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Propelled by the recent social activism that calls for not-for-profit food cooperatives (coops) to address the
food desert and job desert issues, more food coops are establishing their presence in less-populated areas or
poor communities. This trend has motivated us to examine the entry conditions for food coops with the
following two related social missions: (A) maximize reserve to support the local community needs; and (B)
maximize sales to support the local economy. We present a game-theoretic model to analyze the compe-
tition between an entrant not-for-profit coop and an incumbent for-profit retailer in a market comprising
heterogeneous consumers with different annual consumption rates and social benefit levels. We examine the
coop’s pricing strategy and entry conditions, the impact of the coop’s entry on the retailer’s profit, and the
conditions under which the retailer should deter the coop’s entry. Our analytical results indicate that a coop
can afford to enter the market only when its fixed annual operating cost is below a certain threshold. Upon
entry, it is optimal for the coop to set a membership fee and a member-only discount to attract at least
those consumers with high consumption rate. We show that the coop’s entry is detrimental for the retailer.
However, interestingly, even if the retailer can profitably deter the coop’s entry, it is actually optimal for the
retailer to tolerate it when the coop’s annual fixed operating cost is below a threshold, where this threshold

is lower for a coop with mission (B) than mission (A).
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1. Introduction

The COVID-19 pandemic has exacerbated an already severe food-access issue in the United States.
Even before the pandemic, 23.5 million people in the US lived in “food deserts” with no or lim-
ited access to healthy and affordable food, and nearly half of them were also low-income people.

Although some initiatives such as the 2010 National Healthy Food Financing Initiative offered tax
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incentives for for-profit retailers to provide more accessible and affordable food, these initiatives did
not seem to work as they caused economic disruptions in poor neighborhoods (Karpyn et al. 2019).
These factors along with the chronic racial/social injustice in the US have stimulated the entry of
not-for-profit food coops, facilitating access to affordable and high-quality food while supporting
neighborhood well-being (e.g., Nembhard 2014b, Halliday and Foster 2020). Yet, this social move-
ment of food coops may trigger existing for-profit retailers to deter their entry or compete more
fiercely (Picchi 2015). Thus, in this paper, we analyze the entry conditions and pricing decisions
of not-for-profit food coops and investigate when coops can co-exist with for-profit retailers.

We primarily focus on food coops that support access to healthy food in under-served areas
through community building such as economic development and job creation for the local commu-
nity (Halliday and Foster 2020). Specifically, we analyze member-owned food coops that operate
according to 7 Rochdale Principles,! provide access to affordable healthy food, support local pro-
ducers, and revitalize the local economy (Knupfer 2013). Although some active food coops such
as International Cooperative Alliance date back to the late nineteenth century, the entry of food
coops tend to rise during a recession caused by a war or pandemic (Nargi 2020). As the world is
facing an economic recession caused by the COVID-19 pandemic, the entry of food coops becomes
a prominent topic of interest especially in the United States.

Recent establishment of food coops has been motivated by three factors: access to affordable
and healthy food, local job creation, and the fight against racial injustices. First, food cooperatives
are being established to provide the poor with access to affordable and healthy food in the United
States (Wilbourn 2015). For example, Karpyn et al. (2019) reports that residents of low-income
areas in New Jersey travel twice as far to access to food-retail locations as residents of middle-
income areas. During the pandemic, reduced operating hours of grocers and reduced service of
public transportation have made it even more challenging for the poor or the elderly to travel long
distance to access fresh food.? Without easy access to affordable fresh food, hunger and obesity
ensue. Peters (2018) argues that food coops can improve access to fresh food, and Brinkley (2019)
provide evidence that food coops are more effective solving food access problem than for-profit
retailers (such as Walmart).

Second, new food cooperatives are established to support job creation in poor neighborhoods
because most food deserts are also “job deserts” in the United States (Karpyn et al. 2019). For
! According to the International Cooperative Alliance, an NGO founded in 1895 with 1.2 billion cooperative members,
these 7 Rochdale Principles are voluntary and open membership, democratic member control, member economic

participation, autonomy and independence, education, training, and information, cooperation among cooperatives,
and concern for community.

2 Online grocery shopping is not available in many areas, but even when it is available, it is not equally accessible.
In addition to unequal internet access, some deliveries have minimum purchase requirements or shipping fees, which
can be a barrier for low-income customers.
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example, Berg (2011) reports that, in 2007, South Bronx in New York was a food desert with
13.9% unemployment and 35% able-bodied adults remained outside the workforce. To address these
issues, more food coops with different social missions open in food desserts and adopt local hiring
practices, pay higher wages, and help counteract inequities in the food system (Brinkley 2019).

Third, a growing number of food cooperatives are established to support the fight against racial
injustices. Controlling for the poverty rate, Brooks (2014) shows that food deserts are more preva-
lent in black and hispanic neighborhoods than their white counterparts. For example, PCC Com-
munity Markets opened its Central District of Seattle store in 2020 to serve the black community
by training its staff on implicit racial bias, recruiting members from the black community, and
developing a career mapping program to ensure equitable advancement opportunity for the minor-
ity group (Seattle 2020). Besides Seattle, Philadelphia has witnessed the opening of new food coops
in black neighborhoods recently (Brzyski 2019).3

The above three factors propel the entry of food coops and motivate our study. It is important
to note that the entry of a food coop is different from the widely-studied entry of for-profit retailers
primarily because food coops differ from for-profit retailers in three fundamental aspects:
1. Not-for-Profit. Cooperatives are usually not-for-profit organizations, and they are owned and

operated by their members (not shareholders) to achieve certain economic and social missions. *

2. Social Missions. By reviewing the mission statement of over 50 food coops, we have identified
two social missions commonly supported by food coops:

(A) Mazximize reserve to support local community needs. Some food coops such as PCC Commu-
nity Markets in Seattle and Co-operative Group in the United Kingdom use their reserve
(created out of their profits) to support the local community activities such as discounted
cooking classes. For example, Gulker (2018) reports that a food coop called Friends of Bob
located in Lafayette, Indiana, sponsors and works with local venues to organize events such

as musical concerts.

3 Recognizing that food coops are primarily white-led, Adams (2020) calls for black-led food coops in food deserts to
revitalize black neighborhoods. Opening in 2009, the black-led Mandela Foods Coop in West Oakland has provided
fresh food and economic opportunities in West Oakland, and it is planning to open its second coop store in East
Oakland in 2020. Roberts (2019) reports that the black-led coop movement is generating momentum. Some notable
examples include (a) the 2020 opening of an African American-led Detroit People’s Food Coop in North End, serving
predominately African American in the low- and moderate-income community; and (b) the 2020 opening of Central
Brooklyn Food Coop in the majority-black Bedford Stuyvesant and Crown Heights neighborhoods, offering affordable
fresh food to customers and supporting black producers and distributors (Elliott 2020).

4 There are a few cooperatives that operate as limited cooperative association (LCA) in the US around issues of
investor control and tax implications (Deller et al. 2009). A not-for-profit cooperative corporation is different from
a tax-exempt nonprofit corporation as follows: (1) A tax-exempt nonprofit organization cannot distribute profits to
members, while a cooperative corporation can distribute its profits based on members’ participation in the cooperative
through patronage rebates (e.g., a food cooperative Fair Price of Singapore offers patronage rebates annually based
on their purchases throughout the year). (2) A cooperative corporation generates most or all of its revenue through
the sales of goods and services; however, a tax-exempt nonprofit organization can receive tax-deductible donations
from community members and foundations, and is limited in the amount of business activity it conducts unrelated
to its charitable purpose.
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(B) Mazimize sales to support the local economy. Some food coops such as Electric City Food
Cooperative in Schenectady, NY are committed to grow their sales for creating more jobs
for the local community (Nembhard 2014a). Deller et al. (2009) reports that 15,000 jobs
are supported by 290 food coops in the US. Nelson (2020) reports that most food coops
are committed to sourcing from local producers to support the local economy. Specifically,
they source from an average of 157 local farmers and producers, and an average food coop
purchases 20% of the products it sells from local sources (Catlette 2012). Despite higher vol-
umes, large for-profit food stores source far fewer local products than food coops, specifically,
averaging 65 local producers, and 6% of sales.

3. Membership Fees and Member Privileges. Unlike most for-profit retailers, food coops
usually charge a lump-sum or an annual membership fee, and all members are invited to vote on
major initiatives. Also, most food coops are open to non-members as well so that both members
and non-members can shop at the food coop (e.g., Fair Price in Singapore). However, members
usually get “member-only” price discounts or rebates on certain items.?

These three distinct aspects not only differentiate a food coop from a for-profit retailer, but
also lead to new operational complexities.® Furthermore, as more not-for-profit food coops with
different social missions enter the market, it is of interest to examine the impact of their entry on
for-profit retailers and whether retailers would try to deter such entry. These observations motivate
us to examine the following research questions arising from the entry of a not-for-profit coop with
a social mission (A) maximize reserve to support local community needs or (B) mazimize sales to
support the local economy.

1. What are the entry conditions of a not-for-profit coop with a social mission (A) or (B) in the
presence of an existing for-profit retailer? Upon entering the market, how should the coop set
its membership fee, retail price, and member-only price discount?

2. From the incumbent retailer’s perspective, what is the impact of the entry of a coop with a
social mission (A) or (B) on the retailer’s sales quantity and profit?

3. Should the retailer set a low retail price proactively to deter the coop’s entry? Will the retailer

be better off by tolerating the entry of the coop?

5 There are some “exclusive” food coops who serve only members. For example, Macomb Coop located in Macomb,
Illinois, has a population of 20,000 members. This coop has developed an e-commerce program so that farmers and
producers list their supply available for the next week, and members (who pay $100 per year in membership fees)
can place orders online and pick up their produce (Kauffman 2017). Also, by charging an annual “warehouse club”
membership fee, Costco offers discounts by registering as a for-profit “wholesale club.”

5 Even though a coop with social mission A has a similar objective to that of a profit-maximizing retailer, a coop with
social mission A fundamentally differs from a profit-maximizing retailer for two reasons. First, the social causes that
the coop supports resonates positively in socially-conscious consumers, and creates added value for coop shoppers.
Second, the coop uses the membership mechanism and offers membership privileges unlike most for-profit retailers
with a few exceptions such as Costco. To the best of our knowledge, the entry of for-profit retailers with membership
system has not been studied in the literature either.
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As an initial attempt to examine the above questions, we present a parsimonious model to capture
the essence of a not-for-profit food coop with a social mission (A) or (B). To this end, we analyze
a two-stage Stackelberg competition between an incumbent for-profit retailer and an entrant coop
in a market comprised of consumers that are heterogenous in terms of their annual consumption
(high or low) and “social benefit” levels (which can take continuous values). The social benefit
captures unique values a consumer receives from buying from the coop such as the convenience of
the food coop’s location in a food desert, a sense of satisfaction from supporting local businesses,
or a warm glow from contributing to the social causes that the coop supports (cf. Andreoni 1990
and Harbaugh 1998). By analyzing the strategic interactions among utility-maximizing consumers,
a profit-maximizing retailer, and a not-for-profit coop with social mission (A) or (B), we obtain
the following results.

We first analyze the coop’s entry conditions and its competition with the retailer. We find that
a coop with mission (A) or (B) can only afford to enter the market when consumers’ social benefit
levels are sufficiently high. This is somewhat intuitive. Perhaps more interestingly, high social-
benefit levels can also help the retailer survive against a coop with social mission (A), but it weakens
the retailer’s survival against the coop with social mission (B).” In the latter case, the retailer and
the coop can co-exist only when the coop’s cost of entry (i.e., its fixed annual operating cost) takes
moderate values. We further show that, when the coop is able to enter the market, it is optimal
for the coop (regardless of its social mission) to set its membership fee and member-only discount
to induce at least the high-consumption consumers to become members.

We next examine the impact of a coop’s entry on the retailer, and whether the retailer should
deter or tolerate the coop’s entry. We find that a coop’s entry is always detrimental to the retailer’s
profit. This is somewhat intuitive. Yet, more interestingly, we find that, even when a retailer can
profitably deter the entry of a coop, it is optimal for the retailer to “tolerate” the coop’s entry
when the coop’s cost of entry is below a certain threshold. We further find that the entry of a coop
with social mission (B) is more detrimental to the retailer’s profit than the entry of a coop with
social mission (A), so that the retailer is more eager to deter the entry of the coop with social
mission (B). Hence, our results indicate that a for-profit retailer is more likely to co-exist with a
coop with social mission (A).

7 A coop may be able to obtain locally-sourced products at a lower unit cost (due to lower transportation and storage
costs), but the unit cost for national brand products is likely to be higher than for-profit retailers (due to the coop’s
smaller scale). However, because coops do not focus on generating profits for themselves, it may be possible for coops to
sell their products at a lower retail price to support their social missions (A) and (B) as stated above. Consistent with
our findings, Jackson (2019) reports that food coop retail prices can be lower or higher than supermarkets. According
to a price comparison of 700 items conducted by the Community Food Coop based in Bellingham, Washington in
2018, the coop’s retail price is 3.5% lower (on average) across 402 items that are in common with Whole Foods and

2.7% lower (on average) across 259 items that are in common with Haggen, but it is 2.6% higher (on average) across
307 items that are in common with Fred Meyer (Jackson 2019).
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2. Literature Review

Although 290 food coops operating in the US account for $2.1 billion in sales revenue, the lit-
erature on coops is scant (Deller et al. 2009). Due to an emerging interest in studying socially
responsible operations in recent years, OM scholars have explored various issues arising from agri-
cultural cooperatives. An et al. (2015) examine when farmers benefit from agricultural marketing
cooperatives that can enable coops to sell their products as a single brand, and from agricultural
supply cooperatives that can enable coops to sell directly to large companies such as Walmart. He
et al. (2018) analyze farmer cooperatives using Cournot competition framework under asymmetric
market information. Shi et al. (2019) study the optimal selling policies of farmer cooperatives for
storable agricultural products under price fluctuations. Mu et al. (2019) examine how to eliminate
free-riding in dairy cooperatives. Qian and Olsen (2020) explore the coordination of operational
and financial decisions of an agricultural marketing cooperative called Frontera in New Zealand,
where farmer members’ equity is required to be in proportion to their patronage (i.e., produce
supplied). Motivated by a for-profit olive oil cooperative in Turkey, Ayvaz-Cavdaroglu et al. (2020)
examine a quality-based payment to its risk-averse farmer members in order to incentivize them
to invest in quality improvements so that their products can demand a higher market price. While
the recent literature focuses on agricultural cooperatives, we examine food coops with two social
missions. Not only is the issue we examine (i.e., entry strategy) different, but we also consider the
competition between a not-for-profit coop and a for-profit retailer.

