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Who Benefits from Supplier Encroachment in the
Presence of Manufacturing Cost Learning?

Manufacturing cost plays a crucial role in suppliers’ encroachment decisions. A high manufacturing cost
impedes suppliers’ capacity to encroach. However, cost learning may reduce this cost sufficiently enough to
make encroachment profitable for the supplier at a later point in time. Accordingly, he may have an incentive
to boost production so as to promote cost learning. Thus, he may drop the wholesale price to induce the
retailer to buy more. On the one hand, cost learning may enable encroachment, which may be detrimental
to the retailer. On the other hand, cost learning results in a lower manufacturing cost which may translate
into a lower future wholesale price, benefiting the retailer. Therefore, the retailer faces a dilemma: should
she increase her order quantity to advance cost learning or not? As the retailer may order fewer units in
the initial period to limit future direct channel sales, the supplier faces a challenge: should he, instead of
dropping his initial wholesale price, raise it to signal his intention of not encroaching so as to induce the
retailer to sell a higher quantity in the first period? We model the supplier-retailer interaction as a two-period
Stackelberg game to address the retailer’s dilemma and to identify the optimal supplier response. We uncover
a new outcome, which arises in the presence of cost learning, where the supplier encroaches but decides not
to sell anything through the direct channel. In addition, we find that supplier encroachment may reduce or
eliminate the retailer’s incentive to advance cost learning. This results in lower sales by the retailer, which
impedes cost learning, leading to a higher future manufacturing cost (compared to the no encroachment
setting). As a result, encroachment, which is typically viewed as advantageous for the supplier, may become
detrimental to him. Surprisingly, the supplier continues to encroach and sell directly unless he can credibly

assure the retailer that he will not encroach in the future.
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1 Introduction

Encroachment is a common practice whereby an upstream supplier establishes a direct channel in
parallel to an existing indirect channel involving retailers. For example, in 2020, Apple launched
a direct channel in India to accompany its sales through the indirect channel.! In 2021, Hyundai
started selling its electric car, Ioniq 5, through a direct channel in New Zealand, in addition to the

existing dealerships.? Similarly, LG India also sells some of its products (e.g., selected TV models)

1 Tn 2020, Apple started selling directly in India through its direct online store (apple.com/in/). This direct channel
is in addition to its existing resellers such as Unicorn (shop.unicornstore.in) and Imagine (imagineonline.store/).

2In 2021, Hyundai New Zealand started selling its Ioniq 5 model through its direct online channel
(hyundai.co.nz/store/build-and-buy-ioniq-5) in addition to the existing dealerships such as Auckland Hyundai
(aucklandhyundai.co.nz/) and Manukau Hyundai (manukauhyundai.co.nz).
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through direct channel, in addition to selling them through indirect retail channels.® Such selling
of the goods through the direct channel is widely acknowledged to increase the supplier’s profit
(Liu et al. 2021). It gives the supplier more control over the market, helps him maintain a higher
service level, and serves as a “threat of replacement”, which ensures smoother functioning of the
indirect channel (Anderson and Coughlan 1987).

Extensive literature has been developed to study the effects of encroachment in supply chains
(e.g., Arya et al. 2007, Li et al. 2014, Guan et al. 2019, Hotkar and Gilbert 2021). These studies
generally focus on the impact of the direct selling cost, which is the per unit cost the supplier
incurs to bypass the retailer and sell directly to consumers. Naturally, the supplier is unable to
encroach when this direct selling cost is sufficiently high. However, the direct selling cost is only one
element in the interplay between the upstream supplier and the downstream retailer. The role of
the manufacturing cost, although critical, has been largely ignored in the encroachment literature.
A higher manufacturing cost limits the sales of the good, which reduces the supplier’s incentive
to open a direct channel. This is evident from the growing electric vehicles (EV) sector, wherein
automotive companies that have traditionally relied on a network of dealerships and more recently
ventured into the EV sector, have avoided selling their EVs directly during the early years when
EV sales were low (Filippo and Taylor 2022). Nevertheless, as EV prices decrease—and sales go
up—the suppliers’ incentive to sell directly (online) shall increase (Fischer et al. 2021). While the
manufacturing cost is common to both the direct and the indirect channels, its impact on the
direct channel is instrumental: it severely affects the ability of the supplier to encroach and sell
directly. The supplier can sell directly only if the market price covers both the manufacturing cost
and the direct selling cost. If the manufacturing cost is sufficiently high, the range of direct selling
cost values that allow the supplier to profitably encroach shrinks considerably. In summary, there
is a crucial interplay between the manufacturing cost and the direct selling cost, suggesting that
encroachment requires a sufficiently low manufacturing cost for it to become viable.

Even though the manufacturing cost may be too high to facilitate encroachment initially, cost
learning can promote it by reducing the manufacturing cost sufficiently over time. Cost learning is
related to the cumulative production quantity: the manufacturing cost reduces as the firm produces
larger quantities (Levitt et al. 2013, Wright 1936, Weiss et al. 2019). It is common in manufacturing
industries, whereby opportunities for improvements leading to a reduction in the manufacturing
cost are identified and implemented (Gray et al. 2009). For instance, LG India sells TV models
based on established technologies like Smart and UHD TVs—whose costs have dropped significantly

(at a rate of 17% to 27%) over the years due to cost learning (Desroches and Ganeshalingam

31LG India sells some of its models through its direct channel, www.lg.com/in, in addition to selling them through
the retail channel.



Article submitted to: Production and Operations Management
Who Benefits From Supplier Encroachment in the Presence of Manufacturing Cost Learning? 3

2015)—through both its direct and retail channels. However, it generally sells TV models with the
latest technologies like Signature OLED, OLED Evo, NanoCell, and QNED, which are relatively
expensive and yet to realize cost learning (Park et al. 2013), only through the retail channel.*
Returning to the EV sector, a major cost component of EVs is their lithium-ion batteries whose
prices have fallen by more than 64% between 2015 and 2020 due to cost learning (BloombergNEF
2020, Ziegler and Trancik 2021). Recently (in 2020), the battery pack prices have dropped below
$100/KWh for the first time, and it is at around this price that automakers can mass market EVs.
Cost learning in the EV sector, which is one of the major contributors to the reduction in the EV’s
cost (Ewing 2023), is not limited to batteries®: the overall EV cost learning rate is estimated at
30-34%, which resulted in an annual price drop of EVs of about 22% (Grieve 2023, Weiss et al.
2019). Eventually, this drop in the manufacturing cost shall increase the EV sales (Filippo and
Taylor 2022), encouraging the suppliers to open direct channels (Fischer et al. 2021).

Given the interplay between cost learning and supplier encroachment, the downstream retailer
faces a challenge. On the one hand, the retailer has an incentive to increase her orders to expedite
the supplier’s learning in expectation of a lower wholesale price in the future, induced by the
supplier’s manufacturing cost reduction (Li et al. 2015). On the other hand, as discussed above, such
a reduction in the manufacturing cost can intensify direct selling, which can be detrimental to the
retailer. Therefore, it is unclear if the retailer should support the supplier in his cost learning efforts
by increasing her order quantity or if she should reduce it to impede cost learning. Anticipating the
retailer’s response, should the supplier decrease his wholesale price to induce the retailer to order
more and enhance his cost learning, or should he increase his wholesale price and maximize his
initial period profit at the expense of diminished cost learning? Moreover, given these dynamics,
are the supplier and the retailer better off due to encroachment in the presence of cost learning, or
can they be worse off?

To address the above questions, we consider a two-period game accounting for the above discussed
supplier-retailer interactions. Our study provides some important insights. First, we find that when
the manufacturing cost is sufficiently low, the supplier encroaches and profitably sells directly, to
which we refer as active encroachment. When the manufacturing cost is intermediate, the supplier
encroaches but does not sell any units through the direct channel. We refer to this region as mute
encroachment. However, if the manufacturing cost is sufficiently high, the supplier cannot even use

the direct channel as a credible threat and, therefore, he does not encroach.

4 Refer to Section EC.3 for illustrations from the LG India’s website.

® Lithium-ion batteries represented around 49% of the total EV cost in 2016, which has now reduced to about 28%
(Carlier 2023).
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Second, we uncover a new region, which arises due to cost learning when the direct selling cost is
moderate. Specifically, we find that the mute encroachment region actually consists of two distinct
sub-regions, which we term as forced mute encroachment and voluntarily mute encroachment. The
former coincides with the “threat of encroachment” studied by Guan et al. (2019), whereby the
retailer orders sufficiently enough units, reducing the retail price to such a level that selling any
positive quantity through the direct channel is not profitable. Therefore, the supplier is forced to
only mute encroach.® The latter is the new region in which the supplier decides not to sell any units
through the direct channel in the second period, even though he can do so profitably. Accordingly,
the supplier signals to the retailer that he will abstain from selling directly in the second period by
raising his first-period wholesale price. This results in lower first-period sales and a relatively higher
second-period manufacturing cost, which leads to mute encroachment in the second period. As the
increase in profit due to a higher first-period wholesale price exceeds the profit forgone from direct
selling coupled with slower cost learning, the supplier (voluntarily) prefers to mutely encroach
rather than actively encroach. Thus, we characterize a richer equilibrium solution compared with
the existing literature. Specifically, we find that as the direct selling cost increases, the equilibrium
transitions from (i) the supplier encroaching and actively selling some units through the direct
channel, to (ii) the supplier encroaching but voluntarily deciding not to sell any units through the
direct channel, to (iii) the supplier encroaching but is prevented from selling directly due to the
retailer’s over-ordering in the second period, to (iv) the supplier not encroaching at all.

The third insight relates to the impact of encroachment on the retailer’s initial period order
quantity and cost learning. Our study reveals that encroachment leads to lower first-period sales
when the direct selling cost is within some intermediate range. This reduction in sales diminishes
cost learning, makes the second-period manufacturing costlier than the no encroachment case,
and lowers the consumer surplus for a certain range of the direct selling cost values. Otherwise,
encroachment results in higher initial period sales, enhancing cost learning and leading to a lower
manufacturing cost in the second period. This can be explained as follows. Supplier encroachment
may reduce or eliminate the retailer’s benefit from cost learning. Hence, the retailer does not
support the supplier in his cost learning efforts (through larger order quantities). The supplier,
therefore, drops the first-period wholesale price to induce the retailer to order more. However,
when the direct selling cost is in the intermediate range, the direct channel sales decrease, dropping

the supplier’s benefit from faster cost learning. Consequently, the supplier’s incentive to cut his

® The term “threat of encroachment” used by Guan et al. (2019) highlights the use of the direct channel by the
supplier to influence the retailer’s sales quantity. However, we use the term mute encroachment to highlight that no
units are sold through the direct channel.
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wholesale price to accelerate cost learning diminishes, resulting in lower first-period sales, leading
to slower cost learning and relatively higher second-period manufacturing cost.

Fourth, we show that, quite surprisingly, encroachment can be detrimental to the supplier himself.
This happens when the learning rate is sufficiently high and the direct selling cost is intermediate.
What is even more surprising is that the supplier still encroaches and sells directly despite its
detrimental effect because he cannot credibly commit to the retailer that he will not sell directly.
In the absence of credible commitment, the retailer does not help the supplier move along the
learning curve. This results in lower first-period sales, which leads to reduced cost learning and,
hence, a higher manufacturing cost in the second period than in the no encroachment case. As
a result, encroachment can be detrimental to the supplier while beneficial to the retailer (lose-
win), detrimental to both (lose-lose), beneficial to both the players (win-win), or beneficial to only
the supplier (win-lose). The last two outcomes are reported by Arya et al. (2007), Hotkar and
Gilbert (2021), Ha et al. (2016), while we uncover two new outcomes: lose-win and lose-lose. This
result echoes the following remark by Sa Vinhas and Heide (2015): “competition is not just a
standard feature of a dual-channel; it has the distinct potential to provoke potentially dysfunctional
actions.” In this study, this potential dysfunctional action manifests itself in terms of supply chain
members’ inability to take full advantage and reap the gains of cost learning. For instance, when
Compaq (now acquired by HP) opened web stores, it experienced a 12% drop in commercial PC
revenues as a result of retaliation from retailers, who objected to the manufacturer’s online selling
(Tedeschi 2000). Similarly, a survey conducted by Shopatron, a technology company that provides
e-commerce solutions to manufacturers and retailers, found that more than 60% of retailers reduced
their purchases from suppliers who establish a direct channel (Rueter 2011). This reduction in the
retailers’ sales eventually results in lower cost learning and, hence, relatively higher manufacturing
cost later. The negative reaction from retailers might explain why many firms like Casablanca Fan
Co. and Stephen Products Co. proactively decide against entering the direct channel and instead
sell only through their retailers (Liang et al. 2023).

In summary, this paper reveals that encroachment may be detrimental to the supplier under
certain conditions. More importantly, however, our key message is that manufacturing cost, cost
learning, and encroachment are all intertwined. Cost learning, on the one hand, can encourage
supplier encroachment and enhance direct selling. On the other hand, encroachment may hinder the
supplier’s cost learning, adversely impacting his future manufacturing cost. Therefore, practitioners
must be wary of this while considering adding a direct channel.

The rest of the paper is organized as follows. Section 2 presents a review of the related literature.
Section 3 discusses the model setting, followed by the analysis in Section 4. Section 5 assesses

the impact of encroachment on the supplier’s and the retailer’s profits in the presence of cost
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learning. Section 6 overviews several extensions to our base model (which are provided in full in

the appendix). Section 7 concludes the study and offers directions for future research.

2 Literature Review

This paper is related to two major streams of literature: supplier encroachment and cost learning.

2.1 Supplier Encroachment

The research on channel decisions dates back to the early work by McGuire and Staelin (1983), in
which the authors investigate how product substitutability affects the supplier’s channel decisions
in a duopoly market. Avery et al. (2012) study the impact of adding an indirect sales channel to
an existing direct online channel, whereas Deleersnyder et al. (2002) study the impact of adding
a direct online channel to an existing indirect channel. The literature often refers to the latter as
supplier encroachment.

The early literature on encroachment suggests that opening a direct channel by the supplier
can make the retailer worse-off (Frazier and Lassar 1996). However, Arya et al. (2007) find that
though encroachment is always beneficial for the supplier, it may also benefit the retailer. Arya
et al. (2007) term this phenomenon as the “bright side of encroachment”. Tsay and Agrawal (2004)
integrate product promotion issues with supplier encroachment decisions. Ha et al. (2016) and Guo
et al. (2022) consider product quality decisions along with the supplier’s encroachment decision.
Hotkar and Gilbert (2021) and Liu et al. (2021) study the impact of supplier encroachment in
multi-supplier and multi-retailer settings, respectively. Wang and Li (2021) analyze the impact of
supplier encroachment in the presence of a dual purpose retailer (who maximizes the sum of her
profit as well as consumer surplus).

A number of papers study encroachment in a two period setting to analyze the dynamics of
inventory carry over, where the supplier possibly establishes the direct channel only in the second
period. One such example is Guan et al. (2019), who investigate the impact of strategic inventory
on supplier encroachment. They find that direct selling is always beneficial for the supplier, while
it is beneficial for the retailer when the direct selling cost is high. Li et al. (2021) allow the supplier
to operate the direct channel via a subsidiary. They show that when the retailer can carry strategic
inventory, letting the subsidiary run the direct channel is better than the supplier-run direct channel
for both the supplier and the retailer. Xiong et al. (2012) and Yan et al. (2018) study the role of
encroachment in the case of durable goods. Consistent with the existing literature, they find that
encroachment can be both beneficial as well as detrimental for the retailer, depending on the direct

selling cost.
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The above studies assume that both the supplier and the retailer have complete information
(e.g., about demand, quality of the product, or direct selling cost). Some recent papers study the
impact of information asymmetry on the supplier’s encroachment decision. Li et al. (2014) and Sun
et al. (2021) study the case when the retailer has private demand information, while Guan et al.
(2020) and Gao et al. (2021) analyze the setting where the supplier has private information about
the product quality and the direct selling cost, respectively.

The encroachment literature generally normalizes the manufacturing cost to zero, thus
abstracting away its role in the encroachment decision (e.g., Arya et al. 2007, Guan et al. 2019,
Wang and Li 2021, Hotkar and Gilbert 2021, Ha et al. 2022). Sun et al. (2021) and Yoon (2016)
are two exceptions. Yoon (2016) analyses the impact of the supplier’s (manufacturing)
cost-reducing investment on encroachment and finds that such an investment benefits both the
supplier and the retailer. In his work, cost reduction stems from an investment by the supplier in
improving production processes or technology improvements, whereas in our study, cost reduction
is obtained from accumulated production experience, i.e., learning. Sun et al. (2021) consider
information asymmetry and assume that the supplier always encroaches. They find the the
retailer never benefits from cost learning. Further, it can be inferred from their model that
encroachment enhances cost learning, and as it results with lower manufacturing cost, it is
advantageous to the supplier. Thus, as the supplier ends up being worse off, in their model, this
can only due to information asymmetries and not because of diminished cost learning. This is in
stark contrast to our work, where we eliminate the informational asymmetries and endow the
retailer with a lever to determine the magnitude of cost reduction due to learning. As such, we

show the the retailer mostly gains from cost learning.

