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Problem definition: Consumer cooperatives are consumer-owned and managed enterprises that aim to
achieve buyer power and maximize their members’ welfare. Recently, several cooperatives in major economies,
such as the United Kingdom (UK), Italy, and Switzerland, have merged to increase their buyer power and
provide lower prices for their members. We seek to understand how these mergers affect market outcomes
and consumer welfare. Methodology /results: We build a game-theoretic model of a two-tier supply chain
where multiple consumer cooperatives procure a product from a market on behalf of their member con-
sumers. Multiple suppliers produce for this market and can increase their supply by incurring a scale-up
cost. We show that mergers of cooperatives reduce the wholesale price, as intended. This enables consumers
to allocate more of their income to purchasing other goods, which improves consumer welfare. However,
the lower price also induces suppliers to reduce their production quantities, thereby causing each consumer
to receive less of the supplied product, which reduces consumer welfare. We find that this underproduc-
tion is even more pronounced in industries with low scale-up costs. Thus, we show that mergers harm all
consumers when the pre-merger number of cooperatives or the production scale-up cost is below a certain
threshold. Otherwise, mergers benefit all consumers. We expand our results by considering horizontally and
vertically differentiated cooperatives and show that our main results are robust. We also show that greater
differentiation among cooperatives increases the benefit of mergers. Managerial implications: Mergers
of cooperatives make a nuanced impact on consumer welfare due to their effect on wholesale prices and
production incentives. Policymakers should maintain healthy competition among cooperatives to maximize

consumer welfare, especially in markets with low production scale-up costs.
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1. Introduction

Cooperatives are people-centered enterprises that are jointly owned and democratically managed
by their members to realize their common economic, social, and cultural needs (ICA 2023). There
are 3 million cooperatives in the world, and they represent at least 12% of the world population
(ICA 2023). Cooperatives generate almost $3 trillion in annual revenue and represent 4.3% of the
world’s GDP (UN 2014). There are three types of cooperatives depending on the economic role of
their members. These are producer, worker, and consumer cooperatives. In this paper, we focus on
consumer cooperatives that are formed and operated by their consumers to help them gain buyer

power (the ability to influence prices) and ultimately maximize their welfare.
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Consumer cooperatives make a substantial economic and societal impact (see, e.g., Minaker
et al. 2016, Euro Coop 2023). For instance, Coop Switzerland is the largest supermarket chain in
Switzerland with 2.5 million members (McHugh 2025). Similarly, Coop Italia is the third largest
supermarket chain in Italy with 6.4 million members (Pekic 2025), and the Cooperative Group is
the sixth largest supermarket chain in the UK with over 5 million members (ESM 2025). These
consumer-oriented cooperatives are grounded in the following principles:

“From the very beginning, the goal of the cooperative was to buy wholesale and resell at cost

price to members, to protect consumers’ purchasing power” (Coop Italia 2025).

“For the Coop Group, the focus is on the consumers — the members of the cooperative. The

company gears all its efforts to their [member-consumers’] needs. As a cooperative, the Coop

Group does not strive to mazximize profits” (Coop Switzerland 2023).

Consumer cooperatives often merge to increase their buyer power and provide lower prices for
their members. For instance, in 2001, 14 Coop Societies in Switzerland merged with Coop Switzer-
land. Similarly, in 2002, the Co-operative Wholesale Society merged with the Co-operative Retail
Services in the UK to form the Cooperative Group. More recently, in Italy, Coop Adriatica merged
with Coop Veneto in 2014, merged with Coop Estense and Coop Northeast in 2016, and merged
with Coop Sicilia and Coop Eridana in 2018 and operated as Coop Alleanza (Coop Alleanza 2024).

All these mergers not only affect the competition dynamics, but also influence suppliers’ produc-
tion decisions and consumers’ membership decisions, leading to complex strategic interactions in
supply chains. While it is expected for consumer cooperatives to increase their buyer power through
mergers, it is unclear whether they can achieve their ultimate goal of maximizing consumer welfare.
Therefore, we aim to understand how mergers of consumer cooperatives affect market outcomes
and consumer welfare by factoring in production decisions of suppliers, membership decisions of
consumers, and key forces of competition, such as seller power and buyer power (Porter 1980).

To this end, we build a game-theoretic model of the following two-tier supply chain. Multiple
suppliers produce a product by incurring a (weakly) convex increasing production cost, capturing
additional costs of scaling up production. Multiple consumer cooperatives procure this product for
their member consumers. Consumers strategically choose which cooperative to join. To analyze the
wholesale market between cooperatives and suppliers and to capture key forces of competition, we
build on the market-game mechanism proposed by Korpeoglu et al. (2020). In our market game,
each supplier chooses its production quantity to maximize its profit, and each cooperative deter-
mines its procurement budget by targeting a certain order quantity to maximize the average utility
of its members. The wholesale price is determined by decisions of both suppliers and cooperatives.

To study mergers of cooperatives, we characterize and compare the unique equilibrium in each

of the following two cases: i) the “pre-merger” case before mergers of cooperatives, and ii) the
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“post-merger” case after mergers of (an arbitrary set of) cooperatives. We show that mergers of
cooperatives lower the wholesale price by increasing cooperatives’ buyer power. Yet, anticipating
this price reduction, suppliers reduce their production quantities to drive up the price and reduce
their marginal costs. Thus, mergers of consumer cooperatives lead to a subtle tradeoff: each con-
sumer receives less of the supplied product but has a higher leftover income to procure other goods.
We show that the former effect dominates, and hence, mergers of cooperatives reduce consumer
welfare when the pre-merger number of cooperatives or the production scale-up cost is below a
certain threshold. In this case, consumers may benefit from policies that promote healthy compe-
tition among consumer cooperatives. On the other hand, mergers benefit all consumers when the
post-merger number of consumer cooperatives or the production scale-up cost is sufficiently high.
In this case, consumers may benefit from policies that reduce barriers for cooperatives to merge.

We further extend our results on several key dimensions and show that our main insights are
robust. First, we consider horizontal differentiation among cooperatives where consumers have
heterogeneous preferences about which cooperative fits them better and face “mismatch” costs
when they join a cooperative that fits them poorly. Due to this mismatch cost, the merger enables
the merged cooperatives to maintain a larger share of consumers than non-merged cooperatives.
Regardless, the merger benefits consumers if and only if the production scale-up cost is above a
certain threshold, where this threshold decreases with the mismatch cost.

Second, we consider a setting where mergers help the merged cooperatives vertically differentiate
themselves from other cooperatives by offering a higher value to consumers (e.g., due to synergies
in administration costs). We also factor in potential costs consumers incur when switching coop-
eratives. We show that vertical differentiation, as well as the switching cost, enables the merged
cooperatives to maintain a larger share of consumers than other cooperatives. Yet, unless the
merger provides a very high additional value to consumers, it harms them when the production
scale-up cost is below a threshold. Even when the additional value is sufficient to increase the
welfare of member consumers, the merger can still harm consumers who shop at other cooperatives.

Third, we consider competition between two cooperatives and a for-profit retailer and show that
mergers of cooperatives can harm consumer welfare under low scale-up costs. Fourth, we consider
a setting where suppliers enjoy decreasing marginal cost of production (i.e., scaling up production
lowers the unit cost of production) and show that mergers of cooperatives harm consumer welfare.
Finally, we show that our main results hold when we incorporate suppliers’ capacity constraints.
In this case, a tight production capacity makes a similar impact as a high production scale-up cost.

Besides offering nuanced policy and managerial insights, our paper makes significant technical
and conceptual contributions. We provide an equilibrium analysis of consumer cooperatives and

their mergers by considering strategic interactions among consumers, cooperatives, and suppliers.
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Our rich analysis incorporates realistic market features such as suppliers’ seller power, cooperatives’
buyer power, consumers’ membership decisions, suppliers’ production scale-up costs and capacity
constraints, and cooperatives’ (potential) horizontal and vertical differentiation. All these features
help us uncover that mergers of cooperatives that aim to promote their members’ welfare may end
up harming their members’ welfare (as well as other consumers’ welfare). Our findings can help

policymakers and cooperative managers gain insights into mergers of cooperatives.

2. Literature Review

Our paper relates to the literature on: i) competition in supply chains, ii) mergers in supply
chains, iii) social responsibility in supply chains, iv) group purchasing and buying organizations, v)
cooperatives, and vi) market games. We next discuss these literature streams and our contribution.

Our pre-merger analysis contributes to the literature on competition in supply chains with mul-
tiple suppliers and multiple retailers. This literature is concerned with quantity competition (e.g.,
Corbett and Karmarkar 2001 and Korpeoglu et al. 2020), price competition (e.g., Federgruen and
Hu 2017 and Arifoglu and Tang 2023), and supply chain networks (e.g., Bimpikis et al. 2019,
Nakkas and Xu 2019, and Zhang et al. 2023). We contribute to this literature by studying con-
sumer cooperatives that engage in quantity competition, in the presence of strategic consumers
and suppliers, by capturing cooperatives’ buyer power and other players’ incentives.

Our post-merger analysis contributes to the literature on mergers in supply chains. We focus on
the literature that examines how mergers affect strategic interactions among supply chain players
(e.g., Cho 2014, Cho and Wang 2017, and Federgruen and Hu 2020). The closest paper to ours is
Cho (2014) who studies a horizontal merger of two profit-maximizing retailers, ignoring their buyer
power and assuming exogenous demand functions. We contribute to this literature by studying
mergers of member-welfare-maximizing consumer cooperatives by capturing their buyer power
and considering endogenous demand. Our richer setup enables us to uncover a subtle tradeoff
and generate new insights. In particular, Cho (2014) finds that horizontal mergers of downstream
retailers lead to an increase in upstream prices, yet we show that mergers of cooperatives reduce
the wholesale price. In Cho (2014), production can increase or decrease after a merger, whereas
in our paper, production decreases after a merger because suppliers react to the lower wholesale
price by reducing their production quantities. Analyzing this tradeoff between the lower wholesale
price and reduced production, we identify two key factors that determine the impact of mergers on
consumer welfare: the number of cooperatives in the market and the cost of scaling-up production.

Our paper is connected to the literature on social responsibility in supply chains. This literature
focuses on auditing (e.g., Privett and Erhun 2011 and Zhang et al. 2022) with some recent efforts

to incorporate social responsibility into retail operations (e.g., Korpeoglu et al. 2024 and Hu et al.
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2024). Our paper contributes to this literature by studying member-welfare-maximizing consumer
cooperatives and the impact of their mergers on consumer welfare.