Our paper is also related to the market-entry literature pioneered by Bain (1949), who estab-
lishes the notion of an incumbent’s decision to lower its price below profit maximizing price to deter
the entry of a for-profit competitor. This literature mainly focuses on how a for-profit firm can
deter a for-profit competitor, and suggests deterrence tools such as pricing (Bain 1949), strategic
commitment (Spence 1977, 1979), long-term contracts (Aghion and Bolton 1987), cost signalling
(Srinivasan 1991), bundle pricing (Nalebuff 2004), or discount contracts (Ide et al. 2016). There
are also some other papers that extended the market entry problem by considering factors such as
market uncertainty (Baron 1973) or information asymmetry (Milgrom and Roberts 1982). Overall
these papers focus on the deterrence tools or the market structure rather than focusing on the
entrant characteristics. (We refer the reader to Hall (2008) for a review of the market-entry litera-
ture.) More recently, Gao et al. (2017) examine the entry of copycats, and show that the incumbent
can prevent the copycat from entering by selling a higher-quality product.

Our work contributes to the market entry literature on several fronts. First, unlike the literature
that models the entry of for-profit retailers, we examine the entry of a not-for-profit coop with
a social mission (A) or (B) into a market that is comprised of consumers with different social

benefit levels. This social responsibility component adds a new dimension beyond the typical price
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competition. Furthermore, consistent with the practice of food cooperatives, our model equips the
entrant with tools such as membership fees and discounts that are not covered in the market entry
literature. All these factors allow our model to yield a richer analysis of market entry where the
question of whether to deter entry or not is non-trivial.® Finally, as another novel aspect, our results
shed some light on how different social missions can affect the coop’s membership fee, price, and

member-only discount decisions and the retailer’s deterrence strategy against the coop’s entry.

3. Model Preliminaries
We consider a two-period Stackelberg competition in a local market between an incumbent (for-
profit) retailer and an entrant (not-for-profit) food coop. The sequence of events, as depicted in
Figure 1, is as follows. At the beginning of period 1, the retailer determines its retail price r given
a unit cost of w,.? Upon observing the retailer’s price r and taking its own fixed annual operating
cost k (that includes rent and other fixed utility costs) into consideration, the coop decides whether
to enter the local market at the beginning of period 2.1° If the coop enters, it makes three social-
mission-specific decisions: the annual membership fee F', the retail price p, and the member-only
discount ¢ (so that each member effectively pays (p — ) per unit).

Upon observing the decisions of the retailer and the coop, each consumer shops at the store that

minimizes her annual cost.

Given fixed If enters, coop sets High- and low-consumption
annual operating membership fee F, consumers decide to purchase from
cost k, coop retail price p, and either the retailer or the coop to
decides whether member-only minimize their annual purchasing
Retailer sets price r to enter or not discount § cost
Time
\ J |\
[ |
Period 1 Period 2

Figure 1 Sequence of events.

In our model, there is a continuum of consumers (with measure normalized to 1) in the local
market with two different annual consumption rates. (That is akin to a two-point distribution.)

A high-consumption type consumer consumes h units per year, while a low-consumption type

8 Although some papers in the supply chain competition literature analyze market entry (e.g., Corbett and Karmarkar
2001, Korpeoglu et al. 2020), these studies focus on the entry and competition of for-profit firms.

9 As standard in a Stackelberg competition, we incorporate the notion of “irreversibility” of the retailer’s retail price
r. Spence (1977) articulates that irreversibility is a way for a firm to commit itself in advance to issue a credible
threat to potential entry. For this reason and for tractability, we assume that the retailer does not change its retail
price after the coop’s entry. This assumption is commonly used in the market-entry literature (e.g., Gao et al. 2017)
and is consistent with the notion of price stickiness (e.g., Chen et al. 2017).

10 As we consider the coop as a new entrant, it seems reasonable to assume that the coop has a larger fixed annual
operating cost than an established retailer. As we are more interested in the coop’s entry conditions and the retailer’s
deterrence strategy, we normalize the pre-existing retailer’s fixed annual operating cost to zero.
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consumer consumes [ units per year, where h > [. The proportions of the high- and low-consumption
types are a and 1 — a, respectively. !

When shopping at the retailer, each high-consumption consumer incurs an annual cost of rh
and each low-consumption consumer incurs an annual cost of r{. However, the annual cost for
shopping at the coop is more involved. First, regardless of the consumption type, we assume that
each consumer is endowed with a certain “social benefit” S, where S captures unique values a
consumer receives from shopping at the coop that include: the convenience of the food coop’s
location in a food desert, a sense of satisfaction from supporting local businesses, or a warm
glow from contributing to the social causes that the coop supports (see §1). By using a modeling
framework similar to the one presented in McCardle et al. (2009), we model social benefit S as
implicit “cost savings” when a consumer supports the coop through patronage. Second, to capture
the heterogeneity across consumers, we assume that social benefit S follows a uniform distribution
such that S ~ UJ0,v], where we refer to the parameter v as the “social-benefit level.” By taking the
implicit cost savings derived from the social benefit S along with the coop’s decisions (i.e., a fixed
annual membership fee F, retail price p, and member-only discount 4), the effective annual cost for
a consumer (with high- or low-consumption, and with or without membership) are as summarized
in Table 1.

Table 1 Effective annual cost of different types of consumers for shopping at the coop.

with membership | without membership
high-consumption type | F'+(p—90)h— S ph— S
low-consumption type | F'+ (p—9§)l— S pl— S

3.1. Sales and Profits under Different Coop Pricing Strategies

By comparing the effective annual cost for shopping at the coop with and without membership as
shown in Table 1, we can derive three coop-pricing strategies, each of which is associated with the
annual membership fee F' and the member-only discount § that is intended to induce certain types
of consumers (with consumption h or [) to become members if they choose to shop at the coop.
Strategy 1. Set F' <l to induce both high- and low-consumption consumers to become members;
Strategy 2. Set 0] < F' < §h to induce only high-consumption consumers (but not low-consumption
consumers) to become members; and

Strategy 3. Set F' > §h so that no consumers will become members.

We next determine the sales quantities and profits for the retailer and the coop corresponding to
the coop’s each pricing strategy. To avoid repetition, we shall provide the details for the case when
the coop adopts pricing strategy 1, and relegate the details for other cases to Online Appendix.

1 For tractability, we assume that the consumption rate of each consumer is exogenously given and independent of

price. This assumption is reasonable for a product that is not very price sensitive or a product with stable consumption
rate. Examples include tooth paste, toilet paper, milk, bread, etc. We discuss this assumption in more detail in §6.
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Coop adopts pricing strategy 1. When the coop sets F' < 4l according to pricing strategy 1,
both high- and low-consumption consumers shopping at the coop become coop members by paying
an upfront membership fee F' and a member-only price (p — d) per unit. Any consumer shopping
at the retailer has to pay r per unit. Thus, high-consumption consumers shop at the coop if
F+(p—9)h—S <r-h, and low-consumption consumers shop at the coop if F+(p—48)l—S <r-[.12
Because S ~ U|[0,v], the proportion of type j (€ {h,l}) consumers who buy from the coop and the
retailer can be written as min{max{[v — (F + (p—0 —r)-j)]/v,0},1} and min{max{[F + (p —9 —
r) - j]/v,0},1}, respectively. Lemma EC.1 in Online Appendix shows that the coop can restrict
attention to (F,p,d) such that v > F 4 (p—3d—7)-j >0 for all j € {h,l} without loss of optimality,
because otherwise, the coop can weakly improve its objective by choosing (F,p,d) that satisfies
these conditions. Because the proportion of high-consumption type is «, we can determine the sales
quantities for each store when the coop adopts pricing strategy 1 as depicted in Table 2.

Table 2 Sales quantities at different stores when the coop adopts pricing strategy 1.

retailer food coop
high-consumption type | 2-[F+(p—d—7)-h]-h | &-[v—(F+(p—50—7)-h)]-h
low-consumption type | =2-[F+(p—6—r)-l]- 1| =% -v—(F+(p—0—r)-1)]-1

v

Let subscripts 7, ¢, and 1 denote the retailer, the coop, and the coop’s pricing strategy 1 (i.e., when
the coop enters by setting F' < dl), respectively. By considering the quantities in Table 2 along with
the retailer’s unit cost w, and the coop’s unit cost w, we can drive the retailer’s sales quantity Q,1,
the coop’s sales quantity @).;, and the corresponding retailer profit II,; and coop profit II.;, which

incorporates the operating cost k as:

Qu =2 (Ftp—5-r) B ht O (F g (p—5—7)-D) L 1)
Qu=2 o= (F 4 (p—6-r) )] ht = o (F 4 (p—6—r)-1)] L, 2)
Ly = (=) Q. Q0
Mo = 2o (F+(p=0=r)- )] [F+(p— 5~ w)h
—i—l_Ta~[v—(F—l—(p—(S—r)-l)]~[F+(p—(5—w)l]—k. (4)

Coop adopts pricing strategy 2. When the coop sets F' € [§l,0h] according to pricing strategy
2, only high-consumption consumers become members, and low-consumption consumers do not.
Using the same approach as above, the retailer’s sales quantity Q),», the coop’s sales quantity Q.o
and their corresponding profits II,, and Il can be written as follows (we refer the reader to Online

Appendix for details of how these quantities are derived):

Q=S (F4(p=0=r) ) bt — (=) 1L, o)

12 We assume that each consumer shops either at the retailer or at the coop so that the market is fully covered. A
fully-covered market is the conventional approach to ensure tractability (cf. Fudenberg and Tirole 1991, page 15).



Korpeoglu et al.: Entry of Not-for-profit Food Cooperatives
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Q=2 o= (F+(p=6-1) W] ht = o= (p=7)-1] -1, (6)
Iy = (r—w,) - Q, (7)
e = = [o= (F+(p=0-r)-W)]-[F+(p—5—w)h]
+1*TO‘.[U_(p_r).z].(p_w)-Z—k. (8)

Coop adopts pricing strategy 3. When the coop sets F' > dh according to pricing strategy 3,

no coop shoppers will become members. Using the same approach as above, we obtain:

Q=2 (=) hoht 2 (pr) L )
Qus =2 o= (=r) b het = o= (=) 1] (10)
My = (r—w) Qo (1)
My = (p—w) Qu— & (12)

3.2. Coop’s Social-Mission-Specific Problem

As discussed in §1, most coops focus on either social mission (A) or (B). Under mission (A), the
coop is committed to maximizing its reserve (made out of profit) as a means to support local
community needs. Thus, by considering the pricing strategies in §3.1 along with the coop’s profit

in (4), (8), and (12), the coop with mission (A) (in short, coop A) solves the following problem:

A __
117 —maX{FrSr}ggg {Hc1}7F€wrrl{g;§M{ch} Fggs%fg{ﬂcs}} (13)

Here, we use superscript A to denote the social mission of the coop.
Under social mission (B), the coop is committed to maximizing its sales to support the local
economy (i.e., create more local jobs, sell more locally produced products, etc.). By considering

the pricing strategies in §3.1 and the coop’s sales quantities in (2), (6), and (10), coop B solves:

QP = max{ max {Qu}, AQe}, max {Qu}} (14)

Fe[él 6h 1,95 F>8h,p
3.3. Coop’s Entry and Pricing Strategy and Retailer’s Deterrence Strategy
So far, we have established the requisites that will enable us to examine our three research questions
stated in §1. Specifically, we examine the coop’s entry and pricing strategy and the retailer’s
decision of whether to deter the entry of the coop (in short, “deterrence strategy”) via backward

induction as depicted in Figure 1.

Coop’s Entry Strategy. Given the retailer’s price r set in period 1, coop A decides whether
to enter by determining its optimal profit 12 as given in (13). Coop A can afford to enter the
market only if II# > 0. Similarly, coop B decides whether to enter the market by determining its
corresponding profit IIZ that is retrieved from the optimal sales quantity QZ as given in (14).

Specifically, coop B can afford to enter the market if the corresponding profit II? is non-negative.
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As a preview, we shall show that there exists some function of the retailer’s price r denoted by
7(r) such that, regardless of the underlying social mission, the coop can afford to enter the market

only when its fixed annual operating cost k <7(r).

Retailer’s Deterrence Strategy. Anticipating that the coop’s entry decision depends on whether
or not k < 7(r), the retailer has two strategic choices: (1) “deter” the coop’s entry by setting r
so that k> 7(r), or (2) “tolerate” the coop’s entry by selecting the optimal retail price r subject
to the coop’s entry condition k < 7(r). By comparing retailer profits under these two choices, the
retailer can determine its optimal strategy of whether to deter or tolerate the coop’s entry.

In the remainder of the paper, we examine the coop’s entry and pricing strategy by characterizing

7(r) in §4, and then we examine the retailer’s optimal deterrence strategy (deter or tolerate) in §5.

4. Optimal Pricing Strategy for Coop A and Coop B
We now characterize the optimal pricing strategy for coop A and coop B, and determine how the

coop’s entry affects the retailer.

4.1. Coop A: Maximize Reserve to Support Local Community

Because coop A’s objective is to maximize its reserve generated from the profit to support local
community needs, let us first determine coop A’s maximum profit II2 upon entry. For any given
retailer price r, observe from (13) that II# can be obtained by comparing the optimal profits
4 14, 114 associated with the three corresponding pricing strategies for coop A presented in
§3.2, where II#, = maxp<s ps{le }, 1% = maxpessnps{ll}, and 114 = maxpss, ,5{s}, and
II.;,11.2,and I3 are as in (4), (8), and (12), respectively. In preparation, we solve these three
sub-problems.

As a preview, the optimal pricing decision of coop A is based on the social-benefit level v, so
the corresponding sales quantities generated from high- and low-consumption consumers of coop A
and the retailer also depend on v. Before we present coop A’s optimal decisions, let us first present
Proposition 1 that shows the impact of v on the optimal sales quantities of coop A and the retailer.
For ease of exposition, we use Q;‘}j to represent the sales quantity of each segment, where i € {r,c}
(r and ¢ stand for the retailer and the coop, respectively) and j € {h,l} (h and [ stand for the high-

and low-consumption consumer types, respectively). All proofs are presented in Appendix.