2.2 Cost Learning

Cost learning, whereby the production cost decreases with an increase in production quantity, plays
a crucial role in enhancing a firm’s competitive advantage (Gray et al. 2009). Wright (1936) is one
of the early studies to observe that the labour cost reduces with an increase in the cumulative
production quantity. Evidence supporting the notion of cost learning has been documented in a
range of manufacturing industries like ships, airplanes, lithium ion batteries, semiconductors, and
automotive (Benkard 2000, Levitt et al. 2013, Ziegler and Trancik 2021).

Previous studies suggest that experiences from past production can help build a knowledge base
that can give an impetus for process and technology innovation, which increases productivity and
decreases production cost (Gray et al. 2009). Many researchers argue that improvements based
on previous knowledge are highly discontinuous or ‘episodic’ processes (e.g., Gray et al. 2009,

Tyre and Orlikowski 1993). In particular, Tyre and Orlikowski (1993) make the following remark:
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“whenever possible, the managers batch modifications together systematically and implement them
in one intensive episode of adaptation. Very often these episodes are timed to coincide with other
major changes, such as product-model changeovers, releases of new software versions or yearly
factory shutdowns”. In summary, although production-based learning accumulates continuously,
the exploitation of the knowledge to reduce manufacturing cost generally happens in batches (Gray
et al. 2009). Such batch learning is popularly captured in the literature relying on two-period
models (e.g., Shum et al. 2017, Li et al. 2015, Gray et al. 2009).

3 Model Framework

We consider a two-period dyadic supply chain setting with one supplier (he) and one retailer (she).
Following Guan et al. (2019), the supplier sells through the indirect channel (i.e., through the
retailer) in both periods, and he may encroach and also sell through the direct channel in the
second period.” To that extent, the supplier continuously identifies improvements through leaning-
by-doing while implementing them in one intensive episode of adaptation at the end of Period 1, as
in Gray et al. (2009) and Tyre and Orlikowski (1993). Although each period can be perceived as a
succession of multiple smaller orders from the retailer, we adopt a two-period model as a commonly
used abstraction of the real world from the cost learning literature (Gray et al. 2009, Li et al.
2015, Shum et al. 2017). Throughout our analysis, we use the following notation: the superscript
j denotes the player, with j = R representing the retailer and j = S representing the supplier, and
the subscript ¢ denotes the period, ¢ € {1,2}.

We assume identical and independent linear inverse demand functions in both the periods, given
by Q; = a — bp;, where a is the market size, b is the slope, p; is the retail price, and @; is the total
quantity sold in period t, respectively. Such a linear demand setting is common in the pertinent
literature (Arya et al. 2007, Guan et al. 2019, Wang and Li 2021). Note that p, represents the
common retail price of the product sold through the indirect and direct channels in the second
period since we assume no differentiation (in quality, delivery time, etc.) between the products in the
two channels. We relax this assumption in Section EC.8 (Appendix). For simplicity of exposition,
following Liu et al. (2021) and Hotkar and Gilbert (2021), we normalize the market size and slope
to one, i.e., a =1 and b= 1. Let ¢; denote the manufacturing cost in period ¢t. Adopting the learning
model of Fudenberg and Tirole (1983) and Cabral and Riordan (1997), we assume a linear batch

cost learning with learning rate §, 0 < & < 1. Accordingly, the second-period manufacturing cost

"The supplier’s delayed opening of the direct channel could be due to the time required to accumulate market
knowledge, production capabilities, market demand, or in anticipation of higher profits (Benito et al. 2005,
Putzhammer et al. 2020, Dong et al. 2018). Nevertheless, we also analyze a model with an option to open a direct
channel in both periods in Section EC.5 and note that the main insights remain unchanged. In our main model, we
consider direct channel only in the second period to allow a consistent comparison with Arya et al. (2007) and Guan
et al. (2019).
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decreases linearly in the first-period manufacturing quantity, i.e., c; = ¢; — d¢F. Similar to Arya
et al. (2007), we normalize the retailer’s selling cost to zero, while the supplier incurs a per unit
cost d, 0 <d <1, to sell the product directly. Direct selling cost may arise due to the supplier’s
lack of experience in direct selling, lack of contact with the consumers, or due to the additional
cost of e-commerce (Arya et al. 2007, Guan et al. 2019, Ha et al. 2016). The complete notation is
given in Table 1.

Table 1 Notation

Parameters

d  Direct selling cost per unit

0  Learning rate

c¢1  Manufacturing cost per unit in period 1
Decision variables

w; Wholesale price in period ¢, t € {1,2}

qf* Indirect retail channel sales in period ¢, t € {1,2}
g5  Supplier’s direct channel sales in period 2
Dependent variables

¢s  Manufacturing cost per unit in period 2

p;  Price of the product in period t, t € {1,2}

7] Profit of player j in period t, j € {R,S} and t € {1,2}
I/ Total Profit of player j, i.e., IV = ! + 7}

cs; Consumers surplus in period ¢, t € {1,2}

CS Total consumer surplus, i.e., CS =cs; +c¢s,

The sequence of decisions, which is illustrated in Figure 1, is as follows. At the beginning of the
first period, for a given c;, the supplier sets the wholesale price, w,, and then the retailer orders a
quantity ¢. In the second period, upon observing the new manufacturing cost c,, first, the supplier
decides whether or not to encroach (i.e., open a direct channel). Accordingly, he sets the wholesale
price, wy. Consistent with Guan et al. (2019) and Hotkar and Gilbert (2021), we do not consider
the supplier’s encroachment decision explicitly in modeling his sequence of decisions since it can be
immediately inferred from his second-period wholesale price decision, w,, depending on whether
it is a function of his direct selling cost or not. Upon observing the supplier’s wholesale price, the
retailer orders ¢f units, and finally, the supplier determines the direct channel quantity ¢5 (if he
encroaches into the retail market). We assume that the supplier determines his direct channel sales
quantity after the retailer places her order because the supplier cannot credibly commit that he
will not revise his direct channel sales after receiving the order from the retailer (Arya et al. 2007,
Li et al. 2014, Guan et al. 2019, Liu et al. 2021).

We impose the following mild assumption on the range of learning rate values.
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ASSUMPTION 1. & < min { —(1—c1)++/142¢c1 (3—4d) +e12 , —(1—c1)4++/142¢1 (8d—1)+17c; 2 7 74(17c1)+\/m, 1}'

1—d 2(d+-c1) 3+cy
This assumption is necessary to ensure that the manufacturing cost is strictly positive in the
second period. For higher values of the initial manufacturing cost, this assumption is redundant.®

An analogous assumption is made by Li et al. (2015).

Figure 1 Timeline

Retailer decides — : Retailer decides
order quantity ¢ft : order quantity g2

| [ | \
T ] x*

Supplier sets Supplier sets Supplier decides direct
wholesale price w; ¢ wholesale price w, selling quantity g5

Period 1 Period 2

4 Model Analysis

In Section 4.1, we consider the no encroachmnet benchmark setting and in Section 4.2, we consider
the case where the supplier may decide to open a direct channel in the second period. We solve
these two settings by backward induction to arrive at the unique subgame-perfect Nash equilibrium

(SPNE) for each setting. All proofs are provided in the Appendix.

4.1 The Benchmark Setting (No Encroachment)

In the no encroachment setting, the profit functions of the supplier and the retailer in period ¢

are given as o= ¢f(w; — ¢;) and 7F = q®(p; — w;), respectively. After solving the game, we

128(14-c1)—16(1—c1)6—8(34c1)52—(1—c1)5° _ l4e;—6qf
2 y W2 = 2 )
32(8-482)

obtain the following unique SPNE: w; =

R _ (1—c1)6+8(1—wy) R __ 1-w
@ = 16—62 ; and 42 =7

LEMMA 1. In the benchmark setting (no encroachment model), % <0, % <0, %—? >0, Bg—é{ >0,
A 50, T 50, and 295 > 0.

To take advantage of a higher learning rate, the supplier sets a lower wholesale price in the first
period to induce the retailer to order more. Since faster cost learning can benefit the retailer later
due to a lower wholesale price, she orders a higher quantity in the first period to accelerate the
supplier’s cost learning at the expense of her lower profit in the first period. This increase in the
cost learning leads to a lower manufacturing cost and, consequently, to a lower wholesale price in

8 As we will see later, in Figure 4, for a reasonable manufacturing cost (e.g., ¢c; = 0.4), our model is valid for all direct
selling cost values (0 < d < 1) even when the learning rate is high (e.g., § =0.7).
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the second period. This ultimately results in higher second-period sales and higher second period
profits for both the supplier and the retailer. Moreover, the increase in first and second-period sales
also increases the consumer surplus. In the rest of the paper, we use a superscript B to indicate

the equilibrium decisions in the benchmark setting.

4.2 Potential Supplier Encroachment

We now consider the case where the supplier may decide to encroach, i.e., he may open a direct
channel in the second period. In that case, the supplier’s first and second-period profit functions
are given as 77 = qf*(w; —¢;) and 75 = ¢ (wy — ¢3) + q5 (p2 — d — ¢3), respectively, and the retailer’s
profit function in period ¢ is given as 7/ = ¢®(p;, — w;). We use the superscript F to indicate
encroachment. The following lemma characterizes the range of parameter values in which the
supplier can encroach and sell directly.

LEMMA 2. In the second period, the supplier can encroach only if co <1 — %. Furthermore, he

actively sells through the direct channel (i.e., q¢5 >0) if c; <1 — %d; otherwise, q5 = 0.

Lemma 2 highlights the significance of the manufacturing cost to the supplier’s encroachment
decision. As illustrated in Figure 2, the supplier can encroach (i.e., open a direct channel) and sell
directly only if the manufacturing cost is sufficiently low (c; <1 — %) We refer to this outcome
as active encroachment. When the manufacturing cost is high, the sum of the manufacturing and
direct selling costs may exceed the retail price, making direct selling unprofitable. Therefore, the
supplier sells directly only when the manufacturing cost is sufficiently low (c; <1 — %) Once the
manufacturing cost increases beyond this point, the supplier uses the direct channel merely as
a threat to induce the retailer to order more. We refer to this outcome as mute encroachment.
As the manufacturing cost increases further (hence, the total cost of direct selling increases), the
influence of the threat of encroachment diminishes, and the retailer reduces her sales quantity,
rendering encroachment unprofitable for the supplier. Hence, the threat of encroachment becomes
non-credible, and the retailer simply ignores the direct channel while placing her order.

Our model generalizes that of Arya et al. (2007) by incorporating manufacturing cost and cost
learning. Setting ¢, = 0 reduces the condition for direct selling to d < %, which is the same condition
as stated by Arya et al. (2007). The condition for encroachment, ¢, <1 — %, reduces to d < %,
which is the same condition revealed by Guan et al. (2019).

In the presence of cost learning, the later period manufacturing cost decreases in the early period

sales. Substituting ¢, = ¢; — d¢F in the above thresholds reveals that the supplier can encroach

5d+3c1—3

R~ 6d+5c1—5
= 55 35

only if ¢* > and sell directly only if ¢ > . To determine the retailer’s optimal
response and the supplier’s consequent reaction, we solve the model and provide the supplier’s and

the retailer’s equilibrium decisions in the following proposition.
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Figure 2 The supplier’s encroachment decision as a function of the second-period manufacturing cost, c2, and

the direct selling cost, d
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PROPOSITION 1. In case of potential supplier encroachment, the unique SPNE is given in Table 2,

where the thresholds dAV,dVF dFF', and d¥N are as provided in the Appendiz.

Figure 3 illustrates the equilibrium wholesale prices w; and w, (Panel a) and sales quantities ¢,
q¥, and ¢5 (Panel b) from Table 2 as functions of the direct selling cost. As evident from Table 2
and Figure 3, depending on the direct selling cost, d, the equilibrium decisions can be divided
into four regions. When d € [0,d*V], the supplier encroaches and sells strictly positive quantity
through the direct channel, i.e., g5 > 0. We refer to this region as Active encroachment region, or
Region A. In this region, as is evident from Figure 3, the supplier keeps his wholesale prices below
the benchmark (no encroachment) in both periods.

When d € (d*V,d""], the supplier can sell directly in the second period with a positive margin,
but he voluntarily decides not to do so (i.e., he chooses ¢5 = 0). Essentially, in this region, the
supplier forgoes his second-period profit from selling directly, as he makes a much higher profit by
raising his first-period wholesale price substantially above the benchmark wholesale price (which
signals his intention to only mutely encroach). We refer to this region as Voluntarily mute
encroachment or Region V. This region, which is not explored in the encroachment literature,
arises in the presence of cost learning. In the absence of cost learning, i.e., when é =0, we have
AtV = d"F = 3(17;:1) and Region V disappears (refer to the thresholds expressions in the
Appendix).

When d € [dVF,d"™), the supplier does not have the option to profitably sell directly in the second
period as the retailer orders a quantity in the second period that is sufficient to bring down the

retail price, po, to the same level as the supplier’s total direct selling cost, i.e., p» =1 — ¢l = ¢, +d.
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Figure 3
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Table 2 Equilibrium solution in the presence of potential supplier encroachment

Region A: Active encroachment

Region V: Voluntarily mute encroachment

de [0, dAV] de (dAV7 dVF}
w 4+4cy—2(1—cy —d)§—5° 6—6c1 —10d+35+2d5°>
1 8—42 36
R,i 1,w7i 5d+3c1—3
qQ 2 35
i 642c1 —(1—cy —d)5—52 36—5d—3c1+3
D1 8—462 J 35 J
i 3+43co— 3+43co—
'“;2' 6 6
i 2d 2d
q2 3 3
. Q¢ q R,i
qsyl 3—3c1—5d+3dq; 0
2 6
P 12(1+c1)+4d—3(1—c1 )5 —(1—d)s> 3—2d
2 3(8—52) 3
Region F: Forced mute encroachment Region N: No encroachment
. 4 . /
d € [dVF, min {dFF", dFNY) d € [min {dFF", dFN}, dFN) de[dFN, 1]
w 2(1+c1)+(4—6d—4c1)5—c1 624 (2d+cy —1)5° 40—40c] —48d+205+3d5> 128(1+c1)—16(1—c1)5—8(34¢1)6°—(1—c1)8°
1 ) 200 32(8-62)
Ryi §(1—cy—d)—wi 5(1—cp—d)—wt (1—c1)6+8(1—w})
a4 252 2-97 ) 16062
; 34y —d5—8> 20(1+6—c1)(2—6%)—d(48—-2352) 2448c; —3(1—c1)5—45
51 452 205(2—52) 32-452
'l.Ui 3(co+d)—1 3(cg+d)—1 l4co
2 2 2 2
R,i 1—wh
@ 1—(c2+d) 1—(cz+d) 5
Y
q5" 0 0 0
i 4(c1+d)—(1—c1)6—(c1 +2d)5> 40—8d—(20—3d)s> 32(3+¢1)—8(1—c1)—(15+c;)6>
Ds 1—02 20(2—42) 16(8-62)

Note: ¢ € {A,V, F, N}, where A =Active encroachment, V' = Voluntarily mute encroachment, F' = Forced mute

encroachment, N =No encroachment. To keep the expressions compact, we denote some of the variables as

. . R,i - . ;
functions of other variables, for example, ¢;"" is expressed as a function of wj.

At this retail price, the supplier’s margin from the direct channel sales drops to zero, leaving no

incentive for him to sell anything through the direct channel, i.e., g5 = 0. As the direct selling cost,
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d, increases within this region, the retailer reduces her sales quantity just enough to raise the retail
price, po, and keep the supplier’s margin from direct sales at zero. The supplier, therefore, extracts
whatever profit margin he can earn from the indirect channel by charging a higher second-period
wholesale price. Since in this region of parameter values, the retailer forces the supplier not to
sell anything through the direct channel, we refer to this region as Forced mute encroachment or
Region F. The existing literature (Guan et al. 2019, Liu et al. 2021, Wang and Li 2021) commonly
refer to Region F as the threat of encroachment (see Footnote 6). Towards the higher end of the
forced mute encroachment region, i.e., when d € [min {d"*",d"N},d*N), the supplier must reduce
¢ sufficiently to ascertain that he can leverage the forced mute encroachment as a chip to charge
a higher wholesale price in the second period. Consequently, the supplier drops the first-period
wholesale price to ensure that the second-period manufacturing cost decreases sufficiently. We
realize that the region d € [min{d*",d"N},d"N) is very narrow.

The crucial difference between Regions V and F' is that in the former, the supplier has an
option to choose between direct selling (i.e., active encroachment) and mute encroachment, and he
chooses mute over active encroachment as it maximizes his overall two-period profit. By contrast,
in Region F', the supplier cannot profitably sell directly, hence he does not have the freedom to
choose between active and mute encroachment as only the latter is feasible.

When d € [d¥N 1], the supplier has no incentive to encroach and the retailer behaves as if the
direct channel does not exist. In this case, the equilibrium solution is exactly the same as in the
benchmark setting of no encroachment (Section 4.1).

Based on the above discussion, the notation F for encroachment introduced at the beginning of
this subsection can denote A, V', or F, depending on the direct selling cost value. In Figure 4, we
illustrate the supplier’s and the retailer’s total profits in the two periods as a function of the direct
selling cost when the supplier may open a direct channel, and contrast them with their respective
profits in the benchmark setting (no encroachment). Observe that in the absence of cost learning
(Panel a), as d increases, the equilibrium transitions from active to forced mute and, ultimately,
to no encroachment. However, in the presence of positive cost learning (Panel b), the new region
emerges as the equilibrium transitions, as d increases, from active to voluntarily mute, then to
forced mute and, finally, to no encroachment.