Our paper relates to the extant literature on group purchasing organizations (GPOs). While this
literature focuses on a single profit-maximizing GPO, we focus on multiple competing member-
welfare-maximizing consumer cooperatives and their mergers. Both GPOs and mergers of cooper-
atives create value by increasing buyer power. Cooperatives reflect this value to their members by
providing them with lower prices as they aim to maximize member welfare. On the other hand, we
expect GPOs to capture most of this value, if not all, as they aim to maximize profits. Yet, GPOs
may provide other benefits for their members. For example, Saha et al. (2019) show that a GPO
enables its members to obtain critical pricing information that they would not obtain without a
GPO. Our paper also relates to the small literature on group buying (e.g., Hu et al. 2013). While
group buying requires the total number of committed purchases to exceed a certain threshold to
make sales, we do not require such commitments to make sales. Moreover, the group-buying litera-
ture considers a profit-maximizing firm, whereas we consider member-welfare-maximizing consumer
cooperatives and their mergers.

Our study contributes to the literature on cooperatives. Operations literature on cooperatives
focuses on agricultural cooperatives (e.g., Hendrikse 2011, An et al. 2015, and Qian and Olsen
2020). While these papers study cooperatives on the supply side, we study cooperatives on the
demand side and answer a different research question. There is also a small economics literature
on consumer cooperatives (e.g., Bekenstein 1943 and Enke 1945). Restricting attention to a single
cooperative, this literature answers different research questions than ours, such as the optimal size
of a consumer cooperative (Anderson et al. 1979), incentives to form a cooperative (Sexton 1983),
and the cooperative entry decision in the presence of a for-profit retailer (Sexton and Sexton 1987).
We contribute to this literature by studying mergers of consumer cooperatives in two-tier supply
chains with an arbitrary number of cooperatives and suppliers and by capturing cooperatives’
buyer power, suppliers’ seller power, and consumers’ strategic decisions of which cooperative to
join. The importance of capturing these realistic features is evident in our results. For example, we
show that mergers of consumer cooperatives may harm consumers because suppliers react to these
mergers by reducing their production, and this underproduction may, in turn, harm consumers.

We model the wholesale market between cooperatives and suppliers using the market-game
framework proposed by Korpeoglu et al. (2020) who adapt the market-game mechanism (e.g.,
Shapley and Shubik 1977, Dubey and Shubik 1977, and Chen et al. 2017) to study supply chains
with multiple competing profit-maximizing retailers and multiple competing suppliers by assuming
exogenous demand functions. We contribute to the market-game literature by studying member-
welfare-maximizing consumer cooperatives and their mergers by considering strategic consumers,

various production characteristics, and horizontally and vertically differentiated cooperatives.
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3. Model

Consider a two-tier supply chain where C' consumer cooperatives (hereafter, cooperatives) procure
a product from S suppliers through a wholesale market on behalf of their member consumers. Fol-
lowing Tyagi (1999), Corbett and Karmarkar (2001), and Cho (2014), we assume that all suppliers,
cooperatives, and consumers are identical before a merger. Below, we elaborate on our model of
suppliers, consumers, and cooperatives. We then describe the game between these strategic players,
and define the Nash equilibrium of this game.

Suppliers. Each supplier s € {1,2,...,.5} produces and sells o, units of output (hereafter, produc-
tion quantity) and incurs a (weakly) convex increasing cost (o) = ao’;, where a >0 and r > 1.
Here, r represents the cost of scaling-up production, which allows the cost function to be linear or
convex. A weakly convex cost function is supported by empirical evidence (e.g., Basu and Fernald
1997, Gao and Kehrig 2017), and it is commonly used in the literature (e.g., Cho 2014 and Bimpikis
et al. 2019). We extend our main results to a general convex increasing cost 1(o,) in §7.1 and to
a concave increasing cost ¥ (o) = ao’, where a > 0 and r € (0,1) in §7.2. Each supplier s charges a
wholesale price p for each unit it sells. Thus, supplier s’s profit m(os) = pos — aol.

Consumers. There is a continuum of consumers with a measure normalized to 1. Each consumer
is endowed with a fixed income I > I, where I is the minimal income necessary to ensure the
existence of an equilibrium, and it is defined in the Appendix. As is common in the consumer
theory and competitive markets literature, we assume that a consumer receives utility u(x) from
consuming z units of the product procured from suppliers, and receives utility I — pz from the
remaining income by procuring other goods (cf., Mas-Colell et al. 1995). In our main model, we
assume that u takes the commonly used isoelastic form u(z) =+ 125 [z' % — 1], for 6 € (0,5)\{1},
and u(z) =7+ log(x), for 6 =1, and extend our main results to general concave increasing utility
functions in §7.1. Here, 6 < S ensures positive production quantities in equilibrium. Consumers are
strategic and choose which cooperative to join to obtain the highest utility.

Cooperatives. Let N, denote the size of cooperative ¢ € {1,2,...,C} after consumers choose coop-
eratives. Each cooperative ¢ places an order g. (hereafter, order quantity) and pays b. (hereafter,
procurement budget) to procure the supplied product. Each cooperative aims to maximize the
average utility of its members and allocates its order quantity equally among its members. Thus,
the utility of a consumer in cooperative ¢, U, =~ + ﬁ [(%)179 _ 1} +T— ]%cc We let  capture
administrative and operational costs and potential gains from joining a cooperative. In §6, we ana-
lyze the case where mergers lead to synergies and economies of scale, which vertically differentiate
the merged cooperative from others, and also consider consumers’ costs of switching cooperatives.
The game. Consumers begin the game by choosing their cooperatives. Then, suppliers and coop-

eratives play a sub-game where the wholesale price p is determined. For this sub-game, we build on
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e
The market price is determined, each\
[ Each supplier decides supplier receives its payment, each
on its production cooperative receives its order
quantity quantity, and allocates it equally

l among its members

e[

Each consumer chooses
which of the C
cooperatives to join to
obtain the highest utility

Each cooperative
decides on its

procurement budget The market game//:

Figure 1 The sequence of events.

the market-game framework developed in Korpeoglu et al. (2020), as it captures all salient forces
of competition, including each supplier’s seller power and each cooperative’s buyer power.

In the market game, the price p is equal to the ratio of the total procurement budget B = ZCCZI b
to the total production quantity O = 25:1 0s:

B 0 b,
0~ s (1)
Zs:l 05

Thus, the price increases with procurement budgets and decreases with production quantities. A

p

cooperative ¢’s order quantity g. equals the ratio of its procurement budget b, to the price p:

b. b, b
= —_— = — _— - 2
©=7 5% 0189 (2)

where B_. denotes the total procurement budget of all cooperatives except cooperative c. Similarly,

O_, denotes the total production quantity of all suppliers except supplier s. Solving (2) for b,

B_ S L . .
q(; ¢ which is increasing in g.. Thus, for any given B_,. and O, there is a one-to-
—dc

yields b, =
one mapping between a cooperative ¢’s order quantity g. and procurement budget b., so we can
represent cooperative ¢’s decision in terms of its procurement budget b.. Finally, the market between

suppliers and cooperatives clears as the total order quantity equals the total production quantity:

C C b S
Q:ZQC:ZECO:O:ZOS. (3>
c=1 c=1 s=1

As is common in the supply-chain literature, we model the sub-game between suppliers and coop-
eratives as a two-stage Stackelberg game where suppliers move first (e.g., Corbett and Karmarkar
2001, Cho 2014, and Korpeoglu et al. 2020). We verify that all of our results hold when suppliers
and cooperatives move simultaneously.

Figure 1 depicts the sequence of events as follows. The game starts with C' cooperatives, each
containing an infinitesimally small measure of loyal members. These loyal members can be the
consumers who formed the cooperative and remain in it. This assumption enables us to focus on
equilibria with C' cooperatives, each with a strictly positive size. We take the (arbitrary) number

of cooperatives C' as exogenous because the formation of cooperatives is a longer-term decision
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compared to membership, production, and procurement decisions. Instead, we analyze the impact
of a change in C on market outcomes and consumer welfare through mergers of cooperatives.

In the first stage of the game, each consumer chooses which cooperative to join. In the second
stage, each supplier decides on its production quantity by considering its impact on the wholesale
price. In the third stage, each cooperative determines its procurement budget by targeting a certain
order quantity and by considering its impact on the wholesale price. At the end of the third stage,
the wholesale price is determined based on these procurement budgets and production quantities,
each supplier receives its payment, each cooperative receives its order quantity, and allocates its
order quantity equally among its members.

The Nash equilibrium. We derive the (unique) pure-strategy Nash equilibrium using backward
induction. For this, we first define each cooperative’s and each supplier’s optimization problem,
and derive their best-response functions. We then present an equilibrium condition for consumers’
choice of cooperatives. For the rest of the paper, we use “~” to denote equilibrium values and best-
response functions. For example, /l;c denotes cooperative ¢’s equilibrium procurement budget, and
0, denotes supplier s’s equilibrium production quantity. Given the total equilibrium procurement
budget B\,C of other cooperatives and the total equilibrium production quantity 9) , each cooperative

¢ chooses its procurement budget b, € [0, N.I| to maximize the average utility of its members:
1 e b 1 1 b o b
qc c c A c
U.= — || = -1 +1-—= ——O0 -1 +1-——, (4
7JF]L—9[<NC> * L ( ) N @
be

N, 1-46 Nev, + Efc N,
where the second equality stems from ¢, = - O. Given the total equilibrium production quan-

tity 6_3 of other suppliers and the anticipated (best-response) total procurement budget E, each

supplier s chooses its production quantity o, to maximize its profit:

~

o, B
Ty = POs — A0, = ———— — 0%, (5)
0s+0_,
where B is a function of 0, and the second equality stems from p= - J% .

Given the best-response functions of cooperatives and suppliers, any equilibrium must be such
that no consumer can be better off by moving to a different cooperative. Thus, the equilibrium
measure of consumers in each cooperative is determined such that ﬁc = 171 for all c€{2,3,...,C}

as any difference between U, values leads some consumers to unilaterally switch their cooperatives.

4. Equilibrium Analysis of Cooperatives
In §4.1, we characterize the unique equilibrium of the game presented in §3. This is the “pre-merger”
equilibrium before cooperatives merge. Then, in §4.2, we analyze the “post-merger” equilibrium

after cooperatives merge, and identify conditions under which mergers benefit or harm consumers.
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4.1. Pre-Merger Analysis

The following proposition characterizes the unique equilibrium of the game presented in §3.

PROPOSITION 1. The pre-merger market game has a unique pure-strateqy Nash equilibrium. In

equilibrium, each cooperative contains 1/C measure of consumers, and uses the procurement budget

C-1

b==rp(59)"", (6)
each supplier sells the production quantity
1
~ [C-1_ 4, =T
0= C(ra)S (S—0) , (7)

and the wholesale price p= C’S/(Sﬁ).

