that 0 < A < 1
captures the uncertainty level of the customer’s marginal utility as
well as the degree of information asymmetry. The larger A is, the
greater the degree of information asymmetry there is. As in Jiang
et al. (2016), at the beginning of the season, the upstream man-
ufacturer who possesses superior information can observe the ac-
tual value of 6, while the less-informed retailer is only aware of
its prior distribution.

Demand Forecast. Although the manufacturer can privately
possess more information than the retailer through demand fore-
cast, he may still face demand uncertainty as the demand signal

7 More precisely speaking, the consumer’s marginal utility from consuming one
additional unit of product is given by 0 — q.

8 A more general setting is to assume 6y =n+ A/2 and 6, =n — A/2, or equiv-
alently, 6y — 6, = A. However, we can normalize the marginal utility states to 6y =
1+ A and 6, =1 — A without loss of generality. See the proof in Appendix A.

is not always reliable. As in Jiang et al. (2016), we assume that
the manufacturer can obtain a private signal, s, about customer’s
marginal utility, in which the signal has two possible values: s = h
or s = I, corresponding to the two marginal utility states, H and L,
respectively. Let p € [0, 1] denote the accuracy of the signal, where
a larger value of p represents a more accurate signal. Addition-
ally, we assume the forecast to be unbiased such that the uncondi-
tional probability of a signal indicating any demand state is equal
to the prior probability of that state, i.e., Pr(h) = Pr(H) and Pr(l) =
Pr(L), leading to the following properties: Pr(h|H) = Pr(I|L) = “T”
and Pr(h|L) =Pr(l|H) = ]%”. Similarly, we can derive Pr(H|h) =
Pr(L|l) = HTP and Pr(L|h) = Pr(H|l) = ]’Tp. Thus, through forecast,
the manufacturer updates his belief about the customer’s marginal
utility with E[@]l]] =1 - pA and E[0|h] =1+ pA, where pA cap-
tures the combination of forecast accuracy and forecast variability,
and the larger pA is, the greater the expected demand varies with
manufacturer’s forecast s will be.

To focus on interesting cases and derive incisive insights, we
adopt a common assumption from the literature on dual-channel
under an asymmetric information setting (e.g., Guan et al. 2020, Li
et al. 2014), namely, that the retailer will not withdraw the prod-
ucts after observing the actual forecast signal. Thus, we assume
that:

Assumption 1. E[6|l] > 2E[6|h]. or equivalently pA < 1.

This assumption ensures that the retailer acquires a positive
marginal profit when clearing her optimal and positive selling
quantity, no matter with/without a direct channel.

Profit Functions. In line with the literature on encroachment,
e.g., Arya et al. (2007), Guan et al. (2020), and Li et al. (2014), we
normalize the manufacturer’s production cost to be zero for ease of
exposition; however, he additionally incurs a per-unit selling cost ¢
when selling the product through his own direct channel, whereas
the retailer incurs no selling cost in her retail channel. Such a di-
rect selling cost is due to the management of the online websites
and the required personnel and facilities (Gao et al. 2021), as well
as the manufacturers less efficiency in the sales process (Arya et al.
2007, Guan et al. 2020, Li et al. 2014) as compared to the retailer.
In practice, the manufacturer often incurs a higher sales cost than
the retailer. For example, a retailer, like Walmart, usually leverages
the economies of scale in distribution and shipping by consolidat-
ing shipments of multiple brands. However, a manufacturer is rel-
atively small in scale, selling its own brand only. Thus, it usually
pays a higher logistics cost for direct sales. To rule out uninterest-
ing cases, we make the following assumption.

Assumption 2. 0 < ¢ < E[0]]].

This assumption is consistent with the literature on encroach-
ment (e.g., Arya et al. 2007, Li et al. 2014, Li et al. 2015, Yang
et al. 2018, Yoon 2016). Otherwise, if ¢ > E[#]l], no sales will oc-
cur in either the retail or the direct channel when the signal is



JID: EOR

Y. Tong, T. Lu, Y. Li et al.

The manufacturer decides the
wholesale price after
observing the forecast signal
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The manufacturer decides
the selling quantity in the

direct channel

The retailer decides the selling
quantity in the retail channel

The market clearing
price is realized

Fig. 1. The Game Sequence.

low, even if sales may occur in both channels when the signal
is high. For the sake of presentation, we label the regime when
c>1-pA as “No sales occur in either channel if s=1". There-
fore, given the forecast s, the manufacturer will maximize his
profit, w(0|s)E[qr(0]s)] + (p — ¢)E[gm(O|s)], by choosing an opti-
mal wholesale price w and quantity qp, for his direct channel, suc-
cessively. Note that after the manufacturer receives the forecast
signal, we may view s as the manufacturer’s type; that is, we will
refer to the manufacturer observing a forecast signal s=h (s =1)
as the h-type (I-type) manufacturer. The retailer, even if she can-
not observe the forecast signal, can make rational inferences about
s through the wholesale price w. Therefore, the retailer will maxi-
mize her profit, (p — w)E[qr-(w)], by choosing how much to sell in
her channel g.

Following a rather standard assumption in the encroachment
literature (e.g., Gao et al. 2021, Li et al. 2014), we assume the re-
tailer decides the quantity g, before the manufacturer decides qp
for his own direct channel; that is, the less-informed retailer can
only infer the forecast signal based on the manufacturer’s whole-
sale price.

Equilibrium Concept. Although the retailer cannot observe the
forecast signal directly, she can make rational inferences through
the wholesale price. Because the manufacturer anticipates the re-
tailer’s response to his wholesale price, a signaling game arises in
which the manufacturer may distort the wholesale price. We focus
on pure-strategy Bayesian Nash equilibria in this study. There can
be two types of equilibria, namely, separating and pooling equi-
libria. In the separating equilibrium, the manufacturer chooses a
distinct wholesale price for each type of forecast signal, and his
wholesale price thus reveals his type, i.e., the true forecast sig-
nal, to the retailer. In the pooling equilibrium, the same wholesale
price will be set independent of the realized forecast signal; there-
fore, the wholesale price is uninformative to the retailer.

As is common in the signaling game, there can be multiple
Bayesian Nash equilibria. In this paper, we use the lexicographically
maximum sequential equilibrium (LMSE) concept (Mailath, Okuno-
Fujiwara, & Postlewaite 1993), which has been widely adopted in
the marketing and operations management literature (Jiang et al.
2016, Jiang & Yang 2019, Tian & Jiang 2017), to refine the multiple
equilibria. The definition of LMSE is given below.

Definition 1. (LMSE) In a signaling game S, the strategy pro-
file y’ € PBE(S) dominates (h-dominates) y e PBE(S) if m,(y') >
mp(y), or wy(y’) = m,(y) and 7 (y’) > 7 (y). The strategy pro-
file y € PBE(S) is a LMSE if there does not exist y’ € PBE(S) that
h-dominates y. Where PBE(S) is the set of pure-strategy prefect
Bayesian equilibria, 7;(-) is the i-type player’s payoff, and i € {h, I}
denotes the set of types.

Based on the LMSE refinement, a unique and most efficient
equilibrium is chosen for the y-type manufacturer when reveal-
ing his type. For instance, a PBE is LMSE if it is the most profitable
outcome among all PBE for both h-type and I-type manufacturers.

Sequence of Events. We summarize the game sequence of the
model in Fig. 1. First, the manufacturer who privately receives the

forecast signal of the customer’s marginal utility of the product de-
cides the wholesale price w, followed by the retailer’s order quan-
tity gr. Then, the manufacturer chooses how much to distribute in
his own direct channel g,;. And finally, the clearing price is re-
solved based on p =0 — (qr + qm).

4. Analysis
4.1. Benchmark: No-encroachment setting (N)

We start by analyzing a benchmark in which the manufacturer
does not sell through a direct channel. This corresponds with the
situation in which the manufacturer does not have the necessary
infrastructure of a direct channel and can thus credibly commit to
not competing with the retailer in the end market.