It is evident from Proposition 1 that the supplier encroaches only when the direct selling cost
is less than the threshold dfV, and sells directly only when the direct selling cost is less than the
threshold d4V. The following corollary highlights the impact of cost learning on these thresholds.

9dAV
o1

FN
>0 and Odé

'Y 0.

COROLLARY 1.
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Figure 4  The players’ profits with (solid lines) and without (dashed lines) encroachment as a function of the
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This corollary highlights that a higher learning rate can enhance the supplier’s capability to
encroach and sell directly. Specifically, a higher learning rate increases the range of direct selling
cost values for which the supplier can encroach and sell directly, as is evident from a comparison
between Figure 4(a) and Figure 4(b). Recall from Lemma 2 that the supplier can encroach only if

3(1—c2)
5

d<20=2) and can sell directly only if d < ). The presence of cost learning can help reduce

6
the manufacturing cost ¢, so that the supplier can encroach and sell directly even for higher direct
selling costs.

In Figure 5, we present the supplier’s and the retailer’s total profits as a function of the
learning rate for d =0.38 and d = 0.55.° When d = 0.38, with an increase in the learning rate, the
equilibrium solution shifts from forced mute encroachment to voluntary mute encroachment to

active encroachment. However, when d = 0.55, the equilibrium solution shifts from no

encroachment to forced mute encroachment to voluntarily mute encroachment region.

4.2.1 Active Encroachment

When d € [0,d*"], the supplier opens the direct channel in the second period and sells a strictly
positive quantity through this channel. In the next lemma, we discuss the impact of cost learning
on the players’ profits and consumer surplus.

9 The specific values of d =0.38 and d = 0.55 are selected to showcase certain transitions in the equilibrium solution.
Figure 6 later demonstrates the full range of transitions between the regions, and the two values illustrated here

can be perceived as vertical slices of Figure 6. The thresholds 67V, 64, and 6V can be found by solving d"¥ =d,
d*V =d, and dN = d, respectively.
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Figure 5  The players’ profits with (solid lines) and without (dashed lines) encroachment as a function of the
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LEMMA 3. In the active encroachment region, i.e., when d € [0,d*V],

87TR’A BWR’A 81‘[ A

1. —5—>0, 325 =0, and > 0.
BﬂfA 6772 6H A

2. <0, >0, and > 0.

8051 3cs2 acsA
3. 55 >0, 5+ >0, and =53~ >0.

A key observation from this lemma is that in the active encroachment region, the retailer does

not benefit from the supplier’s cost learning in the second period (6ﬂ£A =0), even though some
cost savings are passed on to her in terms of a lower second-period wholesale price (% >0). The
intuition is as follows. A lower second-period manufacturing cost (due to cost learning) stimulates
second-period sales. However, our analysis reveals that all the additional sales due to a lower c,
come from the direct channel (as % <0 and % = 0), while the sales through the indirect
channel remain constant (g3 A= %d) As larger quantities are brought to the market, the second-
period retail price decreases, which in turn, negates the retailer’s benefit of a lower wholesale price,
resulting in a profit margin that is identical to the case of no cost learning (p3' — w3 = f) Thus, the
retailer’s profit in the second period, 72" (q1 ' ) = T’ is the same as in the case of no cost learning
and is actually independent of the first-period order quantity. This result echoes the observation
made by Gray et al. (2009), although in a different context, where an OEM does not benefit from
the cost savings achieved by a contract manufacturer in the second period.

To capitalize on a higher learning rate, the supplier reduces the first-period wholesale price in
0 to induce the retailer to order more, which increases his cost learning. Thus, a higher learning

rate has two effects on the supplier: (i) the first-period wholesale price drops, which decreases the
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67r1

supplier’s first-period proﬁt ( < 0), while increasing the retailer’s profit and the consumer

acsl

surplus in this period ( > 0), and (ii) the second-period direct channel sales

increases on account of a faster cost learning, raising the supplier’s second-period profit and the

BLSQ

S
consumer surplus (a >0 and

> 0). Overall, in the active encroachment region, the supplier,

. . . . . s.A
the retaﬂer and the consumers, all benefit from an increase in the learning rate, i.e., 222~ > 0,

9o
6“ 2 0, and acs > 0.

PROPOSITION 2. In the active encroachment region, i.e., when d € [0,d*V],
a. if d< 5L, then ¢ A > g (hence, ¢ <cB); otherwise i < q["® (hence, it > cB).
b. %27 > 0.

Proposition 2 reveals that in the active encroachment region, when the direct selling cost is

low (d < 1_461 ), the retailer orders a higher quantity in the first period, enhancing cost learning.
However, when the direct selling cost is high, the retailer reduces her first-period sales, which
impedes the supplier’s cost learning and makes manufacturing costlier in the second period.

In the benchmark setting, the supplier’s and the retailer’s incentives are aligned with respect to
cost learning, i.e., both benefit from an increase in cost learning (Lemma 1). As explained before in
the benchmark setting, the retailer benefits from the supplier’s cost learning in the second period.
Hence, the retailer orders a higher quantity in the first period, helping the supplier progress along
the learning curve, which reduces her first-period profit. This drop in the retailer’s first-period
profit is more than compensated by the increase in her second-period profit due to cost learning.

However, in the active encroachment region, a higher cost learning bears no impact on the retailer’s
R,A
omy

profit, i.e., =0 (Lemma 3). Accordingly, she has no incentive to increase her order quantity
in the first period to support the supplier’s cost learning efforts. As a result, she orders as if cost
learning does not exist, leading to a lower first-period order quantity for the same wholesale price,
e, ¢ (wn) < g (wn).

Anticipating a drop in the retailer’s sales, the supplier counteracts by setting a lower wholesale

price than the benchmark setting, wi' < w?, to induce the retailer to order more and foster his

the latter effect dominates,

cost learning. When the direct selling cost is sufficiently low, d < 1_4C1

hence the retailer orders a higher quantity in the first period, i.e., q1 4> qu B

, and making the
second-period manufacturing more economical, c3' < c¢Z. Otherwise, the former effect dominates
and the retailer sells a lower quantity in the first period, qf’A < qf"B, rendering second-period
manufacturing costlier than the benchmark setting, c5' > ¢f. Further, we find that depending on the
first period manufacturing cost, the direct selling cost, and the learning rate, active encroachment

can result in a drop of as much as 15.79% or an increase of up to 9.09% in the first period sales
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quantity, i.e., Z}i—:z € [0.8421,1.0909].*° This relative increase in the second-period manufacturing
cost eventually 1affects the supplier’s second-period profit negatively.

Note that |c5 — cP| is increasing in the learning rate, i.e., % > 0. Consequently, the higher
the learning rate, the higher the deviation of the second-period manufacturing cost from the
benchmark setting (no encroachment model). If the direct selling cost is low, then a higher
learning rate amplifies the negative deviation of the manufacturing cost from the benchmark
setting. Whereas, if the direct selling cost is high, a higher learning rate amplifies the positive
deviation of the manufacturing cost from the benchmark setting. We further discuss the

consequences of this result in Section 5.

4.2.2 Mute Encroachment

Lemma 2 established that the supplier sells directly only if the product’s manufacturing cost is
sufficiently low; otherwise, if the manufacturing cost is in an intermediate range, the supplier
mutely encroaches. Recall (from the Introduction) that for its more novel and costlier models, LG
India redirects buyers to a physical retailer while offering the cheaper models both directly and
indirectly. This is how LG India mutely encroaches.

According to Proposition 1, the supplier mutely encroaches into the retail market when the
direct selling cost is such that d € (d4V,d""). This range of d values contains two regions: in the
first region, the supplier voluntarily mutely encroaches, whereas, in the second region, he is forced
to mutely encroach. Below, we discuss these two regions.

As seen in the discussion following Lemma 2, in the active encroachment region, i.e., when
d € [0,d*V], the supplier lowers his first-period wholesale price ( as compared to the benchmark
setting) to enhance his cost learning and promote direct selling. This drop in the wholesale price
decreases his first-period profit, but the gain from direct selling in the second period exceeds this
loss. However, when the direct selling cost increases beyond d*V, i.e., when d € (d4V,d"F], the
supplier cannot completely recoup the profit forgone in the first period. Hence, he voluntarily
decides to mutely encroach in the second period. He signals his decision to mutely encroach by
setting a sufficiently high first-period wholesale price (as evident from Figure 3). This increase in
the first-period wholesale price increases his first-period profit, which more than compensates for
the profit forgone from direct selling. Anticipating mute encroachment in the second period, the
retailer reacts by increasing her first-period sales quantity (g% (wy) > ¢/ (w,)) to stimulate cost
learning and induce the supplier to lower the second-period wholesale price. However, the retailer

10 Refer to Section EC.2 for analytical expressions for the impact of potential supplier encroachment on the retailer’s
order quantity and the supplier’s profit.
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limits her sales to a level ¢f = 5d+§’+_3, leading to co =1 — %d Any further increase in the first-

period sales quantity does not increase the retailer’s second-period profit, as it may result in active

encroachment, in which case she will not benefit any more from the supplier’s cost learning in the

R,V
oy . — e
2 R ~ 5d+3c;—3
e >0 if ¢ <> In the next proposition, we
1

shift our attention to the forced mute encroachment region and analyze the impact of the increase

second period (see Lemmas 2 and 3), i.e.,

in the direct selling cost on the retailer’s profit.

PROPOSITION 3. In the forced mute encroachment region, i.e., when d € [dVF , min{d"F" ,dFNY), if
od

rp _ (1—c1)(16—25-85%+6%+5%) SR F ) . onRF RF
d<d™ = 6652 , then =5.— < 0; otherwise =5;— > 0. Further, =5— <0.

In the forced mute encroachment region, the retailer’s profit is convex in the direct selling cost,
reaching a minimum when d = d®¥" (see Figure 4). Furthermore, d®¥ decreases in the learning rate.
This implies that if the learning rate is high, an increase in the direct selling cost is advantageous
to the retailer. This result complements the previous literature, which says that in the absence
of cost learning, § =0, a higher direct selling cost always harms the retailer in the forced mute
encroachment region (Guan et al. 2019, Wang and Li 2021, Liu et al. 2021). We show that in the
presence of cost learning, however, the retailer might benefit from a higher direct selling cost, i.e.,

o1 - 0 when d € [d"F, dFF].

As evident from Figure 3(a), in the forced mute encroachment region, the supplier raises his

P
6;”; > 0), and it may even be greater than

second-period wholesale price in the direct selling cost (
the benchmark wholesale price, w¥. That is, in the forced mute encroachment region, the supplier
may exploit the direct channel by charging a higher wholesale price in the second period. At the
same time, the retailer orders a quantity qf’F =1—(c} +d), leading to a retail price equal to the
total cost of direct selling, i.e., p}" = c& +d. This means that as the total direct selling cost (¢, +d)
increases, it becomes possible for the retailer to prevent the supplier from direct selling even at a
lower ordering quantity, ¢g2°". In the presence of cost learning, the supplier can limit this reduction
in sales by dropping the first-period wholesale price (% < 0) aimed at decreasing the second-
period manufacturing cost, ci. Further, a higher learning rate amplifies the supplier’s incentive to
reduce w!". Thus, an increase in the direct selling cost has two effects on the retailer’s profit. On
the one hand, it hurts the retailer due to an increase in w. On the other hand, it benefits the
retailer due to a decrease in w!. When the direct selling cost is high, the latter effect dominates,
and the retailer’s profit increases in the direct selling cost. Otherwise, the former effect dominates,
and the retailer’s profit decreases in the direct selling cost. The next lemma reveals the impact
of cost learning on the players’ profits and consumer surplus in the voluntarily and forced mute

encroachment regions.

LEMMA 4. Consider the mute encroachment region.
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1. Whende (dAV, dV¥], i.e., in the voluntam'ly mute encmachment region, if § < oM = Uodrsa1=3)
3(1—c1)
then BH S 0; otherwise, 3“ < 0. Further, 8“ © <0 and acs <0.
2. When dE [dVE dFN), e, in the forced mute encroachment region, 81186 >0, 81165 >0, and
acsF 0.

According to Lemma 4, in the voluntarily mute encroachment region, an increase in the learning
rate benefits the supplier until it reaches a certain threshold, §. Quite surprisingly, above this
threshold, an increase in the learning rate hurts the supplier. Further, in the entire voluntary mute
encroachment region, an increase in the learning rate is always detrimental to the retailer and the
consumers.

The intuition behind is simple. In the voluntary mute region, the supplier increases his first-

6101

period wholesale price, w;, as his learning rate increases, i.e., > 0, to credibly signal his
intention of mute encroachment in the second period. This increase in w; benefits the supplier but

hurts the retailer. At the same time, with an increase in the learning rate, 0, the retailer drops
R,V §Bd+3e; =3

her first period sales, i.e., aqé 5= +— < 0, which results in a higher first-period retail price,

hurting the supplier and the consumers. We find that when learning is sufficiently low, § < §™,
the former effect dominates, and an increase in the learning rate benefits the supplier. Otherwise,
the latter effect dominates, and the supplier becomes worse off due to an increase in the learning
rate. However, the consumers and the retailer always become worse off due to an increase in the
learning rate due to lower first-period sales and a higher wholesale price.

As the retailer reduces her first-period sales in d, the impact of an increase in the learning rate
gets nullified and the total cost learning of the supplier and the second-period manufacturing cost
remains unchanged (i.e., independent of learning rate), ¢¥ = ¢, —dq¢f"" =¢; — 6 (M) =1-— %
Hence, an increase in the learning rate has no impact on the second-period wholesale price, w) ,
the ordering quantity, qf‘ V' consumer surplus, the supplier’s second-period profit, and the retailer’s
second-period profit.

The second part of the Lemma 4 states that in the forced mute encroachment region, an increase
in the learning rate always benefits the consumers, the supplier, and the retailer. In this region, the
retailer benefits from the supplier’s cost learning in the second period. Hence, she increases her first-
period sales quantity, compared to the no-learning case, to accelerate cost learning. This increase
in cost learning results in a decrease in the second-period manufacturing cost and, consequently, a
decrease in second-period wholesale prices, increasing the second-period sales, the supplier’s profit,
the retailer’s profits, and consumer surplus.

In Proposition 2, we discussed the impact of supplier encroachment on the manufacturing cost
vis-a-vis the benchmark setting. The next proposition extends that result to the mute encroachment

region.
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PROPOSITION 4. In the mute encroachment region, i.e., when d € [d4V,dFN],

2
a. if d < d™ = U=e)OC2O30) ypen o E < BB (hence, cF > cB); otherwise ¢i*F > ¢i*® (hence,

160—2067
E ~ .B 8aM
cy <c3' ). Further, %= >0.
dleg —c3 |
b. =252 >0.

Proposition 4 reveals that in the mute encroachment region, cost learning is subdued when the
direct selling cost is sufficiently low, which makes second-period manufacturing costlier than the
benchmark setting. By contrast, if the direct selling cost is sufficiently high, mute encroachment

makes manufacturing more economical in the second period. In the voluntarily mute encroachment

5d+3c1—3

region, the retailer sells quantity, qf’v =252

, resulting in ¢§ = 1— 3¢, Observe that ¢} decreases
in the direct selling cost. Hence, when the direct selling cost is sufficiently high (d > d*), the
retailer orders a higher quantity in the first period, enhancing cost learning. By contrast, when the
direct selling cost is low, the retailer orders a lower quantity, resulting in lower cost reduction than
the benchmark setting. Depending on the first period manufacturing cost, the direct selling cost,
and the learning rate, we find that voluntary mute encroachment may boost the first-period sales
quantity by as much as 69.69% or drop it by 64.39%, i.e., Z{;—:; €[0.3561,1.6969].*

In the voluntarily mute encroachment region, as the learlning rate increases, the retailer drops
her first-period sales quantity, nullifying the benefit of an increase in learning rate on the second
period manufacturing cost, i.e., co =1— %d. On the contrary, in the benchmark setting, the retailer

raises her first-period sales quantity in the learning rate (Lemma 1), accelerating the impact of

B
dcy

52 <0. As a result,

cost learning and resulting in a lower second-period manufacturing cost, i.e.,

for a higher learning rate, the range of direct selling cost values for which the voluntarily mute
encroachment results in higher second-period manufacturing cost (compared to the benchmark
setting), increases, i.e., ag—g/] > 0.

In the forced mute encroachment, the supplier passes on to the retailer a greater portion of the

savings from a reduction in second-period manufacturing costs than he does in the benchmark
Su)g
deg

setting, i.e., % > > 0. Therefore, the retailer has a stronger incentive to help the supplier
move further along the learning curve, and to that end, she orders a higher quantity in the first
period, ¢i" (wy) > ¢ (wy), aimed at reducing the second-period manufacturing cost, leading to an
even lower cost than the benchmark setting, i.e., ¢f’ <cf. We find that forced mute encroachment
can result in an increase of up to 98.80% in the first-period sales quantity depending on the
manufacturing cost, the direct selling cost, and the learning rate, i.e., Zﬁ—:g €[1,1.988|.

Using the results from Proposition 2 (for active encroachment) an(li Proposition 4 (for mute

encroachment), we state the following general result.

1 Refer to Section EC.2 for the analytical expressions.
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COROLLARY 2. In the presence of potential supplier encroachment, if 17% <d< =2

The next section discusses the impact of this diminished cost learning on the supplier’s and the

retailer’s profit.