Note from (7) that our assumption 6 < S ensures a strictly positive production quantity in
equilibrium. Proposition 1 has two important implications. First, in equilibrium, each cooperative
has 1/C members. Thus, cooperatives are identical in the pre-merger equilibrium, because all
cooperatives offer the same value to their members. The second implication is that suppliers’ and
cooperatives’ equilibrium decisions are symmetric in the unique equilibrium. This result will come
in handy when we compare the pre-merger and post-merger cases in the next section.

4.2. Post-Merger Analysis
In this section, we present and analyze our post-merger setting to examine the impact of mergers of

cooperatives on consumers. As discussed in §1, cooperatives merge to increase their buyer power and
secure more favorable prices for their member consumers with the aim of increasing their welfare.
We next analyze whether and when this outcome is attainable, particularly when accounting for
strategic interactions of consumers, cooperatives, and suppliers.

To gradually build intuition on how strategic consumers react to mergers of cooperatives, we
present our analysis in three steps. In step 1 (§4.2.1), we analyze the situation immediately after any
two cooperatives merge before consumers switch between cooperatives. This helps us isolate and
examine the interim effect of heterogeneity in cooperative sizes post-merger to determine whether
a merger can leverage its larger consumer base to deliver a higher utility to its members than other
cooperatives. We then use this interim analysis to examine consumers’ switching decisions between
cooperatives post-merger. In step 2 (§4.2.2), we characterize the unique post-merger equilibrium
after consumers complete their switching. In step 3 (§4.2.3), we analyze the impact of mergers on

equilibrium outcomes and consumer welfare.

4.2.1. The interim effect of a merger before consumer switching. Recall that the pre-
merger equilibrium consists of C' cooperatives, each with size 1/C. Consider a market in which

cooperatives 1 and 2 merge and compete with C'— 2 (for C' > 3) other cooperatives to procure the
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supplied product. Let ¢;5 denote the merged cooperative with the goal of maximizing the average

utility of its N,,, =2/C measure of consumers by choosing b.,,, as follows:
1 [\ be
12 1-46 I Ne,, N.,,
1|1 b o b
—y 4 20, | 1| +I-22, (8)
1-6 <N012 b012 + B*Cu NC12

where subscript m represents post-merger equilibrium outcomes. We aim to characterize the
market-game equilibrium before any consumers switch between cooperatives and compare the util-
ity of a consumer in the merged cooperative (c;) with that in a non-merged one (c¢_;3). The follow-

ing proposition characterizes the unique post-merger equilibrium without any consumer switching.

PROPOSITION 2. (i) Letn € (%, (%)ﬁ} be the unique solution to 1+ (C —3)n— (C —2)n(2n)? =

0. The post-merger market game before consumers switch cooperatives has a unique pure-strategy
Nash equilibrium where each supplier sells the symmetric production quantity

Cn 1+ (C=-3m1 ., T
<1+(C—2)n> 1+(C—2)n55 (5-0) ’ (9)

~

Om

~

each non-merged cooperative c € {3,4,...,C} uses the same procurement budget ?)\m = m&m

~

and the merged cooperative cio uses budgetg

1y = m&n, where the total procurement budget

~ Cn _91—1—(0—3)77/\_
B, = O, 10
<1+(C—2)n> 1+(C—-2)p ™ (10)
and the wholesale price Dy, = fg;

(ii) Furthermore, the utility of a consumer in the merged cooperative is strictly lower than that in

a non-merged cooperative.

Proposition 2(i) characterizes the unique interim post-merger equilibrium before consumers
switch cooperatives. Similar to the pre-merger case, suppliers’ equilibrium production quantities
are symmetric. Yet, cooperatives’ procurement budgets are asymmetric. The merged cooperative
adopts a different strategy considering its size advantage, while others play symmetric strategies.

Proposition 2(ii) offers insights into how incentives of cooperatives change in the presence of
heterogeneity in their sizes after cooperatives 1 and 2 merge. Due to competing with smaller-
sized cooperatives post-merger, the merged cooperative finds it optimal to spend less procurement
budget per consumer compared to the pre-merger case (i.e., % < CB) This decision accomplishes
the intended effect of driving down the wholesale price. However, smaller cooperatives do not
have as much reduction in their procurement budgets per consumer post-merger (i.e., %3612 < C’Bm
since 7 > % in equilibrium), so the price does not decrease as much as the merged cooperative

intended. Because the merged cooperative spends a significantly lower procurement budget per
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consumer with a relatively smaller decrease in price, each consumer in the merged cooperative ends
up receiving significantly less of the supplied product. Hence, savings from the lower procurement
budget do not offset the utility loss from consuming significantly less of the supplied product.
Consequently, consumers in the merged cooperative receive a strictly lower utility than consumers
in other cooperatives. This nuanced result explains why strategic consumers have incentives to
switch from the merged cooperative to non-merged cooperatives. We next examine the post-merger

equilibrium after consumers’ strategic switching decisions.

4.2.2. The equilibrium after merger(s). We now present one of the two main theorems
of this section, which characterizes the unique post-merger equilibrium. For this result, we do not
restrict attention to the merger of two cooperatives, but instead consider an arbitrary collection of

mergers, after which c<C cooperatives operate in the post-merger market.

THEOREM 1. Fvery post-merger market game with C > 2 cooperatives admits a unique pure-
strategy Nash equilibrium in which each cooperative contains 1/ C measure of consumers, and the

market outcomes are determined as in Proposition 1.

Theorem 1 shows that the unique post-merger equilibrium comprises equal-sized cooperatives after
consumers strategically choose their utility-maximizing cooperatives. The intuition behind this
result follows from Proposition 2(ii), where we show that heterogeneity in cooperative sizes leads to
asymmetric procurement budgets, and hence the utility of a consumer in the merged cooperative
is strictly lower than that in a non-merged cooperative. As a result, consumers in the merged
cooperative move to non-merged cooperatives until they have the same size. In other words, the
only equilibrium structure that eliminates profitable deviations for consumers is the homogeneous
one with equal-sized cooperatives. We thus conclude that after any collection of mergers, the post-
merger market is homogeneous in cooperative sizes — similar to the pre-merger market — but with

fewer cooperatives. We exploit this result to examine the impact of mergers next.

4.2.3. The impact of mergers. So far, we have established that mergers lead to a smaller
number of equal-sized cooperatives in the supply chain. Thus, in this section, we analyze how
equilibrium outcomes and consumer utility change with the number of cooperatives. The following

proposition presents comparative statistics on the equilibrium outcomes based on (6) and (7).

ProrosiTION 3. The total procurement budget E, the total production quantity 6, and the

wholesale price p are increasing in the number of cooperatives C'.

The intuition of Proposition 3 is as follows. When more cooperatives compete to procure the
supplied product, each cooperative has less buyer power (i.e., the power to influence the price).

Hence, each cooperative increases its procurement budget per consumer to preserve the amount
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of the supplied product per consumer. This leads to a higher total procurement budget B. To get
a larger share from E, each supplier increases its production quantity, leading to a larger total
production quantity 0. Yet, the total production quantity O does not increase as much as the total
procurement budget B , o the equilibrium price p= g increases with the number of cooperatives
C'. On the flip side, as C' decreases due to mergers, each cooperative’s buyer power increases, and
hence, the equilibrium price decreases. We emphasize this expected result below.

REMARK 1. Mergers of cooperatives always reduce the equilibrium price.

Equilibrium predictions in Proposition 3 are consistent with empirical evidence. Fee and Thomas
(2004) and Bhattacharyya and Nain (2011) show that horizontal mergers of downstream firms (such
as cooperatives) lead to higher buyer power and lower wholesale prices. OECD (2008) corroborates
that higher buyer power leads to lower wholesale prices and smaller quantities.

Proposition 3 highlights that a reduced number of cooperatives due to mergers has two opposing
effects on consumer utility. On one hand, a smaller production quantity by suppliers decreases
the consumption of the supplied product per consumer. On the other hand, a lower procurement
budget per consumer increases the leftover income for other goods. Our next theorem builds on

this tradeoff, and shows how consumer utility changes with the number of cooperatives C.

dU.

40e > 0 for all C < C* and Uz < 0 for all C > C*.

In particular, given a production scale-up cost r > 1, the optimal number of cooperatives C* =

THEOREM 2. There exists C* such that

T

P 2}. Therefore, for any set of mergers among C' cooperatives that end up in C cooperatives,

max{

consumer utility is higher (respectively, lower) post-merger if C* < C<C (resp., C<C< c*).

Theorem 2 shows that consumer utility is unimodal in the number of cooperatives as depicted

in Figure 2(a). This is because mergers lead to a tradeoff between higher leftover income for other
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goods (due to a lower price) and less consumption of the supplied product (due to underproduction).
The effect of underproduction is more pronounced and may reduce consumer welfare when the
pre-merger number of cooperatives is below a certain threshold. Therefore, cooperatives that aim
to improve their members’ welfare via mergers may end up reducing their members’ welfare (as
well as the welfare of consumers who shop at other cooperatives) in equilibrium.

Theorem 2 also indicates that the optimal number of cooperatives C* is non-increasing in the
production scale-up cost 7; see Figure 2(a). When scaling up production is very costly (r > 2),
mergers of cooperatives always benefit consumers. This is because a higher scale-up cost diminishes

811y (59)1 ¢

the merger’s effect on reducing the utility derived from suppliers’ production (i.e., 5C )

more than it diminishes the merger’s effect on improving leftover income for other goods due to a
lower price (i.e., %); see Figure 2(b). In contrast, when scaling up production is not very costly,
the effect of underproduction is prominent, and hence consumer welfare is maximized at C* > 2.
We conclude this section with a few remarks. Our model predictions align with the observed
practice that cooperatives merge to increase their buyer power and secure lower prices for their
members. Yet, we identify a subtle tradeoff between reduced prices and underproduction. When the
post-merger number of cooperatives is above a certain threshold, the benefit from reduced prices
outweighs the disutility from underproduction, so mergers benefit consumers. In contrast, when
the pre-merger number of cooperatives is below the threshold, mergers will harm consumers due to
the substantial disutility from underproduction. This result underscores the importance of healthy
competition among member-welfare-maximizing cooperatives when factoring in their buyer power.
Our result is particularly interesting when we contrast it with Cho (2014)’s result that mergers
of profit-maximizing retailers always benefit all retailers. While both studies examine the impact
of downstream mergers in supply chains, they differ significantly in the market structure and
objectives of supply chain players. Cho (2014) considers profit-maximizing retailers that engage in
Cournot competition in the retail market. After a merger, retailers achieve a higher profit share by
charging consumers higher retail prices and hence extracting a larger consumer surplus. Cho (2014)
employs the Cournot framework to model the wholesale market as well, where retailers have no
direct influence on the wholesale price. As a result, Cho (2014) finds that mergers of retailers lead
to an increase in the wholesale price. In our paper, consumer cooperatives maximize the welfare
of their member consumers, so they have no incentive to reduce consumer surplus or maximize
profits. We employ the market-game framework to model the wholesale market as it captures each

supplier’s seller power and each cooperative’s buyer power. We show that mergers of cooperatives

reduce prices but may not improve the welfare of their members.