4.1.1. Symmetric information

Here, the manufacturer’s forecast s is shared with the re-
tailer. For notation convenience, we use subscript [J to denote the
optimal decisions/profits under this symmetric information set-
ting. Thus, the manufacturer and the retailer decide the whole-
sale price and order quantity by maximizing their profit func-
tions, 7N (W)|s =wq, and 7} (Gr)ls = (E[OIs] — G- — W)Gr, leading
to gV*|s = % and wN*|s = @, respectively.
4.1.2. Asymmetric information

Next, we consider the asymmetric information setting. Absent
of a direct channel, the manufacturer always benefits from con-
vincing the retailer that the forecast signal is indeed high so that
she will order a large quantity. This is because in the symmetric in-
formation setting, even if the wholesale price with a high forecast
signal is greater than that with a low one (that is, w*|h > wN*|I),
the retailer can still benefit from ordering a larger quantity (i.e.,
GN*|h > @N*|I). Therefore, driven by a higher profit, the I-type man-
ufacturer prefers to pretend to receive a high forecast signal so
that the retailer will order more. Additionally, the h-type manu-
facturer also wants to separate himself from the low type so that
the retailer will indeed order a large quantity corresponding to
the high forecast signal. Thus, the h-type manufacturer has to up-
wardly distort his wholesale price enough until the [-type man-
ufacturer finds it less profitable to mimic the high type. The up-
wardly distorted wholesale price will, however, deter the retailer
from ordering more. Therefore, the h-type manufacturer weighs a
trade-off between the benefit of revealing his true type in equilib-
rium and the signaling cost due to the reduced wholesale profit. In
Proposition 1, we establish that without a direct channel, a pooling
equilibrium is the unique LMSE, in which the manufacturer always
chooses the same wholesale price, which is independent of the re-
alized forecast signal. In other words, absent of a direct channel,
the signaling cost always dominates the benefit of separating him-
self in equilibrium.

Proposition 1. Under the No-Encroachment setting, the manufacturer

) N _ 1 i N« _ 1 N _ 1 _
will always pool at w™* = 5, leading to 7y = g and wp* = 15, Te

spectively.
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The result of Proposition 1 can be explained by the fact that it
is rather inexpensive for the [-type manufacturer to mimic the high
type when there is no direct channel. This is because the manufac-
turer’s profit depends solely on the wholesale profit from the re-
tailer, the I-type manufacturer can mimic a high type only at the
expense of deviating from his first-best reaction. This makes the h-
type manufacturer opt for a pooling equilibrium rather than sepa-
rating himself from the low type.

4.2. Encroachment setting (E)

Here, the manufacturer establishes a direct channel and can
(possibly) sell the product through both channels.

4.2.1. Symmetric information

Again, we first consider the symmetric information setting to
reveal how the manufacturer’s equilibrium is affected by the direct
selling cost c. Note that the Encroachment setting has been dis-
cussed by Guan et al. (2020) and Wang & Li (2021). For the sake
of brevity, we only present the equilibrium solutions here, as the
rationale and the solving process are set out in theirs. Using back-
ward induction, we can derive the optimal wholesale price and the
quantities for the retail and direct channels as:

3E[0]s].
3E[)s]
=8

if c <
if c>

3E[(~)\s] c Zc 3E[0]|s]— 55)
6

(WE*|S,q |S q |S) {(3C E[9|3] E[lel = 0)

It can be seen that c influences the wholesale price and the
retail channel’s selling quantity in two opposite ways, depending
on whether direct selling actually occurs. With a small value of ¢
(c< 3E[("S]) the manufacturer can beneﬁt from both channels, and
the larger ¢ is, the smaller wf*|s and gE#|s will be, while the larger

Gt*|s will be. However, when ¢ > %, the direct selling does
not happen, and a larger c conversely enables the manufacturer to
charge a higher wholesale price, while the retailer will be reluc-
tant to order more as c increases. In this case, the direct channel
can be viewed as a threat of direct selling.’ Similar phenomenons
have been observed in practice. For some small brands that is not
famous, consumers will mostly purchase the product through the
retail channel; however, the direct channel exists. Among many
other examples, Skyworth Group, an intelligent home appliance
and information technology enterprise in China, sells its prod-
ucts through JD.com (https://mall.jd.com/index-1000002826.html);
meanwhile, it has its own official website (https://shop.skyworth.
com/) although few people know it. Compared with the retail
channel (JD.com), the sales in its direct channel (its official web-
site) are negligible, i.e., approximately zero.

4.2.2. Asymmetric information

Under the Encroachment setting, the manufacturer’s profit
comes from not only the sales profit from his own direct channel
but also the wholesale profit from the retail channel. While per-
suading the retailer to order more increases his wholesale profit,
it may intensify the competition between these two channels,
thus leading to a lower direct-channel profit. Intuitively, the I-
type manufacturer is more sensitive to the intensified competi-
tion than the high type because of the low customer marginal
utility. For this reason, the presence of a direct channel makes it
more costly for an I-type manufacturer to mimic the high type.
Proposition 2 shows that a separating equilibrium can arise under

9 Note that the threat of direct channel has been identified in Guan et al. (2020);
however, we differ from them in these two ways. First, in their model, the private
quality information only remains unknown to the consumers, but is known to the
supplier and the retailer. Second, they consider truthful disclosure rather than sig-
naling.
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the Encroachment setting, which differs from the setting absent of
a direct channel.

Proposition 2. Under the Encroachment setting,
(”4}?)”, ¢ =3U2LR) " 5 is the second smallest solution
to 18p2A2 + (3 -50)2 —2pA(9 — 17¢) — 4pAB(pA, c) = 0,
Cy =3 ZSPA, and c5 = 2808+ GOpMmp A2 g unique LMSE
exists that is characterized by one of the followmg cases.

given ¢ =

a) In Yrsp = {(pA,c)|pA €0, %), c € (0, min(cq, ¢p))}, there is a
separating equilibrium with direct selling (SD) where the op-
timal separating wholesale prices are wSP*|l = % and
wSDs|p = 3=pA-cid V6p2A2+2pAC; consequently,  qP*|l = ¥,

SD* 3(1—pA)-5¢ 2(pA+0)—24/p2 A2+2pAc
Il = =—F—=, - , and

g |h =
qSD*|h _ 3+pA—56+2«/,02A2+2pAC,

m
B o= (A Ol < [0 S6420V2) c e fer, cq), 0pA €

[%, 1), cecs.cq)}, there is a pooling equilibrium with

direct selling (PD) where the optimal pooling wholesale price is
wPDx = 3+208-C- ronsequently, g PDx — ZC}pA qhb|l = 73’2”6A’5C,

and qlr;]D*|h _ 3+4p6A 5c,

—
&)
~—

In ¥pr ={(pA,0)|pA €0, %), Cc € [c4,C5)}, there is a pooling
equilibrium with a threat of direct selling (PT) where the op-
timal pooling wholesale price is w'T* = 2pAt3cd. consequently,
@ =1-pA —c, ¢iT*|l =0, and ¢fT*|h = pA;

Otherwise, there is a separating equilibrium with a threat of
direct selling (ST) where the optimal separating wholesale
prices are wST*|l = L’"f‘] and wT*|h = 73“’A‘C+2’3(pA’C);

—
e

6
consequently, —q¢*|l=1-pA—c, ¢I*|i= @5 h =
%’Wy and  qy*lh= M, where
B(pA.c) = /13p2A2 + (3~ 5c)2 - 2pA(9 - 190).

Proposition 2 shows that there can be four types of LMSE, de-
pending on the values of the combination of the degree of infor-
mation asymmetry (A) and the forecast accuracy (p) as well as the
direct selling cost (c). For ease of exposition, we classify the equi-
libria into two regimes, depending on whether direct selling actu-
ally occurs in equilibrium. In the direct regime, the equilibrium can
be a separating equilibrium with direct selling (SD) or a pooling
equilibrium with direct selling (PD), as characterized in cases (a)
and (b), respectively; while in the threat regime, the equilibrium
can be a pooling equilibrium with a threat of direct selling (PT)
or a separating equilibrium with a threat of direct selling (ST), as
characterized in cases (c) and (d), respectively. Recall that the value
of ¢ oppositely affects the wholesale price and the retailer’s selling
quantity in these two different regimes under symmetric informa-
tion; such opposite effects will also play a role in the equilibrium
outcome under asymmetric information, as discussed below.