PROPOSITION 1. Suppose that coop A’s annual operating cost k is sufficiently small, and that for

a given retailer price r, coop A chooses the annual membership fee F, price p, and member-only

discount & that maximizes its profit. Then, the corresponding sales quantities of coop A and the
. A . . . . .

retailer Q;;, i € {r,c} and j € {h,l} satisfy the following:

(a) When v > |r — w| - h, coop A and the retailer can co-exist and share both high- and low-

consumption consumer markets (i.e., Q7; >0, Vi,j).
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(b) When v € (|r —w| - 1,|r —w| - h], coop A and the retailer only share the low-consumption con-
sumer market (i.e., f}l >0 Vi). Furthermore, if r > w, then coop A captures the whole high-
consumption consumer market (i.e., QAh =a-h and QAh =0); if r <w, then the retailer
captures the whole high-consumption consumer market (i.e, QC n =0 and Q7 h=a-h).

(c) When v < |r—w| -1, then it is a monopoly market; specifically, if r > w, then coop A captures
the whole market (i.e., Q}, =a-h, Q) =(1—-a)-1, Q}, =Q, =0); if r <w, then the retailer
captures the whole market (i.e., Q2 =Q =0, QY =a-h, Q) =(1-a)-1).

v

v=WwW-1r)h v=(r—-wh

Coop A and :fetailer share
the whole market

Coop A captures the
whole v=(r-wl
consumer market

v=(w-r)l

Coop A captures.the

Retailer capture
9 whole market

the whole market

0 w

Figure 2 Market shares of coop A and the retailer under different values of the social-benefit level v and the

retailer’s price r.

We use Figure 2 to illustrate the results in Proposition 1. Proposition 1(a) shows that when the
social-benefit level v is sufficiently large, coop A and the retailer share the whole market and
make positive profits. When the retailer charges a price r below the coop’s unit cost w (as in
the left-hand side of Figure 2) and v is small, the retailer captures all of the high-consumption
consumer market and may even capture the whole market. Thus, a large v can help coop A survive
(under a sufficiently low fixed annual operating cost k). This is somewhat intuitive. Perhaps more
interestingly, when r > w (right-hand side of Figure 2), a large v can also help the retailer survive.
This is because as consumers have higher social-benefit level v, coop A can make a larger profit by
charging a higher price p and focusing on consumers with high social benefit, and leaving consumers
with less social benefit to the retailer. Next, by considering the difference between the coop and
the retailer’s unit cost as Aw (i.e., w =w, + Aw, and Aw can be either greater or smaller than 0)
and given that the retailer will charge r greater than its unit cost w,, we can further derive the

following Corollary 1 based on Proposition 1.

COROLLARY 1. Given retailer price r > w, and coop A’s unit cost w = w, + Aw, suppose that coop

A’s annual operating cost k is sufficiently small so that coop A can enter the market.
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(a) Suppose Aw < 0 so that coop A’s unit cost is lower than the retailer. Then, coop A can (1)
capture the whole market if v < —Aw-1; and (2) capture the whole high-consumption consumer
market if v € (—Aw -1, —Aw - h].

(b) Suppose Aw > 0 so that coop A’s unit cost is higher than the retailer. Then, if the retailer
charges a sufficiently low retail price r, coop A may not be able to (1) get any market share

from one or both market if v<Aw-l; and (2) get any high-consumption consumer market share

if ve (Aw-1, Aw-h).

Corollary 1(a) implies that when the coop has a lower unit cost than the retailer, it is possible for
the coop to drive the retailer out of one or both consumer market when the social benefit level
v is not sufficiently high. This is because if the coop’s unit cost is very low, then only when the
social benefit level v is sufficiently high will coop A focus on consumers with high social benefit and
leave consumers with less social benefit to the retailer. Corollary 1(b) reveals that when the coop’s
unit cost is higher than the retailer’s, and the social benefit level v is not sufficiently high, then
it is still possible that the coop may not be able to share one or both consumer market with the
retailer. This is because when the coop’s unit price is too high and the social-benefit level is low,
the retailer can capture all of the high-consumption consumer market and even the whole market
by charging a price r below the coop’s unit cost w.

Proposition 1(b)-(c) shows that when v is not sufficiently large, either the retailer or the coop
captures one or both of the consumer markets. Because we are more interested in identifying the
cases where the coop and the retailer can co-exist and compete, for the rest of §4.1, we shall focus
on the case where v > |r —w|-h so that both coop A and the retailer share the whole market as
shown in Figure 2. (For completeness, the optimal pricing decision of coop A in the case when
v < |r—w|-h and the corresponding results are relegated to the proof of Proposition 1 in Appendix.)
More formally, throughout §4.1, we impose the following assumption to ensure that coop A and

the retailer can co-exist and compete for both high- and low-consumption consumer markets.

ASSUMPTION 1. The retailer’s price r, the coop’s unit cost w, high-consumption amount h, and

social-benefit level v satisfy v > |r —w|- h.

So far, our analysis is based on a given coop’s pricing strategies (1, 2, or 3). We now characterize
coop A’s optimal pricing strategy for each of the three pricing strategies presented in §3.1.

4.1.1. Coop A adopts pricing strategy 1. When coop A sets F < 4l, both high- and low-
consumption coop shoppers will become members by paying an upfront membership fee F' and a
member-only price p= (p — J) per unit. Hence, by substituting p= (p —4) in (4), and eliminating
the decision § along with the constraint F' < dl, coop A’s problem associated with strategy 1, i.e.,

M4 = maxp<s ,5{IL.1 }, can be reformulated as follows:
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tax & [ (F (5 =) 1)) (F (=) )+ o= (F+ (=) D] (F+ (5—w) - )~k (15)
st.F+(p—r)-1>0, (16)
F4+((p—r)-h>0, (17)
v—(F+(p—r)-h)>0, (18)
v—(F4+((p—-r)-1)>0, (19)
F>0,5>0. (20)

Constraints (16)-(17) and (18)-(19) ensure that the solution of (15) yields non-negative market
shares for the retailer and the coop, respectively. Although the above mathematical program only
yields the optimal upfront membership fee F/* and member-only price p7', the coop can implement
this optimal solution by setting any optimal member-only discount §# > F*/l and a corresponding

optimal price pf! = p 4+ 6{*. The following lemma characterizes coop A’s optimal decisions.

LEMMA 1. Suppose the retailer’s price is r and coop A adopts pricing strategy 1. Then it is optimal
for coop A to set F{ = o p‘l4 = ”’—“’ + 64, and 64 > 5 (so that FA < 681). The corresponding
optimal sales quantity Q4 =52(v+ (r—w)-1) -1+ £ - (U +(r—w)-h)-h and profit T4 =71 —k,

where

[(1—-a)(v+1(r—w))*+a-(v+h(r—w))?]. (21)

1
7— —
)
Substituting the optimal (F{,pf,d{') stated in Lemma 1 into Table 2, we can retrieve the cor-
responding sales quantities at coop A and the retailer as summarized in Table 3. Lemma 1 has

Table 3 Sales quantities at different stores when coop A adopts pricing strategy 1.

retailer food coop
high-consumption type %U “lv—h(r—w)]-h %U Slv+h(r—w)]-h
low-consumption type 2v—I(r—w)]-l| F2v+l(r—w)-l

interesting implications about which pricing tools (price or membership fee) coop A should adjust
when there is a change in factors that are exogenous to coop A. First, when consumers have a
higher social-benefit level v, they are willing to pay more to shop at the coop, so coop A can afford
to charge them more. Lemma 1 shows that coop A should charge a higher membership fee F7,
but not a higher member-only price p“, because this strategy allows the coop to extract larger
profits from both high-consumption and low-consumption consumers. Second, when the retailer’s
price r is higher, coop A again can afford to charge consumers more, but this time, coop A should
increase its member-only price p* rather than its fixed membership fee F{*. Third, when coop
A’s wholesale price w is higher, coop A should reflect this increase to its member-only price p*
but not its membership fee F{'. Lemma 1 shows that, although the specific pricing tool that the
coop A should adjust differs depending on the exogenous factor, coop A benefits from a higher
social-benefit level v, a higher retailer’s price r, and a lower wholesale price w by achieving a larger

sales quantity Q4 and profit 117}
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4.1.2. Coop A adopts pricing strategy 2. When coop A sets F € [0l,6h], only high-
consumption consumers become members. The member-only discount § per unit leads to annual
cost savings of dh for high consumption consumers, so the net membership fee they pay becomes
F=F—§-h<0. Because F € [0l,0h], we can infer that F+6h>6l,s0 8> —hi;l. To ensure the
member-only price p—§ > 0, we require that p > 9§ > —hi;l. By substituting ' = F — 4 - h into (8)

and eliminating the decision ¢ along with the constraint § > —£-, coop A’s problem associated

h—1’
with strategy 2 can be reformulated as follows:

max = [v— (F + (p—r)h)] - (F + (p—w)h) +

Fp U

st. F4+(p—r)-h>0,

“w—(p-r))-(p—w) 1k 22
23

(22)
(23)
p—r>0, (24)
(25)
(26)

v—(F+(p—r)-h)>0, 25

v—(p—r)-1>0, 26

- F

F< > ——. 2
<0, p2 - (27)

As in the case of strategy 1, the constraints ensure that the solution to (22) yields non-negative market

shares for the retailer and the coop. Although the above mathematical program only yields the optimal net

membership fee 152‘4 and the optimal price p3', the coop can implement this optimal solution by choosing any
A3

optimal member-only discount 83 > —% and a corresponding optimal membership fee F3' = F{ 4 64h.

LEMMA 2. Suppose the retailer’s price is r and coop A adopts pricing strategy 2. Then coop A’s optimal

decisions are: Fit = o4 - h — U0 pa = vH0dw) ©gpg g4 e (22 4 row] (5o that Fy* € [651,04R]). The

corresponding optimal sales quantity Q2% = 352 (v+(r—w)-1)-1+ £ - (v+(r—w)-h)-h and profit 112, = —k,

where T is given in (21).

Different from strategy 1, Lemma 2 implies that when coop A chooses to adopt strategy 2, it induces only
high-consumption consumers to become members. An interesting observation from Lemmas 1 and 2 is that
the optimal profits and sales quantities are equal (i.e., I =114, =7 — k and Q7 = Q2%) under strategies 1
and 2. This is because regardless of whether coop A adopts strategy 1 or 2, each high- consumption coop
shopper pays F{* + (p{' —07') -h=F3' 4+ (p5 —03')-h=%+ @ and each low-consumption coop shopper
pays Fi* 4+ (pft —6f) - l=p3 - 1=%+ w annually. Therefore, from the perspective of sales quantity and
profit, coop A is indifferent between strategies 1 and 2.3 Yet, it is worth noting that the coop’s pricing
decisions are more complex and the impact of exogenous factors on coop A’s optimal pricing decisions is
more nuanced under strategy 2 as compared to strategy 1. For instance, a larger social-benefit level v may

lead to larger price for the coop, unlike as in strategy 1 where the price does not change with v.

13 As an interesting observation, if we set 8' = 63' = 57 as the boundary case, the corresponding (F{, p) = (F5',p5) =

(g, WOy g6 that Ff =071 =F5 = 641,
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4.1.3. Coop A adopts pricing strategy 3. When coop A sets F > §h, no consumers will become
members, so (F,d) are no longer relevant decisions. By solving the optimal price ps under strategy 3 and
comparing the corresponding profit 1124, with 7 — k, we obtain that 1% < 7 — k. Thus, coop A will never
choose pricing strategy 3 because it can obtain a larger profit under other strategies. Therefore, we omit the

analysis of pricing strategy 3 here, while referring the reader to Online Appendix for details.

LEMMA 3. Suppose that the retailer price is r and coop A adopts pricing strategy 3. Then the optimal profit
14 <7 —k so that strategy 3 is dominated by strategy 1 and 2.

4.1.4. Coop A’s optimal pricing strategy and entry condition. By examining the optimal
profits as reported in Lemmas 1, 2, and 3, we can conclude that coop A’s optimal profit II# defined in (13)
satisfies 11 = 7 — k, where 7 is given in (21). In view of the fact that coop A can only afford to enter the

market when II# =7 — k > 0, we obtain the following proposition.

PROPOSITION 2. Suppose that the retailer’s price is v and coop A’s fixed annual operating cost is k. Then
coop A can afford to enter the market only when T >k, where 7 is given in (21). In the event when coop A
enters the market, it is optimal for coop A to deploy strategy 1 as stated in Lemma 1 (or deploy strategy 2

as stated in Lemma 2) and generate a profit 14 =1 —k.

Proposition 2 implies that a membership system (i.e., setting membership fee F' and member discount §)
helps coop A earn a larger profit because it entices more people to shop at the coop, and hence leads to a larger
sales quantity. Moreover, Proposition 2 reveals that it is important for the coop to induce high-consumption
consumers to become members; while it does not matter whether the low-consumption consumers become
members or not. This is because under the coop’s optimal pricing strategy, a low-consumption consumer

incurs the same cost when shopping at the coop, regardless of whether she becomes a member or not.

4.2. Coop B: Maximum Sales for Supporting Local Economy

We next analyze the optimal pricing strategy of coop B, which aims to maximize its total sales quantities.
Recall from Proposition 1 that when coop A intends to maximize its profit (as a means to generate reserve
to support local needs), a large social-benefit level v can also help the retailer survive. However, different
from coop A, coop B intends to maximize total sales quantity to support the local economy, so a large
v cannot ensure the co-existence of coop B and the retailer. Specifically, when the coop B’s fixed annual
operating cost k < (ah+ (1 — a)l) - (r — w), it is always optimal for coop B to set FF =0, =0 and p=r
so as to capture the entire market (i.e., Q¥ = ah + (1 — «)l) by also ensuring the corresponding profit
I = (ah+ (1 —a)l) - (r —w) — k> 0. Ounly when k> (ah + (1 — «)l) - (r — w), the retailer can have some
positive market share.

Recall from Proposition 2 that when social-benefit level v > |r —w| - h, the maximum profit that the coop
can make is 7 — k, where 7 is as given in (21). Therefore, in order for coop B to co-exist with the retailer
by sharing both high- and low-consumption consumer markets, its fixed annual operating cost k should take
on moderate values (i.e., k € [7,7] as stated in Proposition 4 below). This is because when k is too high,

coop B cannot enter the market and when k is too small, the coop will drive the retailer out of the market.
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Besides, when k is very small, given the objective function to maximize the sales quantity, it is also possible
for the coop B to charge a zero member-only price (i.e., p—§ =0) and use membership fee to compensate
for the loss. Yet, such practice violates antitrust regulations. The following proposition formally states the
precise conditions under which coop B co-exists with the retailer by sharing both high- and low-consumption

consumer markets, and charges a positive member-only price.