Khorasani and Korpeoglu: Mergers of Consumer Cooperatives

14

Cl /
[
° ' °
C3 C3
(a) Pre-merger market (b) Post-merger market

Figure 3 Market configuration in the pre-merger and post-merger equilibrium with horizontal differentiation.

5. Cooperatives with Horizontal Differentiation

So far, we have assumed that cooperatives are identical before consumers join them, and shown
that such a market admits a unique homogeneous equilibrium with equal-sized cooperatives. In this
section, we extend our model to capture horizontal differentiation among cooperatives. Specifically,
consumers may have different preferences about which cooperatives fit them better in terms of
factors such as the location or mission of the cooperative.

To factor in horizontally differentiated preferences of consumers, we assume that C' cooperatives
in our supply chain are located equidistantly from each other along the circumference of a Salop’s
circle with a perimeter equal to one (Salop 1979). (Salop’s circular model is widely used as an
extension of Hotelling’s linear model to capture horizontal differentiation of more than two products
or firms. See, Jerath et al. 2016 for a recent application to retailing.) Consumers of measure one are
uniformly distributed along the circumference of this circle. A consumer’s utility is maximized if
they join a cooperative at the same location as them. A consumer incurs a “mismatch cost” ¢ > 0 per
unit distance between their location and their cooperative’s location. Thus, the utility of a consumer

in cooperative ¢, located at a distance d > 0 from the consumer, is U, =~ + ﬁ [(]qv—cc)l*" — 1} +1I—

be

X —td. All other model primitives, including objective and cost functions, are as in §3. Consumers

are strategic and choose to join a cooperative that maximizes their utility in equilibrium. Below,

we characterize the unique equilibrium of the pre-merger market with mismatch costs.

PROPOSITION 4. The pre-merger market game with C (> 2) horizontally differentiated coop-
eratives admits a unique pure-strateqy Nash equilibrium in which each cooperative contains 1/C

measure of consumers, and the market outcomes are determined as in Proposition 1.

The intuition of this result follows from the intuition of Proposition 1. Given that cooperatives are
evenly distributed along the perimeter of our circular market, the resulting equilibrium is unique

and homogeneous in the size of cooperatives. Figure 3(a) illustrates the equilibrium configuration.
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We are interested in uncovering the impact of mergers among horizontally differentiated cooper-
atives on strategic consumers. To this end, we consider a post-merger setting where cooperatives 1
and 2 merge and form cooperative ¢, to jointly maximize their members’ utility without altering
their positions in the circular market; see Figure 3(b). To simplify the analysis without loss of
generality, we present our post-merger results for the case of C' =3 cooperatives. (Our analysis and
insights can be extended to cases, where C' > 3.) In this case, consumers who were initially located
between c; and c3 or between ¢, and c3 should now decide whether to join cooperative ci» or cs.
The following theorem characterizes the unique post-merger equilibrium, and compares consumer

utility in the pre-merger and post-merger cases.

THEOREM 3. (1) If consumers incur per-unit-distance mismatch cost t > 0, the post-merger mar-
ket admits a unique pure-strategy Nash equilibrium in which N.,, € (%, %) measure of consumers
join the merged cooperative cio while the remaining consumers join the non-merged cooperative cs,
where N, solves (EC.15) in the Online Appendiz. The symmetric production quantity of each
supplier is determined by (EC.14), and the total procurement budget of cooperatives is determined
by (EC.13) in the Online Appendiz. Furthermore, N, , increases with the mismatch cost t.

(i) There exists r* € (1,00) such that mergers of cooperatives harm consumers if and only if the

production scale-up cost v <r*, where r* decreases with the mismatch cost t.

Theorem 3 provides several key managerial insights and extends the scope of our theory of
cooperatives. First, we show that heterogeneity in cooperative sizes may emerge in equilibrium if
cooperatives are horizontally differentiated. Second, in the presence of mismatch costs, the merged
cooperative contains a larger measure of consumers than the non-merged cooperative (i.e., N, >

%), where this size advantage increases with ¢t. However, the merged cooperative can only maintain



Khorasani and Korpeoglu: Mergers of Consumer Cooperatives

16

a consumer base less than the sum of the merging cooperatives’ sizes in the pre-merger equilibrium

(i.e., N,

c1o < 2). Figure 4(a) illustrates these insights given r. Third, and most importantly, we show

that our main results are still valid when mergers lead to heterogeneity in cooperative sizes in
equilibrium. Specifically, we prove that consumers benefit from mergers if and only if the production
scale-up cost 7 is greater than a threshold r*. This echoes Theorem 2, which implies that, consumer
utility is higher post-merger if and only if r > % This threshold (i.e., r* = 1.5) is depicted in
Figure 4(b) for the case of C'=3 under a zero mismatch cost ¢t =0.

Theorem 3 further shows that the threshold r* decreases with the mismatch cost ¢; see Figure
4(b). The intuition is as follows. As the mismatch cost increases, more consumers prefer to stay with
the merged cooperative rather than switching to the non-merged cooperative. This post-merger
heterogeneity in sizes softens the intensity of competition among cooperatives. Thus, the mismatch
cost reduces the decrease in cooperatives’ procurement budgets per consumer, which reduces sup-
pliers’ underproduction after the merger. Thus, a higher ¢ mitigates the effect of underproduction
caused by a lower r, so it reduces the threshold r*. As it turns out, there is some complementarity

between scale-up and mismatch costs in the sense that they both strengthen the benefit of mergers.

6. Mergers Leading to Vertical Differentiation and Consumer
Switching Costs

In this section, we consider the case where mergers lead to vertical differentiation among cooper-
atives. Suppose that each cooperative has a pre-merger vertical value v, which can be positive or
negative. For example, v can be a cooperative’s pre-merger transaction cost, which takes a negative
value. To keep our analysis focused on the impact of mergers, we assume that each cooperative has
the same pre-merger vertical value v. Thus, the pre-merger utility of a consumer in cooperative c,
Ue=v+ 15 [(]‘{,—i)l*@ - 1} +1— ]%Cc +v. When cooperatives 1 and 2 merge as in §4.2, the vertical
value of the merged cooperative increases to vy, (consistent with Cho 2014) due to factors such
as economies of scale and potential synergies arising from enhanced capabilities, which vertically
differentiate the merged cooperative from others. We assume that Av = vy, — v is below a threshold
7 to ensure that non-merged cooperatives are operational after the merger.

To further enrich our framework in this section and capture a broader range of real-world appli-
cations, we assume that each consumer incurs a switching cost « > 0 if they choose to join another
cooperative post-merger (e.g., by paying an additional membership fee to the new cooperative).

Because there is no differentiation in the pre-merger game, the pre-merger equilibrium is as in
Proposition 1. We next present the post-merger equilibrium and conditions under which mergers
benefit or harm consumers. As in §5, we focus on the case where C = 3, and cooperatives 1 and 2

merge without loss of generality. Our analysis and insights can be extended to cases with C' > 3.
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THEOREM 4. (i) Suppose consumers derive vertical value vy, from the merged cooperative, v from
other cooperatives, and incur a switching cost o for changing membership post-merger. Let AU be
as in (EC.18) in the Online Appendiz. The post-merger market admits a unique pure-strategy Nash
equilibrium in which N.,, measure of consumers join the merged cooperative ci2, and the remaining
consumers join the non-merged cooperative cs, where N, € (3,2) if Av < AU —a, N, =2 if
Av e [AU —a, AU+ o], and N., € (,1) if Ave (AU +a,v). The symmetric production quantity
of each supplier is determined by (EC.1}), and the total procurement budget of cooperatives is
determined by (EC.13) in the Online Appendiz. Moreover, N, , increases with the vertical value
difference Av, and increases (decreases) with switching cost o if Av < AU —a (> AU + ).

(ii) There exists a threshold v* such that for any Av < v*+«, there exists r* € (1,00) where mergers
of cooperatives harm their member consumers if and only if the production scale-up cost r < r*.
Furthermore, r* is decreasing in Av.

(iii) When N.,, € (3,1) post-merger (Av € (AU + o,0)), there exists a region (r*,r}) where a

merger benefits its members but harms the members of the non-merged cooperative.

Recall from Proposition 2(ii) that without the additional value Av the merger generates, con-
sumer utility in the non-merged cooperative is strictly higher than that in the merged cooperative,
immediately after cooperatives merge, before consumer switching. Let AU capture this utility dif-
ference. To understand the switching decisions of consumers after the merger, we should compare
this utility difference with Av and consumers’ switching cost a. When Av < AU — «, consumers
switch from the merged cooperative to the non-merged one until the switching cost makes any
additional consumer indifferent to changing membership. The opposite pattern occurs when Av >
AU + «, and no switching occurs when Av € [AU — a, AU + a].

Theorem 4(i) characterizes cooperative sizes in the post-merger equilibrium and shows that the

merged cooperative maintains a larger size than the non-merged cooperative, and that its size
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advantage increases with the additional value Av the merger creates. Theorem 4(ii) verifies that
our results are robust in the case of vertically differentiated cooperatives post-merger, even when
consumers incur a switching cost. That is, unless the merger generates a very high additional
vertical value Av (> v* + «), mergers are detrimental to all consumers in industries with low
scale-up costs. These results are similar in spirit to Theorem 3 and have a similar intuition.
Theorem 4(iii) shows that when the merger leads to a substantial additional value (i.e., Av €
(AU + a,v)) and the production scale-up cost is moderate (r € (r*,77)), the merger benefits its
members but harms the members of other cooperatives; see Figure 5. The intuition stems from two
effects. First, when r € (r*,77), the merger would harm all consumers without the additional value
Av the merger brings to its members. Owing to Aw, the merger benefits members of the merged
cooperative. However, the merger harms members of the non-merged cooperative, as they cannot
switch to the merged cooperative due to switching costs. Therefore, mergers of cooperatives may
impose negative externalities on members of non-merged cooperatives once consumer switching
costs are taken into account. This result reinforces our insight that policymakers should design

effective regulations to promote healthy competition among cooperatives.