5 Who Benefits from Encroachment?

In this section, we analyze the impact of encroachment on the supplier’s and the retailer’s profit
and consumer surplus. We show that depending on the direct selling cost, d, encroachment can
be beneficial or detrimental to either the supplier, the retailer, or both. We define the thresholds
d®,d%t, d5?, dF! and d¥? (given in the Appendix) to characterize the domains where the supplier and
the retailer are better off, or worse off, due to encroachment. Further, let S and R represent the sets
(d5',d%?) and [dt, d*V], respectively. Sets S and R are the complement sets of S and R, respectively.
That is, S = [0,d*V]\ (d°',d*?) and R = [0,d*V]\ [d7,d*V]. In Figure 6, we demonstrate the impact
of encroachment on the supplier’s, and the retailer’s profitability as a function of the direct selling
cost (x-axis) and the learning rate (y-axis).

We start our discussion with the impact of active encroachment on profits. So far, we have seen
that when direct selling is expensive, active encroachment hampers cost learning; otherwise, it
enhances cost learning. The next proposition explores how this increase or decrease in cost learning

impacts profits compared to the benchmark setting.

PROPOSITION 5. In the active encroachment region, i.e., when d € [0,d*V], encroachment leads to:
1. Lose-Win: 1194 <1158 and 1174 > T1%B | when d € SN R,
2. Lose-Lose: 154 < TI98 and 1% < II%2, when d€ SNR,
3. Win-Win: 1194 > 118 and I1%4 > 175, when de SN R,
4. Win-Lose: IISA >TI%8 and 14 < II%B | when d € SN R.

S2 S
Further, a(daigdl) > 0.

Proposition 5 reveals that contrary to the wisdom from the existing literature, encroachment
might become detrimental to the supplier and this happens when d € S. Further, depending on the
value of the direct selling cost and the learning rate, encroachment may lead to either lose-win,
lose-lose, win-win, or win-lose outcomes.

Similar to Arya et al. (2007), when the direct selling cost is within an intermediate range, d € R,
encroachment is beneficial to the retailer. On the one hand, the retailer benefits from encroachment
due to a decrease in the second-period wholesale price as the direct selling cost increases, i.e.,

% < 0 (recall the bright side of encroachment by Arya et al. 2007). On the other hand, direct
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Figure 6 Impact of supplier encroachment on the supplier’s and the retailer’s profitability as a function of the
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selling by the supplier hurts the retailer as it cannibalizes the retailer’s demand. When the direct
selling cost is sufficiently low, the latter factor dominates, rendering the retailer worse off due
to encroachment. Otherwise, the former factor dominates, and the retailer benefits from supplier
encroachment. In the absence of cost learning, when d € [d®|5—o,d*" |5-0], both the supplier and
the retailer become better off due to encroachment. Therefore, the existing literature often refers
to this region as the “bright side of encroachment” (Arya et al. 2007, Wang and Li 2021, Guan
et al. 2019). However, in the presence of cost learning, when d € [d®|s5+0,d*" |5>0], encroachment is
not necessarily “bright”, as it can hurt the supplier.

When d € S, the supplier becomes worse off due to encroachment. This happens when ¢ is high
(see Figure 6).'? Recall from Proposition 2 that a higher direct selling cost makes manufacturing
costlier in the second period compared to the benchmark setting (c5' > cZ), and a higher learning

A B
% > 0), which negatively affects the supplier’s second-period

rate amplifies this deviation (
profit. As a result, the Set S increases in d. That is, the range of the direct selling cost values
for which the supplier becomes worse off due to encroachment increases in the learning rate. On
top of that, the supplier cannot recover this loss from selling directly in the second period, as
it is less profitable when d is high. Interestingly, even though direct selling is detrimental to the
supplier in this region, he still sells directly since he is not able to credibly commit to the retailer
that he will abstain from direct selling. To credibly commit, the second-period manufacturing cost
should be sufficiently high, which requires a high wholesale price in the first period, i.e., w; >

'? Relaxing the assumption that the demand slope, b, equals 1 reveals that d € S only if § > %248 This implies that
for higher values of b, direct selling can be detrimental even for significantly lower learning rate values.
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wt = 6%5_;%. This hurts the supplier even more than selling directly when d < d4". Hence,
the supplier decides to sell directly, despite its detrimental effects. We find that depending on the
manufacturing cost, the direct selling cost, and the learning rate, active encroachment can result in
a drop of up to 7.52% or an increase of up to 50% in the supplier’s profit, i.e., ;I‘Z—j;f €10.9248,1.5].

Building on the above discussion we further explore the four sub-regions: lose-win, lose-lose, win-
win and win-lose. When d € SN R, the supplier becomes worse off, whereas the retailer becomes
better off due to encroachment, i.e., lose-win. As seen above, when direct selling is expensive
and the learning rate is high, selling directly makes the supplier worse off. However, the retailer
becomes better off due to the lower wholesale price offered in the second period. Essentially, even
though the second-period manufacturing becomes costlier with an increase in the direct selling
cost, the supplier still reduces ws', which results in the retailer becoming better off at the supplier’s
expense. To the best of our knowledge, this outcome has not been observed previously in the case
of encroachment with complete information.

The lose-lose outcome is characterized by an intermediate direct selling cost and a high
learning rate, d € SN R. In this region, both the supplier and the retailer become worse off due to
encroachment. When d < d®, the second-period wholesale price is not sufficiently low to offset the
retailer’s loss due to the supplier’s encroachment. From the supplier’s perspective, the drawback
of opening the direct channel (i.e., reduced first-period profit and increased second-period
manufacturing cost) exceeds the benefit.

The win-win and win-lose outcomes have been extensively studied in the literature (Arya et al.
2007, Ha et al. 2016, Guan et al. 2019, Hotkar and Gilbert 2021). The intuition is simple. When the
learning rate is low, there is a minor deviation in the manufacturing cost from the benchmark setting
(Proposition 2). Hence cost learning has a smaller impact on the players’ profits. Consequently,
the situation faced by the players becomes similar to what has been analyzed in Arya et al. (2007).
When the direct selling is expensive, i.e., d € R, the supplier drops the second-period wholesale
price. This reduction in the wholesale price increases the retailer’s profit in the second period,
which results in a win-win outcome. Otherwise, the retailer’s loss due to competition from the
direct channel outweighs the benefit of the reduced wholesale price, rendering the retailer worse
off due to encroachment.

In summary, direct selling misaligns the retailer’s and the supplier’s incentives to accelerate cost
learning. As a result, in the first period, the retailer orders as if cost learning does not exist, which
may be detrimental to the supplier and the retailer. Therefore, when the learning rate is high and
the direct selling cost is intermediate, the supplier should credibly commit to no encroachment.
This may be in terms of a non-compete agreement with the retailer. This will assure the retailer

that no encroachment will take place so that she can help the supplier move further along the
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learning curve by placing large orders. Such an approach is consistent with Fein and Anderson
(1997), who suggest that if a player makes specific investments in a relationship, she demands a
reciprocal pledge from the other player.

Our insight that encroachment can make the supplier worse off due to a reduction in the retailer’s
order quantity necessities a comparison with the model by Li et al. (2014), who study encroachment
under information asymmetry. They find that the retailer reduces the order quantity to credibly
signal a low market size and the impact of the reduction in her order quantity becomes intensified
when the probability of a large market size is low.!® In our model, she reduces her initial period
order quantity (qf Awy) < g ‘B(wl)), because she does not benefit from the supplier’s cost learning
when the latter sells directly. The impact of this reduction is enhanced when the learning rate is
high. Hence, our analysis establishes another plausible explanation for the supplier becoming worse
off due to encroachment without considering information asymmetry.

Now, we shift our attention to the impact of mute encroachment on the players’ profits. The
existing literature on encroachment suggests that the retailer benefits from mute encroachment
only if the direct selling cost is sufficiently low (Guan et al. 2019). However, our study reveals that
in the presence of cost learning, the retailer benefits even when the direct selling cost is sufficiently

high.

PROPOSITION 6. In the forced mute encroachment region, i.e., when d € [dVF,d™N), encroachment
may lead to:

1. Win-Lose: II5" >T1%8 and TI%F <TI%8 | when d € (d**,d"?).

2. Win-Win: I5F > 1158 and TI%F > TI7P | when d € [dVF,dFN)\ (dF!, dF?).

This proposition reveals that forced mute encroachment is always beneficial to the supplier, but
detrimental to the retailer when d € (d*'!, d¥?), and beneficial otherwise. The intuition is as follows.
Recall from our discussion following Proposition 3 that an increase in the direct selling cost induces
a higher wl” but a lower w!", and that the rate of decrease of w! is amplified in the learning rate.
When the direct selling cost is sufficiently low, the retailer benefits from encroachment due to
a lower second-period wholesale price, while when the direct selling cost is sufficiently high, she
benefits due to a lower first-period wholesale price, leading to a win-win outcome. By contrast,
when the direct selling cost takes an intermediate value, the negative impact of higher w’ outweighs

the increase in the retailer’s profit from lower w!’, resulting in a win-lose outcome.

131i et al. (2014) consider encroachment under information asymmetry, where the supplier does not know the actual
market size, while the retailer can observe it. Market size can either be large (with probability A) or small (with
probability 1 — ). The retailer signals the market size to the supplier through her order quantity. Accordingly, the
supplier decides his direct selling quantity.
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Voluntarily mute encroachment predominantly leads to a win-lose outcome. However, we note
that it can also lead to lose-lose or win-win outcomes when d is very close to d4V or d¥'¥', respectively.
However, these regions are extremely small.'* Overall, depending on the manufacturing cost, the
direct selling cost, and the learning rate, voluntary mute encroachment can result in a drop of up to
5.73% or an increase of up to 70.4% in the supplier’s profit, i.e., % € [0.9427,1.704]. Furthermore,
the forced mute encroachment can help raise the supplier’s profit by 68.73% while never hurting
him, i.e., T € [1,1.6873].

In the next proposition, we discuss the impact of supplier encroachment on consumer surplus.
We define thresholds dV¢ and d¥ (given in the Appendix), which belong to voluntary and forced
mute encroachment regions, respectively, to characterize the domain where the consumers become

better off or worse off due to encroachment.

PROPOSITION 7. If d € [0,dV] U [dVC,dFC], then supplier encroachment benefits the consumers;

otherwise, it hurts them.

The above proposition suggests that in the entire active encroachment region, i.e., when d €
[0,d4V], and in the mute encroachment region if d € [dV¢ d"“], supplier encroachment benefits
the consumers. Active encroachment increases retail competition in the second period, lowering

the second-period price (p; < p?) and increasing consumer surplus. However, when the direct

1—61
4

selling cost is high, d > (see Proposition 2), active encroachment results in lower first-period

sales, higher retail price, and lower consumer surplus. Our analysis reveals that the increase in the
second-period consumer surplus is always higher than the decrease in the first-period consumer
surplus. Hence, overall active encroachment benefits consumers.

In the mute encroachment region, consumers are worse off due to encroachment when d < d"¢

dVC dFC

or d > dF®’; otherwise, consumers are better off ( and are given in the Appendix). Recall

from Proposition 4a that in the voluntarily mute encroachment region, the retailer reduces her

1—c1)(96+245—352)
160—2062

first-period sales when d < , resulting in a higher retail price. In the second period,
consumers benefit from an increase in indirect channel sales, which lowers the retail price (as
compared to the non-encroachment setting). When the direct selling cost is less (d < dV¢), the
first effect dominates, and consumers are worse off; otherwise, encroachment benefits consumers.

In the forced mute encroachment region, the retailer always sells more in the first period (see

Proposition 4a), benefiting first-period consumers. In the second period, the retailer reduces sales

4 For example, for § =0.9 and ¢; = 0.4, the thresholds d*V and d"¥ are 0.405 and 0.544, respectively. In this case,
the voluntarily mute encroachment leads to a lose-lose outcome when d € (0.405,0.408) and to a win-win outcome
when d € (0.542,0.544).
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as the direct selling cost rise, reducing consumer surplus. When d > d¥¢, the drop in second-
period consumer surplus is greater than the increase in first-period consumer surplus, making
encroachment harmful to consumers.

To conclude, we have studied the effect of cost learning on pricing and the ordering decisions in
supply chains when the supplier may have the option to encroach. Our analysis revealed three key
insights. (i) In the presence of cost learning, a new region—voluntary mute encroachment—emerges
such that as the direct selling cost increases, the equilibrium transitions from active encroachment to
voluntarily mute encroachment, then to forced mute encroachment and, finally, to no encroachment.
(ii) In the active encroachment region, the retailer does not benefit from the supplier’s cost learning
in the second period. As a result, the retailer does not support the supplier in moving along the
learning curve and orders as if cost learning does not exist. (iii) Due to the reduction in the retailer’s
first-period sales quantity, the second-period manufacturing cost becomes relatively higher than

the benchmark setting, rendering encroachment detrimental for the supplier.

6 Extensions

Insights (ii) and (iii) summarized in the last section raise the following interesting question: can
the supplier compensate for the drop in the retailer’s order quantity by over-producing in the first
period and carrying inventory to the next period so as to progress faster along the learning curve?
As the supplier’s inventory will lower his second-period production quantity, diminishing the benefit
reaped from cost learning, it is unclear if the supplier should carry inventory or not. We address
this question in Section EC.4. In essence, we find that in the benchmark setting, the supplier will
carry some inventory, but only negligibly so, as he would rather delegate the role of increasing the
scope of production to the retailer. When accounting for encroachment, which induces higher levels
of sales in the second period, the supplier may indeed carry significant level of inventory for some
range of direct selling cost. In another extension (see Section EC.5), we ask if our main insights
will change if the supplier can also encroach in the first period, in addition to the possibility of
encroaching in the second period. Interestingly, we find that in the presence of cost learning (i.e.,
when § > 0), in the first period, as the direct selling cost increases, the equilibrium transitions
from active encroachment to no encroachment, then surprisingly to forced mute encroachment and,
finally, to no encroachment. In the second period, as in Proposition 1, the equilibrium transitions
from active encroachment to voluntarily mute encroachment to forced mute encroachment, and
finally to no encroachment. We find that our main results hold true in both extensions.
Additional extensions are presented in the appendix such as stochastic learning rate
(Section EC.6), where we assume that the learning rate follows a two-point distribution and may

take either low or high value with some probability; the presence of multiple retailers
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(Section EC.7) revealing that our results follow through; and imperfect substitution between the
two channels (Section EC.8), which gives rise to additional dynamics associated with the

wholesale price set by the retailer as a function of the substitution level.

7 Conclusion

A vast amount of literature on supplier encroachment discusses the importance of direct selling
cost in making encroachment decisions. However, most contributions are silent on the role of
manufacturing cost, which in fact, plays an equally important role in determining the supplier’s
encroachment strategy. This study reveals that a higher manufacturing cost restricts the supplier
from opening a direct channel and selling directly. Nevertheless, the manufacturing cost does not
remain constant as it reduces with the experience gained from past productions due to cost learning.

Extensive studies on supplier encroachment show that encroachment is always beneficial to the
supplier and can also be beneficial to the retailer depending on the supplier’s direct selling cost,
leading to a win-win situation for the supplier and the retailer. However, our study shows that the
supplier’s encroachment decision may diminish cost learning, hurting the supplier while benefiting
the retailer. Hence, firms should be wary of this impact of encroachment on the manufacturing
cost while considering adding a direct channel.