PROPOSITION 3. Coop B co—exists with the retailer, and competes for both high- and low-consumption con-

sumer markets with a positive member-only price (i.e., p—06 > 0) when the social benefit level v > |r —w|-h and

(r+w)?(1%2(1—a)+h3a) — (%+w77‘)2(l2(17a)+h2a)}
4v ’ 4v )

the coop’s annual operating cost k € (7, 7], where 7 = max {7 —

and T is given in (21).

As we are more interested in the more practically-relevant case where the coop sets a positive member-only
price and can co-exist with the retailer, we impose the following Assumption 2 throughout §4.2 when we

discuss the pricing strategy of coop B.

ASSUMPTION 2. The retailer’s price r, the coop’s unit cost w, high-consumption amount h, and social-benefit

level v satisfy v > |r —w| - h; and the coop’s annual operating cost k € (7,7].

Knowing that coop B maximizes its sales quantity, let us first determine coop B’s maximum sales quantity
QF upon entry. Observe from (14) that the maximum sales quantity Q@ can be obtained by comparing
the maximum sales quantities Q% ,Q5,, Q5 associated with three different pricing strategies for coop B as
presented in §3.3, where Q% = maxp<s,5{Qc1}, Q% = maxpeisisn) ps{Qe2}, and QF = maxpssn,s{Qc3},
and Q.1,Q.2,and Q.3 are given in (2), (6), and (10); respectively. We first solve these three sub-problems.
4.2.1. Coop B adopts pricing strategy 1. When coop B sets F' < §l, both high- and low-consumption
coop shoppers will become members by paying membership fee F' and a member-only price p = (p — §) per
unit. Coop B’s problem associated with strategy 1 is to maximize its total sales quantity in (2) subject to
making non-negative profit; i.e., I1.; (F,p,d) > 0 (where II.; (F,p,d) is given in (4)). Specifically, by using the
same approach as presented in §4.1.1, we reformulate coop B’s problem as:

1l—«o

B=max S fu— (F+(B-r)-h)]-ht —=fo— (F+(G-1)-D] -1, (28)

v v
s.t. (16),(17),(18),(19), (20),
a 5 5 11—« - -
M= o= (F4 =) D)) (F+ (=) B+~ o [o = (F 4+ (5= 1) D] (F+ (5= w) ) ~ k2 0.
LEMMA 4. Suppose the retailer’s price is v and coop B adopts pricing strategy 1. It is optimal for coop B to

set FP =%, pP =52 4 6F — A" and 6f > % (so that F? <6P1), where

o(T — k)

A=y — .
2(1—a)+h%a

(29)

Furthermore, coop B’s mazimum sales quantity Q% = =[v+h(r—w+2A%)]-h+ 12 [v+1(r —w+2A%)] -1
and its corresponding profit 115 = 0.
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Table 4 Sales quantity at different stores when coop B adopts pricing strategy 1.

retailer food coop
éiv[v—h(r—vaZA*)]-h giv[v+h(r—w+2A*)]-h
v —1l(r—w+2A%)]- 1| S2v+1(r—w+2A%)]-1

2v 2u

high-consumption type
low-consumption type

By substituting the optimal decisions as stated in Lemma 4 into the sales quantities given in Table 2, we
can retrieve the corresponding sales quantities at different stores as summarized in Table 4.

By comparing the optimal decisions of coop A and coop B as stated in Lemmas 1 and 4, we can observe
that coop B charges the same membership fee as coop A (i.e., F? = F{*) and yet a lower member-only price
(i.e., (pit —67) — (pP — 6P) = A* > 0). As a result, coop B achieves a higher sales quantity than coop A. If
we analyze the member-only-price difference A* between coop A and B, we can observe that A* increases
with the social-benefit level v, and decreases with the coop’s fixed annual operating cost k. As k approaches

7 in (21), A* approaches zero, so the optimal member-only price of coop B converges to that of coop A.

4.2.2. Coop B adopts pricing strategy 2. When coop B sets F € [0l,dh], only high-consumption
coop shoppers will become members. By defining F = F — §h and using the same approach as explained in
§4.1.2, we can reformulate coop B’s problem as:

l—«

f=max o= (F4 (p=r)h)] - ht — = (0= (p=)]) -1 (30)

s.t. (23),(24),(25),(26), (27),

oo = 2o = (F o+ (p—r)h)] - (F + (0= w)h) + —2

(w—(p—=r))-(p—w)-1—k>0.

LEMMA 5. Suppose the retailer’s price is v and coop B adopts pricing strateqy 2. Then coop B’s optimal

S on . B _ B (h=v B __ vHl(rt+w) * B v rT—w * * : :
decisions are: Fy =03 - h — =57, p§ = 7572 — A" and 63 € [}, 5 + 5% — A*], where A* is given in

(29). Also, coop B’s mazimum sales quantity Q% = 2=[v+h(r —w+2A%)]-h+ 152 [v+1(r —w+2A%)] -1,
and the corresponding profit 115, = 0.

By considering Lemmas 2 and 5, let us compare the total cost of shopping for high- and low-consumption
shoppers at coop A and B. Under strategy 2, each high-consumption shopper is a member, and the total
shopping cost of a high-consumption shopper is F3* + (p4 — d5)h at coop A and FE + (pB — §8)h at coop
B. From Lemmas 2 and 5, it is easy to check that the total shopping cost is lower at coop B by the amount
of A*h. Similarly, it is easy to check that each low-consumption shopper is a non-member, and the total
shopping cost at coop B is lower than coop A by the amount of A*[. As the total cost of shopping is lower
at coop B, coop B can capture a higher market share in both segments and obtain a higher sales quantity.
Also, by considering the definition of A* given in (29), it is easy to check that coop B converges to coop A

in terms of price and sales quantities as the coop’s fixed annual operating cost k approaches 7 in (21).

4.2.3. Coop B adopts pricing strategy 3. When coop B sets F' > §h, no coop shoppers will become
members, so (F,d) are no longer relevant decisions. Recall from Lemma 3 that, under strategy 3, coop
A’s profit IT%; <7 — k when it aims to maximize its profit. Hence, for coop B that aims to maximize its
sales quantity, 1% <114 <7 — k. Also, by solving the optimal pf under strategy 3 and comparing the

corresponding optimal sales quantity with those under strategies 1 and 2 as stated in Lemmas 4 and 5, we
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obtain Q5 < Q5 = QE,. Therefore, the following lemma shows that strategy 3 is dominated by strategy 1

and 2. (We refer the reader to Online Appendix for the analysis of coop B’s pricing strategy 3.)

LEMMA 6. Suppose the retailer’s price is v and coop B adopts strategy 3. Then the optimal sales quantity

B <QE =QE so that strategy 3 is dominated by strategies 1 and 2.

4.2.4. Coop B’s optimal strategy. The following proposition follows from Lemmas 4, 5, and 6.

PROPOSITION 4. [t is optimal for coop B to deploy strategy 1 as in Lemma 4 (or deploy strategy 2 as in
lemma 5) to break even (i.e., 115 =115, =0) and generate the mazimum sales quantity QF = QF = Q5 =

2 o4h(r—w+2A%)]-h4+ 52 [v+1(r—w+2A%)] -1, where A* is given in (29).

Proposition 4 shows that coop B can benefit from the membership system (i.e., setting both membership
fee F' and member-only discount §) by achieving a higher sales quantity. Furthermore, coop B is indifferent
between strategy 1 and 2 because high-consumption consumers will become members under both strategies;
while each low-consumption coop shopper actually pays the same amount of money, regardless of whether

she becomes a member or not.

4.3. Impact of Coop’s Entry on Retailer

Recall from Propositions 2 and 4 that regardless of whether the coop’s social mission is (A) or (B), it is
optimal for the coop to adopt pricing strategy 1 (or strategy 2). By considering the pricing strategy 1 (the
result is the same if we consider pricing strategy 2), we can apply Lemmas 1 and 4 to examine the impact
of coop A’s (or coop B’s) entry on the retailer’s sales quantity and profit.

To establish a benchmark, observe that, before the coop’s entry, the retailer operates as a monopoly who
captures the entire market so that its sales quantity is @, = ah+ (1 —«a)l. Also, for any given retailer’s price
r and unit cost w,, the retailer earning is IT,o = (r — w,.)(ah + (1 — a)l).

By focusing on the case when Assumption 1 (i.e., v > |r — w|- h) holds and coop A enters the market
by deploying strategy 1, we can use the sales quantities in Table 3 in §4.1.1 to determine the retailer’s
sales quantity Q2 so that the retailer’s profit II# = (r — w,)Q#. Similarly, by focusing on the case when
Assumption 2 (i.e., v > |r —w|-h and k € (7,7]) holds and coop B adopts strategy 1, we can use the sales
quantities presented in Table 4 in §4.2.1 to determine the retailer’s sales quantity Q2 so that the retailer’s
profit ITZ = (r — w,.)QF. Specifically, retailer’s sales quantities are:

l—«

QfZ%'[U—(r—w)h]th o o= (r=w)]-1, (31)
Qf=%'[v—(r_w+m*)h]-h+ l_va-[v—(r—wHA*)l]-l- (32)

By comparing Q4 with QZ, and 114 = (r — w,.)Q# with ITZ = (r — w,.)QZ, we obtain the following corollary.

COROLLARY 2. Suppose the retailer’s price is r, social-benefit level v > |r —w|-h, and the coop’s fized annual
operating cost k < t. Then the impact of a coop’s entry is as follows:
1. Impact of Coop A’s Entry: Under Assumption 1, upon coop A’s entry, the retailer’s sales quantity decreases

from Q.o to Q* (given in (31)) and the retailer’s profit decreases from Il to II2.
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2. Impact of Coop B’s Entry: Under Assumption 2, upon coop B’s entry, the retailer’s sales quantity decreases

from Q.o to QB (given in (32)) and the retailer’s profit decreases from Il,q to IIZ.

3. Relative Impact: The entry of coop B is more detrimental than the entry of coop A both in terms of lower

sales quantity and profit: (Q.o — QZ) > (Qro — Q2) and (1o — I1P) > (I, — 7).

Corollary 2 reveals that the entry of coop B is more detrimental to a retailer than the entry of coop A.
This is somewhat intuitive because coop B maximizes its sales quantity as long as it breaks even (as stated
in Proposition 4), so it captures a higher sales quantity than coop A, which aims to maximize profit to
support local community needs. Consequently, even though the retailer can co-exist and share both high-
and low-consumer markets with both coop A and B, the retailer suffers a bigger loss upon coop B’s entry.
In view of the damages caused by the coop’s entry, should the retailer set its price r strategically in period

1 (as shown in Figure 1) to deter the coop’s entry? We address this question next.

5. Retailer’s Deterrence Strategy: Deter or Tolerate Coop’s Entry

Corollary 2 revealed that the coop’s entry will encroach on retailer’s market share and its profit. Yet, the
retailer can anticipate that the coop (regardless of its social mission) can afford to enter the market only
when its maximum profit II7(r) > 0. Thus, the retailer can deter the coop’s entry by setting a sufficiently
low price r so that II?*(r) < 0, or can tolerate coop’s entry by setting a higher price to avoid suffering from a
low profit margin. In this section, we examine the retailer’s deterrence strategy: whether it should deter or
tolerate the coop’s entry. Although we take retailer’s price r as given and impose Assumptions 1 and 2 in §4
for ease of exposition, we shall relax these assumptions when discussing the retailer’s pricing and deterrence

strategies.

5.1. Deterrence Strategy of Coop A’s Potential Entry
We first examine the price that the retailer needs to charge in order to deter the coop from entering the
market. Note that regardless of whether the coop’s social mission is (A) or (B), the retailer can deter the
coop by setting a price r so that the maximum profit that the coop can make is below zero. Since coop A
aims to maximize profit (to generate reserve), coop A’s profit I1#(r) under its optimal pricing strategy is the
maximum profit that coop A or B can make. We are interested in the case when the coop has some potential
to enter and share both of the high- and low-consumption consumer market with the retailer at least for
reasonable values of the retailer’s price r, so we shall focus on the case when the coop’s unit cost w, the
retailer’s unit cost w,, and social-benefit level v satisfy the condition w, € [w— 7, w+ 7] (i.e., Aw € [-7, 7]).
This condition, which can be written as v > |w — w,|- h=|Aw| - h, is analogous to Assumption 1 in §4, and
it enables the coop and the retailer to coexist.

For any given r, by considering the optimal pricing strategy of coop A along with Proposition 1 for different
ranges of the retailer’s price r as discussed in §4.1, we can derive the maximum profit that coop A or B can

make, I1#(r), as follows:

T(r)—k=4% [1-a)(v+i(r—w)*+aw+h(r—w))?|—k w,<r<24w

I (r) = § 7(r) = 2= — 2 Frwsr<ytw. o (33)
T(T) _ a(vfhisz)) _ (1704)(1);5('r7w)) _ k/’ r Z % +w
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Observe from (33) that the coop’s maximum profit I1#(r) is increasing in the retailer’s price r. When the
retailer deters the coop’s entry by setting its price r (> w,) so that the coop’s profit II2(r) < 0, the retailer
captures the entire market with sales quantity @, = ah+ (1 — «)l, and obtains profit I, = (r —w,) - (ah +
(1 —a)l). Observe that the retailer’s profit is increasing in r, so it is optimal for the retailer to set r as large
as possible subject to satisfying the deterrence condition IT#(r) < 0. Because II, is continuous, the following
problem gives a tight upper bound on the retailer’s profit when deterring the coop:

17 = sup {To| I (r) <0} (34)
This problem is solved by a retail price r” such that I1#(r”) = 0. (Note that we use superscript “D” to
denote values corresponding to “deterrence” strategy.) By charging a slightly lower price than 7P, the retailer
can deter the coop, and obtain a profit slightly below IT2. We refer to v as the “deterrence” price, and

characterize it in the following proposition.

PROPOSITION 5. Let ko =TT (w,) + k = 7(w,), ky = TA(L 4+ w) + k = AL ODGIED] gy ) = 114 (2 4

w) +k=v(l+a(d—1)), where ko <ky < k.

(a) When the coop’s fized annual operating cost k < ko, the retailer cannot afford to deter the coop’s entry;

(b) When k > kg, the retailer can deter the coop’s entry by setting its deterrence price at r” —e, where e — 0T,

lim, o+ [IA(rP —€) =112 (rP) =0, and

ot \/4kv(l2(170)+h2a)lg211(_1;)oﬁ;;22(ah—l)2,v(l(l—a)+ha) k € (ko, k’1]
D ot 2y/ki2v(1—a)+ho2a(l(1—a)+ha) —v(2hatl(1-a)) ke [kl, k‘g] . (35)

12(1—a)
k> ko

k
w+ l(1—a)+ha

Furthermore, the profit 112 in (34) can be characterized as 12 = (r® —w,) - (ah+ (1 — a)l).