7. Extensions and Robustness Checks

Here, we consider and analyze three extensions that demonstrate the robustness of our findings.

7.1. General Utility and Cost Functions

In this section, we extend our results to a more general setup. In particular, we assume each
supplier s produces and sells o, units of output and incurs a convex increasing cost 1(o,). We also
consider each supplier s faces a capacity constraint that restricts its production quantity o, to a
capacity s (i.e., o, < k). On the consumer side, each consumer in cooperative ¢ receives concave
increasing utility u(-) from consuming the supplied product and linear utility from the remaining
income. We abstract away from consumers’ cooperative selection and let N =1/C be the size of
each cooperative. Thus, the utility of a consumer in cooperative ¢, U, = u(4¢) + 1 — bﬁc All other
model primitives are as in §3. We first show the existence, uniqueness, and symmetry of a pure-
strategy Nash equilibrium and characterize its parameters. To guarantee existence, we assume in

this section that ¢ (os) > ¢ and ¢ (0s) > ¢,, where ¢ and ¢, are given in the Online Appendix.

PRroOPOSITION 5. The general market game has a unique pure-strateqy Nash equilibrium, which

18 symmetric. In equilibrium, each cooperative uses the procurement budget

~ C-=1, .-
bzﬁu (SO)SO, (11)
and each supplier sells the production quantity
o if o<k,
0= (12)
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Figure 6 Equilibrium production quantity 0 and market price p as a function of the number of cooperatives C.

Setting: k =0.35, S =5, u(q) =~ —exp(—q), ¥(0) = exp(0.10).

where 0 is the unique solution to <5* [u'(S0) +ou”(S0)] =’ (0). Also, the price p= Ch/(50).

The characterizing equation for o indicates that suppliers have sufficient incentives to produce a

strictly positive production quantity in equilibrium if and only if %u’ (0) >'(0) and — ‘N’Z,/E(S? <1.
We assume these conditions hold to ensure positive production. (These conditions are satisfied
in our base model in §3 when 6 < S.) Proposition 5 also characterizes the condition under which
the production capacity constraint is binding. Using the above proposition, we examine how the

number of cooperatives affects equilibrium outcomes.

PROPOSITION 6. The uncapacitated production quantity o is increasing, the equilibrium produc-

tion quantity 0 is non-decreasing, and the price D is increasing in the number of cooperatives C.

Proposition 6 states that the uncapacitated production quantity o is increasing in the number of
cooperatives C. The intuition is as in §4. A larger number of cooperatives intensifies competition,
reduces each cooperative’s buyer power, and induces them to increase their procurement budgets
per consumer. Anticipating this increase in the total procurement budget, each supplier wishes
to increase its production quantity in equilibrium. Yet, the production quantity is capped by the
capacity x. Thus, the equilibrium production quantity o is increasing in C when the capacity
constraint is not binding, and 0= k is constant in C' otherwise; see Figure 6(a).

Figure 6(b) highlights the role of cooperatives’ buyer power in changing the wholesale price. A
larger number of cooperatives reduces each cooperative’s buyer power, thereby driving the wholesale
price up. In contrast, when the number of cooperatives decreases through mergers, each coopera-
tive’s buyer power increases, and hence cooperatives secure lower prices for their members. This

result is consistent with our finding in §4 and with the observed practice.
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Given these observations, cooperatives face a similar tradeoff as in §4 when merging. Mergers
of cooperatives increase their buyer power and drive down the price of the supplied product. This
enables consumers to enjoy a higher leftover income to procure other goods. However, suppliers
respond to the lower price by reducing their production quantities, thereby reducing the quantity
of the supplied product each consumer receives. Due to this tradeoff, consumer utility is unimodal

in the number of cooperatives C. We formally show this result in Theorem 5 below.

THEOREM 5. (i) There exists C* such that ‘Zﬁcc >0 for all C < C* and (iz% <0 for all C > C*.
(i) C* is non-decreasing in the production capacity k. Furthermore, there exists k* such that when

Kk < K*, consumer utility is decreasing in C'.

Theorem 5(i) generalizes Theorem 2, which shows that consumer utility is maximized at the
optimal number of cooperatives C*; see Figure 7(a), where C* ~ 5. When the pre-merger number
of cooperatives is below the threshold C*, mergers of cooperatives lead to a substantial decrease
in the total production quantity, which in turn harms consumer welfare. However, when the post-
merger number of cooperatives is above C*, mergers enhance consumer welfare by driving down
the price through increased buyer power.

Theorem 5(ii) shows that the optimal number of cooperatives C* is non-decreasing in the pro-
duction capacity k; see Figure 7(b). Indeed, when the capacity constraint is very tight (low k),
suppliers always produce at full capacity, and mergers benefit consumers by lowering prices with-
out causing underproduction. As the capacity constraint increases, production quantity becomes
unconstrained for low values of C'. However, by Proposition 6, as C' increases, production again hits
the capacity limit. Figure 7(b) illustrates that, for some intermediate range, the optimal number
of cooperatives happens at the point where 0 =k and so C* increases with x. Finally, beyond a

certain point (around x = 0.16 in Figure 7(b)), the optimal number of cooperatives that maximizes
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consumer utility (C* = 5) happens before the equilibirum production quantity reaches its upper
bound and hence is unaffected by k. Theorem 5 echoes the previous insights and generalizes our
findings by showing that consumers benefit from healthy competition among cooperatives in indus-
tries that do not operate under capacity limitations, yet consumers always benefit from mergers of

cooperatives in industries where production capacities are restricted.

7.2. Economies of Scale and Decreasing Marginal Cost of Production

Several industries in practice exhibit economies of scale, that is, the average cost of production
decreases with the production quantity. The most prominent reason for economies of scale is that
fixed costs spread over a larger production quantity as the production quantity increases (Carlton
and Perloff 2015, p 60-62). We can incorporate such economies of scale into our model by adding
a fixed cost to the production function. We verify that including such a fixed cost has no bearing
on the equilibrium characterizations as long as all suppliers make positive profits in equilibrium.
Thus, our results remain valid for industries that exhibit economies of scale.

Besides economies of scale, in some industries, the marginal cost of production may decrease
as the production quantity increases. In this section, we extend our results to such industries by
considering a concave increasing cost ¥(o,) = ao’;, where a > 0 and r € (0,1). All other model
primitives are as in §3. As we show in §EC.1.1 of the Online Appendix, we need to make a mild
regulatory assumption 6 € ((1 —r)S,S) to ensure the existence of an equilibrium where suppliers
make positive profits. (If this assumption is violated, there may be settings where production
quantities are zero or unbounded. Notice that this condition boils down to 8 < S for r > 1 as in
our base model.) Under this condition, we show that all of our equilibrium characterizations in §4

hold, and we extend Theorem 2 as follows.

THEOREM 6. The unique symmetric pre-merger and post-merger equilibria under decreasing
marginal cost of production take the form in Proposition 1 and Theorem 1, respectively. In this

setting, mergers of cooperatives always harm consumers.

Theorem 6 shows the robustness of our results in cases where suppliers face a concave increasing
cost function. First, it establishes that the market outcomes in Proposition 1 form the unique
symmetric equilibrium in this setting. Second, it states that consumer utility increases with the
number of cooperatives (or decreases with mergers) — a result consistent with our observation in the
case of constant marginal cost of production (i.e., r = 1), where the optimal number of cooperatives
C* — oo as determined in Theorem 2. Finally, the intuition of this result is based on the same
two forces: underproduction and the change in the wholesale price due to mergers. When fewer
cooperatives compete to procure the supplied product after mergers, the total procurement budget

decreases, and suppliers react to that by reducing their production quantities. However, in contrast
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to our base model, the reduction in production quantities under a concave cost is higher than the
reduction in procurement budgets, so the wholesale price increases after mergers. Thus, both forces
reduce the welfare of member consumers because they now consume less of the supplied product
at a higher price. Our results suggest that maintaining healthy competition among cooperatives is

even more critical in industries that exhibit a decreasing marginal cost of production.

7.3. Downstream Competition with a For-Profit Retailer

In this section, we identify conditions under which mergers of cooperatives benefit or harm con-
sumers in the presence of a for-profit retailer (hereafter, retailer). To gain sharper insights into how
competition between cooperatives and the retailer changes strategic interactions among supply
chain players, we extend our results in §5 by analyzing a supply chain where C' =2 cooperatives
and one retailer procure a product from S suppliers. In particular, we assume that the retailer and
two cooperatives are located equidistantly from each other along the circumference of a Salop’s
circle with a perimeter equal to one. We thus alter the setup in §5 by replacing a cooperative with a
retailer to compare the results with Theorem 3. This way, we can capture horizontally differentiated
preferences of consumers in joining a cooperative or buying from the retailer by incurring a per-unit
distance mismatch cost ¢t > 0. The retailer chooses its procurement budget by to procure a certain
order quantity ¢; and charges a retail price py, so the retailer’s profit 7 = (p; — p)qy, where p is

the wholesale price. As before, the wholesale market between suppliers (sellers) and cooperatives

B __ bf+z.:c:1 be

and the retailer (buyers) clears such that Q =gy + 25:1 g.=0= Zle o, and p= 5 = S
s=109s

All other model primitives, including utility and cost functions, are as in §5.

To examine the robustness of our results in this setting, we first characterize the equilibrium
outcomes, including the wholesale price, production quantities, procurement budgets, coopera-
tive sizes, and the retailer’s aggregate demand before and after the merger of two cooperatives
in §EC.1.2 of the Online Appendix. We then conduct a rigorous numerical analysis using 10,000
random instances of (0,t,5,a) to compare the average utility of member-consumers who shop at
cooperatives in the pre-merger and post-merger equilibria. In particular, we randomly generate
these parameters and verify that in all of these 10,000 instances, mergers of cooperatives harm
member consumers if and only if the production scale-up cost r is below a certain threshold —
consistent with our finding in Theorem 3(ii). We describe the details of the random number gener-
ation process in §EC.1.2. Figure 8(b) illustrates the results of our analysis for one such instance. In
addition, Figure 8(a) highlights that cooperatives can attract a larger share of consumers compared
to a for-profit retailer due to their non-profit structure, and this size advantage increases with 7.
However, consistent with our findings in Theorem 3(i), the size of the merged cooperative is less

than twice the size of an individual cooperative before the merger.
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8. Conclusion

Consumer cooperatives make a substantial economic impact as they constitute some of the largest
retail chains in the world and serve tens of millions of consumers. Consumer cooperatives aim
to achieve buyer power and ultimately maximize their members’ welfare. To achieve these goals,
to increase their buyer power, and reduce wholesale prices, consumer cooperatives often merge.
For instance, several major economies such as Italy, Switzerland, and the UK have witnessed
mergers of major cooperatives since the turn of the millennium. Regulators, such as the Competition
Authorities, the European Commission, and the Federal Trade Commission, oversee these mergers.
However, there has been no reported case in the US or Europe where a merger of consumer
cooperatives has been subject to merger-enforcement actions. This observation has motivated us
to study the impact of mergers among consumer cooperatives on consumer welfare.