Admittedly, our study has some limitations which provide opportunities for future explorations.
First, we assumed a linear demand function. However, the demand function might be unknown,
and the supplier and the retailer might try to learn the actual demand to maximize their revenues
(Besbes and Zeevi 2015). Second, we assumed that only the manufacturing cost decreases due to
learning. However, as the supplier gains market knowledge, the direct selling cost can also reduce.
It would be interesting to analyze the impact of this drop in the direct selling cost on the players’

profits.
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- 2(24958 —527666 43644854 —9062452 473728 )
z —\/253 3909 — 43268 — 160467 + 1516865 + 495685° — 9062464 — 38656003 — 7372862 + 5816324 4 393216)

dFN = gFNa if gFNa < qFF'. otherwise dFN = dFN?
JRF (1—c1)(16—20— 862+63+64)

16—662
(1—c1)(315% 245 —39662+1605+1088 )

64(8—62)(3—62)

, Where,

3(1—cy) (6% -85 —486%+1285+512)
64(8-52)(5—62)
3(1—cy) (4862+966+ \/1458 —9667—-1025564+5926541518454 4896083 —6963252 —327686+131072)

dV = if § <0.899; otherwise d" =

d =

16(264—2352+128)
(1 c1) (12(5+4) /36444853 +37852+4805— 384)

8(14-42)

(1—¢1) 12(5+4)+\/ 35444853 4+37852 44806 — 384>

8(14-62)

52
(1 c1 (8 (6% 45— 852—25+16) 2\/6458+1286771109567216065+557664+96006379600627102405+8192>

16(8-352)
52
8(6% 457 -85%~26+16)+ 3= 2\/6468+1285771109667216065+557664+96006379600627102405+8192)

16(8—362)
3(1—cy) (80(8762 )+\/62 (456 —6455 742364+472053+2817662+320006714336)>

(6452+400)(8—62)
(1—c1) (16(264 —263 1252435+ 16) (8762)7 \/(4752)2 (468 — 6457430556 +484855 4988854 — 1126453 —40704562 — 122886+16384)>

dVe =

dFC —

16(461—1552+16) (8—52)
N_q_ d(40—106—3524+26%) +,/d252 (464 —246% —752+925—28)
24
df = (2—h)(256—645) —512¢1 +1285¢c; —62(8—8cy —12h)—53h
2(512—1285—-1662—453)

512(2—h)—4cq (5% —126% —646+256) —5* h+6° (4—16h)—245% (2—3h) —1285(2—h)

(4—6)(512—-1285—1652—53)
192(16(2—h)—cq (32-85—62)—5% (1—2h)—84)

(20-56—262)(512-1285—1662—43)

dIl:

dIQZ

EC.1 Proof of Results in Sections 4 and 5

Proof of Lemma 1:  We solve the game using backward induction to arrive at the SPNE. The
supplier’s profit function is given by II® = (w; — ¢1)qf* + (we — ¢2) ¢4 and the retailer’s profit function
is given by I = (p; —w;)qf + (p2 — wo)qd, where p, =1—¢f, t € {1,2} and ¢y = ¢; — d¢f’. We note

that II% is concave in ¢%, and from the first order condition, we find that the optimal first-period
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order quantity is ¢&f = . Next, we substitute the optimal ¢f* in the supplier’s profit function to

obtain I1° = (w; — ¢1)qf® + (w2 — ¢2) 1522, which is concave in w,. From the first order condition,

1+51 5q1

we obtain the optimal second-period wholesale price w, = . We substitute the optimal ¢l

and w, in IT®. We note that IT¥ is concave in ¢ and from the first order condition, the optimal

qft = %. Finally, we substitute the optimal ¢, w, and ¢F in II°. As II° is concave

128(14-c1)—16(1—c1)6—8(34¢1)62—(1—c1)8>
32(8-42) )

Back substituting the supplier’s optimal first-period wholesale price, the optimal second-period

in wy, solving the first order condition yields the optimal w; =

wholesale price and the retailer’s optimal first-period and second-period order quantities are given

32(1+4c1)—85(1—c1)—62(T+c1) (1—c1)(35+8) (1—c1)(32485—52)

by: w, = 8(s—42) 4= 4(8—52) , and g3 = 16(8-482)
R

Differentiating the above equilibrium solution w.r.t. & gives 88% = % > 0,
dwy _ (1—c1)(2+6)(446) 0 oqft  (1—c1)(30%+165+24) 0. Qwi _ (1—c1)(128+1285+405%—5%) 0
B — T moenz < U % = i) v as T T 32(8-02)2 <V,

—c1)? —36% 853472652 5 —c1)?(36%+1768

onft _ (e) (384-36" s ;72 +3360) >0, oS _ (1=c1) s HZ +24) > 0 for all values of ¢ satisfying
98 16(8-62) 05 4(8-62)
0 <6 < 1. This completes the proof of Lemma 1. O

Proof of Lemma 2: 'The supplier’s first-period and the second-period profit functions are given
by 7% = (w; — ¢1)qf and 75 = (wy — )¢ + (p2 — (co +d)) ¢35, respectively. The retailer’s profit
in period ¢, t € {1,2} is given by 7F = (p, — w;)qf*, where, p; =1 — ¢, po =1 — (¢f' + ¢5) and
¢y = ¢ — 0. We solve the game using backward induction. First, we determine the supplier’s direct

channel sales, g5, by solving maXHS Where 115 = (py — (co + d)) g5 + (wy — ¢2)qf + (wy — ¢1)qf.

q2

S:{(l—(cz+d)—q§)/2, if0< g <1—(e2 ), (EC.1)

0, if1—(ca+d) <gf.

Next, we find the retailer’s second-period order quantity, g%, by solving maxHR, subject to
a3’
constraints given in EC.1. Where, IT" = (p; — w)q{* + (ps — wy)qdt. We have two cases:
1. If 0<glt <1—(cy+d), then ¢5 = (1 — (cz + d) — ¢f!)/2. Substituting ¢ in the retailer’s

d)—2wy+1 . : .
= M This solution requires

profit function and performing maximization yields ¢
% > wy > %; otherwise, if w, < %, then ¢f =1 — (¢ +d) and if wy >
M, then ¢ = 0.

2. If ¢ > 1 — (cy +d), then the supplier does not sell any thing through the direct channel, i.e.,
g5 = 0. Substituting ¢5 = 0 in the retailer’s profit function and performing maximization yields

g% = (1 —w,)/2. This solution requires 0 < wy < 2(cy +d) — 1; otherwise, if wy > 2(cy +d) — 1
then ¢ff =1 — (cy +d).
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Since ¢; +d < 1, we note that 2(co+d) —1 < 3(022‘1)71 < (02+2d)+1. Combining the four ranges of ¢£,

the retailer’s optimal second-period quantity is:

07 Zf % S w2,

(C2+d);2wz+1, if 3(02'24)—1 <wy < (02+2d)+1,
1—(co+d), if2(c;+d)—1<w, <2 2td=d
Lows if0<wy, <2(cy+d)—1.

2

(EC.2)

We determine the optimal second-period wholesale price, w, by solving max IT°, subject to the
constraints given in EC.2. We have following four cases. ’

1. If the supplier chooses the second-period wholesale price from the range % < ws, then
. In this case, the supplier’s profit is

2
independent of w, and his corresponding second-period profit is 75, = %

g =0 and the direct selling quantity q5 = %

2. If the supplier chooses the second-period wholesale price from the range % <wy <

(c2td)

{eatd)tl = ltd-2watl and g5 = (1— (2 +d) — gl /2. Maximising the supplier’s profit

, then ¢

37d+362

function yields the optimal second-period wholesale price wy = , and it requires ¢y <

354 The supplier’s corresponding second-period profit is 75, = rd? _Gd(l 0122)+3(1 e2)”

; otherwise,

if ¢y > 3—5d , then wy = ?’(Cﬁ#. In this case, the supplier’s corresponding second-period profit

(1 d—c9)(3d+co— 1)
2

is 79, =
3. If the supplier chooses the second-period wholesale price from the range 2(c; +d) — 1 < w, <

U2t D=L “then ¢ff =1 — (co+d) and g5 = (1 — (ca +d) — gF¥)/2=0. In this case the supplier’s

profit is increasing in w,. Hence, the optimal wy M

(1—d—co)(3d+ca— 1)
2

and the supplier’s corresponding

second-period profit is 5, =

4. If the supplier chooses the wholesale price from the range 0 < wy < 2(cy + d) — 1, then

w2

= 1_2 and ¢5 = 0. Maximising the supplier profit function yields the optimal

second-period wholesale price wy = 1+C2 This solution requires c, > =24 4d The supplier’s
corresponding profit in this case is w5, = %; otherwise, if ¢, < %, then

wy =2(cy +d) — 1 and the supplier’s corresponding profit is w5, = (1 — ¢y — d)(cy +2d — 1).

We compare the supplier’s second-period payoff. We have 75, — w5, < 0. 75, > 75, if o <

1—d—cy)(3d+cy—1
if ¢ > 252 then 75, =75, = ( CQ)é tep—1)

< 3=5d 5d , else

. Finally, 75, > 75, if ¢ < 25%; otherwise, 75, < 73, if

Cy > %. Note that 2 35d <3 34d <38 56d. Combining the above ranges of w,, the supplier’s optimal

response function for the second-period wholesale price is:

3d+3c2 ch2<1_7
Wy = M if1-3% < <18 (EC.3)
e if1-%<c.

Back substituting w, in Equations EC.1 and EC.2, we note that g5 > 0, when ¢, < 3%5‘1. Further,
=0 and ¢ff =1 — (c2 +d) when 322¢ < ¢, < 354, This completes the proof of Lemma 2. O
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Proof of Proposition 1: In Lemma 2, we found the optimal ¢5, ¢ff and w,. Now we find the
optimal ¢ by substituting ¢, = ¢; — d¢f in Equation EC.3, and solving m%x(pQ — W) g + (p1 —
a1
wy)ql, subject to the constraints given in EC.3. We have the following cases:

1. If ¢, < 3224 that is, ¢ff > 24293 then the optimal first-period sales quantity is ¢ff = (1 —

< 6+36 10d—6c; _

3 w?. The corresponding profit of the retailer is

wy)/2, and it requires w;

. . 5d _ . .
; otherwise, if w; > w4, then ¢F = % and the retailer’s corresponding

R 15d(2—2c146(1—w1))—9(1—c1) (1—c1 +(1—w1)) —d? (25-267)
profit is II)* = 55 .

2. If 324 < ¢y < 558 that s, S35 < gl < SH3A=3 1 then the optimal solution is

2 2
R _ 8c“49(1—wy)
Ha - 36

) 56 = = 35
6(1—d 1 . . . . . .
it = % and it requires w*® < w; < w%°. The retailer’s corresponding profit in this
. 2d%+2d(2¢ —1)—2)+2¢1 2 +2¢ —1)—2)-2 2 -2
case is T[JF = 24420(er£9(wy —1) =2)49¢; 7+ ii(jé(;'” )=2) 20w 204wy ® 2w 43, ; otherwise, if w9 <wy,
R _  6d+5c1—5 I . . . .
then ¢ = “==2=—. The retailer’s corresponding profit in this case is
d?(62-72)—60d(2c1 +6(w —1)—2)—=50(c1 —1)(c1+8 (w1 —1)—1) . .
ek = ( ) o2 :  otherwise, if w; < w®, then
qr = % and the retailer’s corresponding profit is
15d(2—2¢14+6(1—w1))—9(1—c1)(1—c1 +6(1—w1))—d? (25—262 —6er — 2
Ik = 957 ( ) Where, w® = %% 103?3”2‘” and
WSS — d(82-12)+5(— 2c1+§+2)
50
5—6d 6d+5c1—5 . R : (1761)54»8(1711)1) . . .
3. If =8¢ < ¢y, that is, ¢Ff < ==51—, then optimal ¢;" is ~—7——=. This solution requires

40—40c; —48d+2 2 . . . .
| > 40400 - 280? 094357 _ yN . In this case, the retailer’s corresponding profit is I =

1 (—63+165+32)+cl(53(w1+1)—862(w1—1)+165(w1—3)+64(2w1—3))+63(—w1)+862 (2w12—3w1+1)—165(w1—2)+32(—4w12+4w1+1) )

(52-16)° ’
otherwise, ¢ff = 6d+‘;+_5 and the corresponding profit of the retailer is
g d*(8%=72)—60d(2c1 +8(wy —1)—2)—50(c1 —1)(c1 +6 (w1 —1)—1)

I = 5062 :

Note that w® < w" < w%%. Further, when w” < w,, then IT%(w;) — If(w;) > 0. Therefore, if

(1—c1)d0+8(1—wq)

w? < w, then ¢ff = . Combining the above ranges, the optimal first-period order

16—62
quantity is:
L, if 0<w <wA,
) BHa=s if wh <w; <wS, EC.4
= W, if w® <w; <wV .
Qe 80w N <y <1,
Rewriting the above constraint in Equation EC.4 in terms of d, we obtain:
1w, ifo<d<d*,
o sisess, ifd*<d<ds, EC.5
q, = W ifd®<d<dV, (EC.5)

i

Umabt8own) - f N <d < 1.

A (6(1—c1)+35(1—wq)) 6(1—c1)+35(1—wq) N _ 40(1—cq)+206(1—w )
Where, d* = s L) 5 = 2=l d yr T a—

Case 1. When 0 < d < d*. We note that ¢f(w;) — ¢;""(w;) = 154 — (- q){?i(l W) < 0. We

consider the cases sequentially.
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Case 2. When d* < d < d®. Solving ¢ (w,) — ¢P (w,) = 243a=8 _ (U—c)dt8wi) _ () for d, reveals

30 16—02
that when d < d; = $8=2820220001 - then gff(w;) < ¢""(wy); otherwise gff(wi) > /™" (wy).
A 36%(2(1—e1)48(1—w1)) g8 338%(2(1—cp)+8(1—w1))

Further, d; — d* = 10(16-57) >0 and dy — d° = 10(s0—2157+87) < 0. Hence,
d* <d, <dS.

Case 3. When d° < d < d". Solving ¢%(w,) — ¢/"" (w,) = 5(17d;i16)2+17w1 — (1761)1‘&%(217‘”1) =0 for d
reveals that ¢f*(w;) < gi"" (w,), when d > Hat9=T0=l1 — 4,. otherwise ¢ff(w;) > ¢;" (w;). But,
dy —dN = % > 0. Hence, when d® < d < d", then ¢F > ¢*".

Case 4. when d¥ <d < 1. In this case ¢%(w) = ¢1"" (w,).
We have already found the optimal g5, ¢%, w,, and ¢ff. Now, we find the optimal w,; by solving
max(ps — (co +d))qs + (w2 — ¢2)gf + (w1 — ¢1)qR, subject to constraints given in EC.4. We have the
wy

following cases:

2
1. If 0 < w; < w?, then the optimal w; is 4+4cl_2§__§c§_d)5_5 = w#, and it requires
d < % = d¥. The supplier’s and the retailer’s corresponding profits are
s — d?(14—6%)=3d(1—c1)(5+4)+3(1—c1)? (6+3) and TIF — d? (26" ~236%+128) —18d(1—c1)8(5+2)+9(1—c1)?(5+2)*
a 3(8-62) a 9(8762)2 ’

respectively. When d > d”', then w, = w* and the supplier’s and the retailer’s corresponding
d?(46%-50) —15d(c1 —1)(8+4)—9(e1 —1)?(5+2) d?(26%425)—30d(1—c1)+9(1—c1)?

profits are 11 = 537 and IIF = 557 ,
respectively.

2. If w? <w; <w?®, then the supplier’s profit is increasing in w;, hence the optimal w; = w®.
The corresponding profits of the supplier and the retailer are
Hbs _ 3d(17c1)(20+557262)795(15;c1)2(5+2)72d2(257762) and Hf‘ _ d2(257862)76d(c1976;)(5275)+9(0171)27
respectively.

3. f w® < w, < wV, then the optimal first-period wholesale price is

2(1 4—6d—4c1)6—c18%+(2d4cy —1)5° . . '
wy, = 2ren cd el @dte I _ yF - and it requires dVF < d < dFF', and the

1—52
corresponding profits of the supplier and the retailer are
s — 2d(1—c1) (8+5—26%)—4d? (352 ) —(1—c1)?(3-57) and TIE — d?(16—652 ) —2d(1—c1) (54 +6° —86% —26+16)
c 2(4—52) c 2(4,52)2
(1—c1)?(5*—95%+18) . . FE N _
2 52)2 , respectively. Else, if d > d"" , then w; = w". The corresponding profits
of the players are s 40d(1—c1)(—3594236°+1065" —945° —3926%+965+384)

80052 (2-62)°
d? (24966—328454+1017662—9216)—8200(1—c1)2(6+2)(2—62)2 and e — d? (1295~ 140852 +2304)
80052 (252 ) ¢ 80062 (2-42)
120d(1—cy) (5 ~186%+32)+800(1—c1)? (2—57)
n 80052 (2-62)

, respectively. Else, if d < d"F, then w; = w® and the

corresponding profits of the supplier and the retailer are

Hf _ Sd(lfcl)(20+567262)79’;(1;;c1)2(5+2)72d2(257752) and Hf‘ _ d2(257852)76d(179;12)(5752)+9(1701)2,
. 3(1—cy)(4+6—52 /o 20(1—cy) (6% —63—65%+25+8

respectively. Where dV% = % and @7 = 2% 413)6(4718062+19—i2_ +5)
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128(1+c1)—16(1—c1)5— )62 —(1—cq)83
8(1+c3)—16(1—c1)d—8(3+c3)0"—(1—c1)d :w{\/’ and
32(8-42)

4. If wY <w; <1, then the optimal solution is w; =

(1—c1)? (6% +485+128)

it requires d > dV. The corresponding profits of the players are II5 = 61 (5—57) and
—c1)? (756 —4853 —1766%+7685+2048 .
i = (1e)*( (e 52)2+ ki ) Else, w, = w”. In this case the profits of the players are
15d(1—cq)(32485—62)—36d2 (8—62)—100(1—c1)% (6+2) 9d2(16—62)—15d(1—c1)(16—5%)+100(1—c1)?
117 = 2l ) 1006g ) 1 and II§ = ( ) 10105(2 ) —.
—c —62485
Where, @~ = 2170 (32-074%0)
24(8-62)

Note that d¥ < dVF < dN < dFF'. When d < d”, we compare the supplier’s profits in the above four
cases. We find that the optimal first-period wholesale price is w; = wi when d < d*V; otherwise
w; = w?. Considering the case when d¥ < d < d" and comparing the supplier’s profit. We find that
the optimal first-period wholesale price is w; = w®. When d"¥ < d < d", comparing the supplier’s
profit reveals that the optimal first-period wholesale price is w; = w”. When d~ < d < d'F, we
find that the optimal first-period wholesale price is w; = w!', if d < d*M%; otherwise w; = w). In
case dFN* > dFF' | the optimal wholesale price in the range dV < d < d¥F" is w, = wF. Finally,
When d > df'F /, we compare the supplier’s profits to find the optimal first-period wholesale price.
In case dFNe > dFF' then w; = w" when d < dFN; otherwise w; = w). For the case dVe <

/ . . . !/ .
d"F" | the optimal first-period wholesale price for the range d > d**" is w; = w). Where, d"V* =
(1—c1) (4(25475372462+85+64)+\/268+3267+1 145671605571464647166463+288()62+71686+4096>

, and

16(54—1162+24)
JFNb _ 5(1—c1)(2—-6)(8(—35%+235°+1246" —2326° —9925° 3846 +1536 ) +2)
- 2(24958 —527666 43644854 —9062452 473728 )
z= \/253 (3999 — 43268 — 160467 + 1516856 4 495686° — 9062454 — 38656002 — 7372802 4 5816325 + 393216).