When pA < 0.1594, then in the direct regime (i.e., ¢ < ¢4), the
manufacturer will be better off with the separating equilibrium
if ¢ < ¢y or the pooling equilibrium if c € [cy, ¢4). This is because
when ¢ < ¢y, on the one hand, a pooling equilibrium cannot ex-
ist if ¢ is sufficiently small, as a sufficiently small ¢ enables the
I-type manufacturer to charge a higher wholesale price (note that
in the direct regime, the wholesale price decreases in c) to devi-
ate from the first-best one; thus, the retailer orders zero quan-
tity (i.e., gr =0), leading to the failure of the constraints of the
pooling equilibrium. Even when both separating and pooling equi-
libria exist, on the other hand, the manufacturer can still ben-
efit more from separating than from pooling. This is because a
smaller ¢ enables the manufacturer to acquire a higher marginal
profit through dual channels, as the benefit of revealing his true
type outweighs the signaling cost; that is, the manufacturer ben-
efits more from SD than PD. Otherwise, when c € [c1,¢y), the h-
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Fig. 2. The Equilibrium Outcome under Asymmetric Information Setting.

type manufacturer has to charge a higher wholesale price that de-
viates from the first best one (i.e. wSP*|p = 3=RA-C+4 VG”ZAL’ZPAC >

wE*|h = %), and the larger c is, the greater the deviation
will be (i.e., wSP*|h — wE*|h increases in c). Therefore, it is costly
for the manufacturer to separate himself from the low type. When
c €[cq, cq), the retailer will order a threatening quantity to deter
the manufacturer’s direct sales. Thus, as in the symmetric infor-
mation setting, the manufacturer would deliberately charge a high
wholesale price to extract the most profit as the retailer’s order
quantity is unrelated to the wholesale price. Such an upward dis-
tortion of the wholesale price results in a substantial signaling cost
and greatly hurts the manufacturer’s wholesale profitability. There-
fore, the manufacturer benefits more from PD than SD (ST).

In the threat regime (i.e., ¢ > c4), the retailer will over-order
the product and the I-type manufacturer will deliberately choose
a high wholesale price to threaten direct selling. Recall that in
the threat regime, an increase in ¢ results in a higher wholesale
price. Thus, to separate himself from the low type, the h-type
manufacturer has to upwardly distort the wholesale price, lead-
ing to the signaling cost outweighs the benefit of revealing his
true type; thus, the manufacturer benefits more from PT than ST
when c € [cy4, c5). However, when ¢ exceeds cs, the manufacturer’s
equilibrium switches to separating, as no feasible pooling equi-
librium can satisfy the constraints. This is because the larger c
is, the higher wholesale price will be, which inhibits the retailer
from ordering a larger quantity. In addition, the retailer orders
a smaller quantity based on her prior belief due to the uninfor-
mative wholesale price (as prior belief E[f] =1 is less than the
high-type E[0@|h] =1+ pA). This pricing strategy hurts the man-
ufacturer, leading to the failure of the constraints of the pooling
equilibrium.

However, as pA increases and exceeds 0.1594, we find that in
some ranges (like c € [cy, c3) in Fig. 2), the manufacturer may still
benefit more from the separating equilibrium than from the pool-
ing equilibrium; that is, ST may outweigh PD. This is because a
large value of pA means that the expected demand for the h-type
manufacturer is very different from that for the I[-type manufac-
turer, which gives the h-type manufacturer more incentive to sepa-
rate so as to induce the retailer to order more quantity. By contrast,
in the pooling equilibrium, the retailer will order a smaller quan-
tity based on the prior belief. Therefore, even if the h-type manu-
facturer has to charge a higher wholesale price to separate himself
from the low type, he can still benefit from separating equilibrium
due to a larger value of pA.

Note that the manufacturer’s type, i.e., the received forecast sig-
nal, is also a random outcome. Thus, in the following we will ex-
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amine the supply chain members’ ex ante expected profits before
the signal is realized. Taking the expectation over signal s, we can
derive the supply chain members’ ex ante expected profits as fol-
lows.

Ex -E
(', TR™)

(3 c(6-7c+4pA)— p2A2+4pAa/pA(pA+ZC
2(pA+c)[pA+c—4/pA(pA+Zc ]

(pAﬂ(pA c)+pA(9 17¢)— 5p2A2 3+12¢-9¢2

if (0A,c) € Ysp:

)

= 9(1—pA—c)2+[2pA+2c—ﬁ(pAc)]z)
36
(3+2p2A2—C(6 7¢)  (2c— pA)Z)
12 ’ 8
(pA(3 pA— SC) 14+4c— 3c12 (1-pA— c)z)
2

if (0A,¢) € Vsr;
if (,OA, C) € l//pD;
if (pA,¢) € Ypr.

We next focus on how ¢ and A affect the above ex ante profits,
especially when the equilibrium changes. For simplicity, we will
refer to the supply chain parties’ ex ante profits as their payoffs.
The following two propositions reveal some interesting and coun-
terintuitive findings.

Proposition 3. In the direct regime, both supply chain parties’ pay-
offs may increase in ¢ when the equilibrium shifts from SD to PD.

Intuitively, the retailer can benefit from a larger c¢; how-
ever, counter to what one might expect, the manufacturer can
also benefit from a larger c. To understand this, recall from
Proposition 2 that the manufacturer’s equilibrium shifts from SD
to PD as c increases; that is, a larger ¢ makes it difficult for the
h-type manufacturer to separate himself from the low type, which
may hurt his profitability. Conversely, an appropriately large c re-
strains the manufacturer from charging a higher pooling wholesale
price and benefiting the manufacturer. Due to this reduction in the
wholesale price, the retailer also sees a discontinuous jump up in
profit. We use a numerical example to illustrate this proposition,
as shown in Fig. 3. Figure 3 reveals that both supply chain parties
benefit from a larger ¢ when the equilibrium evolves from separat-
ing to pooling at ¢ = 0.336 (approximately).!”

Proposition 4. In the threat regime, both supply chain parties’ pay-
offs may increase in A when the equilibrium shifts from ST to PT.

Proposition 4 shows another counterintuitive finding, namely,
that both parties can benefit from a greater degree of informa-
tion asymmetry. It is intuitive that a larger A can lead to a larger
profit due to the increased customer’s marginal utility; however,
the h-type manufacturer has to charge a higher separating whole-
sale price (i.e.,, w’T*|h increases in A), inhibiting the retailer from
ordering more quantity (i.e., gi'*|h decreases in A), consequently
hurting both supply chain members. By contrast, the manufac-
turer can charge a medium pooling wholesale price (note that
wST*|h > wPT* > wST*|| always holds) so that the retailer will order
more quantity if the customer’s marginal utility is high. Therefore,
both the manufacturer and the retailer earn more as the equilib-
rium switches from separating to pooling. We use a numerical ex-
ample to illustrate this proposition, as shown in Fig. 4. Figure 4 re-
veals that a greater degree of information asymmetry benefits both
members when the equilibrium switches at A = 0.05; see the dis-
continuous jump up in profit.

10 It can be seen from Fig. 3 that in PD and/or PT, the manufacturer’s payoff may
increase in c. This finding is also revealed in the symmetric information setting of
Guan et al. (2020).
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Fig. 4. The Effect of A on Profits, where ¢ = 0.65 and p = 1.

5. Discussions
5.1. The effect of encroachment

This subsection focuses on how encroachment affects the prof-
itability of the manufacturer and the retailer by comparing their
equilibrium payoffs under the No-Encroachment and Encroach-
ment settings. By doing so, we can provide helpful insights for ei-
ther the companies planning to encroach and build a direct chan-
nel, or those who want to rethink their existing dual-channel
strategies.

Proposition 5. With information asymmetric, there exist direct sell-
ing cost thresholds cg and c; such that encroachment leads to the
following outcomes:

(a) When pA €]0, 8*152‘/7): a win-lose outcome (i.e., encroach-
ment benefits the manufacturer but hurts the retailer) if c €
(0, 225408 ) U g, ¢;), @ win-win outcome (ie., encroach-
ment benefits both the manufacturer and the retailer) if c e
[W%,CG), and a lose-lose outcome (ie., encroachment
hurts both the manufacturer and the retailer) if ce[c;,1—
pPA);

When pA e [3‘152*/j 1): a win-lose outcome if ¢ € (0,c;) and
a lose-lose outcome if c € [c7, 1 — pA).

(b

=

¢t if 0 < pA <0.0078
Where ¢ = {Cs5 if 0.0078 < pA <0.0144 | ;=
4=V 40h if 00144 < pA < 0.0774
o if 0 < pA < 0.0909
oo if 0.0909 < pA < 0.147 ,
cs if 0.147 < pA <0.191 - € 1S

4-5pA+4/1-4pA+13p2 A2
6

the smallest solution to 9 —36(1 — pA —¢)%2 —4[2(pA +¢)

if 0.191 < pA < 0.2

B(PA, 02 =0, ¢* (c**) is the largest (second small-
est) solution to 15+ 200%2A% — 48c + 36¢% — 4pA(9 — 17¢) —
4pAB(pA,c) =0.