Proposition 5(a) shows that when the coop’s fixed annual operating cost k < kg = 7(w,), the retailer
cannot afford to deter the coop’s entry. This is intuitive because when k is sufficiently small, the minimum
price the retailer can charge (i.e., the retailer’s unit cost w,) still does not deter the coop’s entry. Proposition
5(b) shows that the deterrence price r” is a piecewise function of k, because r” satisfies II#(r?) =0, and
I14(rP) is a piecewise function as shown in (33). By replacing w with w, + Aw in the expression of 7 as
given by (35), we can further show that the deterrence price 7” and the upper bound on the retailer’s profit

1P in (34) satisfy the following property.
COROLLARY 3. 7P and 12 characterized in Proposition 5 are both increasing in Aw and k.

Corollary 3 shows that when the cost difference between the coop and the retailer Aw increases, the
retailer can afford to charge a higher deterrence price so as to achieve a higher profit because the coop’s unit
cost w becomes higher. Corollary 3 also shows that when the coop’s fixed annual operating cost k increases,
the retailer can afford to charge a higher price to deter the entry of the coop, so the retailer can achieve a

higher profit. This result will come in handy when we discuss the retailer’s deterrence strategy next.
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5.2. Tolerance Strategy of Coop A’s Potential Entry

In this section, we characterize the retailer’s deterrence strategy specifically for coop A. Proposition 5 reveals
that, when k > kg, the retailer can deter coop A’s entry by setting a price slightly below the deterrence price
rP. Alternatively, the retailer can choose to tolerate coop A’s entry by setting a higher price r that satisfies
II2(r) > 0. We next determine the optimal price r* that the retailer should set when it chooses to tolerate
A’s entry. (Note that we use superscript “A” in the notations of retailer’s price and profit when the retailer
chooses to tolerate coop A.) To begin, we can determine the retailer’s profit II#(r) by considering the coop
A’s optimal pricing strategy for different ranges of r as discussed in §4.1 as follows:

(r—wr)~[;—z‘(v—h(r—w))—i—%(v—l(r—w))] w, <7< 4w

4 (r) = (r—w,) - -2 (v~ I(r —w)) Ptw<r<¥tw (36)

0 r>s+w

As such, when the retailer chooses to “tolerate” coop A’s entry; i.e., when IT2(r) > 0 holds, the retailer solves
the following problem:

74 = max {IE(r)| I (r) 2 0}, (37)

Because II2(r) is increasing in the retailer’s price r as shown in §5.1, the constraint II#(r) > 0 holds if

and only if the optimal r that solves (37) satisfies r > 7P, where r? is characterized by (35). Observe from

(36) that IT#(r) is a piecewise function in r, where the retailer can attract both high- and low-consumption

consumers (when w, <r < ¥ 4 w), only low-consumption consumers (when  +w <r < 7 + w), or no

consumers (when r> ¥ +w). Let 71 and r; denote the solution to the first-order conditions of II*(r) in the

cases where 7 € [w,,  +w] and 7 € [} +w, 7 +w], respectively. Then it is easy to check from (36) that

w 4w, (1—a)+ha wtw, v
. dry= —. 38
2 o —a)thta) V2T T Ty (38)

T =

oo b)) (oo bl oy T[A (y) = (mdCotlwwe))® B oy

Also, the corresponding IT4(r;) = B2 (1=a) T h%a)

paring I1#(ry) and II#(ry), we can further derive the optimal solution of the retailer’s “tolerating problem”
(37). As the structure of II#(r) in (36) depends on parameters such as the coop’s unit cost w, for ease of
exposition, we shall focus on one of the cases in which ITI#(r) takes the structure as illustrated in Figure
3.4 By solving (37), we show that in order to tolerate coop A’s entry, the retailer should set the optimal
price r4 that satisfies the conditions in the following proposition. In preparation and for ease of exposition,
we define ¥ = I14(ry) + k, which represents the coop’s profit before the fixed annual operating cost k is

deducted, and note that x” is independent of k.

PROPOSITION 6. Suppose the retailer chooses to tolerate coop A’s entry. Then, its optimal price v is as

follows:

14 We focus on the case when the high-type consumer consumption quantity is large so that h > max{31, 2l 11:;0‘} and

the social-benefit level v is high so that (, / %((11—_0;)) — 1) ‘v >h-(w—w). And in this case, r2 € [} +w, T +w]

and II4 (ro) > o4 (r1). By using the same approach, we can derive the optimal solution to the retailer’s problem for
other cases as given in Online Appendix, and the deterrence strategy of coop A for other cases possesses the same
structure as that in Proposition 7.
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rP T2 r r, 1P T 2 r T

(a) k< kT ) kT € (kT k) ©) k >k,
Figure 3 The retailer profit under different ranges of the coop’s fixed annual cost k. The solid curves represent
the retailer profit when tolerating the coop. Setting: « =0.2, h=2,1=0.5, w=0.5, w, =1, v=2.

(a)If k < KT, then rT4 =y = 258 + 2 50 that the corresponding 1A =112 (ry) = w. Also,

rTA and TIT4 are increasing in Aw.

() If k€ (57, k), PTA D — oy 2y/k12v(1—a)+hv2a(l(1-a)+ha) —v(2hatl(1-a))

20w so0 that the corresponding TIH4 =

(r? —w,) - %(v —I(r? —w)). Also, r™4 and T4 are increasing in Aw.

A

(c)If k>ko, rTA=rP =w+ s0 that the corresponding 1T =0. Also, r™* is increasing in Aw.

__k
l(1—a)+ha

Proposition 6 characterizes the optimal price 74 that the retailer should charge when it chooses to
tolerate the coop’s entry, and implies that when Aw is larger so that coop A’s unit cost is higher, the retailer

7.4 50 as to earn a higher profit II™*#. Proposition 6(a) shows

can afford to set a higher tolerating price r
that when coop A’s annual operating cost k is small, it is optimal for the retailer to set a certain tolerating
price ro above the retailer’s deterrence price r”. Proposition 6(b)-(c) shows that when k is large, the retailer
needs to set a high enough price r74 =P (>r,) to tolerate the coop’s entry, and the tolerating price r4

is increasing in k.

5.3. Deter or Tolerate Coop A’s Potential Entry

We next determine whether the retailer should deter or tolerate coop A’s entry by combining the results in
Propositions 5 and 6. Recall from Proposition 5(a) that the retailer cannot deter the coop’s entry when the
coop’s annual operating cost k is very small (i.e., k < kg =7(w,)). On the other extreme, when k is large (i.e.,
k> kT) so that r74 =P Proposition 5(b) implies that the retailer can charge a slightly lower price than
r? to deter coop A’s entry, capture the entire market (ah + (1 — a)l), and increase its profit. Thus, when
k> kT, the retailer’s optimal strategy is to deter coop A’s entry. In the following proposition, we shall focus
on the more moderate values of k (i.e., k € [ko,x"]), and obtain the retailer’s optimal deterrence strategy by

comparing its profit IT? when deterring the coop and its profit II?*4 when tolerating the coop.

PROPOSITION 7. Suppose coop A’s annual fixed cost k > kg so that the retailer is able to deter coop A’s entry
if so desired. Then there exists a threshold rk, < kT such that it is optimal for the retailer to:

T,A

1. Tolerate coop A’s entry and set its selling price r as described in Proposition 6 when k < kKa;

2. Deter coop A’s entry and set its selling price below rP as described in Proposition 5 when k> k4.

Also, the threshold k4 is decreasing in Aw.
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Proposition 7 implies that the retailer should tolerate coop A’s entry by setting its optimal selling price
rT4 that satisfies II#(r™#) > 0 if and only if coop A’s fixed annual operating cost k is below a threshold 4.
The intuition is as follows. Amid the threat of coop A’s entry, the retailer faces a trade-off between the loss
of profit due to charging a low deterrence price or the loss of profit due to losing some of its market share to
the coop. When & is low, coop A can afford to charge a low price and still obtain a positive profit. Thus, to
deter the coop’s entry, the retailer has to charge an even lower deterrence price r”. Because the reduction in
profit associated with the low deterrence price is much larger than the reduction in profit from losing some
market share to the coop, the retailer is better off by tolerating coop A’s entry. However, when k is high,
coop A can only afford to enter the market by setting a relatively high price. Hence, the retailer can deter
coop A’s entry by lowering its price slightly. In this case, the retailer’s reduction in profit from losing some
market share to coop A is larger than that from charging a deterrence price, so the retailer would prefer
deterring coop A’s entry. Furthermore, when coop A’s unit cost is higher (i.e., Aw is larger), it is more likely
for the retailer to deter coop A’s entry. This is because as the coop’s unit cost becomes less competitive, the
coop has to charge a higher price to stay profitable. Hence, the retailer can afford to set a higher deterrence

price P to deter coop A’s entry without losing much profit.

5.4. Deter or Tolerate Coop B’s Potential Entry

As discussed in §5.1, coop B cannot enter when the maximum profit that it can make, which equals coop
A’s maximum profit II#(r), is below zero. Thus, Proposition 5 shows that when the coop’s fixed annual
operating cost k > kg, the retailer can deter coop B’s entry by setting a price slightly below r? and earn a
profit slightly below ITI? = (r® —w,.) - (ah + (1 — @)l). We next examine whether the retailer should instead
tolerate coop B’s entry and set a higher price 7 that satisfies IT?(r) > 0. By anticipating coop B’s entry and
optimal pricing strategies, the retailer solves the following problem to find its optimal tolerating price:

7 =max {IL7(r)| I (r) > 0}, (39)

r>wp

where II2(r) = (r — w,) - QB(r) is the retailer’s profit when coop B adopts the optimal pricing strategy
characterized in §4.2. Akin to coop A’s problem given by (37), the retailer’s tolerating price should satisfy
r > max{w,,r"}, where r? solves I} (r”) = 0 and is given by (35). Although it is analytically intractable to
characterize the retailer’s optimal tolerating price r7>2, the following proposition characterizes the retailer’s

optimal deterrence strategy against coop B.

PROPOSITION 8. Suppose coop B’s fized annual operating cost k > ko so that the retailer is able to deter or
tolerate coop B’s entry if so desired. Then there exist kg1 and kg such the retailer’s optimal deterrence
strategy against coop B can be characterized as follows:

(a) When k < kg1, IITB >TIP, so it is optimal for the retailer to tolerate coop B’s entry;
(b) When k> kp o, IINE <IIP, so it is optimal for the retailer to deter coop B’s entry.

(c¢) The threshold kg o < ka, where k4 is as defined in Proposition 7. Hence, when it is optimal for the retailer

to deter coop A, it is optimal for the retailer to deter coop B as well.
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Proposition 8(a) shows that the retailer tolerates coop B when coop B’s fixed annual operating cost k is small
(i.e., k <kp1) and Proposition 8(b) shows that the retailer deters the coop when k is large (i.e., k > kg 2).
Although Proposition 8 presents two thresholds, our numerical study shows and Figure 4 illustrates that
these thresholds are actually equal, so there is a single threshold kp = kg 1 = kg 2 such that it is optimal for
the retailer to tolerate the coop if and only if k < kp.'® This finding is in line with Proposition 7, which shows
that the retailer tolerates coop A if and only if k <k, (we present a more general version of this proposition
in Proposition EC.2 of Online Appendix), and these results have the same intuition. Proposition 8(c) implies
that the threshold kp is smaller than k4, so when k € (kp,/.4), it is optimal for the retailer to tolerate coop
A’s entry but deter coop B’s entry; see Figure 4. This result can be explained by using Corollary 2, which
reveals that coop B’s entry is more detrimental to the retailer than coop A’s entry. Accordingly, the retailer
is more aggressive against coop B’s entry. This result shows that a retailer and a coop with social mission

(A) are more likely to co-exist than a retailer and a coop with social mission (B).

nT

n?

-+ nrB
n4

R om i
i | ] | k

™ Kp » uE '
Tolerate Tolerate Coop A Deter entry
entry Deter Coop B

Figure 4 The retailer’s profit IIZ when deterring the coop (A or B), 74 when tolerating coop A, and 175
when tolerating coop B as a function of the coop’s annual operating cost k. Setting: o = 0.8, [ = 0.5,

h=2, w=0.5, w,=1, v=05.5.

Analogous to retailer’s deterrence strategy against coop A as given by Proposition 7, Figure 5 shows that
the threshold kg for coop B is also decreasing in Aw, which reveals that the retailer will be more aggressive
against the coop with higher unit cost regardless of its social mission. This result implies that if the coop can

further decrease its unit cost, then it will be more likely to enter the market and coexist with the retailer.

15 Tn our extensive numerical study, we have randomly generated 10,000 instances, and at each instance, we have ran-
domly selected the proportion of high-consumption consumers « from Uniform[0,1], the high-consumption amount h
from Uniform[2,10], the low-consumption amount ! from Uniform[1,h], the social-benefit level as v from Uniform|2,10],
the coop’s unit cost w from Uniform|0,2], and the retailer’s unit cost w; from Uniform[max{0,w —#},w+ 7]. We have
increased the coop’s fixed annual operating cost k, and tested whether the retailer’s profit II” when deterring the
coop increases at a faster rate than its profit II7>Z when tolerating coop B as depicted in Figure 4. At all instances,
I increased faster with k than ITZ*Z. This result combined with Proposition 8 indicates that there should exist a
unique threshold xp such that it is optimal for the retailer to tolerate the coop if and only if k < kp.
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6. Conclusion

As a response to a rallying cry for the support of local communities and local economies, an increasing
number of not-for-profit food coops establish their presence in less populated areas or poor communities
in recent years. This trend has motivated us to examine the entry conditions for food coops with different
social missions: (A) Maximize profit to support local community needs; and (B) Maximize sales to support
local economy. To this end, we have analyzed a 2-stage Stackelberg competition between an incumbent for-
profit retailer and an entrant coop in a market comprised of heterogeneous consumers with different annual
consumption rates and social benefit levels. We have examined the coop’s entry conditions, the impact of
the coop’s entry on the retailer’s sales and profit, and the conditions under which the retailer should deter
the coop’s entry.