, Where,

Combining the above ranges of wy, we have:

e When dfNe < gF ¥

bte ~0—gy —d)if if0<d<dv,
ij ifdAVSdeVF,
= —6d—des ) §—cr 52 _1)53 . EC.
Wy 2(14¢1)+(4—6d 42)_562 1824 (2d+c1 —1)8 —wP, ifd"F <d<d"Ne, (EC.6)
128(1+c1)—16(1—cq)5—8(3+c1)62—(1—c1 )53 ifdfNe<d<1
32(8-62) ’ ==
e When dFNaZdFF/
4+4c1—2(81_—6c21—d)5—62’ ifo<d< dAV,
w?, ifd?V <d<dv’F,
2 3 /

’LUl — 2(1+01)+(4_6d_4ci)766_2015 +(2d+01—1)5 , Zf dAV S d < dFF , (EC?)
wN’ ideF §d<dFNb,
128(1+¢1)—16(1—c1)6—8(3+c1)6% —(1—c1)6> . ¢ IFNb

2(s—0?) , ifd <d<1.

For brevity, we define d¥V as : d¥N = dFNe if ¢FNo < qFF' else if dFNe > dFF' | then dFN = 4N, O

Proof of Corollary 1: After differentiating d4V w.r.t. § we have
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paAv  3(1—c1)48 (60— 115%) (80+ 205+ 5* — 6% — 1267 — \/67 (67 — 237 — 3407 — 2467 + 2086 + 320) )
s (1154 — 12052 + 400)>
3(1—c1) (116% — 12082 + 400) (453 _ 392 4 (10 AT HI020TH007 00 MO)E g5y 20)
N \/(55—264—3453—2462+2086+320)
(1164 — 12062 4 400)*
: adV a+b
We can rearrange the above equation as o5~ = (1164_12062+400)2 . Where,
= 3(1—c1)46 (60— 1152) <80 4206+ 6% — 3 — 126% — /53 (3° — 20% — 3457 — 245 + 2080 + 320))
4,5 3 2 _

and b = 3(1—cy)(116* — 12082 4 400) ( 45° — 362 + (76%—46°+1025 4605 —4166-480) v/5 245490,

\/ (65 —25% ~3453 2452 +2086+320)

Observe that the denominator of

adaAV is always positive, hence we just need to prove that a+b is

positive. We start with the term a. Clearly, (1 —c¢;) >0 for 0 < ¢; < 1. Next, we find the minimum

and the maximum values of (6° — 20" — 345° — 2462 4 2086 + 320). Since
0(6°—25%—346% —246%+2086+320)

55 < 0, we can show that minimum and the maximum values of the
function is at 6 = 0 and § = 1, respectively. Substituting § = 0 and é = 1, we obtain
469 > (0° — 26 — 3453 — 246% + 2086 + 320) > 320. Further,
(80 + 206 + &' — & — 1262 — \/03(6° —25* — 340 — 2452 + 2085 + 320)) >

(80 + 76 — /3% (0° — 207 — 346° — 2462 + 2080 + 320)) > (80 + 75 — V/4690%) > (80 + 75 — /469) >
76 + 58. Since T76* — 46° > 0 (as 0 < & < 1), we can show that
(1026% + 600 — 4165 — 480)v/3 < (76— 46° + 1026 +6006% — 4165 — 480)v/3 < 0. Hence,

754—455+10253+6052—4165—480 \/g 10253 6052—4165 480
( ) ( + )\[. Now, we focus on the term b. Since
\/(6572647345372462+2086+320) V320

0 <§ <1, we can show that (116* — 12062 + 400) > 280. Combining the above inequalities, we can
write:

45 (60 — 116%) (80 +2086" — /63 (65 — 254 — 3463 — 2452 + 2086 + 320))

(76" — 46° +1025° + 605% — 4165 — 480) v/3
/(6% — 254 — 3453 — 2452 4 2086 + 320)

(1026° + 605% — 4165 — 480) &
V3200

Expanding the above expression and analyzing analytically, we obtain 5600 — 3360v/5v/0 +(72006 —
2912+/50%/2) 4 84002 + (4201/56%/% — 14326%) + (714+/5567/% — 3085*) > 5600 — 3360+/5/0 + 6885 +
84062 — 4935° 4 128857/2 > 5600 — 3360+/5v/5 + 6883 + 34752 4 128857/2 = f(5). We find that f(4)
Béév > 0.

+ (116" — 1206” + 400) (453 —36%+ —245+20> >

46 (60 — 116%) (75 + 58) + 280 <453 — 30+ —245+2o>.

is convex in ¢ and its minimum value is always positive. Hence,
Next, we differentiate d*V w.r.t. 6.

) 7 6 5 4 3 2
. (1—c1) (24— 1187 45 (4 (857 — 3% — 485 + 8) + V2(457 +565 417155 —20054 146453 12485 +14405+1792))

/8841657 +5756 —8055 — 73254 —83253 4144062 +35845+2048

0

a6 16 (64 — 1162 + 24)*
N (1—c1)26 (11 —26%) (86" — 46° — 966° + 326 + 256 + v/2V/0% + 1607 + 5705 — 8005 — 73267 — 8325° + 144052 + 35845 + 2048)

16 (6% — 1152 4-24)°

adf'Ne _ a+b

We can rearrange the above equation as =5x— =
16(54-1152+24)

>, Where

a=(1—c1)((24—116° +5*) (4 (80" — 36° — 485 +8)) + 24 (11 — 26°) (85" — 456> — 965° + 320 + 256)) ,
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V2 (467 4 566° + 1716° 4 (1792 — 2005* — 14646%) 4 12485(1 — &) + 1926)
V88 1667 4 5765 — 8065 — 73204 — 83263 + 144002 + 35840 + 2048
+(1—c1)26 (11 —26%) (\/5\/58 + 1667 + 5756 — 806° — 73204 — 83203 4 144002 + 35844 + 2048) :

b=(1—c1) (24— 116" +4%)

8d§;va are always positive for 0 <d<1and 0 <c¢; <1,

Clearly, the term ‘b’ and the denominator of

ad;Na is positive. Term ‘a’ can be rewritten as a = (1 —¢;)(46° +165° —

525* — 2560° 4 6462 + 10245 4 768) = (1 —¢1)(4(8 = 6%)* (6% + 40 4 3)), which is always positive for

0<d<1and 0<c¢ <1. Hence, M * > 0. On the similar lines, we can prove that a S0 O
3(1— cl)(5+4) (

hence, if ‘a’ is positive, then

Note: In the active encroachment region, d < d’ = refer proof of Proposmon 1). The

Since k> 1, we

inequality d < d” can be rewritten as c¢; + di(zofd =c; + kd <1, where k=

3(5+4) 6+4

note that in the active encroachment region c¢; +d < 1.

o A A A
Proof of Lemma 3: The first derivative of 7iv?, 74 IRA 754 754 and 154 w.r.t. § are

orRA 2((@-e)to0-c ) ((1-er )+ A1) ot a3

as follows: —2— = ( ! ! (§_52)§ v)) >0, 45— = (a?) =0,
v _ 2((2(1—c1)+3(1—c1—d)) (1—c1 —d) (8+6%)+43(1—c1) )) 0

95 = (8—42)3 > ’
A B 8(4(1—c1 —d)+5(1—c1)) ((1—c1 —d) (67 +8) +45(1—c1))

98 - - 3 < 0,

(8-42)

ors A 2(4(1—e1—d)+5(1—c1))(85(1—c1 —d)+(1—c1)(6°+8)) >0, and 2154 4d5+(8°485+8) (1—c1)(1—c1 —d) > 0.

25 (8,52)3 a6 (8- 52)2
oa " (846%)(1—c; 4)£45(1c1)
96 (5-92)°

The first derivative of ¢/** and (¢2"* + ¢5**) w.r.t to & are >0,

aglA 4¢3 4 _ . . .
and ~2 ajsqu = 8= Cl)+86((; ZQ)CI)M (=c1) > (. Since ¢ and (qf"A+q§’A) are increasing in 6, we
6551 6552 90S4
conclude that =53 >0, —2 >0, %52 >0. O

Proof of Proposition 2: We compare the equilibrium solutions obtained in Lemma 1 and

" . 6(64d—(1—c 552 )
Proposition 1. First, wf! — wf = (61 (132(18)(23;8 )) Solving w# — wP = 0 for d reveals

(1—c1)(48+86—5?)
64

threshold d; = , such that w{! < w? when d < d,. But, d; — d* > 0; hence, in

Region A, wi! <wf’. Next, solving ¢i' — ¢’ = % =0 for d reveals threshold 152, such that

L, then ¢ > ¢{'; otherwise g7 < ¢{'. Since ¢, = ¢; — dgft, we have c5' > & if d > =1,

. . Al —cB| _ 45]1-4d—
otherwise ¢4 < cP. Finally, we note that ‘028 2 = = ‘ o —al > 0. O

Proof of Proposition 3: When d € [dVF,mz'n{dFF,dFN}L ie, SPNE is forced mute
d?(16—66 ) +2d(c1 —1) (67 +6°—857 —25+16 ) +(c1 —1)? (6% —967+18)
2(4-62)°

Solving BH;Z’F = 0 for d reveals threshold

and

encroachment,  then  II%F

oo F  d(16-657)—(1—c1) (8" +6%—85%—25+16)
ad g4_52)2

_ _26_852 4 R,F . .

drr = 4 01)(16162i65825 079 such that, == >0, if d > dfF; otherwise HM < 0. The first

dRF

. RF 1—c1)(16—185%+36%+65°+325(1—62
w.r.t. 4 is 3‘35 = — (= 30 + > +325( )
2(8—362)

To prove: 247 < 0. Let f(6) =16 — 1852 4 30*, 210 — _12§(3 — §%). For 0 <6 <1, 2@ <,
Hence, min (f(§)) = f(6=1) =1>0. Hence, 16 — 186% + 36* > 0, for 0 <§ < 1. Thus, (16 — 18(52 +

3654 4 66° + 326(1 — 6?)) > 0. This implies that 22— — — “—Cl)“6—18‘;2(‘8*322‘;;555+325<1—52” <0. O

. Now, we prove that ‘9’1 " <o.

derivative of
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Proof of Lemma 4 The first derivative of IV w.r.t § is ar([:&v‘/ = (5‘”30173)(2%%;;3(1761)(5“)).
=0 for §, reveals that 8H S 0, when § < %; otherwise, BH;;V < 0. Next,
oV 2(5d+3c1—3)? acsV _ (5d+3c1—3)>
we find that 55 = — o <0 and o5 = 055 2< 0. .
. s d“dd(l—c 5 —c 5
Next, we find that drgF = dd 1()4( 5:)42)+(1 v > 0. Further,
, ds—c —c1)6%—d(8—662 . , .
Mgzp 0 D((—en 3 (s-65%)) Solving B () for d, reveals that ot < 0 when
(1-92) 95 a5
3(c1—1)(8%2—6—4 ) c1—1)(6%2-6-4
d< %; otherwise OH&S > 0. However % < dV¥. Hence, BH > 0. Next,
BE O g(s244)42(1—c1) S.F 2y .
we find that 8q55 = (57+4) 4201 —e) >0 and 2 a:squ — 8do+(1+0 )(21 U > (. Since an >0 and
(4—52) (4-42)
e acs
—2——2 > (), we conclude that > 0. O

95
Proof of Proposition 4: Comparlng the first-period wholesale price of the mute encroachment

region and the benchmark setting, we have the following case:

Case 1. Region V: solving w} —w? =0 for d reveals that w} > w? if d < d"!; otherwise w} < w?.

w1 _ 3(1—c) (6" —85° 485 +1285+512) w1 ve _ 30— c1)52(14§4 17162 — 886+208)
Where, d™" = 51(5—37) (5—7) Further, d™" — d™" = — i 67y (2

Hence, d"' — a¥% > 0 if (146*—1716>-885+208) > 0. The equation
(146* — 1716% — 886 + 208) = 0 has only one root in the range 0 < ¢ <1, which is 6 = 0.899. When
§ > 0.899, then (146* — 1716% — 885 + 208) < 0, hence, d'! < dVF; otherwise dV*! > dVF.

Case 2. Region F: When d < d*F", we solve the equation wf —w? =0 for d, which reveals the root

(1—c1)(316%—2463 —39652+1605+1088 .
( A= =57 ) When d < d"?, then wi" > w?; otherwise wf” <w?. Further,

e ) (452 4 2
dvz—qvr =" 1)6(;1(552)521;254113223;”08) , which is positive only if (140* — 17152 — 885 + 208) > 0.
As seen above, the equation (146* —1716% —885+208) = 0 has only one root in the range

0 <6 <1, which is § = 0.899. Hence, when § > 0.899, d"V? < dVF; otherwise d"? > dV¥. When

dW2 _

/ o .
d > d"", from proof of Proposition 1, we have w{|, jrr > w" = w{|;rr. Further

dW?2 _ gFF — _ (1—c1)(4—5%)(2—62)(576+4805 —535* —24853 —2125>
64(8—62)(3—62)(4364—18062-',-192)

From Case 1 and 2, we conclude that, in mute encroachment region, w?” > w¥, when d < d";

otherwise w¥ <w!, where, d" =d"! if § > 0.899; otherwise d" = d"? if § < 0.899.

) <0. Hence, wF < w) when d > d*F".

We now analyse the impact of mute encroachment on the second-period manufacturing cost as

compared to the benchmark setting.

. . v B 54, (1—c1)(32-52485) .
Case 1. Region V: We solve the equation ¢; —c; = -5 + B =0 for d, which reveals

2
that ¢y >l if d< (lfclié%(i%g*% )

2
d < U000 30) - therwise ¢V > ¢,

; otherwise ¢ <cP. Since ¢y = ¢; — dqF, we have g} < ¢° when

160—2002
Case  2a. Region F: when dfNe < gFF'.  We solve the equation
62(4d(6%-8)+(1—c1)(12—36%—45 .
=l = (1e( 4()8t(62)6(14)—(62) ) _ 0 for d, which reveals that ¢l > cZ, when
—c 36245 —c —382-45) .
d< (1—en)(12-39% 4 ) But, (1—e) (1235 ~49) is always less than dV'¥.

4(8-62) 4(8-62)
Case 2b. Region F: when dFF < dFNe and dfF < d < d*N*. Solving the equation



c 4 2 _5(l—c 4 o3 o,52
A (236% 2326 +3842)0(E;(_152)1()2(i6285 B40%4165+64) 0 for d, reveals that & > cB, when
5(1—c1)(2—6%)(32+86—42) 5(1—c1)(2-6) (32485—6)
d < (8-62)(48—2362) - But, (8-02)(48-2362)

case 2a and case 2b, we conclude that in Region F, i.e., when d € [dVF,d"V), ¢k <cB. O

is always less than dFF'. Hence, from

Proof of Proposition 5: We start by proving that when I1#4 < I1%5 when d € [0, d?); otherwise,
84 > 1178 when if d € [d®,d4Y].
To prove: When d € [0,d*V) then II®4 < TI®B. Otherwise 1174 > T1%5,

We compare the retailer’s profit in the benchmark setting and in the active encroachment region.

1—cq)2(76%—485%—176562 4768542048
When 0 < d < dv, then nes = Gen’( 3 )
256(8—52)

. We note that ITI%8 — I1%4 is concave in d.

and

d? (26" —236%+128) —18d(1—c1)8(5+2)+9(1—c1)?(5+2)*
9(8752)2
Solving IT#8 — 1”4 = for d reveals two roots d® and d*':

HR’A —

3(1—c1) (486% + 966 + /1465 — 9667 — 102505 + 59265 + 151845 + 89608% — 6963252 — 327680 + 131072)

df =
16 (264 — 2362 + 128) ’

3(1—c1) (4862 +966 — /1455 — 9667 — 102555 + 5926 + 151846% + 896057 — 6963202 — 327686 + 131072))

d® =
16 (204 — 2352 + 128)

Since dR < 0 < d®, we conclude that when d < d® then 1?4 < II®B; otherwise 174 > 173,
Next, we prove that when d € (d51,d%?) then IT194 < TI®Z; otherwise, if d € [0,d4V]\ (d*',d*?)
then IT%4 > 9B,
To Prove: When d € (d°!,d%?) then 1194 < IT192. Otherwise, when d € [0,d*V]\ (d*',d*?) then

14 > II%5. In active encroachment region, i.e., 0 < d < d4V,the supplier’s profit is

54 — d?(14—6)—3d(1—c1)(5+4)+3(1—c1)?(5+3)
- 3(8—02)

(1—c1)? (8% +486+128)
64(8-482)

. The supplier’s profit in the benchmark setting is given

by 1198 = . We note that II%# —I1%4 is concave in d. Solving 1198 — 1194 = (

(1—c1) (12(5+4) - \/—364 +48634-37852 +4806—384>

8(14—52) and

for d, reveals two threshold d°' =

(1—e¢1) (12(6+4)+\/—364+4863+37862+4806—384
d%? = S , such that IT%8 > I194 if d°! < d < d°?, otherwise,

I158 <194 if d < d®! or d > d%%. Note that d°' and d°? takes a real value only if discriminant,

D = —35* + 4853 + 37862 + 4800 — 384, is non negative, which happens when § > 0.548.