Proposition 5 provides the effect of encroachment on the man-
ufacturer and the retailer under the asymmetric information set-
ting, which will be greatly affected by two model parameters in-
cluding pA and c. Specifically, when the expected demand changes
not greatly regardless of the forecast is h or | (i.e., pA < 8‘]52‘5 ),
encroachment leads to the win-lose, win-win, win-lose and lose-

lose outcomes as c increases. With a sufficiently small c (ie,,

c< W#), adding a direct channel benefits the manufacturer
but hurts the retailer. For the manufacturer, although he has to
upwardly distort the wholesale price from the first-best one, en-
croachment can still benefit him, as he will control pricing to lower
the wholesale price. For the retailer, channel competition caused
by adding a direct channel will hurt the retailer as she loses the
monopoly position in the retail market, even if she can enjoy a

lower wholesale price. At an intermediate c (i.e., ¢ € [3@’%, Cs)),
the retailer also benefits from the manufacturer’s adding a direct
channel as she gains a selling advantage as the benefit of the lower
wholesale price outweighs the channel competition. Thus, the ben-
efit from a higher marginal profit caused by a reduction in the
wholesale price dominates the loss of demand resulting from chan-
nel competition.

However, as ¢ continues to increase (i.e. c € ][cg, c7)), again,
encroachment hurts the retailer. Even with the same outcome,
the rationale is different from that with a sufficiently smaller c.
This is because, for a relatively large c, the manufacturer will
pool at wPT* = % under encroachment setting, which may
even larger than that under no-encroachment setting (note that
WPT = 20843c1 (N 1 may hold with a larger c). Therefore,
the smaller order quantity caused by a larger wholesale price as
well as channel competition caused by adding a direct channel will




JID: EOR

Y. Tong, T. Lu, Y. Li et al.

greatly hurt the retailer. Additionally, when c exceeds a threshold
(i.e., ¢ > c7), adding a direct channel will hurt both the manufac-
turer and the retailer, and thus, the manufacturer will be reluc-
tant to add a direct channel. This is because, with a sufficiently
large c, the manufacturer separates himself with wST*|l = %
and wST*|h = %W when ¢ > ¢; under encroachment
setting, while pooling at wh* :% under no-encroachment set-
ting. One can verify that with a sufficiently large c, the manufac-
turer may set an even larger wholesale price under encroachment
setting than that under no-encroachment setting, i.e., wST*|h >
wST*|l > wN* thus resulting in an amplified double marginalization
and hurting both of them. As a result, in addition to the win-win
and win-lose outcomes revealed by Arya et al. (2007), a lose-lose
outcome can also arise under the dual-channel setting when c is
sufficiently large.

What is worse, when the expected demand for the h-type man-
ufacturer is very different from that for the [-type manufacturer,
ie, pA > 8‘152ﬁ, adding a direct channel is more likely to hurt the
manufacturer and the retailer, while the win-win outcome cannot
exist. This is because, with a sufficiently larger pA, the retailer
may order a smaller quantity as the wholesale price increases in
pA, which has a negative effect on the retailer’s profitability; con-
sequently, both the manufacturer and the retailer will be worse off
under the Encroachment setting. This conclusion reveals the nega-
tive effect of information asymmetry (A) and forecast accuracy (o),
which does not exist in Arya et al. (2007), who consider a sym-
metric information setting. This is really an alarm over adding a
direct channel in the context of a better-informed upstream man-
ufacturer.

Proposition 5 provides insightful suggestions for the better-
informed manufacturer regarding encroachment. To signal the true
forecast signal, the encroachment setting may create a serious
wholesale price distortion, leading to a lower channel efficiency.
Therefore, on the one hand, manufacturers that have established
direct channels should rethink whether or not to continue sell-
ing products through both the direct and the retail channels; on
the other hand, manufacturers that have not yet established direct
channels should be mindful about this issue when adding a direct
channel.

Corollary 1. Encroachment may become more detrimental for the
manufacturer and the retailer as the degree of information asymmetry
becomes greater (i.e., a larger A).

As can be seen from Fig. 5, as A increases, the region of the
win-win outcome shrinks sharply, while the lose-lose outcome be-
comes larger. Put differently, asymmetric information has a large
negative impact on encroachment for both supply chain parties. Al-
though a larger A means a larger market potential; however, it is
more costly for the manufacturer to separate himself from the low
type as the separating wholesale price increases in A. Therefore,
a greater degree of information asymmetry may negatively impact
the manufacturer’s and retailer’s payoffs under encroachment.

Remark 1. A fundamental difference between Li et al. (2014) and
our study lies that the better-informed party has diametrically dif-
ferent incentives to separate from another type in the two sig-
naling games. Specifically, with a better-informed retailer, Li et al.
(2014) reveal that the high-type retailer has an incentive to mimic
the low type so that the manufacturer will choose a smaller selling
quantity in the direct channel. By contrast, we find that when the
manufacturer is better-informed, the low-type manufacturer will
mimic the high-type so that the retailer will order more quantity
of the product. As such, the binding incentive compatibility con-
straint for separating equilibria in our problem is different from
that in Li et al. (2014).
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As a result, our findings are different from Li et al. (2014) in
these three aspects. To begin with, unlike Li et al. (2014), in which
encroachment may lead to a lose-win outcome, we find that this
lose-win outcome cannot happen in our study. This is because the
less-informed manufacturer will lower the wholesale price when
the retailer orders less to mimic the L-type, thus benefiting the
retailer but hurting the manufacturer. However, in our paper, the
better-informed manufacturer always distorts the wholesale price
upward, which hurts the retailer. As a result, the lose-win outcome
cannot occur in our study. Additionally, although the lose-lose out-
come has been reported by Li et al. (2014), the rationale of our
study differs from that of theirs due to the difference in distor-
tion incentives. Last but not least, encroachment may lead to com-
pletely different outcomes in our study versus those of theirs. For
instance, Li et al. (2014) find that given r=0.5 and pA ~ 0.149,
a sufficiently large c leads to a win-win outcome, which is differ-
ent from the lose-lose outcome revealed in our model. In general,
our findings indicate that the outcome of encroachment by the up-
stream party in a supply chain depends on which party is bet-
ter informed. When assessing the benefit of encroachment, firms
should take into account which party possesses superior demand
information.

5.2. The effect of information accuracy

This subsection focuses on how information accuracy affects the
payoffs as well as the effect of encroachment on supply chain par-
ties.

Proposition 6. Under the No-Encroachment setting, the payoffs of

both the manufacturer and the retailer are unrelated to information
) 9 N 9 N .

accuracy p (ie., g—g = Z—R = 0); under the Encroachment setting,

both the manufacturer and the retailer may earn more (less) as accu-

. ) dmEx dmEx
racy improves (ie., g—/’;” and g—g may be larger (less) than zero).

Put differently, due to encroachment, as information accuracy
increases, both the manufacturer and the retailer may not be bet-
ter off. Intuitively, a more accurate signal reduces demand uncer-
tainty and facilitates the wholesale price decision, thus benefiting
the manufacturer and inducing him to improve accuracy. However,
due to the signaling cost, which means that the manufacturer has
to charge a higher wholesale price to separate himself from the
low type as p increases, the manufacturer may conversely become
worse off by improving information accuracy. Therefore, acquiring
more accurate information is not necessarily beneficial for either
supply chain member.

Proposition 6 reveals an interplay between information accu-
racy and encroachment. On the one hand, due to encroachment,
the firm’s performance may deteriorate as information accuracy
improves and thus, under some conditions, it is not necessary for a
dual-channel manufacturer to obtain perfect demand information,
even if it is costless to do so. On the other hand, more accurate in-
formation may inhibit the manufacturer from adding a direct chan-
nel.

5.3. Credible information sharing

In practice, some mechanisms/infrastructures (e.g., an electronic
data-interchange system) can be implemented to enable the manu-
facturer to share information, instead of relying solely on signaling
through the wholesale price. In this subsection, we explore the fol-
lowing questions. Is each party better off when information shar-
ing is undertaken? How does manufacturer encroachment influ-
ence the value of information sharing? As in Jiang et al. (2016),
we assume that the supply chain parties commit to sharing infor-
mation or not before the forecast signal is realized. This is a rea-
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Fig. 5. The Impacts of encroachment.

sonable setting as the installation of the necessary infrastructure is
often a long-term decision. So, in the following discussion we focus
on the supply chain members’ ex ante profits (before the forecast
signal is realized).