We have first analyzed the coop’s entry conditions and its competition with the retailer and found that a
coop with mission (A) or (B) can only afford to enter the market when the social-benefit level is sufficiently
high. Interestingly, we found that a high social-benefit level also helps the retailer to survive against coop
with social mission (A), but it weakens the retailer’s survival against the coop with social mission (B). In the
latter case, the retailer and the coop can co-exist only when the coop’s annual operating cost takes moderate
values. When the coop can enter the market, we have shown that the coop (regardless of its social mission)
sets its membership fee and member-only discount to induce at least the high-consumption consumers to
become members.

We have also examined the impact of a coop’s entry on the retailer, and whether the retailer should deter
or tolerate the coop’s entry. Interestingly, we have found that the retailer should tolerate the coop’s entry
when the coop’s cost of entry is below a certain threshold. We further show that this threshold is smaller for
a coop with social mission (B) than it is for a coop with social mission (A), so the retailer is less tolerant
against the coop with social mission (B). This interesting result is driven by the fact that the entry of a
coop with social mission (B) is more detrimental to the retailer’s profit than the entry of a coop with social
mission (A).

As an initial attempt to examine the entry of a not-for-profit coop with a social mission and the impact

of its entry on the incumbent for-profit retailer, we hope our paper can serve as catalyst for future research.
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First, for tractability, we have assumed that the consumption rate of each consumer is exogenously given and
independent of price. This is reasonable for a product that is not very price sensitive or a product with stable
consumption rate. Examples include tooth paste, toilet paper, milk, bread, etc. However, for products that
are highly price sensitive, it is of interest to examine the case when the consumption rate is endogenously
dependent on the selling price. Second, we treat missions (A) and (B) separately to isolate their effects
and to ensure tractability, yet some coops may consider both missions simultaneously. Furthermore, some
coops may possess other social missions such as focusing on organic food products or supporting a particular
affinity group (e.g., women and minority). Third, for tractability, we invoke the notion of irreversibility as a
committed threat to deter entry, so the retailer does not change its price after the entry of a coop. Although
this notion is standard in the market-entry framework, it may be of some interest to extend our analysis to

a case where the retailer and the coop set their selling price simultaneously.
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Appendix: Proofs

Proof of Proposition 1. The proof proceeds as follows. We first determine the optimal pricing
decisions (F*,p,64) of coop A under pricing strategies 1 and 2, and show that each statement of
the proposition holds under each of these strategies. Then we show that strategy 3 is dominated
by strategies 1 and 2, so we can eliminate strategy 3. Thus, it will follow that the statements of

the proposition hold regardless of whether coop A chooses strategy 1 or 2.

Pricing strategy 1: From (15), we obtain the Hessian matrix of the objective function as:

_2 _2(hatl(l=a))
H, = _2(ha+zv(1—a)) _2(h2a+72(1—a))

As such, for any given vector x = [z1,22]" € R% ,, we can check that x"Hyx = —2[(z; + (I(1 - a)+

42
ha)x,)*+a(l —a)(h—1)*x3] <0. Thus, the Hessian matrix is negative definite. By solving = et —

rtv which are optimal if feasible. We

v

and %;1 = 0 simultaneously, we obtain F* = 2 and p* =

next check the feasibility of (F™*,p*) = (3, H'w) Note that (F*,p*) satisfies F'* >0 and p* > 0.

L. If r > w, then § 4 5% (EF™*,p*) satisfies constraints (18) and (19).
(a)va> (T—w)h, we can check that F* + (p* —r)-l=45 - 5% -1>0and F*+ (p* —7)-h=

v

2 2
=1 —a)(zH—l(r—w)) +a(v+h(r —w))?| =7 —k, where 7 is defined in (21).
(b)If v e ((r—w)l,(r —w)h], (F*,p*) violates (17). By setting F + (p — r)h = 0, we obtain

, (Ff,p1) = (%,5%2) is optimal and the corresponding profit 117} =

( h(v=I(r—w)) 2hr—Ir—v—Ilw

the corner solution (F,pf) = ST R T

), and the corresponding profit 114 =

o a(v—h(r—w))2
4v

(c)if v € [0, (r—w)l], (F*,p*) violates (16) and (17). Thus, the corner solution F/* =0 and p =7

a(v—h(r—w)?  (1-a)(v=l(r—w))?
4v 4v

— k, so coop A captures the whole high-consumption consumer market.

is optimal, and the corresponding profit 17, =7 — — k, so coop
A captures the whole market.
2. If r <w, then § —5*-1>0and § — 5% -h >0 so that (I'*,p*) satisfies (16) and (17).
(a) If v> (w—r)-h, (F*,p*) also satisfies (18) and (19) so that the corresponding 114 =7 — k.
(b) f ve (w—r)-l,(w—r)-h], (F*,p*) violates (18). By setting v — (F + (p —r) - h) =0,

we obtain the corner solution (F{,p¢) = (72l”+;((;:fll)(w”)), Qh’;(lgf;’)_lw) and the profit T4 =

(1—a)(v—L(w—r))?

™ — k, so the retailer captures the whole high-consumption consumer market.
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(c) fvel0,(w—r)-1, (F*,p*) violates (18) and (19). By setting v — (F'+ (p—r)-h) =0 and
v—(F+(p—r)-1) =0, we obtain the corner solution (F}*,p{") = (v,r) so that II?, = —k and
the retailer captures the whole market.

Thus, we can obtain that when coop A adopts Strategy 1, the corresponding market shares of coop
A and the retailer under different v are as depicted in Figure 2. Based on the optimal (F{,pi)

A
under the above cases, we can obtain the corresponding §4' that satisfies 6:* > FTl and pft = pt + 54,

Pricing strategy 2: From (22), we obtain the Hessian matrix of the objective function as:

_2a _ 2ha
H, = _i _2(l2(172)+h2a)
As such, for any given x = [z1,2,]" € R2,, we can check that x"H,x = —z—o‘(xl + hay)? —

2l2(17a) 6ch
v

x2 < 0. The Hessian matrix is negative definite. By solving M2 — () and ol = 0 simulta-

oF
neously, we obtain Fr = (’12—[)“ + 55, which are optimal if feasible. We shall check

the feasibility of (F*,p*) = (—%, w4 Z) First, we can check that (F*,p*) satisfies (27).

1. If r > w, then we can obtain that (F*,p*) satisfies (25) and (26).

[ %\ h=Dv r4w v .
(a) If v > (r —w)-h, (F*,p*) = (—%, W+ 2) also satisfies (23) and (24). Therefore,

(F pd) = (F*,p*) = (—%, £ 4+ 2 is optimal and the corresponding profit IT, = 7 — k.

(b) If v e ((r —w)l, (r —w)h], (F*,p*) violates (23). By setting F + (p —r) - h =0, we obtain

v+l(7'+w)) r4w
21 )2

T+w

and p* =

the corner solution (F3,pf) = (h(r —

_ a(v— (r— w)h
4v

+ £) so that the corresponding II%, =
— k and coop A captures the whole high-consumption consumer market.

(c) If v € [0, (r — w)l], we obtain the corner solution (F3',pf) = (0,7) so that the corresponding

2 2
o4 =7— alv=(r—wh)”  (A=a)—=w))” . Ty this case, coop A captures the whole market.

4v 4v

2. If r < w, then we can check that (F*,p*) = (—%, W+ 2) always satisfies (23) and (24).

(a) If v > (w—r)-h, (F*,p*) satisfies (25) and (26) so that the corresponding II4 =7 — k.

(b) Ifve (w—r)-1,(w—r)-h], (F*,p*) violates (18). By setting v— (F'+ (p—r)-h) = 0, we obtain
the corner solution (Fy',ps) = (v+2(r —w+ %), 5% 4 2) so that 14 = M —k
and the retailer captures the whole high-consumption consumer market.

(¢) velo,(w—r)-1, (F*,p*) violates (25) and (26). By setting v — (F + (p—r) - h) =0 and
v—(p—r)-1=0, we obtain (F}*,p)=(—(h—1)- Y. % 4 r) so that II2, = —k. In this case,
the retailer captures the whole market.

Therefore, when coop A adopts strategy 2, the corresponding market shares of coop A and the
retailer under different v are the same as those under strategy 1, and as depicted in Figure 2. Based
on the optimal (F1 ,p!) under the above cases, we can further obtain the corresponding 43 that
satisfies 05 € [—m,pQ] so that the corresponding Fj' = Ff* + 64

Pricing strategy 3: From (12), we know that when coop A adopt strategy 3, it solves:

= (4= =) i -+ 15 o= =)0 (o0t ) (10)

p>w
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s.t. (24), (26),

v—(p—r)-h>0. (41)

By checking the first- and second-order conditions, we obtain that Bg—g?’ =2 h(v—-h2p—1—

w)) + @ “lv=112p —r —w)) and %ﬁ = —2(ah® 4+ (1 — @)l?) < 0. Therefore, by setting
ahlv+h(w+r)]+(1—a)l[v+i{(w+r
2(a-h?24+(1-a)-12)

Ay — (), we obtain that the optimal py=p = I when p* is feasible. By

op
substituting the p* into (10) and (12), we can further obtain the corresponding IT* =7/ — k =

[[(v+1(r—w))(1—a)+h(v+h(r—w))a]?

To[(1—a)Z+ah?] — k <7 — k. Also, in pricing strategy 3, as (F,d) are no longer the

relevant decisions, by setting (F,d,p) = (0,0,p%), we can check that it is also a feasible solution of

pricing strategy 1 and 2. Therefore, pricing strategy 3 is dominated by strategy 1 and 2. Q.E.D.

Proof of Lemma 1. From the analysis of coop A’s pricing strategy 1 in the proof of Proposition

1, we know that when v > |r — w| - h, the optimal (F{*,pi') = (%,£%) so that the corresponding

(FA,pt, 674) are as given by Lemma 1. By substituting (F{, p,54) into Q. as given by (2) and
I, as given by (4), we can obtain the corresponding Q4 and IT4 as given by Lemma 1. Q.E.D.

Proof of Corollary 1. Given the retailer’s unit cost as w, and coop A’s unit cost w = w, + Aw, it
is possible that Aw <0 (Scenario (a)) and Aw > 0 (Scenario (b)). Hence, we can use the following
figure 6(a) and 6(b) to illustrate different cases when the retailer charges r > w, (shaded area).

Using Proposition 1 and by observing Figure 6, we can easily obtain that given the retailer’s price

v v
VX (w—1)h v=(r—wlh
v=Ww-—-r)l v=(r-—w)l
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, .
—Adw-h ys
—Aw -1 E
0 w=w, + 4w ! w, r =w, + dw r
|
1
1
(@) aw<0(i.e.,w<w,) (b): Aw >0 (i.e.,w >w,)

Figure 6  Scenario (a): when Aw <0 and Scenario (b): when Aw > 0.
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r > w, and coop A’s unit cost w = w, + Aw, the market shares of the retailer and the coop satisfy
the following properties:
(a). Suppose Aw <0.

e if v > —Aw-h, then it is possible that coop A may (1) capture the whole market, (2) capture
the whole high-consumption consumer market, or (3) share both high- and low-consumption
consumer markets with the retailer;

o ifve(—Aw-l,—Aw- h], then it is possible that coop A may (1) capture the whole market
or (2) capture the whole high-consumption consumer market;

e if v < —Aw-I, then coop A can always capture the whole market.

(b). Suppose Aw > 0. and

e if v > Aw-h, then it is possible that coop A may (1) capture the whole market, (2) capture
the whole high-consumption consumer market, or (3) share both high- and low-consumption
consumer markets with the retailer;

o if ve (Aw- 1, Aw - h], besides scenarios (1), (2), (3), it is also possible that coop A may (4)

get part of the market share only from the low-consumption consumer market and scenario

(4) occurs when r <w, + Aw — 7;

o if v < Aw -, besides scenarios (1), (2), (3), (4), it is also possible that (5) coop A cannot

v

get any market share from any market and scenario (5) occurs when r <w, + Aw — §

Proof of Lemma 2. From the analysis of coop A’s pricing strategy 2 in the proof of Proposition

_(h=Dv r4w

1, we know that when v > [r —w|- h, the optimal (F3!, ps') = (— 5100, ==

+ 37) so the corresponding
(F{, pst,63Y) are as given by Lemma 2. By substituting (F3!, ps', d5') into Q.o as given by (6) and
I1., as given by (8), we can obtain the corresponding Q4, and I1%, as given by Lemma 2. Q.E.D.

Proof of Lemma 3. See the analysis of pricing strategy 3 in the proof of Proposition 1. Q.E.D.

Proof of Proposition 2. From the proof of Proposition 1, we know that it is optimal for coop
A to adopt strategy 1 or 2, and the maximum profit is 7 — k when v > |r — w| - h. Therefore, coop

A can afford to enter the market only when k <7, where 7 is as given by (21). Q.E.D.

Proof of Proposition 3. First, from Proposition 2, we know that when v > |r — w| - h, the
maximum profit that the coop can make is II# = 7 — k. Thus, to ensure that coop B can enter the

market, we should have the condition k < 7. Given k < 7, the rest of the proof proceeds as follows.

B §B
i75i

We first determine the optimal pricing decision (FZ,p ) of coop B under pricing strategies 1

and 2, and show that each statement of the proposition holds under each strategy. Then we show
that strategy 3 is dominated by strategies 1 and 2, hence can be eliminated. Thus, it will follow

that the statements of the proposition hold regardless of whether coop A chooses strategy 1 or 2.
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Pricing strategy 1: As maximizing Q). is equivalent to minimizing —Q.;, we can write the

Lagrangian Relaxation of the coop B’s problem under strategy 1 as:

L()\) :Hl;lgl - ch(Fvﬁ) + A (0 - Hcl(Fvﬁ))
s.t. (16), (17), (18), (19), (20).