Combining the above analysis we have the following four cases:

1. When d € (d°%,d5?) N [d®,d*V] then 1154 < TI58 and IT%4 > 175,

2. When d € (d°',d%?) N [0,d?) then 1154 < II58 and 1174 < I17B,

3. When d € ([0,d*V]\ (d°',d%?)) N (d®,d*V) then 1194 > 198 and I#A > TIRB

4. When d € ([0,d*V]\ (d°*,d%?)) N [0,d?) then 1154 > 158 and 174 < I175. O
Proof of Proposition 6: First, we prove that in the forced mute encroachment region II5% >

HS,B
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To prove: I15F > 1195,

Case 1 dFF > 4o,  When d = dYF, then ISF — TIISB

(1—c1)2(456+6(1104—4&54—324863—48062)+41562+448) ~ 0 and when d — dFV, then TISF — IISB — 0.
64(5-262)" (8-462)
218, F_11S,B —62
o —IT) — _i 2) < 0. Hence, when d € [dVF,dFN?] then IIS:F — 198 > 0.
) 4=
Observe that when dFF" =0 then II5-¥ — I8 > 0, since dFF < dFNe.

Case 2: When dFF’ < d¥Ne_ From Case 1, we observe that IIS¥ — IS8 > 0, when d = d*F’. When

Furthermore

__ JFNb S, F S.B _ ?mSF_nSBy 24966—328464+1017662—9216
d=d""™’, then II>" —II>"® = 0. Furthermore @02 = 0052 g 525) . Observe
2/S
that 4006 (2 — 62)° is always positive, therefore om(m —I™7) 0 if

(9d)2

(24965 — 32846% + 1017652 — 9216) < 0. KW I LINTZ_9216) _ 9510176 — 656852 + T475*) > 0,

Hence, max{(2495° — 32845" + 101766 — 9216)} = —2075 < 0. Therefore, 271" < 0. From

case 1 and case 2, we conclude that when d € [dVF,dFN], then IT19F — 1155 > 0.
Now, we prove that when df! < d < d*? then I1%F <II%5; otherwise 1175 > 175,
To prove: If df'' < d < d¥? then II™F < TIB; otherwise I1%F > I175.
HR,F _ HR,B —
256d% (8—36%) —256d(1—c1) (84 +6%—86%—26+16 )+

(1—cq)? (12168—r4867——296866——115265—%2536054—k691263——9139262——12288547114688)

(3-52)°
256(4-52
Solving IT#F — 1118 = ( for d, reveals two roots df! and d¥?, such that, when d*! < d < d*? then
ITEF < I1%8; otherwise II7F > I1%58 . Where,

e (o6t

52\/6458%—12857471109564721605547557654479600634—9600524—102405%78192>

dFl
16 (8 — 362)

o (1—c1) (8 (6 +0° — 852~ 26 +16) + 3=5,

16 (8 —30%)
Combining the above analysis we conclude that in the forced mute encroachment region, i.e., when
de [dVF,d"N), encroachment leads to :

1. I5F > 1158 and TIAF < 1178 when d € (dF',d"?): Win-Lose,

2. II5F > 1158 and TIAF > TIRB | when d € [dVF,dN) \ (dF!, dF?): Win-Win. ]
Proof of Proposition 7 Comparing consumer surplus in active encroachment region and
benchmark setting, we find that
256d2 (54 +1752+16) —1536d(1—c1 ) (53 +762+105+16) —9(1—c1)? (6% — 166 —3685% —17926—3072 .
CSA—CSB: ( ) ( )2 ( )SOIf
4608 (8-42)
d.s < d < deo; otherwise, CSs4 — CSE > 0. Where,
3(1663+11262+1606+256716c1(63+752+105+16)7\/(cl71)2(687166779566+152055+835254+1331263+2483262+532486+16384)>
d. =
cl 16(64+1762+16)
and
3(1663+11262+1606+256716c1(63+762+106+16)+\/(6171)2(687165779566+152065+835264+1331263+2483252+532486+16384)>
dc2 -

16(84+1752+16 )
However, d., > d.; > d*V. Hence, we conclude that in active encroachment, C'S4 > CS®.

)

\/6468—%12867——110956 216055—F5576644—960063——960062——102405—F8192)



ecl2

Next, we compare consumer surplus in voluntarily mute encroachment region and benchmark

setting. we find that
csV _ (OSE — (256d2(452+25)—7680d(1—c1))(8—62)2—9(1—c1)2(2(8—6)6+32)(5(5+8)((16—6)6+16)+512) > 0 if
460852 (8—42)
3(1—cy) (80(8752)+\/62 (456 —6455 423544472063 42817652 +320005 — 14336))
d > Jd¢ = otherwise,

= (64624-400)(8—62) )

cSsV — CSP < 0. Similar, we can prove that CS¥ — CSE > 0 if d

<

(1—c1) (16(264726371262+36+16) (8—6%)— \/(4752)2 (488 —6457+30566+484855+988854 — 1126453 — 4070452 7122886+16384))
= )
O

dFC

16(454 —1562+16) (8—62)

otherwise, CS¥ — CS® <.

EC.2 The impact of potential supplier encroachment on the order quantity
and the supplier’s profit

Comparing the retailer’s first period sales quantity and the supplier’s profit in the active

R,A i
encroachment and the no encroachment region gives q}%y 5 = 4((1?1‘1_)‘2)‘(%?:82))”) and
2y
a
A 64(d?(14-6%)—=3d(1—c1)(5+4)+3(1—c1)? (5+3) ) (quB> o 45
ns:B 3(1*61)2(524’4854»128) ClearlY’ od - (1—c1)(36+8) < 0. Further,

R,A R,A R,A

5 a7 5 a9, 9 9

LZ{QTB 8(174d761) l—cy 97 B 1—cy Q{?’B

S = GeenGore? Clearly, when d < —%, zhAen —3s— and when d > ==, 37 <0.

Recall from Proposition 2 that when d < %, % > 1, otherwise q}%: = < 1. Hence, % reaches
a4 a4 a4

its minimum when 6§ = 1 and d = d*V and reaches its maximum when 6 = 1 and d = 0.

R,A
Substituting § =1 and d = d*V (respectively d =0 for maxima), we find that min{ 3}373} =0.8421
1

q

R,A
5}t = 1.0909, which is independent of ¢;. Overall, depending on ¢;,d, and J,

a4

and max{

A

R,A
Z?B € [0.8421,1.0909]. Next, by using the first order condition, we find that min{Zss} = 0.9248

when § =1 and d = % and max{gz—:g} = 1.5 when 6 =0 and d=0. That is, depending on

¢1,d, and 6, 125 € 09248, 1.5).

Comparing the retailer’s first period sales quantity and the supplier’s profit in the voluntarily

vV 4(8-6%)(5d—3(1—c1))

. . HS’V
mute encroachment and the no encroachment region gives “z = =~ 53515
e (1-c1)3(35+8)

and [z =

64(62—8) (d? (50146 ) —3d(c1 —1)(262~56—-20) +9(c1 —1)%(5+2))
9(c1—1)262(62+485+128)
R,V R,V
min{ %%} = 0.3561 when d =d*" and § =1 and max{%—5} = 1.6969 when d =d"* and § = 1.
q 4
R,V
Overall, depending on ¢;,d, and §, %5 € [0.3561,1.6969]. Similarly, we find that min{%} =
qq '
S,V

0.9427 when 6 =1 and d = d*V and max{{sz} = 1.704 when d = % and 0 = 1. That is,
depending on ¢1, d, and 6, 135 € [0.9427,1.704].

. Following similar steps as above, we find that

Finally, comparing the retailer’s first period sales quantity and the supplier’s profit in the forced
5o urds—er) g _
(1—c1)(30+8)(4—02) 7 5B ™

R,F

mute encroachment and the no encroachment region, we find that q}{, 5 =
q

32(8-67) (4d?(6%—3) —2d(1—c1) (26 —5-8)+(1—c1)?(5°—3)) '

(1—c1)2(4-062) (52 +485+128)

. Following the similar steps as above, we find that
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R,F
b} = 1.988 when d = d"" and ¢ = 1.

R,F
min{ Z}?"B =1 when § =0 and d = d"¥ = d*V and max{ ZR
1 P 1

Further, min{gi—:g} =1 when d=d"" and max{%} =1.6873 when d =d"" and 6 = 1. That is,
R,F

depending on ¢;,d, and 4§, Z}?ﬁ €[1,1.988], gi—:g €[1,1.6873].
1

EC.3 Illlustration from LG India Website

In this section, we demonstrate the impact of cost and cost learning on the supplier’s encroachment
decisions through the LG India Example. First, we use the ACs example (Figure EC.1) and then use
the TVs example (Figures EC.2-EC.4) to illustrate the impact of cost learning on the encroachment
decisions.

LG India sells only its less expensive models through both the direct and the indirect channels,
while redirecting the consumers to the nearby retailer (indirect channel) for costlier models. This
is illustrated for the air-conditioner category in Figure EC.1, which shows how LG abstains from
selling its more expensive models (the right most 3 models) directly, although it could, as is evident

from the “buy now” button available for the other models.

Figure EC.1  [Color online] Snippet from LG India’s website (www.lg.com/in) showing that the cheaper

air-conditioner models (on the left) are also available directly

|

Kkkkdk 50)

FREE

33,142/ mo for 18 mosat 16%or 23,205/ mo for 18 most 16% or 23,205/ mofor 18 mos at 16% or
w509 75599
49990 350 50990 spcx 35099

1
LG Mebersonly 143991 L6 Membes cly 49870 L5 Meters nly 289970

375990 75990 75990

won

In Figures EC.2-EC.4, LG India primarily sells established technologies like UHD
(Figure EC.2)— whose cost have dropped over time due to cost learning—through both the
direct and the indirect channels. However, the latest TV technologies like OLED (Figure EC.3)
and NanoCell (Figure EC.4), which are relatively costly and yet to realize cost learning, are sold

primarily through the indirect channel.

EC.4 Encroachment in the Presence of Supplier’s Inventory

In this section, the supplier has the option to produce additional g; units in the first period, which

he can carry as inventory while incurring a unit holding cost h. Consequently, the second-period
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Figure EC.2 [Color online] Snippet from LG India’s direct channel highlighting that most UHD TVs (one of

€ 3 C 5 om0

LGSIGNATURE OLED  OLED evo

oo

QNED  NamoCell  BKTVs  UtraBigTVs  4KUMDTVs

Gy ~ Compare ()

(0 a0 1vs (15)

couRaozopse O

LG UHD TV URSO 65 (164cm)

4K Smart TV | Web0S | ThinQ.
xascm

GsURS0S0PSK O

LG UR90 65 (164cm) 4K UHI

Resoluton

(1] 4 (3840 x 2160) (3)

Sereensize
(32-43018)
Q-5
T s0-6507)
65-70 (15)
(] over 70 (3)

24090 27501

391071

99090 20 0

398431

St 1V

Figure EC.3

Compar

Smart TV | HDR10 Pro | Local

Smare Tve

e Compare
GsuRTssOpSC o

LG UHD TV UR7S 65 (164cm)
4K Smart TV | Web0S | ThinQ.

D

T @

104950 15% OfF

389231

« > c

5 lgcomivivson

I ————

LG SIGNATURE OLED.

C webos (1)
QB viscontinued products

Clear all iters

R Useb3s81-t5 - 10sOver

OlEDevo  OLED  QNED  NanoCel
conpare O
GsuURTSSOPSC O

LG UHD TV UR75 65 (164cm)
4K Smart TV | Web0S | ThinQ.

“te @7
§ 7 0‘/
S

v/

[r—rp——

the well-established technologies) are sold through both direct and indirect (retail) channels, Size: 65”.

KT UtaBaTV:  AKUMDTVS
Compare )

acURB0s0psa

LG UR80 86 (218cm) 4K UHD

Smart TV | HDR10 Pro [120 Hz

the latest technologies) are sold only through the indirect (retail) channel, Size: 65”.

* Blo0@:

Smart Ty

* D0é i

TV Accessories  Soundbars

Compare 3
GsURTSO00SC O

LG UHD TV UR75 65 (164cm)
4K Smart TV | WebOS | ThinQ.
Sk 50.0)

“te @7
§ 7 0‘/
S

v/

[Color online] Snippet from LG India’s direct channel highlighting that most OLED TVs (one of

€50 mk 65 08 %« Di0&
(GSGNATREOLED  OLEDewo  OLED  QWED  Mamcal KTV  UmaBgTVs  AKUOTVS  SmaTVe  TVAcssiores  Sodbas
LGSGNATUREOLED  OLEDevo  OLED  QNED  NanoCell  BKTVs  UiraBiglVs  4KUMDTVS  SmarcTVs TV Accessories  Soundsars
U 32-43(0)
R S JE— O s0-6505) Compare O Compare O Compare O
LG OLED B3 65 (164cm) 4K LG OLED evo C3 65 (164cm) LG C1 65 (164cm) 4K Smart 8 6570 (16) OLED65A3PSA O OLED65A2PSA O OLEDBSC3XSA O
Smart TV | TV Wall Design | 4K Smart TV | TV Wall Design OLEDTV C over 70 (4) LG OLED A3 65 (164cm) 4K LG OLED A2 65 (164cm) 4K LG OLED evo C3X 65 (164cm)
‘ wea ‘ = Smart TV | TV Wall Design | Smart TV | TV Wall Design | 4K Smart TV | TV Wall Design
Smart v ~ o e care
() Amazon Aisa (5)
O webs (5)
O GseryDesin 10)
O g mets i0) (I viscontinued products.
O w0 G5y ()
O spons i ) Clear all iters
255050 20% o wioms0 27 ON
o—o0
o e %205030 ¥233190 N
Resoution ~ C C .
Qs Y ... BRETS -- ) PR ‘
~
Scrensn o
€0 un * D0 &
@LG  stoo  TVAWo/Vdeo  Home Applances Al Soutions  Computing  Support Q & w
LGSGNATUREOLED  OLEDwvo  OLED  GNED  NanoCel 8TV  UmmBgTVe  4KUHDTVS  SmarcTVe

Figure EC.4

latest technologies)

a0
LED B2 65 (164cm) 4K
Smart TV | TV Wall Design |

are sold exclusively through th

Compore
oLEbssCxsC O

LG OLED evo C2X 65 (164cm)
4K Smart TV | TV Wall Design

e indirect (retail)

oLEossRIPTA O
LG SIGNATURE OLED R 65 (164
cm) Rollable 4K Smart TV

[Color online] Snippet from LG India’s direct channel highlighting that OLED TVs (one of the

channel, size: 65”.

— o R -
[ @ LCoAREOS  Obes O GND Meeom  oTi UmBgTe  ADTR  SmTve  TVacets
O Nanocen (5) GSNANOT3S0A O 65NANOBOSOA O LG NanoCell Compare o e o pare

LG NanoCell TV NANO73 65
(164cm) 4K Smart TV | WebO.

Hkhkk 00 ()

LG NanoCell TV NANOBO 65
(164cm) 4K Smart TV | WebO.

Resalution
0 4K (3840 x 2160) (5)

Screen size

[REREIE) |
Das-500) -

Dso-es(6)

65-70(5)

Dovwr00)

Smart TV
3 Amazon Avsa 2)
O webos ()

True beauty is in
pure color

Clesr s ittrs

esnmontes 0
LG NANOB3 65 (164cm) 4K
NanoCell TV

* 10

Jonanozsez O

LG NANOTS5 70 (177.8cm) 4K
NanoCell TV

Leam More

Leam More

Tonmn07s50n O

LG NanoCell TV NANOT5 70

(177¢m) 4K Smart TV | WebO.
>z

Leam More

manufacturing cost, c; = ¢; — 8(¢f + ¢;). As in Li et al. (2015), in the first period, the supplier

decides his manufacturing quantity and the first-period wholesale price simultaneously, followed

by the retailer deciding her sales quantity. In the second period, the supplier sets his second-
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period wholesale price, then the retailer decides her second-period sales quantity, and finally, the
supplier decides his direct channel sales quantity. The supplier’s profit function is given as, II¥ =
qa*(wy — c1) + qfws + ¢5 (p5 — d) — (¢ff + q5 — ¢i)ca — qi(c1 + h) and the retailer’s profit function
is given as, II% = ¢ff(pl* — wy) + ¢&(pl — wy). We solve the game using backward induction to
find SPNE given in Table EC.1. The proof of the equilibrium solution proceeds similar to that of

Proposition 1.