For convenience, FjN =N _ n}"* (1"1.5 = 7%]5* - njE*) is defined
to represent the values of information sharing under the No-
Encroachment channel (the Encroachment) setting, where j = M, R,
respectively. Additionally, information sharing can be costly due to
investments in the IT infrastructure. Let us assume that if the man-
ufacturer (resp. retailer) wants to share information, then he (resp.
she) will incur a cost F > 0 for launching the information shar-
ing mechanism. We start with a special case in which information
sharing can be achieved freely, i.e., F = 0.

Proposition 7. If F =0, both supply chain parties always benefit
from information sharing under both the No-Encroachment and En-
croachment settings, ie, I >0, I'N >0, It > 0, and I'f > 0.

Intuitively, the better-informed manufacturer is reluctant to
share information, while the uninformed retailer benefits from ob-
taining the information. However, as Proposition 7 shows, infor-
mation sharing benefits both parties. The rationale hinges on the
signaling cost. Specifically, the manufacturer who observes a high
forecast signal has to distort his wholesale price upward to signal
his type in the separating equilibrium, whereas the pooling whole-
sale price will deviate from the first-best one under both high and
low forecast signals, which amplifies double marginalization and
hurts both parties. However, such a signaling cost can be avoided
in the symmetric information setting. Therefore, both of them al-
ways benefit from information sharing.

We note that the above finding stands in stark contrast to what
is documented in the literature. First, our finding differs from the
observations of Li et al. (2014) who report that the better-informed
retailer may be reluctant to share her private information, in order
to maintain the information advantage (Proposition 7 of Li et al.
2014). By contrast, we reveal that with a better-informed upstream
manufacturer, both supply chain parties can be much better off
through sharing information. In some sense, our results imply that
with a manufacturer-side private information setting, it is easier
to reach an information sharing agreement between supply chain
parties as compared to the retailer-side private information.

10

Additionally, our results also differ from that of Jiang et al.
(2016), who study a single retail channel supply chain with a
better-informed upstream manufacturer and conclude that the re-
tailer prefers no information sharing (Proposition 2 of Jiang et al.
2016). This result is diametrically different from ours, for the fol-
lowing reason. They focus on the pricing decision rather than the
quantity decision and the retailer can always receive a quantity
equal to the realized demand. Consequently, in their model, the
h-type manufacturer will downward distort the wholesale price to
mimic the low type so that the retailer will lower the retail price
and, thus, boost sales. Such a wholesale price distortion therefore
benefits the retailer; consequently, she prefers asymmetric infor-
mation. However, in our model, based on the quantity decision,
the [-type manufacturer benefits from mimicking the high type by
raising the wholesale price instead. Therefore, the retailer opts for
symmetric information to avoid an upwardly distorted wholesale
price.

Broadly speaking, our results demonstrate that the impact of
information sharing on a downstream retailer hinges critically on
whether the retailer commits to an order quantity or a retail price
in the wholesale contract, as well as which party possesses private
information.

It is important to note that our analysis assumes truthful in-
formation sharing. In practice, this requires investment in credible
information sharing infrastructure, e.g., a shared database.!’ Hence,
we further consider the case in which information sharing is costly.
Then, will manufacturer encroachment encourage or discourage in-
formation sharing? Proposition 8 indicates that encroachment may
even discourage information sharing.

Proposition 8. With a positive cost of sharing information (ie., F >
0), there exists ¢ and F such that:

(@) IfF e (F, #), the manufacturer who benefits from informa-

tion sharing under the No-Encroachment setting may become

T Without the infrastructure that guarantees truthful information transmission,
the better-informed party may manipulate its information. So, the information
transmitted may not be credible and the less informed party may not trust the
shared information at all. Consequently, the game that is eventually played out will
be a signaling game as analyzed in this paper; the better-informed party can only
distort its decision to credibly signal its type.
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reluctant to share information under the Encroachment setting,
ie, I —F >0 while I'E —F <0.

(b) If pA € (0, %)’ ce(0,8),Fe (2(pA+C)«/p2A2+§pAC—2pA(pA—C)’

2 ) . . .
%), the retailer who benefits from information sharing un-
der the No-Encroachment setting may become reluctant
to share information under the Encroachment setting, i.e.,

FRN7F>0WhileFREfF<0.
Where
PA(pA+c—4/p2A2+2pAc) if pAe(0,1),ce(0 (344~/§))0A)
3 1 5)> 18

oy if pA € (0.552).ce (cr. )

F= 6pAG-50-TpPAT-(B500 f A ¢ (0, 8512 ca)
orpA € [87152“5’ %)7 ce(c3,cq)
- —5¢)2 . _

G385 if pAE[0, 1), ce(cq, =C2000)
and ¢ is the smallest solution to 657p3A3 +1152p2A%c —
1024p Ac? — 2048¢3 = 0.

We find that both members who benefit from information shar-
ing if the manufacturer does not add a direct channel may become
reluctant to share information in the presence of a direct chan-
nel, provided that c is relatively small and F is at an intermediate
range. This is because with a relatively small ¢, the manufacturer
does not necessarily charge a sufficiently higher wholesale price to
separate himself from the low type or a sufficiently high pooling
wholesale price due to the pricing constraint under the Encroach-
ment setting. As a result, both parties are reluctant to share infor-
mation, as the increased profit through information sharing can-
not offset the cost of information sharing. However, absent of a di-
rect channel, the pooling wholesale price is so high that it greatly
deviates from the first-best one and, thereby, inhibits the retailer
from ordering a larger quantity, thus hurting both parties. There-
fore, both are willing to share information as the increased profit
outweighs the cost associated with information sharing.

6. General two-state demand function

In the base model, we assumed that the two marginal utility
states are equally likely, i.e., Pr(H) = Pr(L) = 1/2. In this section,
we examine a general two-state distribution, in which we assume
Pr(H) =r and Pr(L) =1 —r, where r € [0, 1].

Proposition 9. Suppose p = 1, then under the No-Encroachment set-
ting, the payoffs of both the manufacturer and the retailer are increas-

ing in r (ie, M
ting, the manufacturer’s payoff is increasing in r while the retailer’s

payoff may be increasing in (decreasing in or unrelated to) r, i.e.,

s« Ex
% > 0 always hold while ﬂ—f

equal to) zero.

may be larger than (less than or

This is because under the No-Encroachment setting, the man-
ufacturer will always pool at wN* = 1=452"4 ' leading to 7)\* =

_ 2 _ 2 .
% and 7} = %, respectively. Therefore, a larger

r enables the manufacturer to charger a higher wholesale price,
and further benefits both the manufacturer and the retailer. How-
ever, things are different under the Encroachment setting. For the
manufacturer, he can still benefit from a larger r as the larger pay-
off with a high forecast signal always outweighs the signaling cost.
In contrast, a larger r may hurt the retailer as the h-type manufac-
turer will charge a higher wholesale price to separate himself from
the low type, which inhibits the retailer from ordering a larger
quantity.

Proposition 9 has implications regarding how the probability of
demand states affects the impact of encroachment on supply chain
members. For the manufacturer, a larger r cannot always stimulate

1
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the manufacturer to encroach if and only if the increased profit
under the Encroachment setting is larger than that under the No-
Encroachment; for the retailer, she may become worse off from

dmEx .
encroachment as % < 0 may exist. Nonetheless, as can be seen
from Fig. 6 that the magnitude of r will not greatly impact the re-
sults.

7. Channel differentiation

In practice, some consumers may prefer to make purchases via
one type of channel rather than another, even though the prod-
ucts are identical. This subsection considers a scenario with chan-
nel differentiation. Again, we derive the demand function through
a representative consumer’s purchase utility function with U =

0qr +x0qm — w — DrGr — Pmqm, Where 0 and x0 measure
the marginal utility that the consumer obtains from consuming
one unit of product bought through the retail channel and direct
channel, respectively. So by introducing a factor x € [0, 1], we al-
low the consumer to obtain different utility when buying from
different channels. The consumer chooses g, and g to maximize
the utility, leading to the inverse demand functions for these two
channels: p, =60 — q — kqm and pm = x0 — qm — kqr, respectively.
k € (0, 1) represents the degree of substitution between two chan-
nels, and as k increases, the competition between two channels be-
comes more intense.