P2 22 (hatl(1-c))
The Hessian matrix of the objective function is H; = oA(hatl(1-a)) 2A(h2ati2(1-a)) | - For any given

vector x = [21,2,]" € RZ, we can check that x"H;x = 2 [(z1 + (I(1 — a) + ha)z2)* + a(l — a)(h —
1)?xz3] so H; is positive definite when A > 0. Therefore, when X\ > 0, by considering the first-order

condition, we can obtain (F*,p*) = (%,%% — %) And by checking the constraint, we can obtain

that (F*,p*) = (4,52 — ;1) is the optimal solution of the Lagrangian relaxation problem when
A >0 and it satisfies —% — (r —w) < 3 <min{% — (r —w),r +w}. By substituting (F*,p*) into the

objective function, we obtain the Lagrangian dual problem:

L*=max L(A)==Qu(F",p") + A+ (0 —IL (F", "))

x>0
1
s.t. XS {——(r— w),r +w},
1
XZ—%—(T—U}).
Under v > h-|r —wl, coop B can only enter the market when k<7=2L1-[(1—a)(v+I(r—w))*+

a(v+h(r—w))?]. Also, under v > h-|r —w|, we have —% — (r —w) < 0. By considering the first-order

12(1 ) +h oY
4v(t—k)

1. If v > 2rh so that  — (r —w) > 7 +w, then \* is feasible when k> 7 —

. By checking the feasibility of A*, we obtain the following:

(rtw)?(2(1—a)+ha)
4v
T Tw—r —x 20(
2. If v <2rh so that 7 — (r —w) <7 +w, then \* is feasible when k > 7 — (fwr)® (iv(l St

2 2 L pw—r)2(12(1—a 2a . .
As such, if k> 7 =max{r — (rw)*( S} Wth’e) o Gitwsr) (141}(1 hl )} so that A\* is feasible, we

condition, we obtain A\* =

can check that it satisfies the complimentary slackness condition as the corresponding I, (F*,p*) =
0. By defining A* =, /lg(f_(;%, we obtain the optimal solution of coop B as (F}?,pf) = (%, 5% —
A*) and the corresponding QF = &[v+ h(r —w +2A%)] - h+ =2 v+ I(r —w + 2A*)] - | and
112 = 0. Next, if &k <7, by using Lagrangian relaxation, we obtain the corner solutions of coop
B’s optimal pricing problem under strategy 1 as follows. For ease of exposition, we define two

2.2
thresholds 7o = (ah+ (1 — @)l) - (r —w) and 7| = —hTr (1_O‘)_l(l”“)w(l_a)fh“(”w)(1_0‘)+h”(T_w”‘).
(2 +w—r)? (12 (1-a)+h%)
4v .

(a) If k € (7o, 7], then the optimal (FP,p?) satisfies 11, (FZ,pP) =0 and FZ + (p? —r)-h=0

1. Suppose T=To =7 —

so that coop B can capture the entire high-consumption consumer market.
(b) If k <7y, then the optimal (F?,p?) = (0,r) so that coop B can capture the entire high- and

low-consumption consumer markets.
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(r4+w)2(1?(1—a)+h%a)
4v .

(a) If k € (7{,7], then the optimal (FZ,p?) satisfies I, (F?,p?) =0 and p? =0 so that coop B

2. Suppose T =7, =7 —

sets the zero member-only price.
(b) If k € (7o,7{], then the optimal (F?,p?) satisfies II.,(F?,p?)=0 and FF+ (pP —r)-h=0
so that coop B can capture the entire high-consumption consumer market.
c < 7p, then the optima ,p7) = (0,7) so that coop B can capture the entire high- an
If k < 79, then the optimal (F}?,pP) = (0 that B ture the entire high- and

low-consumption consumer markets.
Pricing strategy 2: As maximizing Q. is equivalent to minimizing —@Q., we can write the
Lagrangian relaxation of coop B’s problem under strategy 2 as:
L<)‘) - I%lll’l - QCZ(FJ)) + A (0 - HCQ(F7p))
P
s.t. (17),(18),(23),(24), (25).

20 2 \ha
The Hessian matrix of the objective function is Ha = |, | o\(n20472(1—a)) | - FOr any given vector

X = [z1,2,]7 € R}, we can check that x"Hox = %[a(%l + hm2)2v+ I*(1 — a)z?] so that Hy is

positive definite when A\ > 0. Therefore, when A > 0, by considering the first-order condition, we can

obtain (F*,p*) = (—{&=he w — 55)- By checking the constraint, we can obtain that (F*,p*) =

TRt 55) is the optimal solution of the Lagrangian Relaxation problem when A >0

and it satisfies —% — (r —w) < 1+ <min{% — (r — w),r + w}. By substituting (F*,p*) into the

(_(hfl)v vHl(r+w) 1

objective function, we obtain the following Lagrangian Dual Problem:

L* = max L()\) — _QCQ(F*’p*) —+ A (O — HCQ(F*,p*)>

A>0
1 .U
s.t. X < mln{ﬁ —(r—w),r+w},

1 v

22— —(r—w).

AT h ( )
Under v > h-|r —w|, we have —% — (r —w) < 0 < 1 so the second constraint always holds. By
considering the first-order condition, we obtain A* = %, which is feasible when k > 7. As

the corresponding Il.o(F™*,p*) =0, it satisfies the complimentary slackness condition. By defining
A* =,/ %, we obtain the coop B’s optimal solution as (F*,p*) = (—%, w — A*)
when v > h-|r —w| and k € (7,7]. Thus, the coop B’s optimal sales quantity Q% under pricing
strategy 2 equals Q5 under pricing strategy 1. Akin to the analysis of strategy 1, we can obtain
the corner solutions of coop B’s problem under strategy 2 when k < 7. Also, we can check that by

adopting strategy 2, coop B can achieve the same optimal sales quantity as strategy 1.

Pricing strategy 3: From (10) and (12), coop B solves:

fo= (=) B bt o (pr) 1)

B _ _
m=max Q. =
p>w

SHRS)
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st (24),(26), (41),

M= 20— (p—r) bl (p—whh++— o~ (p—r) 1] (p—w)i k> 0.

First, from the analysis of coop A’s pricing strategy 3 in the proof of Proposition 1, the coop’s
profit cannot exceed 1%, where IT24 < 7 — k. Also, it is easy to check that the objective function
is increasing in p in a linear fashion, so it is optimal for coop B to set the optimal p? as small
as possible. In pricing strategy 3, (F,d) are no longer the relevant decisions. Therefore, by setting
(F,d,p) = (0,0,p%), we can check that it is also a feasible solution of pricing strategy 1 and 2.

Therefore, pricing strategy 3 is dominated by strategy 1 and 2. Q.E.D.

Proof of Lemma 4. From the analysis of coop B’s pricing strategy 1 in the proof of Proposition
3, we know that when v > |r —w|-h and k € (7,7], the optimal (F°,pf) = (%, — A*) so that
the corresponding (FZ,pP,6P) are as in Lemma 4. By substituting (F 2, p?,6F) into Q.; as given

by (2) and II.; as given by (4), we obtain the corresponding Q2 and ITZ as in Lemma 4. Q.E.D.

Proof of Lemma 5. From the analysis of coop B’s pricing strategy 2 in the proof of Proposition
3, we know that when v > |r —w|-h and k € (7,7], the optimal (F?,p}) = (—U5100, w4 o Ax)
so that we can obtain the (F7,p¥,62) in Lemma 5. By substituting (F7,p%,dF) into Q., as given

by (6) and II., as given by (8), we can obtain the corresponding Q%, and 115 in Lemma 5. Q.E.D.
Proof of Lemma 6. See the analysis of pricing strategy 3 in the proof of Proposition 3. Q.E.D.

Proof of Proposition 4. In the proof of Proposition 3, we show that pricing strategy 3 is
dominated by pricing strategy 1 and 2. Thus, the result follows from Lemma 4 and 5. Q.E.D.

Proof of Corollary 2. We can obtain the first and the second statements of Corollary 2 from
Propositions 2 and 4. Because A* > 0, it is easy to check that Q4 > QP so that Q,o—QF > Qo — Q4
and I, — 12 > 11, — 114,  Q.E.D.

Proof of Proposition 5. (a) Because I1Z(r) is increasing in r, the coop’s profit 114 (r) > T (w,) =

ko — k. Therefore, when k < kg, the retailer cannot deter the coop’s entry.

(b) Because the objective function (34) is increasing in r, the retailer should set the optimal r as
large as possible. Thus, when k& > kg, the supremum for the retailer’s price when deterring the coop
is the deterrence price r” that solves II4(r”) = 0. By solving II4(r) = 0 from (33), we can derive
rP as presented in Proposition 5 and the corresponding 112 by plugging 7” in I1,,. Q.E.D.

Proof of Corollary 3. From the expression of r” as given by (35), we can check that:

2 k€ (ko, k
orP Volak( (1—a)+ha)—v(h—1)? (I—a)al (ko, k]
e v kelki, k
ok Vok2(1—a)+hva(l(1—a)+ha)) € k1, ko]
1
l(l1—a)+ha k 2 k2
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so that Bg; > 0. Also, as II” = (r? —w,) - (ah + (1 — a)l), we have %g =(ah+(1-a)l)- ag: > 0.

Therefore, we have shown that both r” and IT” are increasing in k. Similarly, it follows from (35)

that r” is increasing in w, where w = w, + Aw. Therefore, r” is increasing in Aw. Also, because

rP is increasing in Aw, I1P = (r? —w,) - (ah+ (1 — «)l) is also increasing in Aw. Q.E.D.

Proof of Proposition 6. Solutions to the first-order conditions of II#(r) in the case when r €

l(A-a)tha _ wHwy v
SR —a)ihZay v and 7y = 5+ g,

Therefore, when r € [w,, % +w], II}(r) <II2(r;) and when r € [£ 4+ w, % +w], II}(r) <II(ry). In

[w,, £ +w] and 7 € [} 4w, § + w] are r; = 5 4 respectively.
the case when h > 31, ry = 2% + 2 i within the range [¥ +w, % + w], and II(r) is increasing
in r when r € [} +w,7;] and decreasing in 7 when r € [ry, ¥ +w]. Also, under the conditions that
h>20-{=2 and (y/ %&11__02) —1)-v>h-(w—w,), we have IT2(r;) <TI2(r,) so that it is optimal
to set r =7, when r, is feasible. Next, by considering the constraint II2(r) > 0 we further derive

that r > 7", where r” is given by (35). As such, when 7 <r,, then r, is feasible so it is optimal
to set r = ry; while when r? > 1y, then r, is infeasible and I1(r) is decreasing in r so it is optimal
to set r =rP. Because II#(r) is increasing in r, by solving II#(ry) = 0, we can further derive the
threshold for k as k7 =112(ry) + k and T € [ky,ks] so that when k < xT, we have r4 =r, and
when k > T, we have r7:4 =P It is easy to verify that both ry and IT1#(r;) are increasing in w so
that they are also increasing in Aw. In the proof of Corollary 3, we have already shown that r? is
increasing in Aw. Also, it is easy to verify that when k € (k7,k,], the corresponding I17*4 is also

increasing in Aw. Q.E.D.

Proof of Proposition 7. 1. When k > x”, from Proposition 6(b) and (c), we know that if the
retailer chooses to tolerate coop A’s entry, then the retailer should charge r74 = r” so that the
corresponding I174 = 14 (r?); while from Proposition 5, when the retailer chooses to deter the

entry of coop A, then the retailer can capture the entire market by setting a slightly lower price

rP —e (e—0%) so that 1P ~ (rP —w,) - (ah+ (1 —a)l). Thus, T4 =TI4(rP) < U2 when k > 7.

2. Suppose k < xT. As k — kg, the deterrence price r” as defined Proposition 5 approaches w,
so the corresponding profit approaches ITI” = 0. However, if the retailer chooses to tolerate coop
A’s entry as k — kg, we can check from Proposition 7 that the retailer will set 774 =r, and the

corresponding profit II74 > TP = 0. Furthermore, if the retailer chooses to tolerate coop A’s entry,

2
then its profit 174 = (170‘)(”8[5”7””) is independent of k, whereas I1? is increasing in k. Thus,

there should exist a threshold k4 € (ko,x”) that solves 1174 =TIP (k) such that 174 > TIP (k) if

and only k < k4. Note that x4 solves (l_a)(”*;sw_wﬁﬁ =(rP? —w,) - (ah+ (1 — a)l, where r? is as

given by (35). By replacing w by w, + Aw, we can obtain that k4 solves % — Aw=(k),

where ®(k) = r” —w. By taking the first-order derivative of the left hand side of the equation (i.e.,

(1—(1)(v+l~Aw)2

2
(ool dw)” _ Ay)) with respect to Aw, we can observe that the value of Slahti oy, — Aw is

8v(ah+(1—a)l)
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decreasing in Aw when Aw € [—7,7]. As the right hand side of the equation ®(k) is increasing in

k, we can obtain that k4 is decreasing in Aw. Q.E.D.

Proof pf Proposition 8. (a) As k — kj, the deterrence price r” as defined Proposition
5 approaches w, so the corresponding profit approaches IT? = 0. Thus, we will show that
limy, .« nr8>0= lim, .+ 12, which — by continuity of II*># and IT? — implies that there exists
kp,1 such that II75 > TIP for all k < kp ;. Recall from §4.2 that when k < (ah+ (1 —a)l) - (r —w),
it is always optimal for coop B to set F'=0 and p =17 so as to capture the entire market, thus
making the retailer’s sales quantity QF = 0. Note that ko — (ah + (1 — a)l) - (w, —w) = & - [(1 —
&) (0 1w, ) + v+ h(w, —w))2] — (@h+ (1 - a)l) - (1, —w) = & - [(1 — a)(v — lw, — w))* +
a(v — h(w, —w))?] > 0. Thus, under the condition that k > ky > (ah + (1 — a)l) - (w, — w), the
retailer can obtain positive profits by tolerating the coop and choosing a price sufficiently close to
w,. Because the optimal tolerating profit will be higher than that, lim, K o582 > 0=1lim, Kt >,
(b)-(c). As coop B’s objective is to maximize its sales quantity, coop B’s optimal sales quantity
QF(r) > QA(r) so that the corresponding retailer’s sales quantity QZ(r) < Q#(r) and retailer’s
profit TI1Z(r) < IIZ(r). Therefore, given the same constraint r > max{r? w,}, we have II7:Z <
A (r78) <I*4. Recall from Proposition EC.2, we know that when k > k4, II? > 174 > TI78 | 50
it is optimal for the retailer to also deter the entry of coop B when k > k4. Thus, we can deduce
two things. First, there exists rpo such that II” > TI"5 for all k > kp o, which proves part (b).
Second, because k > k4 is a sufficient but not necessary condition for II? > II7* | by definition of

Kp2, we have Kp o < k4, which proves part (¢). Q.E.D.
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Online Appendix

EC.1. Additional Analysis

LeEmMA EC.1. Regardless of choosing pricing strategy 1, 2, or 3, Coop A or B can choose (F,p,0)
such that v>F+ (p—0—7r)-h>0and v>F+ (p—3§—r)-1>0 without loss of optimality.