Table EC.1 Equilibrium solution in the presence of potential supplier encroachment

Region A: Active encroachment Region V: Voluntarily mute encroachment
Al Al JAV AV VI
de |0, di) de[dM, dY] de (d, dy"]
w 4c1—2h+4—3(3—d+—h) 4t4c1—2(1—c1—d)o—3 6—6c1 —10d+35+2d5°
1 8-37, 8—52 36
25(1—2d—c1)+6%(d+h)—8h
4i 25(8—35) 0 0
R.j 1-wj 1-w] 5d+3cy—3
q1 3132 aal 36
w), 3+3ca—d 3+3co—d 343ea—d
2 6 6 6
Rj 2d 2d 2d
42 3 E 3
S, 1-d—cot—gi? 3—3c1—5d+35q/ 0
92 2 3
Region V: Voluntarily mute encroachment Region F: Forced mute encroachment Region N: No encroachment
(afT,ay" deld/”, di™v) deldi™, 1]
w 6—d(5—20)—3h 2(2—h)+4c1 (1—8)+8(7—8d—4h)—0°(2—3d—h)—6°(1—d—h)  32¢1(8—8)—6° (1—h)—80>(2—h)—165(6—h)+128(2—h)
1 R 8+35—262—4° 512—1285—1662—33
g d(20-55-25%)=3(4—4c1+5h) 53 (1=2d—cy) ~6(5—8d—5c1)+82 (h—d)—4h (1=¢1)6°+3262h—256h
i 125 5(8+30—202-63) 5(512-1280-1662—53)
R,j d(26+5)+3h 5(1—d—cy)+6%q) +1-w] 8+8(1—c1)+6%q] —8w]
G 12 257 16-02
wl 3+3¢a—d 3(cot+d)—1 I+ep—3
2 6 2 2
R.j 2d , 1-w)
d2 3 1—(c2+d) 2
g5 0 0 0

Note: j € {A,V,F, N}, where A =Active encroachment, V = Voluntarily mute encroachment, F = Forced mute

encroachment, N =No encroachment.

Where,

dAT — 2(1—c1)6+6%h—8h
i T (4—8)

dvl = 3(4—4c1+0h)

i T 20-55—262

3(1—cy) <(54 —6%-126%4+206+80) — \/53 (652043463 — 2452 +2085+320))

1164-120624400
AVF 2(h+2)+6(—4c1 (1—6)—5%h—52h—46(1—h))
i 26445834262 —-495+40

AV
di

AFN — =2¢18°-34¢ 6% ~272¢1 5% +1024¢ 82 +:3072¢1 §-8192c1 ~26°h+26° ~ 3357 h+ 345" —2645° h+2726° +10245° h—10246% +15365h ~ 30725 —4096h+8192
i 45547157 +60085 — 153652 — 66560+ 12288

2\/(66+1865+15764—31263 —153662+512644096 ) (c? (§4+1663+11652+3205+256 ) +c1 (264 (h—1)+63 (3h—32)—462 (5h+58) —648(h+10)+256(h—2) ) +g)
45547161+46005° —153652 —66565+ 12288

g:=06"(h—1)>+6° (—16h*> — 3h +16) + 6 (69h> + 20h + 116) — 165 (7h* — 4h — 20) + 64(h — 2)*

Figure EC.5(a) illustrates the supplier’s inventory as a function of the direct selling cost, and
Figure EC.5(b) presents the players’ profits as a function of the direct selling cost. Figure EC.5(a)

shows that when the supplier cannot encroach in the second period (Benchmark setting) and the

(1—c1)63
32(8752)

period and barely carries and inventory to the next period. The reason is simple. A very high

inventory holding cost is sufficiently low, i.e., h < , the supplier over-produces in the first
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Figure EC.5 Inventory carried by the supplier (a) and the players’ profits (b) as a function of the direct selling
cost; ¢ =0.4, § =0.7, and h =0. Note that in the below figure, gZ > 0. Further, ¢¥ =0 when d € [dAI,dVI]
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inventory level will reduce the second-period manufacturing quantity, diminishing the benefit of
cost learning.

By contrast, if the supplier can encroach, he does carry a significant level of inventory for some
range of the direct selling cost. In the active encroachment region, the supplier’s inventory decreases
in the direct selling cost, and it drops below the benchmark setting when d > d'! (the threshold
d™ is given in the Proof of Proposition EC.1). When the direct selling cost is low, the supplier
sells a higher quantity through the direct channel. So, he has a greater incentive to carry inventory
to accelerate cost learning. As this cost increases, the supplier’s benefit from faster cost learning
diminishes, so he decreases his inventory level. The decrease in the supplier’s inventory, ¢;, and
the retailer’s first-period sales quantity, ¢ff, result in slower cost learning, leading to a relatively
higher manufacturing cost in the second period than the benchmark setting when the direct selling
is sufficiently high. This relative increase in the manufacturing cost due to encroachment renders
encroachment detrimental to the supplier, as is evident from Figure EC.5(b).

In the mute encroachment region, the supplier’s inventory increases in the direct selling cost,
and it surpasses the level of inventory he carries in the absence of encroachment when d > d'2
(the threshold d’? is given in the Proof of Proposition EC.1). As the inventory helps the supplier
to accelerate cost learning, it reduces the supplier’s reliance on the retailer’s order quantity.
Consequently, instead of dropping the first-period wholesale price to encourage the retailer to sell
a higher quantity, the supplier can over-produce in the first period and charge a relatively higher

first-period wholesale price. We summarize the above discussion in the following statement:

ProprosSITION EC.1. Ifd € [0,d"'|U[d"?,d"™), then supplier encroachment increases the supplier’s

inventory level, i.e., ¢ > qP; otherwise, it decreases the supplier’s inventory level, q¢¥ < qP.
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Proof of Proposition EC.1: Comparing ¢* and ¢?, we find that ¢ — ¢® >0 when d < d'! =
512(2—h)—4dcy (8% —126% —645+256 ) —6* h+6% (4—16h) —2452 (2—3h) —1286 (2—h)
(4—6) (51212851652 —43)

v B 1o 192(16(2—h)—c1 (32-85—6%) —46%(1—2h)—8)
find that ¢;" —¢;” > when d > d™* = (20-56—262) (512-1286-1652—63)

. Similarly, Comparing ¢ and ¢”, we

O

EC.5 Should the Supplier Encroach in Both Periods?

This section considers the case where the supplier can encroach in both periods. The timeline of the
model is as follows. At the start of Period t, t € {1,2}, the supplier decides whether to encroach in
Period t and accordingly decides the Period ¢ wholesale price. Then the retailer decides her Period ¢
sales quantity, followed by the supplier deciding his Period ¢ direct channel sales quantity (if he
decides to encroach in Period t). The profit of the supplier and the retailer in period ¢, ¢t € {1,2}, is
given by 7 = (p; — ¢, — d)qP + (w; — ¢;)qF and 7F = (p, —w,)qF. We solve the game using backward
induction to find SPNE. The proof of the equilibrium solutions is similar to that of the proof of
Proposition 1. The equilibrium solution is given in Table EC.2.1°

Figure EC.6 illustrates the supplier’s and the retailer’s total profits as a function of the direct
selling cost, d. We find that the supplier sells through the direct channel in the first period if
cl<c‘14:Min{1—d(w#M,ch} (the threshold ¢V is given WHERE?!!!); and in the
second period if ¢y <1 — %. Note that when § =0, then the above two thresholds reduce to the
same value ( — %‘i) That is, in the absence of cost learning, the supplier’s encroachment decision
in the second period is an exact replica of his encroachment decision in the first period. However,
this is no longer true in the presence of cost learning as evident from Figure EC.6. In the
presence of cost learning (i.e., when § > 0), in the first period, as the direct selling cost increases,
the equilibrium transitions from active encroachment to no encroachment, then surprisingly to
forced mute encroachment and, finally, to no encroachment. While in the second period, similar
to Proposition 1, the equilibrium transitions from active encroachment to voluntarily mute
encroachment to forced mute encroachment, and finally to no encroachment.

As the direct selling becomes less profitable with an increase in d, we find that the supplier
drops his first-period direct channel sales quantity, resulting in an increase in the second-period
manufacturing cost. That is, when the direct selling cost is high enough, direct selling in the
first period is not able to compensate for the drop in the retailer’s first-period sales quantity,
rendering encroachment detrimental (as compared to the benchmark setting) for the supplier (see

Figure EC.6).

15 The threshold d1, da, ds, and d4 can be found by solving IT%44 — 115NV =, 19NV IV = 0 for d, TV — 115 FF =
0, and IT5FF —TIVY =, respectively, for d.
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Table EC.2 Equilibrium solution if the supplier can encroach in both the periods

Region AA Region NV
de |0, di] de (dy, do]
Wi 2d6—d+3c, —35+3 6—6c1 —10d+35+2d5°
1 6-35 ) 35
Riij d(4-8%) 5d+3c;—3
il 6 | 36
qs’ij 6(1—c1)—d(8%-26%-25+10) 0
1 6(2—0)
pij do+d+3c)—36+3 36—5d—3c1+3
1 6—35 35
wi ds%+2d5—2d+6¢; —65+6 3+3co—d
2 6(2—0) 6
R,ij 2d 2d
g2 3 3
Sij 6(1—c1)—d(82—46+10) 0
2 6(2—03)
i ds%+42d+6¢c]—6546 3—2d
Dy 6(2-9) 3
Region NF Region FF Region NN
d € [dy, d3) d € [ds, dy) d € [dy, 1]
Wil 20+eD)+(=6d—dey)5—c; 52+ (2d+e ~1)5° d(3—5°—76)+c1 (3-0°—46)+6T+8°+362+45—1  128(14c1)—16(1—c1)d—8(3+c1)0%— (1—cy )85
1 4-52 044-362+2 32(8_52)
R,ij 14+ds—cy (1—c1)(1—8)—d(1—25) (1—c1)8+8(1—w?)
G - 4-62 52+1 1642
¢ 0 0 0
ij 34cp—ds—6° d(1—-28)+c1 (1—8)+6%45 244-8c1 —3(1—cq)5—45°
Py s , 5241 , 32452
Wil 3(cotd)—1 3d(1-8%+6)+3cq (5+1)+26% 361 1tey
2 2 2(62+41) 2
R.ij (1—c1)(4-82+5) —2d(2—67) (1—c1)(6+1)—d(1-6%+6) 1w}
2 4-62 5241 2
e 0 0 0
ij 4(c1+d)—(1—cq)5—(c1 +2d)6> ds(1—58)+d+cy (1+48)—5(1—5) 32(34¢1)—8(1—c1)5—(154¢1)5>
p3 4-62 0241 16(8—52)

Note: Region ¢j represents encroachment strategy ¢ in Period T and encroachment strategy j in Period 2. Where
i€ A, F,,N and j € {A,V,F,N}. A=Active encroachment, V = Voluntarily mute encroachment, F' = Forced

mute encroachment, N =No encroachment.

EC.6 Stochastic Learning Rate

In this section, we extend our analysis to the case where the learning rate is stochastic. We consider
a two point distribution, where § = §, with probability P and § = ¢;, with probability (1 — P). The
players’ profit functions and the sequence of decisions are the same as discussed in Section 3. We
solve the game using backward induction to arrive at SPNE. We present the supplier’s and the
retailer’s profit as a function of probability P in Figure EC.7 for ¢; =04, d =0.38, §; =0.15, and
dn, = 0.8. We select the specific value of d =0.38, §; =0.15, and d;, = 0.8 to consider the transition
between the forced mute and active encroachment regions depending on the realized ¢ value. If the
realized § = §; = 0.15, then the equilibrium in the second period is forced mute encroachment, and
if the realized § = §;, = 0.8, then the equilibrium in the second period is active encroachment.

For the given set of parameter values, when P is sufficiently low, encroachment is detrimental
for the supplier. By contrast, when P is sufficiently high, encroachment benefits the supplier (refer
to Figure EC.7). The intuition is straightforward. When the P is low (i.e., the probability of § = dj,

is high), it is more likely that the final equilibrium solution will be active encroachment in the
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The players’ profits as a function of direct selling cost, d; ¢; =0.4 and § =0.9
0.35

Figure EC.6
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Figure EC.7 The players’ expected profits as a function of probability P, when ¢; =0.4, d =0.38, §; =0.15, and
on =0.8
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second period. Similar to Proposition 5, for the given set of parameters, active encroachment hurts

the supplier. As a result, the supplier’s expected profit is lower than the benchmark setting if
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P is sufficiently low. By contrast, when P is sufficiently high ( i.e., the probability of § = ¢ is
high), it is more likely that the final equilibrium solution in the second period will be forced mute
encroachment. As the forced mute encroachment always benefits the supplier (Proposition 6), the
supplier’s expected profit is higher than the benchmark setting when P is sufficiently high. Overall,
consistent with our finding from Section 5, when the direct selling cost is intermediate (d = 0.38 in
the given example), the supplier should encroach only if the learning rate is sufficiently low or the

probability that the learning rate is low is sufficiently high.

EC.7 Multiple Retailers

In this section, we extend our base model to consider n retailers who sell the goods to the consumers.
This is a generalization of our base model (Section 3), in which n =1. The timeline of the model
is similar to Section 3. First, the supplier decides the first-period wholesale price, followed by the
retailers deciding their order quantity simultaneously. At the start of the second period, the supplier
again decides his wholesale price, then the retailers decide their order quantity simultaneously, and
finally, the supplier decides his direct channel sales quantity.

In Figure EC.8, we present the supplier’s and the retailer’s profit as a function of the direct selling
cost. We find that our key results, namely, (i) the presence of a voluntarily mute encroachment
region, (ii) the retailers not benefiting from the supplier’s cost learning, and (iii) the supplier
becoming worse off due to encroachment, carry through even when multiple retailers are present.
Furthermore, we find that when n is high, the supplier becomes worse off due to encroachment,
even for lower direct selling cost values. For instance, when ¢; =0.4, § = 0.7, and n = 1, the supplier
becomes worse off due to encroachment if d € (0.24,0.38) and if n =4, the supplier becomes worse
off due to encroachment if d € (0.09,0.33). This result echoes the observation made by Liu et al.
(2021), who suggest that encroachment in the presence of a higher number of retailers may be
detrimental to the supplier. Our analysis shows that in the presence of cost learning, the negative
effect of encroachment with multiple retailers becomes even more pronounced. The reason is similar
to the one discussed in our main model. In the benchmark setting, all the retailers benefit from the
supplier’s cost learning. Hence, they all support the supplier in moving along the learning curve
by ordering a higher quantity in the first period. However, in case the supplier can sell directly,
then no retailer benefits from the supplier’s cost learning in the second period. Hence, no retailer
supports the supplier in accelerating his cost learning. Accordingly, all the retailers order as if cost
learning does not exist, resulting in a sharp drop in the first-period sales and the cost learning as

compared to the benchmark setting, which hurts the supplier.



ec21

Figure EC.8  The players’ profits in comparison with the benchmark (no encroachment) profits in the presence

of multiple retailers, ¢ =0.4, 6 =0.7 and n=4

Supplier’s Profit
12/ 1 S G 4 }
I1% (Benchmark)
0.15}
8=
&
0.10}
005+
[1%(Benchmark)
Retailer’s Profit
0.2 0.4 06 0.8 1.0
| A Y F | N |
\ 1 ™ |

Direct Selling Cost, d

EC.8 Imperfect Substitution between the two channels

In our base model in Section 3, we assumed that consumers are indifferent between the direct and
the indirect channel. We relax this assumption in this section. We recognize that, in practice, some
consumers may have a preference for one channel over the other. For example, some consumers
might prefer the indirect channel for the physical experience of the product before buying it,
whereas others might prefer the direct channel for the ease of access offered by this channel. We
capture substitutability between the two channels by 6, where 6 € [0,1]. § =1 represents perfect
substitution between the two channels, as assumed in our base model, while § = 0 represents
complete independence between the two channels. The inverse demand function for products sold
through the indirect channel in the first period is pf =1 — ¢f*. The inverse demand functions
for the products sold through the indirect and the direct channels in second-period are given by
pi=1-¢qlt —0¢5 and p5 =1 —¢5 — 0qZ, respectively. Accordingly, the supplier’s profit function is
given as IT° = ¢ (w1 — ¢1) + g5 (w2 — ¢2) + ¢5 (p5 — ¢2 — d) and the retailer’s profit function is given
as I1% = ¢R(pf —w,) + g% (pl — w,). The sequence of decisions is the same as discussed in Section 3.
We solve the game using backward induction to find SPNE. The proof of the equilibrium solution
is similar to that of Proposition 1. However, the analysis of the impact of supplier encroachment
on the players’ profits when the two channels are imperfect substitutes (6 < 1) is challenging for a

general 6. We, therefore, limit our analysis to a fixed value of § =0.8.
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Figure EC.9  The players’ profits in comparison with the benchmark (no encroachment) profits when the

channels are imperfect substitutes, c; =0.4, § =0.7 and § =0.8
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Our analysis reveals that when the channels are sufficiently less substitutable, i.e., 6 is sufficiently
low, the supplier raises the second-period wholesale price while dropping the first-period wholesale
price. By contrast, when the channels are perfect substitutes, i.e., # = 1, the cannibalization among
the channels is high; hence the supplier drops the second-period wholesale price to ascertain that
the direct channel does not unduly harm the indirect channel. The reason is simple. A lower 6
value alleviates the fear of cannibalization between the two channels; hence the supplier sets a
higher wholesale price in the second period. At the same time, a decrease in € results in market
expansion due to lower competition between the channels. This raises the benefit of cost reduction,
motivating the supplier to further drop the first-period wholesale price to enhance cost learning.
Due to the reduced cannibalization and faster cost learning, when ¢ = 0.8, the supplier encroaches
and sells directly for larger direct selling cost values. Specifically, when 6 = 0.8, he encroaches if
d < 0.723 and sells directly if d < 0.484, as evident from Figure EC.9. By contrast, when 6 =1,
the supplier encroaches if d < 0.656 and sells directly if d < 0.396. Consistent with Proposition 5,
we find that encroachment can be detrimental for the supplier for intermediate direct selling cost
values, even when the two channels are not perfect substitutes, leading to either win-win, win-lose,

lose-lose, or lose-win outcomes.