Proposition 10. Suppose c = 0, then under the Encroachment setting,
when consumers obtain different utilities when buying from different
channels, there exists X1, Xy, X3, and X4 such that a unique LMSE ex-
ists that is characterized by the one of the following cases.

(a) When x e [0, min(xq,x,)], the optimal separating whole-

sale prices are wE*|l = 7(17"&(’;2,:”2’{74") and wk*|h=
4k2(1 + pA)2 — 4kx[8(1 — pA)?
2-k2 | —k2(3—12pA+5p2A2)]+x2[16(1—pA)2(4—3k?)
+k*(9 —10pA +5p2A2)]
2(8-5k2)
48 6k%+k3x+p A (8—8kx— 6k2+5k3x)

2(8-5K%)
(b) When x e (min(xq,x;), X3], the optimal pooling wholesale
price is wE* = 2"*4"(1*PA%zk2x(l—2pA),

(c) When x € (x3, min(xy4, 1)], the optimal pooling wholesale price

is WE* — 8—6k2+k3x+2p Akx(2—k?) .
- 2(8-5k2) ’
(d) When x e (min(x4,1),1], the optimal separating whole-
sale prices are wE*|l = A=pD)B-62+12%) g wE*|h =
p = 2(8-5k2) -
8—6k%+k3x+p A (8—8kx—6k>+5k3x)+20(2—k?) \/p A 2—kx)[2—kx(2— ,OA)]
2(8-5k2)
64k(1 — p2A2) — 8k3(5 — 6pA — 3p2A2)
+2k5(3-12pA+5p2A2)—4k2(1-pA)/pA(8
Where x. — —5k2)[32 — 24k% — 4k* + pA(32 — 16k% + k*)]
1= 256(1 — pA)% — 128k%(2 — 5pA
+302A2%) +4k*(21 —54pA
+3702A2) —k8(9 — 10pA +5p2A2)
Xy = %, X3 = WM, and x4 is the small-
est  solution to 8+ 4kx(3 —kx) — pA(4 — 12kx + 5k%x2) +

4kx\/,oA(2 —kx)[2-kx(2-pA)] =0

Proposition 10 reveal that, consumer’s acceptance to the direct
channel plays a critical role in affecting the manufacturer’s opti-
mal wholesale price decisions. Specifically, when consumer’s ac-
ceptance to the direct channel is either smaller or large enough,
the manufacturer has an incentive to separate himself from the
low type; otherwise, he will choose a pooling equilibrium. We fur-
ther compare the expected profits for both supply chain mem-
bers to reveal the effect of encroachment in Fig. 7. Recall from
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Proposition 5 in the basic model that encroachment leads to a
win-lose outcome if given ¢ =0 or c =0.5; however, when con-
sumers obtain different utility when buying from different chan-
nels, encroachment leads to lose-lose, win-lose, and win-win out-
comes, depending on the magnitude of x. Intuitively, with a rela-
tively small x, adding a direct channel will hurt both the manufac-
turer and the retailer due to the channel competition. Interestingly,
as x increases, encroachment can benefit both of them. The ratio-
nale hinges on the benefit of the mitigation of double marginaliza-
tion.

8. Alternative settings

In this section, we consider two alternative model settings to
check the robustness of our results.

8.1. Simultaneous quantity decision

In the base model, we consider a sequential quantity decision
in which the manufacturer decides how much to sell through his
direct channel after observing the retailer’s order quantity (Arya
et al. 2007, Ha et al. 2016, Li et al. 2014). However, it would also be
possible for the manufacturer and the retailer decide their selling
quantities simultaneously (Huang et al. 2018, Yoon 2016). We char-
acterize how encroachment affects supply chain members’ payoffs
in the following proposition.

Proposition 11. When the manufacturer and the retailer decide their
selling quantities simultaneously, manufacturer encroachment leads
to:

(@) a win-lose outcome if pAe€(0,0178) and ce
(0, 22=/5-18024%) © 4 hA £[0.178,0.2) and ce
© 18—28pA+«/17p2A2—3pA),

’ 12 ’

(b) a lose-win  outcome if pAe€(0,0.005) and ce

(A0A45VO 5202 A% (6941308 - o A €[0.005,0.077) and

4pA+5+/94320p2 A2 12-16pA—+/9+32p2 A2 |,
Ce ( 2 s 12 ),

(c) a lose-lose outcome otherwise.

Compared with Proposition 5, Proposition 11 reveals an inter-
esting finding: in the simultaneous quantity decision setting, man-
ufacturer encroachment can hurt a better-informed manufacturer
but benefit a less-informed retailer, leading to a lose-win outcome
rather than a win-win outcome. This is because in the sequential
quantity decision setting, the manufacturer can strategically make
his quantity decision based on the retailer’s order quantity. How-
ever, such a strategic advantage will disappear and encroachment
leads to a lose-win outcome rather than a win-lose outcome.

8.2. Price competition

Thus far, we have examined the effect of encroachment in the
context of the quantity competition between the manufacturer and
the retailer. In practice, this might be a setting in which the re-
tailer faces a long lead time to get the products. In this sec-
tion, we consider price competition, where both firms make the
pricing decisions rather than quantity decision. Other model set-
tings remain the same as in the basic model. We assume the de-
mand functions are qr =60 — pr + kpm and qm =6 — pm + kpr, re-
spectively. The following proposition characterizes the equilibria
under the price competition setting.

Proposition 12. Under the price competition,

(a) Under the No-Encroachment setting, the manufacturer will pool
at wh* = 1222 if pA € (0, %ﬁ); otherwise, the manu-
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+

The above proposition reveals that, under the price competition
setting, the manufacturer has an incentive to mimic the L-type so
that the retailer will lower the retail price and boost the selling
quantity (Jiang et al. 2016), regardless of whether the manufac-
turer establishes a direct channel or not. Due to this difference,
Proposition 12 finds that under the No-Encroachment setting, the
manufacturer can benefit from separating himself from the L-type.
We further compare the expected profits for both members of the
supply chain under the No-Encroachment and Encroachment set-
tings in Fig. 8 to reveal how encroachment affects their payoffs un-
der the price competition setting. It can be seen from Fig. 8 that
a lose-win outcome occurs and the larger the degree of substitu-
tion between these two channels is, the larger the range of the
lose-win outcome will be. This is because, to induce the retailer to
lower the retail price and thus boost sales, the manufacturer has
to downward distort the wholesale price, which will benefit the
retailer but hurt himself.

9. Conclusions

Increasingly, many supply chains rely on upstream manufactur-
ers to obtain superior demand forecasts with the help of state-
of-the-art data analytics technologies. These manufacturers usu-
ally sell not only through downstream retailers but also through
their own direct channels. Although conventional wisdom holds
that in the symmetric information setting, manufacturer encroach-
ment might benefit each supply chain member due to the mitiga-
tion of double marginalization, this study extends the analysis to
an asymmetric information setting, with a better-informed manu-
facturer. We show that the upstream manufacturer who possesses
superior customer’s marginal utility has to upwardly distort the
wholesale price to separate himself from the low type, but doing
so amplifies double marginalization and hurts both parties. Fur-
thermore, although the same lose-lose outcome can be found in Li
et al. (2014), who also focus on an asymmetric information setting,
in which the downstream retailer can have access to obtain supe-
rior demand forecasts, the rationale of their study is quite different
from that of ours. Due to this difference, we find that encroach-
ment will more likely result in a lose-lose outcome with a better-
informed manufacturer versus a better-informed retailer. Neverthe-
less, we also reach the interesting and counterintuitive conclusion
that a larger direct sell cost or a greater degree of information
asymmetry does not necessarily hurt them; that is, both of them
may benefit from a larger direct selling cost or a greater degree of
information asymmetry; however, more accurate information may
hurt them and inhibit the manufacturer from encroachment.

We further consider whether or not credible information shar-
ing benefits both supply chain parties. We find that due to the sig-
naling cost, both of them can be better off with information shar-
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Fig. 8. The Impacts of Encroachment on the Payoffs under Price Competition.

ing, if it is costless to do so, which is different from the case with
respect to retailer-side private information, in which information
sharing may hurt the better-informed retailer. With respect to the
price decision within a single retail channel, the uninformed re-
tailer becomes worse off by investing in the capability to share in-
formation. We also reveal that supply chain members may become
reluctant to invest in the capability of information sharing due to
manufacturer encroachment.