Proof. We will prove the result under strategy 1 but the same argument can be straightforwardly
applied to strategies 2 and 3. We first show that the coop can can choose (F,p,d) such that
F+(p—0—-r)-h>0and F+(p—0d—r)-1 >0 without loss of optimality. First, observe that in order
to have F+(p—0—r)-1<0, we need (p— 3§ —r) < 0. Thus, for any policy for the coop (F,p,d) such
that F'+(p—d—r)-1 <0, we have F+(p—3J—r)-h <0 as well. In such a case, the coop can improve
its profit by keeping F' and ¢ the same and increasing p such that F+ (p—4d—r)-1 =0, because such
an increase leads to the same market share in both markets and higher profits. Consider a policy
for the coop (F,p,0) such that F'+(p—0—r)-h<0and F+ (p—0—r)-1>0. Note that under this
policy, the coop captures the whole high-consumption consumer market. Consider the perturbation

(ﬁ@ §) such that p=p— W >0and F=F+ l(FJr(;l;;ﬁlfr)-h) _ h(FJr(Z:?fr)-l) > 0. Note that

this perturbation reduces F', so we have F <4l (i.e., the coop still applies strategy 1). Because
F+ (p—0 —r)-h=0, after this perturbation, the coop still captures the whole high-consumption
consumer market and obtains larger revenue per consumer (i.c., F+ (p—6)-h < F + (p—08) - h).
Furthermore, after this perturbation, the coop’s market share and revenue per consumer in the
low-consumption consumer market does not change because F+ (p—6—r)-l=F+ (p—06—r)-L.
Thus, coop A is strictly better off (i.e., has strictly larger profit) and coop B is not worse off (i.e.,
has the same market share) after the perturbation. Therefore, the coop can restrict attention to
(F,p,d) that satisfies F'+(p—9d—7r)-h>0and F+ (p—0 —r) -1 >0 without loss of optimality.
We next show that the coop can choose (F,p,d) such that v>F+ (p—d—r)-hand v> F+ (p—
d —r) -1 without loss of optimality under the assumption that (p —d —r) > 0, but our argument can
straightforwardly applied to the case where (p — 3 —r) < 0. Under any policy for the coop (F,p,d)
such that v— (F+(p—d—7r)-1) <0, we also have v— (F+ (p—d—7)-h) <v— (F+(p—d—r)-1) <0
as well. In such a case, the coop has zero market share. Thus, restricting attention to (F,p,d)
such that v — (F+(p—0—r)-h)>0and v— (F+ (p—3d—r)-1) >0 is without loss of optimality
because (F,p,d) = (v,r,0) satisfies these conditions and can obtain zero market share. Consider
a policy for the coop (F,p,d) such that v — (F+(p—3d—71)-h)<0<v—(F+(p—06—-r)-1)<
0. Note that under this policy, the coop captures zero market share in the high-consumption
consumer market. Consider the perturbation (ﬁ , p,g) such that 0 =& — W >0 and

~

F=F— l(”_(F+}(L”__l‘S_T)'h)) > 0. Note that this perturbation ensures that F < 5l (i.e., the coop still
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applies strategy 1). After the perturbation, v— (F+(p—d—7)-h)=0and v— (F+ (p—6—r) 1) =
v—(F+(p—d—r)-1)>0. (Note that we have v — (F+(p—0—71)-h) <v—(F+(p—3—r)-1), which
implies that p — S>r> 0.) Thus, by implementing (ﬁ,p, g) instead of (F,p,d), the coop obtains
the same market share, the same (zero) profit from the high-consumption consumer market, and
the same profit from the low-consumption market because F + (p—06 —r)-l=F+ (p—6 —r)-1.
Therefore, because (F',p,d) also satisfies v — (F +(p—6—1)-h) >0 and v— (F+(p—06—r)-1) >0,

restricting attention to policies that satisfy these conditions is without loss of optimality.

EC.1.1. Sales and Profit of Different Stores When the Coop Adopts Pricing Strategy 2
When the coop sets F' € [0, 6h] under strategy 2, only high-consumption coop shoppers will become
members. By noting the consumers have to pay r per unit when shopping at the retailer, (1)
low-consumption consumers with annual consumption [ will shop at the coop if pl — S <rl and
shop at the retailer if pl — S > rl; and (2) high-consumption consumers with annual consumption
h will shop at the coop if F'+ (p—4d)h — S <rh and shop at the retailer if F + (p —§)h — S > rh.
Because S ~ UJ0,v], the proportion of high-consumption consumers that buy from the coop and
the retailer can be written as min{max{[v — (F+ (p—9d —r)-h)]/v,0},1} and min{max{[F + (p —
d —r)-h]/v,0},1}, respectively; and the proportion of low-consumption consumers that buy from
the coop and the retailer can be written as min{max{[v — (p—r)-{]/v,0},1} and min{max{[(p—7)-
[]/v,0}, 1} respectively. By Lemma EC.1, coop A or B can choose (F,p,d) such that v > F + (p —
d—r)-h>0and p—r-1 >0 without loss of optimality. As the proportion of high-consumption type
is a, we can determine the sales quantities for each store when the coop adopts pricing strategy 2
as depicted in Table EC.1.

Table EC.1 Sales quantities at different stores when the coop adopts pricing strategy 2.

retailer food coop
high-consumption type | - [F+(p—d—7)-h|-h|2-[v—(F+(p—-90—7)-h)]-h
low-consumption type =2 (p—r)-l-1 =2 (v—(p—r)-1)-l

Given the sales quantities in Table EC.1, the retailer’s unit cost w,, and the coop’s unit cost w, we
can derive the retailer’s sales quantity @,., the coop’s sales quantity Q.., and the corresponding

retailer profit II,, and coop profit II.; as given by (5), (6), (7), and (8).

EC.1.2. Sales and Profit of Different Stores When the Coop Adopts Pricing Strategy 3

When the coop sets F' > dh under strategy 3, no coop shoppers will become member. By noting that
consumer has to pay r per unit when shopping at the retailer, consumers with annual consumption
j (e {h,l}) will shop at the coop if p-j—S <r-j, and shop at the retailer if p-j — S > r-j. Because
S ~ U|[0,v], the proportion of consumers of type j that buy from the coop and the retailer can be

written as min{max{[v — (p —r) - j|/v,0},1} and min{max{[(p —r) - j]/v,0},1}, respectively. By
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Lemma EC.1, the coop can restrict attention to p such that p—r >0 for all j (€ {h,l}) without
loss of optimality. Because the proportion of high-consumption type is «, we can determine the
sales quantities for each store when the coop adopts pricing strategy 3 in Table EC.2.

Table EC.2 Sales quantities at different stores when the coop adopts pricing strategy 3.

retailer food coop
high-consumption type | ¢-(p—7r)-h-h | 2-(v—(p—7)-h)-h

v

low-consumption type | =2-(p—r)-1-1| =2-(v—(p—r)-1)-1

—_

Given the sales quantities in Table EC.2, the retailer’s unit cost w,, and the coop’s unit cost w, we
can derive the retailer’s sales quantity (),3, the coop’s sales quantity @.s, and the corresponding

retailer profit IT,5 and coop profit II; as given by (9), (10), (11), and (12).

EC.1.3. Deterrence Strategy against Coop A’s Potential Entry
Before we determine the optimal solution of the retailer’s tolerating problem (37), we first use the
following lemma to show the different structures of I1}(r) as given by (36) under different cases

where the parameters satisfy different conditions.

LEMMA EC.2. Upon coop A’s entry, the structure of the retailer’s profit 112(r) is as follows:

(a)If w € [w, + (7 — 2)v,w, + 2], IIX(r) is increasing in r when r € [w,,r1], and decreasing in r
when r € [ry, 7 +w].

(b) If we <w,« + 5 ( % - 1) ,wr+ (7 — %)v), 07 (r) is increasing in r when r € [w,, ],
decreasing in v when r € [r1, } +w], increasing in v when v € [} +w,rs], and decreasing in r
when 1 € [ry, ¥ +w]. Furthermore, I (ry) > TI(r3).

(c)Ifwe {w,«+(1218:2% — 2, w, 42 (1 /%&i{’;}) — 1) ), OA(r) is increasing in v when r €
[wy, 1], decreasing in r when r € [ry, ¥ +w], increasing in v when r € [} +w,r3], and decreasing
in r when r € [ry, % +w]. Furthermore, I (ry) <TI2(r2).

(d) If w € [w, — 7, w, + (% — 2)), I} (r) is increasing in v when 1 € [w,, T3] and decreasing

in v when r € [ry, ¥ +w].

Proof of Lemma EC.2. From (36), we know that
e When w, <r < 24w, I (r)=(r—w,) - [2%(v—h(r—w))+ %(v —I(r —w))] and by using
l(1—a)+ha

2(12(1—a)+h2a)

the first-order condition, we obtain ry = “£¥= 4 -v so that when r <7y, II}(r) is

increasing in r; whereas when r > ry, II}(r) is decreasing in r.
e When 2 +w<r<*+4w, Ir)=(r—w,)- %(v —I(r —w)) and by using the first-order
. wHwy

condition, we obtain r, = 2£% 4+ 2 5o that when r <ry, II}(r) is increasing in r; whereas

when r > 7y, IT4(r) is decreasing in 7.

e When 7> % 4w, ITI(r) =0.
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Next, by checking whether 7, is within the range [w,, 7 4+ w] and whether r; is within the range
(£ +w, % +w| and by comparing II(r1) and II#(r;), we can obtain the structure of IT#(r) under
different cases as given by Lemma EC.2. Q.E.D.

Based on the results shown in Lemma EC.2, the profit of the retailer II#(r) can take the four
different shapes illustrated in Figure EC.1.

nAe) A nAe) @)

+w h v

v
v W Ti_4y T2
h

~l=<

(a) (b) (c) (d)

Figure EC.1  The structure of IIZ(r) under different cases.

As in §5.1, because II/}(r) is increasing in the retailer’s price r, the constraint II4(r) > 0 holds if
and only the optimal r that solves (37) satisfies r > ", where r? is characterized by (35). Next,
based on the structure of the objective function I1#(r) and by checking the feasible region of r,
we can derive the optimal solution of (37) under different cases as given by Proposition EC.1. In
preparation and for ease of exposition, we define II4(r) = II(r) + k as the coop’s “gross” profit

before deducting the fixed annual operating cost k. Notice that that fIf(r) is independent of k.

PROPOSITION EC.1. When the retailer tolerates coop A’s entry, its optimal price r™4 can be
characterized as follows:
(a) Suppose w € [w, + (+ — 2)v,w, + 2].
1. If k <T2(ry), then r™A =1y so that XA =12 (ry);
2. If k> TA(ry), then r™4 =1P so that TIHA =TIA(rP).
(b) Suppose w € (wr + 3 (\/% - 1) P (3 - %)v) Then there exists T3 € [ry, + + w]
such that I (rz) =112 (ry).
1. If k <TIA(ry), then ™4 =1 and TTA =TI (ry);
2. If k € (TTA(ry), A (1)), then rTA =¢P and IITA =TI (rP);
3. If k € [IA(rs), TA(ry)], then rTA =1y and TI5A =112 (ry);
4. If k>T5A(ry), then rTA =rP and TITA = TA(rP).
(¢c) Suppose w € [wr — T we+ - ( % 1) )
1. If k <TIA(ry), then rTA =ry so that TITA =TI (r,);
2. If k > T2 (ry), then r™4 =7P so that T4 =TIA(rP).
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Proof of Proposition EC.1. According to the property of II#(r) as characterized by Lemma
EC.2, we can solve (37) by analyzing the following cases:

(a) When w € [w, + (7 — 2)v,w, + 2] (Lemma EC.2 (a)), to maximize II(r), it is optimal to set

T.A — ) when r, is feasible. By checking the feasibility of r;, we know that when k < II(r;) so

r
that 7, > P, it is optimal to set 774 =ry; else when k > II(r,) so that 7, is no longer feasible,
it is optimal to set r™4 =1 as I14(r) is decreasing in r when r > 7.

(b) When w € (w,, +7 (\ / %ﬁjﬁ) - 1) ,wy + (1 — %)v) (Lemma EC.2 (b)), to maximize I14(r),
it is optimal to set 774 =7, when 7, is feasible. When k < II*(r) so that r; > P, it is optimal
to set 74 =r,. Next, as II}(r) is decreasing in r when r € [ry, ¥ + w] and increasing in r when
r € [£ +w,ry], we can check that there exists rs € [ry,+ 4+ w| that satisfies IT/(r3) = II}(r3).
Therefore, (1) if k€ (II2(r,),114(r5)) so that 2 € (ry,73) and IIA(rP) > TIA(rs) = IIA(ry), then
it is optimal to set 74 =rD; (2) if k € [[IA(r3), TIA(r5)] so that 7P € [ry, 73], it is optimal to set
rTA =ry: (3) if k> TIA(ry) so that P > ry, it is optimal to set 774 =P,

(c) When w € [wr — 7w+ 7 ( Lh=DPl-a) 1) } (Lemma EC.2 (c) and (d)), it is optimal to set

hZa+12(1—a)

PTA

=1y when r, is feasible. Therefore, when k < ﬁf(rg) so that 7, > rP, then it is optimal to
set 774 =ry; else when k > I14(r,), it is optimal to set 74 =72,  Q.E.D.
We now determine the retailer’s optimal deterrence strategy against coop A by comparing 117
and I174 as given by Propositions 5 and EC.1, respectively. Recall from Proposition 5 that the
retailer cannot deter the coop’s entry when k < ky = 7(w,.). Therefore, we shall only analyze the

retailer’s deterrence strategy against the coop A’s potential entry for the case when k > kq.

PRroPOSITION EC.2. Suppose coop A’s fized annual operating cost k > ko so that the retailer is
able to deter coop A’s entry if so desired. Then there exists a threshold k4 such that it is optimal
for the retailer to

1. Tolerate coop A’s entry and set its selling price r™* as described by Proposition EC.1 when

k<EKa;

2. Deter coop A’s entry and set its selling price below P as described in Proposition 5 when k> k 4.
Also, the threshold k4 satisfies the following properties:

(a) Suppose w € [w,, + 7 (,/% - 1) Wy + %] Then k4 € (ko,IA(r1)] and it satisfies

ah(vt+h(w—wy))+(1—a)l(v+(w—w, 2 .
HTP(KJA) = Hf(rl) = LA ( 81)(l%)(1£a)+)héa) ( 2l )

(b) Suppose w € [w,. — Fw, + ¢ <1 /%ﬁ‘_ﬁ) — 1) ) Then, ka € (ko,I2(ry)] and it satisfies

—a)(v w—wWr 2
1P () = TH (ry) = eeflewel,

Proof of Proposition EC.2. The proof follows using a similar approach to that we used in the

proof of Proposition 7. Q.E.D.