To study this problem, we build a two-tier supply chain model with multiple suppliers facing
scale-up costs and multiple cooperatives aiming to maximize their member-consumers’ welfare.
Consumers act strategically in choosing their welfare-maximizing cooperative. Using the market-
game mechanism that incorporates both suppliers’ seller power and cooperatives’ buyer power in
determining the wholesale price, we investigate how mergers of cooperatives influence strategic
decisions of suppliers, cooperatives, and consumers, and ultimately affect consumer welfare.

We find that although mergers of cooperatives increase buyer power and drive down the wholesale
price as intended, they may end up reducing consumer welfare when the pre-merger number of
cooperatives or the production scale-up cost is below a certain threshold. This is because the
higher buyer power after the merger induces suppliers to reduce their production quantities. This
underproduction is more pronounced when there are a few cooperatives or the production scale-

up cost is low. Indeed, under decreasing marginal cost of production, we find that mergers of
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cooperatives always harm consumers. However, underproduction is less detrimental to consumer
welfare when there are many cooperatives or the production scale-up cost is high. In this case,
mergers benefit consumers through lower prices and higher leftover income to procure other goods.

We also expand our analysis in several important dimensions. First, we consider horizontal
differentiation among consumer cooperatives, such that strategic consumers incur a mismatch
cost depending on how different a cooperative is from their “ideal” position. This model helps us
capture factors such as locational convenience or societal contributions that may make different
cooperatives more appealing to different consumers. We show that the merger helps cooperatives
span a larger group of members than non-merged cooperatives in equilibrium. Importantly, our key
result still holds: mergers of cooperatives reduce consumer welfare when the scale-up cost is below a
certain threshold. We further show that this threshold is decreasing in the mismatch cost. Second,
we consider vertical differentiation, where the merged cooperative provides additional value to its
members due to factors such as cost synergies. The additional value helps the merged cooperative
attract more members in equilibrium, even when consumers incur a switching cost. However, unless
the additional value is very high, mergers of cooperatives still reduce consumer welfare when the
production scale-up cost is below a certain threshold, where this threshold decreases with the
additional value of the merger. Even if the merger benefits members of the merged cooperative, it
can harm members of other cooperatives due to switching costs. Third, we verify that our main
results remain valid when suppliers face capacity constraints, and show that a tight capacity has
the same directional effect as a high production scale-up cost. Finally, we show that our results
continue to hold in the presence of a for-profit retailer in the supply chain.

Our theory of cooperatives provides clear guidelines for cooperative managers (board mem-
bers) and policymakers about when to facilitate or restrict cooperative mergers by considering two
parameters: the number of cooperatives in the market and the cost of scaling-up production. Our
results can guide cooperative managers in advancing their members’ welfare and inform policymak-
ers to design effective antitrust regulations that promote healthy competition among cooperatives.

To obtain sharper insights and as a first step toward studying cooperative mergers, we have made
some modeling choices. Expanding our work or considering other models could lead to interesting
future research directions. First, we have considered identical suppliers for tractability, yet it might
be of interest to extend our results to heterogeneous suppliers. Second, we assume that cooperatives
can gauge their members’ preferences. Although this assumption is reasonable as long as cooper-
atives are managed by a healthy and representative portion of their members, it may be harder
to achieve when cooperatives are very large. Thus, an interesting direction for future research is
to analyze a case where cooperatives have some uncertainty about their members’ preferences. We

conjecture that our main results would be directionally the same, but considering such uncertainty
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may lead to other interesting dynamics and new research questions. Finally, although we focus on
the main objective of consumer cooperatives, maximizing their members’ welfare, cooperatives may
have other objectives, such as supporting local suppliers and improving sustainable retail practices.

Considering these alternative objectives can be an interesting direction for future research.
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Appendix

Proof of Proposition 1. Unique Equilibrium Characterization. Each cooperative ¢’s action is its procure-
ment budget b. € R, which is constrained by the cooperative’s total income N_.I. Thus, its action set is

[0, N.I], which is a non-empty, compact, and convex subset of Euclidean space. Each cooperative ¢’s objective

~

function U, =+ 115 [(§)' 0 = U +1 - = =7+ 15 (5- 55— 0)'"* = 1] +1 — 3= is continuous in b.. The

Ne be+B_, Ne

necessary first-order optimality condition with respect to b, is

~

1 b % B, ~
(7 a o) < O-1=0, (13)
Nebv. +B_. (b, + B_,)?

which is also sufficient since U, is concave in b, (given 6 > 0). Notice that as b. — 0, the left-hand side of
the above condition converges to a strictly positive value and as b. — N.I, the left-hand side converges to a
strictly negative value for a sufficiently large I which we assume (I > I). Hence, the optimal b, admits an
interior solution.

Symmetry of cooperative sizes and equilibrium procurement budgets. The detailed proof that each cooperative
contains 1/C measure of consumers is provided in the proof of Theorem 1, steps 1 and 2, and is hence omitted
here. Given the symmetry in cooperative sizes, we will prove that no asymmetric procurement budgets can
exist in equilibrium. Suppose to the contrary that there exists an equilibrium with asymmetric procurement
budgets. Then, there must be at least two cooperatives (cooperatives 1 and 2 without loss of generality) such

o~ N0 &~ N0~
that by > by. Then, using (13) and N, = 1/C, we obtain (%0) Ehp 1< (%o) B2 1, which

B B

implies that either 31 or 52 cannot satisfy (13), and hence cannot be an equilibrium procurement budget; a
contradiction.

Let b denote each cooperative’s equilibrium procurement budget. By evaluating (13) we obtain

- o -1~

B=Cb=—-0'". 14
= (14

Moving backward to the first stage, the action of each supplier s is its production quantity o, € Ry to
maximize its profit function m, = po, — ao; = - j’:g —aol = cT’los(oS + 6_5)*9 — aol, which is continuous in

0,. Since § > 1—r, 7, <0 as 0o, — +o0o. Thus, the action set of each supplier is restricted from above. The

necessary first-order optimality condition with respect to o, is

1 . 1
or, C (0a+0_)" — C’C

do, C
which is also sufficient as shown in §EC.1.1 of the Online Appendix (see (EC.36) and (EC.37)).

00,(0s +O0_,) "' —aro’ ' =0, (15)

Symmetry of equilibrium production quantities. Given the necessary condition above, we will prove that no
asymmetric production quantities can exist in equilibrium. Suppose to the contrary that suppliers’ equilib-
rium production quantities are asymmetric. Then, there must be at least two suppliers (suppliers 1 and 2
without loss of generality) such that 0; > 0,. Observe that the function %‘1905’9’1 +aro™! is strictly
increasing in o for r > 1. This implies that %6*9 — %0515*9*1 —aro," "' < %‘15*9 — %‘10526*9*1 —
aro, . Thus, either 0, or 0, cannot satisfy (15) which is a contradiction. Therefore, production quantities

in equilibrium should be symmetric.
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Let 0 denote each supplier’s equilibrium production quantity. By evaluating (15) we obtain (7). We can
verify that in equilibrium, each supplier earns a strictly positive profit given that S(r — 1) 4+ 6 > 0. Finally,
the price can be obtained as p= % This completes the proof. Bl
Proof of Theorem 1. In two steps, we shall prove a stronger result that shows both Theorem 1 and the
symmetry of cooperative sizes in Proposition 1.

Step 1. We prove that there is no (pre-merger or post-merger) equilibrium in which m > 1 cooperatives

. - . -~ - . — ’
have size N’ > % and the remaining (C' —m) cooperatives have size 1531: <4

=
Suppose to the contrary that such an equilibrium exists. We already show in the proof of Proposition 1

that cooperatives of the same size spend symmetric procurement budgets in equilibrium. Let Y and b be

the symmetric procurement budgets of cooperatives with size N’ and 1521: *, respectively. Then, similar to
(EC.3) and (EC.4), we can write
¥ 0.\ B, ¥ -
— = = m— 1= 1
(¥5°) 7 On=1=0 (16)
B(E = m) O\~ B -
— = m 1=0. 1
(1—mN/ Bm) B2 © 0 (17)

From (16) and (17), we obtain
Bp—b  (m—1b+(C—m)b (3'(1 —mN'))e

Bn—b mb+(C—1-—m) “N/(C—m)b
Let ' = % Simplifying the above expression, 1’ solves
m—l-i—(é—m)??/_( 1—mN’ )9 (18)
m+(C —1—m)y N/(C—m)y/

We can rearrange the above expression and rewrite it as

m—1+4(C —m)y (O — )1 — (1 —mN")e =
r @ =1y (€l = (1= mNY? =0,

The derivative of the left-hand side of the above expression with respect to n' is

G _ _ _ 146 m)y

_ NG = m))? + ON'(C — m)[N'(C — myy -1 L =mn”
[m+(C—1—m)n)? m+(C—1—m)y

Observe that if 7’ — 0, the left-hand side converges to —(1 — mN’)? <0 and if ’ — 1, the left-hand side

converges to [N'(C —m)]? — (1 —mN’)? >0 for N' > % Hence, 7' € (0,1) uniquely solves (18) for each C,m

and N’. Following this observation, we can write

8 ) "7/(1—"11) +9<N/(5—m)n/)_0_1 N'n'
Ui 12

[m+(6717'm) 1-mN’ 1-mN’
== - L — e <0, (19)
oC _C-1 n H(N’(C’fm)n’> N'(C—m)
[m+(C—1-m)n’]? 1-mN’ 1-mN’
by the implicit function theorem. In addition, Em —mb + (C~'—m)52> g = m and El = W/_m)n,
Using (16) and (17), we obtain
Em:(i, ~1 )*9m71+~(07m)77’6179
N mt C—myr! m+ (@ —my
:( C—ml 17/ )—9m+(0:1—m)n’61_9. (20)
L=mNm o+ (C—m)y/ m+(C—m)y
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We now compare the utility that a consumer receives in these two types of cooperatives to show that it

cannot form an equilibrium. Let U’ and U represent the utilities that a consumer receives in cooperatives