Our model does have some limitations. First, our analysis sug-
gests that there might be some inefficiency within the supply
chain due to information asymmetry under wholesale price con-
tract. It is worth further exploring if more complicated contracts
or coordination mechanisms could improve supply chain efficiency
and guarantee a win-win outcome. Second, we find that the man-
ufacturer will mimic the high type to acquire a higher marginal
profit through the retail channel if the products sold through two
channels are identical. Accordingly, another promising direction for
future research would be to explore the setting in which the man-
ufacturer can distribute two products with differentiated quality
levels through the two channels. The quality differentiation may
change the manufacturer’s mimicking behavior and, thus, affect the
impact of encroachment and information sharing.
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Appendix A. Normalization of the average customer’s marginal
utility

Consider a more general case where 6y =n+ % and 6, =
n-— % such that 6y —6, = A. Then, given 6y, the manufac-
turer’s profit is my = Oy — Gr — Gm — O)4m + WiGr = (n + % —qr—
Gm — O +War =n?[(1— & — & _dn _ &ydm 4 Wdr) Then, for
any given n>0, A >0, and ¢> 0, define A= & ¢=¢ ¢ =1
qm = qu, and w = 7, we have ay =n2[(1+ A =qr — Qm —C)qm +
wg;], that is, the manufacturer’s profit is equal to what is assumed

w

14

in the main paper times a normalizing constant n2. Thus, the man-
ufacturer’s optimal solution is unrelated to n. Following the same
method, we can show a similar result for the manufacturer’s profit
given 0, and for the retailer’s profit as well. Therefore, without
loss of generality, we assume 6y =1+ A and 6, =1 - A.

Appendix B. Proofs

Proof of Proposition 1. First, we characterize the separating equi-
librium. Here, the retailer’s belief system is: if w < wNS, the de-
mand forecast is [; otherwise, the demand forecast is h. A PBE ex-
ists if the following constraints are satisfied:

mvﬁlxn,’ds(w<w"’5|l) > mvﬁlxnﬁs(wzw"’su), (A1)
mvelen,\’zs(w > wNS|h) > max TN (w < whs|h), (A2)
whs > 0. (A3)

For concision, we use 7[S(w <wM|l) to denote the I-type
manufacturer’s expected profit for w <wNS and similar notations
are also given accordingly.

Since NS (w < whS|1) = WI=LA-W)
WAPA-W) - Therefore, we need wNS> % VPA 1o sat-
isfy constraint (A1). Thus, the optimal wholesale price
for I-type manufacturer is wN*|l = # <wNS, Note that
NS (w < whS|h) = WAZ0AW) and NS (w > whS|h) = WIHLAW)

1+pA
5

Since 14pA o IHPA12VPR  always holds, and the larger wMS
is, the smaller 7[°(w>w"S|h) will be. Therefore, we have
WNS*”I _ 1+pA;2~/pA.

Thus, in the separating equilibrium, the manufacturer sets
whSH|[ = 128 and whS«|p = HRA42VPR respectively.

and  (w>whS|l) =

and the h-type manufacturer’s wholesale price is w=

Next, we solve the pooling equilibrium. Again, we formulate the
retailer’s belief system: if w > wNP, the retailer’s belief is the same
as the prior belief; otherwise, the retailer’s belief is I. A PBE exists
if the following constraints are satisfied:

mvexn,{}”(w > wNP|h) = 7 [IP(w = w'P|h), (A4)

mvexnﬁ”(wzwl‘”’ﬂ) =P (w = whP|]), (A5)

mvﬁlxnﬁ”(w > wNP|h) > mvelen,’\)’,”(w < wNP|h), (A6)

max P (w > whP|l) > max P (w < wP|I), (A7)
w w

whP > 0. (A8)

Again, we use mJi"(w > wNP|h) to denote the h-type manufac-
turer’s expected profit for w > wNP and similar notations are also
given accordingly.
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Table A1 Table A.2

The Optimal Solutions of Encroachment Setting in the Separating Equilibrium. The Optimal Solutions of Encroachment Setting in the Pooling Equilibrium.
Precondition 0<c< 32D 3028 ¢ 1_pA Precondition 0<c< &2 WA <cc1-pA
wr(w < whS|l)  20=ph)=c pasjel wh(w s whPll) 2ol sci2pa-
Precondition 0<c< 204 3508 ccc1-pA Precondition 0 <c < 3028 3028 < c<1-pA
wH (W - WES“) 3—p6Afc 3c+3§A71 w (W < ngll) 30— pA) c pPA+3c-1
Precondition 0 <c < 3028 D) <o <1-pA Precondition 0<c< 2L A <o 3h HWA o1 _pA
wr(w = wh|h)  30xedc 3e=pA-1 wr(w > wiP|h) e 3422% 3e=2pact
Precondition 0<c<pA pA <c< 3P HWE ¢ 1_pA Precondition 0<c<pA pA <c<3PA WL o 1_pA
w*(w < wES|h) # % 3f*32¢ w*(w < wEP|h) # 3+pA—c 35732&

following constraints are satisfied:
. 1—

Since NP(w = wNP|h) = NP (w = wiP|l) = YW - e need maanP(w > wEP|h) = P (w = wEP|h), (A12)
whP > 1 to satisfy colg})straints N(PA4) and (A5). 1[\}: the la’f,%er whP max TEP(w > WEP|1) = 7TEP (w = wEP|I), (A13)
is, the smaller max ;" (w > w'"'|h) and maxm,; (w > w""|l) will

ax Ty (W= I X7y (W= NL) } mang P(w = wEP|h) > max P (w < wEP|h), (A14)
be, and thus, the optimal pooling wholesale price is w"™* = 7. w

o P Npp ng NP P ) 2 maxn”’(w > wtP|l) > maxn P(w < WEP|D), (A15)
Then, we have m;"(w < w™'|h) = " (w < w'"|I) = 5. Meanwhile, w,

NP NP NP NP (1-ph)? w2 0. (A16)
note that max 7z, w <w'|h) = max 17, w < w'|l) = ===,
. : 3c=14pA) 2 +4cw+12w(1—pA—

Clearly, constraints (A6) and (A7) always hold. Since TEP (w < wEP|1) = Cltp )T HA 2wl —pA-w)

Thus, in the pooling equilibrium, the manufacturer sets wNP* =

Nl—

Finally, the LMSE concept is used to refine the equilibria. The
h-type manufacturer’s expected profit under two equilibrium out-

2 . .
comes are sNS*|h = (l’gA) and w)P|h =L, respectively. It is
easy to testify that 7r)\P*|h > i |h always holds. Therefore, when
the manufacturer does not encroach, the unique LMSE is always

pooling. O

Proof of Proposition 2. First, we characterize the separating equi-
librium. Here, the retailer’s belief system: if w < wES, the market
potential is I; otherwise, the market potential is h. A PBE exists if
the following constraints are satisfied:

mang S(w < wi|) > mwa;lxrr S(w > wEs|I), (A9)

maxn,f,f(w > wES|h) > maxmf (w < wES|h), (A10)
w w

wES > 0. (A11)
Since ”I@S(W < wES|) = (3c—1+pA)2+4c¥E+12w(l—pA—W)’

ES ES|1y _ (3c=1+3pA)%+4w(B—pA+0)—12w?
mE(w = wk|l) = £ 2 ,

WES|h) —
(3c=1-3pA)2+4w(3+pA—c)—12w?
16 ’

mp (W =
B (w < wE|I) =
respectively. Therefore, the opti-

mal solutions in the separating equilibrium are summarized in
Table A.1.

and

Bc—1-pA)2—4cw+12w(1+pA-w)
16 )

In order to satisfy the constraint, we need wES >
3—pA—C+4«6/p2A2+2pAC ifO<c< 3(1—5,0A) Th
3—pA—c—¢é2ﬁ(pA,c) if 3(1;pA) <c<1- ,OA. us,

31-pA)—c  ; 3(1-pA)
we have wES*|[ = { pA+36671 ff (3)(77;;) 5 .
> if = <c<1-pA
Since w*(w > wES|h) < wES  always holds, and the larger
wES is, the smaller nE(w>wES|h) will be. Therefore,
it is optimal for the H-manufacturer to set wES*|h=
3—pA—c+4y/p2 A24+2pAc ifO<c< 3(1—5,0A) where

6
3—pA—c+2B(pA. e 3(1—pA ’
P C+6ﬁ(p ©) 1f(5p)§c<1—pA

B(pA,c) = /13p2A2 + (3 - 5¢)2 — 2pA(9 — 19¢).