. . —_ ’ .
with size N’ and éi’fj\fm, respectively. Then, we have

5 1 (i 1 )17961_0_i 1 5

L=0\N"m 4 (C—m)y " N (Cmmyy

A (Oom Ay, Com i g

:<i ~1 )1_951_9{ 1 _m—1+~(C~'—m)n’}
N'm+(C—m)n TH=0 e (C—m)y

_( C—m 17’ )1*06179[ 1 _m+(C:1—m)n’}
TN g (@ —myr) " T8 s (G- mpr

O((l 1 >m+(C~'—1— )17[ 1 _m—l—l—(@—m)n’}
N m+(C—m)yy/’ m—1+(C—m)yL1-0 m+ (C—m)y

/

- (E—1-myy
(lc—mn]zf’m+(c7'7 m)ny’ )[liﬂ mn:+c(cim;7:]/n}<0’

where the left-hand side of the inequality is obtained by using (20) and after factoring out some positive

common terms. To see the inequality, it is enough to prove that

m+(C —1—m)77’[ I —1+(C~'—m)n’}
m—1+(C—m)y L1 m+ (C —m)ny
N'(C — mn’[ (5—1—7”)77/}
1—mN'’

1-6 m+(5—~m)n’
(Mo [ 1 mokCom

N’(é’m)n’[ 1 m1+(5m)n’(N’(6’m)n’)9}
1—mN’ 1-6 m—i—(é’—m)n’ 1—mN’
m—1+(C—m)y [N’(é—m)n’ B 1}

m—l—(é’—m)ﬂ’ 1—mN’
<l () )

where the second inequality results from the expression for n’ in (18) and the third inequality results from

rearranging terms and dropping the term (%

holds, consider the function H(¢) = 1+ (Com)n’ (C - 1) -+ (CI*G - 1), where ¢ = N(G=m)n' and note

m+(C—m)n’ 1-mN’
that we want to show that H(() < 0. To see this, we take the partial derivative of H(¢) with respect to ¢

2H) — melt(Oomin _ ml (o —0 _ m=1+(C=m)n’
as follows =52 = Ty mie—1myy < 0, where we use the fact that ¢ 1oy Y (18).

Since ¢ > 1, we have H(() < H(1) =0. This means U’ < U and hence we cannot have an equilibrium with

)? from both sides. To see why the third inequality

two cooperative sizes.

Step 2. We prove that there is no (pre-merger or post-merger) equilibrium in which m > 3 cooperatives
have asymmetric sizes.

Suppose to the contrary that such an equilibrium exists, that is there are at least three different equilibrium

sizes in the post-merger equilibrium. Let N{ > N > N be the cooperatives sizes and 31, 32, and /53 be the
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corresponding equilibrium procurement budgets for any of these cooperatives. Then, similar to (16) and (17)

we can write

(ngllgm) (B, ) ;”, (21)
(fégm) )= gm (22)
(b 0y 5, 5= 2= 23)

Since the left-hand sides of (21), (22), and (23) are equal and N > N} > N}, we must have b; > by > bs. Also,

)
since the left hand sides of (21), (22), and (23) are equal and B,, —by < By, — by < B,,, — bs, we conclude that

N, < N, < .Next in equilibrium, we must have Ul (72:[73 and hence

LB Oy B L (5 Ony B Oyt Bnhs
1-6\Ni B, Ni 1-0\N;p,/\N;B,/ B, b Ny

— 1 (/52/\7”)1_94_]_/52

- 1-60\N, B, N
1 bs O,,\1-6 b, 1 bs O by O B

_ (B Oy b L (b Ouy(B Ony By b
1-0\N; B, N; 1-0\N3pB /\N;B, B,, —bs N.

L OB Ony (B Bacy B b o
1—93m N3 B,, N} N B, — b N,  Nj

by using (21), (22), and (23) in the first three lines and then rearranging the terms in the first and second

lines. Similarly, by rearranging the terms in the second and third lines, we obtain

1 @(E@)f’{(gg,)Em—gg 32}_33 32

— — — — —— | = — . 25
1-0 B, \N; B, N3/ B, —bs N3l N3 Nj 25)
Using (24) and (25), and after rearranging the terms, we obtain
-G - - sk - G E=s)
N NN B, 5, W) TN T Ml TN B, 5,
7 ’571(373) B by _371(373) Bon—ba
1 N\ N} Bmfbg N{\ N} ) B,,—b1
= N} (33 ) Bu-by _ by | b1 _ b Buby ' (26)
N; ) Bou—bs N{ By —by
Next, note that we can rewrite the condition U1 = (72 = (73 as follows
L(2Omy B L (B Ouy(h Ony Bl b
1-0\Ni B, N O\Ni B, NgB B, —b Ny
S B B W R (- B EX T Y
1-0\N; B N} O0\N; B, /\N;B B,, — by N}
1 De O \1-6 b
= (= &) b
1 Nj B,, Nj
1 O, /b3 Opn\-o7 b bi\B,—bs7 by b
= 77(73/7) |: 3 ( 1,),\ A3:|:73,— 1,, (27)
1-0B, \N; B, Nj N/ B, —b N;  Nj

by using (21), (22), and (23) in the first three lines and then rearranging the terms in the first and third
lines. Similarly, rearranging the terms in the second and third lines, we obtain
1 6 (/53 5m)_9|:/53 (/52>§m_/53:| /53 /52

7/\7”1 — = — |\ | = =~ | == — == - 28
1-05,\N; B,/ Ny \Nj/B, 5,0 N N 2
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Using (27) and (28), and after rearranging the terms, we obtain

s w )l G ) = [ -l - ()53
Ny NiILNg ANy B b, LN; NplINg AN{/ B 51
Substituting % from (26) into the above expression, and simplifying the expression using straightforward
algebra, we obtain b; = by which is a contradiction. Thus, we cannot have three or more cooperative sizes in
equilibrium. This completes the proof of step 2.

Therefore, the unique equilibrium comprises equal-sized cooperatives, and the equilibrium outcomes are
obtained using the expressions in Proposition 1 by setting C' = c.n
Proof of Proposition 3. The proof directly follows from Proposition 1 and Theorem 1. B
Proof of Theorem 2. In equilibrium, consumer utility U, =~ + 5 [(So) = 1]+ 1 — Ch. Plugging in
the values for 0 and b and ignoring the irrelevant terms, the derivative of [/J\'C with respect to C' can be

0—1}%[4_ c-1
C 1—-6 C

determined by evaluating the derivative of | ] with respect to C. This is proportional to

o7 |1 =7 (55%)]. We now argue that U. is unimodal in C, that is there exists C* such that 8= > 0 for all

C < C* and 9% <0 for all C > C*. Observe that when 7 > 2 (which implies r +6 —1>0), 1 —r (<5%) <0

for all C' > 2. Hence, C* =2. In addition, when r € (1,2), C* = -5 is the unique value above which 2% <0

and below which

%% > (. Finally, when r =1, we have r+6 —1 >0 and 177"(%’1) > 0. Thus, C* — co. R
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Online Appendix

EC.1. Proofs

Proof of Proposition 2. (i) The necessary (and sufficient) first-order optimality condition of the
merged cooperative utility-maximization problem given in (8) is
(C b012 6 -f B —ci12

2 b012 —c12 (b012 + E*CH)Q
As in the proof of Proposition 1, we can show that the optimal b

Opm—1=0. (EC.1)
admits an interior solution.

€12

Each non-merged cooperative ¢ € {3, ...,C} also best-responds by solving

be, ~\ ¢ B, A

(Cif\Om) —Aom —1= 0, (EC2)
me + B*Cm (bcm _'_ B*Crn)2

where subscript m represents post-merger outcomes. Using the exact same argument as in the

proof of Proposition 1, one can verify that in any equilibrium, the procurement budgets of non-

merged cooperatives are symmetric. Let Bm denote each non-merged cooperative’s equilibrium

procurement budget. Considering (EC.1) and (EC.2) yields the following simultaneous equations

for the equilibrium procurement budgets bcl2 and b,,:

Cbyy A 0B, bC12 ~ B

T A
(c bm om) Bn—bng _1_y (EC.4)
m B2
From (EC.3) and (EC.4), we obtain
Em _3012 _ (C — 2)/(;”1 _ /5012 )0'
—bm by, +(C—3)byy, 2b,,

Let === . Simplifying the above expression, 7 solves
€12

1+ (C—3)n—(C—2)n(2n)? =0. (EC.5)
The derivative of the left-hand side of (EC.5) with respect to 7 is
1+(C—-3)n 1+0

(C—3)—(C—=2)(1+6)(2n)"=(C—3)—(C—2)(1+0) 21 =—0(C—-3)— T <0.
Observe that if n = 3, the left-hand side of (EC.5) becomes § >0 and if =1, the left-hand side of
(EC.5) becomes (C'—2)(1—2%) <0 . Hence, n € (3, 1) uniquely solves (EC.5) for each C. Following

this observation, we can write

o _ n[l - (2n)°] _ n(n—1)

oC (C=3)—(C=2)(1+0)(2n)? (C-=2)[0(C—-3)n+1+0
by the implicit function theorem and after substituting for (27)? from (EC.5). Letting C' =3 and
C — oo in (EC.5), we find that T<n<(3 )1+9 In addition, By, = be,, + (C — 2)b,, = [1 + (C —
2)11Jbey, = 2 = by and L2 = 2 Using (EC.3) and (EC.4), we obtain

Bm 1+(C*2)n Bm  1+(C—2)
5 C 1 0 (C=2)n =, Cn 1+ (C=3)n 514
B, =(— _

" (2 1+(C—2)n> 1+(C—2)n0m (1+(C—2) ) 1+(C—2)n O

<0, (EC.6)

(EC.7)
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Anticipating this behavior by cooperatives, the action of each supplier s in the first stage is its

. . .. . . B
production quantity o, € R, to maximize its profit function m,, = p,,0,, — a0, = oosriém —
Sm —Sm
r _(C 1 —9 (C-2)n -~ -0 _ r . . . .
aol, =(5 1+(0_2)77) T (C—2 Osm (0s,, + O_s,.) ao}, which is continuous in o,,,. The necessary

first-order optimality condition with respect to o, is

ore,, (g 1 >—9 (C—2)n (
do,,, \21+(C—-2)n/) 1+(C-2)n
Using the exact same arguments as in the proof of Proposition 1, we can verify that production

) —arol t=0.

Sm

Osm + é—sm)ie - 903m (Osm + é\—Sm

quantities are symmetric in any equilibrium and that the above condition is also sufficient for

optimality. Thus, the equilibrium production quantity is given by

O = K% 1+ (c} 2)77>_0 1 J(rc(c_’Q)g)n isfﬁ(s -0

- {(1 n (g"_ 2)77> K 1; Eg = 2;2;5“(5 - 9)} e (EC.8)

Finally, the price can be obtained as p,, = g—m.