Next, we solve the pooling equilibrium. Consider the retailer’s
belief system: if w > wEP, the retailer’s belief is the same as the
prior belief; otherwise, the retailer’s belief is I. A PBE exists if the

15

EP EP 11y _ (3c—1=3pA)2+4w(3+pA—c)—12w?
i (w < wiP|h) = L WSS ,

WEP”) _
(3c—1— 2pA)2+4w(3+2pA c)—12w?

TP (w =
EP(W > WEP“‘I) —

. Therefore, the optimal solutions in
the pooling equ111br1um are summarlzed in Table A.2.

and

(3c-1 +2,0A)2+4w(3—2pA—c)—12w2
16 ’

To satisfy  constraints (A12) and (A13), wEP>
% if0<c<22

% if % <c< % As the larger wEP s,
3c+2§A—l if 3—%pA <c<1- ,OA

the smaller mvexnl\f/,”(w > wEP|h) and mﬁxnﬁ,”(w > wEP|I) will be,
and thus, the optimal pooling wholesale price is

liepa if0<c< %;
wEPx — 3+2,<éA—c if PA <c< 3—épA;
3c+2pA-1 e 322pA
5 if == <c<1-pA.

Meanwhile, to satisfy constraints (A14) and (A15), we need to
3pA 15— SpAﬁ/pA(Go TipA)

Co < € < ¢5, where ¢g = 24= and ¢
Thus, in the pooling equilibrium, the manufacturer sets

WEP* — {

Finally, the LMSE concept is used to refine the equilibria. The
h-type manufacturer’s expected profit under two equilibrium out-
comes are

34+2pA—c

3-2pA.
6 5 >
3c+2pA-1

2

ifcg<c<
if 2202 < c <cs.

3-60+7c2—5p2A?42pA(3-Tc+4/p? A2+2pAc)
ES*|h if0<C<Ml;2
12c-9c2—3-7p*A +épA(6—11c+ﬂ(pA,c))
if 3(1‘57”) <c<1-pA.
e [ ST e e
pAG501 if 3222 < ¢ <cs.

By comparing these profits, we can get Proposition 2. O

Proof of Proposition 3. To prove this proposition, we need to
compare the profits of the manufacturer and the retailer un-
der SD and PD at the point c=c;. Then, wiP* — P, =

25”“2[% PAVOLAVZ _ o always holds. Therefore, in the di-
rect regime, the manufacturer’s profit may increase in ¢ when

the equilibria shift from SD to PD. Similarly, w3P* — wfP*|c—¢, =

_ p?A%(48+8+/9+4v2+114/18+8v2-24V2)
36

< 0 always holds; that is, the
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retailer’s profit may increase in ¢ when the equilibria shift from SD
to PD.

Following a similar logics, we can proof Proposition 4 and thus,
we omit the straightforward algebraic steps here. O

Proof of Proposition 5. By comparing 7}* and w5, m}* and 7k
in different ranges of ¢, we can get Proposition 5. O

Proof of Proposition 7. Under the No-Encroachment setting, we

272 272 .
have I}) = % and Y= %, respectively. Under the En-
croachment setting, we have

(%",
(6pA(3 5¢)— (3 5¢)2—7p2 A2 9—pA(18—7p%6+26c)—18c+562)
(17,02Az—2,0A[9—19c2t12/3(,oA,c)]+(3—5c)Z 452[2pA;6/3(pA.c)])
(3- 3pA 55)2 (3-3pA— c)(3pA+5c 3))

(2650 pA(1 —c))

(pA[ZpA+17c 9-B(pA, c)]7

3
pA(4c PA) )

NE

18[02A2+(1—r(32]—9(1—pA—C)Z—[20A—/3(0A,6)]2 )
36

Therefore, it can be easily find that I3) >0, I} >0, I'}E >0,
and I}f > 0 always holds when F =0. O

Proof of Proposition 8. In the No-Encroachment setting, the man-
. . . . p2A2 . .
ufacturer will share information if F < #5>, and the retailer will
272
share information if F < %. Then, by comparing 1",\’/," > F given

F<’O2A

. 272 .
, FRN > F given F < %, we can get Proposition 8. O

Proof of Proposition 9. Following a same logic, we can derive the
optimal solutions under the No-Encroachment and Encroachment
settings. We omit the straightforward algebraic step while only
present the optimal solutions.

Under the No-Encroachment setting, the manufacturer will al-
ways pool at wN* = M, leading to 7" = M

(1—pA+2rpA)2

and JTN* = , respectively. Then, the profits of both the

a >(<
manufacturer and the retailer are increasing to r; that is, =~ >0

Under the Encroachment setting, then a unique LMSE exists
that is characterized by one of the following cases.

(a) When pA €[0,1/5) and c € (0, min(¢;, ¢3)), there is a sep-
arating equilibrium with direct selling where the optimal
separating wholesale prices are w*|l = % and w*|h =

3—pA—c+44/p2 A242pAc.
6 ,

When pA €[0, min(A,,1/5)) and c € [&;,C3), there is a
pooling equilibrium with direct selling where the optimal
pooling wholesale price is w* = M

When pA €[0, min(Asz,1/5)) and ce [max(c3, Cy), Cs),
there is a pooling equilibrium with a threat of direct
selling where the optimal pooling wholesale price is
W = PA(1+2r)+3c-1 :

Otherwise, there is a separating equilibrium with a threat of
direct selling where the optimal separating wholesale prices

(b

=

(c)

—
e

are W*|l _ 3c+gA—l and W*|h _ 3—pA—C-|(—52ﬂ(pA,C):
_ 6[10-15r+16r2—5r3-10(1-r)v/T1=1]
where A= 245_r(16-5r) (30—10—16r45r2) ° Ay =
32 An = 3r2[5—(10-3r)/r(1-1)] & =
10-20r+16r2-3r3" 37 1=

“50-2r(1—n (10302 °
if 0 < pA < min(Aq, 1)
if min(Ay, 1) <pA <min(Ay, 1)

3—(14+2r)pA =
( S)p LGy =

2r2

Ce

=~ _ 3(1-pA) =x
& = (5/) ),c3:

{ PA(1—1)2-T+r2+2/1=7)

( PA(PA+c—/p2A212pAc) 2[(pA+C)A/ P2 AZ42pAc—p? A2 -2pAc] )
’ 9

16
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4p A+6r—10rpA—3r2(1-pA) G5 =

15-5pA—6rpA+2,/3rpA(10-20p0A+3rpA)
10r-3r2 25 ’

and & is the second smallest solution to (3 —5c)2 — pA[18 —
30c+4B(pA,c) —8rcl+ p?A2(21 —8r+4r2) =0

Inserting the optimal wholesale prices into the profits of the
manufacturer and the retailer, and then, by taking the partial

derivative of the profits with respective to r, it can be verified that

BJTE*
T > 0 always holds, wh11e

equal to) zero. O

may be larger than (less than or

if 0 < c < min(cy, ¢2);

if c; <c<cy;

if max(cy,c3) <c < cgq;

if ¢y < ¢ < czorcs < ¢ < 304PD).
if ¢4 < ¢ < min(cs, 2HLA);

if M <C<Cs;

if max(cs, 3(”57”)) <c<1-pA.

Proof of Proposition 11. Again, following a same logic, we can
derive the optimal solutions under the Encroachment settings. We
omit the straightforward algebraic step while only present the
optimal solutions as: When c € (0, pA), there is a separating equi-
librium with direct selling where the optimal separating wholesale
prices are w*|l = 75“’{)0&* and w*lh= 5+3”A’”1§3/m;
When c € [pA, %), there is a pooling equilibrium with direct
selling where the optimal pooling wholesale price is w* = %;
When ce [%, ¢7), there is a pooling equilibrium with a
threat of direct selling where the optimal pooling wholesale
price is w*=2pA +2c—1; When ce[;,1—pA), there is a
separating equilibrium with a threat of direct selling where the

optimal separating wholesale prices are w*|l=pA+2c-1
— 2 A2 — 2_ _
and W*|h _ 5+3pA c+3\/4lp AlB(S 7¢)—pA(50 86c)’ where
69+13p8 0 < pA < 5%
I PR<31 Finally,

105-121pA+2+/630pA—2085p2 A2 1
47 if 395 <pA <4

by comparing the profits under the No-Encroachment and En-
croachment settings, we can get Proposition 11. O
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