(ii) To compare the utility that a consumer receives in the merged cooperative with the utility

in a non-merged cooperative, we need to evaluate the following expression

:<C(C}))H’519[ 19_ (6252)77)}
21+ (C-2 ™ l1l-0 1+(C-2
_< (gn | 7Z_9510[ 19_1+Eg—3§n]n
1+(C-2 ™ l1-6 1+(C-2
:(g 1 ! )( Cn )91+(C—n3)17A1_9[ 1 (C=2)y ]
21+(C—-2)n/\1+(C—2)n (C—=2yp "™ l1-6 1+(C-2)y
_( Cn 1_961-9[ 1 _1+(C’—3)n]
1+(C—2 ml1-6 1+(C-2
OC<C+( 1 " )1—|—(C—3)17[ 1+(_ (é’n—Q)n }
21+(C—2p/) (C=2)y l1—6 1+(C—-2)
_( Cn ){ 1 _1+(C—3)n} 0
1+4(C-2p/l1-6 1+4+(C—-2)n ’

where the third equality results from (EC.7). To see the inequality, it is enough to prove that

1—1—(0—3)17[ 1 (C=2)ny } 2{ 1 _1—1—(0—3)17]
(C-2p Ll1-60 1+(C-2)n 1-60 14+(C—2)n

o1 (C—2) 1 (C=20_ (o0
= (@) {1_9_1”0_2)77}<2n[1_9_1+(0_2)n(77)}
(C—2)n 1 10
Tr gy @~V <150 -1,

where the second line results from the expression for n in (EC.5) and the third line results from

rearranging terms and dropping the term (21)? from both sides. To see why the third line holds,

consider the function G(C) = 14(553)2737, 2n—1)— 15 [(277)1_9 — 1}, and note that we want to show
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that G(C) <0 for all C'> 3. To see this, we take the total derivative of G(C) with respect to C:
dG(C) oG N 0G _ 0n

dC —ac oy “aC
n(2n—1) [ -1 2n B 2n ] n(n—1)
[1+(C 22 L1+ (C =22 14+(C—-2)np 14+(C-=3nlo(C-3n+1+0
__n@n-1) [9(0—3)n+n+9} [ 20 2 ] n(n—1)
[14(C=2)n2 LO(C =3)n+1+6 1+(C=2)n 1+(C=3nl0(C—=3)n+1+6
where in the second line we use (EC.5) and (EC.6). As a result, G(C) attains its maximum when
C — oo which in that case n — 1 by (EC.5). Observe that lime_,oc G(C) =0 and hence G(C) <0

for all C' > 3. This means U.. < U forallC>3. 1

€12

Proof of Proposition 4. Notice that in choosing their procurement budgets, cooperatives take
their size as given and try to optimize the average utility of their members. Hence, the existence
of mismatch costs in the model only influences consumers’ decisions in the first stage of the game
and not the optimization problem of the cooperatives. This observation implies that the exact
argument in the proof of Theorem 1 can be used to prove that the pre-merger market game has a
unique equilibrium in which each cooperative contains 1/C' measure of consumers. l

Proof of Theorem 3. Part (i). The existence of equilibrium and symmetry of production quanti-
ties follow from previous proofs and are hence omitted. Suppose that in equilibrium, N, consumers

join cooperative ¢ and (1 — N,

c1,) consumers join cooperative cz. Then, the merged cooperative

c12 solves the following optimization problem:

1 1 b. ~ \ 10 c
max -y + [( 2 Om) — 1] +I—- 2. (EC.9)
beig 1-0 c12 b e T bc3 c12

Notice that each cooperative chooses its procurement budget given its size, where the size of each

b

cooperative is determined by backward induction given the mismatch cost and anticipating the

procurement strategy of cooperatives in equilibrium. Thus, the mismatch cost can be omitted from

the cooperative’s problem. The first-order optimality condition with respect to b.,, is given by
1 by, ~\° b ~
( —2_—0 —=—0,,—1=0, (EC.10)

('12 bc12 + bC3 " (bCIQ + bc3)2
which is both necessary and sufficient. Similarly, considering the optimization problem of the non-

merged cooperative and deriving the first-order optimality condition with respect to b.,, we obtain

~

1 bc3 PN beys ~
< Om> 7@” —-1=0. (EC.11)
[1 Ncl?] be 5 T b612 (b + b012)
The above two conditions imply that
1—N,,\ T
== ¥ 12) o (EC.12)
c12 €12 R
Since B,, :3612 +Z =(1 +77)bc12, we have bé = ﬁ and %‘i = 14,,- Using (EC.10) and (EC.11),
~ 1 1 N\% 1 ~_ 1 n \ % 1
B, = ( ) 010 = ( ) oL, EC.13
N6121+77 1+77 [ N612]1+77 1+77 ( )
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In addition, each supplier s chooses its production quantity o, to maximize its profit w,,, =

B
Pm0s,, — a0, = —2=mZm_ _qg

Sm Osm, +O*5m sm

T 1 1 \—6_n A —6 T :
= (Nc12 ) T4 0sm (05, £ O0—s,,) " —aoy . Taking the necessary

(and sufficient) first-order optimality condition with respect to o, , the production quantity by

Sm>?

each supplier solves:

o= (k) s o)™ = () o™

Ne,14+n/ 14nar Ne,J14n/ 14+nar

(EC.14)

Now, let us derive the value of N., in equilibrium. Note that in Figure 3(b), a consumer at

12
the margin between c3 and ¢, from left or right should be indifferent between joining the merged

cooperative ¢ or the non-merged one c¢3 in equilibrium. To satisfy this condition, we must have

1t/ 1 1 At 1 1 ~ /N, 1
v+ [( Om) —1}+I— —Bm—t(—”—f)

1-0\N.,1+n N, 1417 2 6
1 1 N o~ \1 1 N = 1—-N,
=il R e RIE L G )
! 1-0 [1_N612]1+77 [1_NC12]1+77 2
= (o) sl - () ol
N, 14+n ™ 1l1-0 140 [1—N.,]1+n ™ l1-60 14n
2
- t(Nm—§>, (EC.15)

where in deriving the mismatch costs in the first equality, we use two facts: 1) in any equilibrium,
the distance of the marginal consumers on both sides of ¢; from c¢3, must be equal; otherwise, these
two consumers would not be receiving equal utilities (given different mismatch costs); and 2) the
marginal consumer in any equilibrium cannot locate between ¢; and c,, as otherwise, any consumer
between the marginal consumer and c¢; or ¢, would be better off joining the merged cooperative
and paying lesser mismatch costs. Figure 3(b) depicts the market configuration.

Now, suppose t = 0. Then recall from the proof of Theorem 1, step 1, that if IV,

ep < 3, the
utility of a consumer in the merged cooperative c;o would be higher than their utility in the
other cooperative cz. This makes the left-hand side of (EC.15) positive. However, under ¢ > 0 and
if N, < %, the right-hand side of (EC.15) would be strictly negative, which is a contradiction.
Therefore, in order to satisfy (EC.15), we must have that N, > 1.

Following this observation, the left-hand side of (EC.15) is strictly negative, implying that N.,, <

% in order to make the right-hand side also strictly negative. Therefore, % < N,

2
<3

Next, we prove the uniqueness of N, , that satisfies (EC.15). To see this, notice that the left-hand

side of (EC.15) can be written as F'(N,,,) — F(1 — N.,,) where
1 n \1-0 A 1 1
r0-a)~ (i) o [t il
( Y mo1—e 1+~
0 0
(1-N,,) ™7 ]%[ NL? }ie%{ 1 NI ]
_0 0 1-6 ’

_0 _0
Ney” + (1= Neyy ) 75 NG + (1= N,,,) ™0 N + (1= N,,,) 750

€12
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after substituting for n from (EC.12) and O, from (EC.14), and ignoring irrelevant terms. We
claim that F'(1 — N,,,) is strictly increasing in N.,,. To prove this, we take its derivative with

respect to N ,. After ignoring some positive common terms, the derivative simplifies to

1-0)(r—1 £ 2 0 -1 1 1 £ 240
MNJQQ ((1_N012) = _mN0121+9(1_N012) 1+9+mNc11§0(1—Nc12) ”")
0
1 NEe
x(l—ﬁ %7 L)
NC12 +(1_N012)1+9
0
(1-6) 0 _1 _ 2 /1 NAt?
+T+9—1(1+9)N6121+ (1= Neyp) ™™ (1—9_ B = 0 )
N611;0+(1_NC12)W
[’}
0 1 __2 Ncm
—mNmHe(l Nepp) TH ——5- = e

1+0 Npllzg +(1 N612)1+0
)
0 -1 2 N’
_71+9Nc121+9(1_N012) 136 0 = o
N611J2rg "‘(1_*]\7012)T
0
1 _ 1 NIt
= 1+9NC121+0(1_N012)_ﬁ20<1_ 0 - ) >O7

60
012) 1o

where the first inequality is obtained by setting r =1 given that the expression on the first three

N&E7 +(1—N,

lines above is positive and increasing in r. Now, since F'(1 — N,

c1) 18 strictly increasing in N,

127

we conclude that F'(N,,,) is strictly decreasing in NV, , and hence F(N.,,) — F(1— N,

€12

) is strictly

12

decreasing in N.,,, whereas the right-hand side of (EC.15) is strictly increasing in NV,

¢15- Therefore,

there exists a unique N, , that satisfies (EC.15). Next, if we bring all the terms in (EC.15) to the

left-hand side, it can be seen that the partial derivative with respect to t is —(1V,

€12

—2)>0 given

that N, , < 2. The partial derivative with respect to N,,, is strictly negative, as argued above.
12 3

€12

Thus, by applying the implicit function theorem to (EC.15), it can be verified that 8]:;% > 0.
Part (ii). Considering the average utility received by members under the non-merged cooperative
c3, the difference between post-merger and pre-merger utility can be expressed as (a similar analysis

can be applied to compare the utilities of members in ¢;5):

() ol k) ol Y e

where the term for the mismatch cost captures the difference between the expected mismatch costs

incurred by members of cooperative c; under these two settings. Notice that since N, , € (%, %),

consumers of ¢z pay a higher mismatch cost on average post-merger (see, Figure 3(b)). Now,
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suppose r — 1. Then, (EC.16) simplifies to

o B o
s (bsris-n) 7| Ay (A
“ NI 4 (1= N,,)™0 Y NI 4+ (1-N,,)T
2T 1 2 171 N,
-(5) " (=5-5)| - 5tls - o] <o
67 (-] ¥5-%
To see the inequality, note that the function 3;1%&(1%9 — x) is strictly increasing in x for z <1,
)
T+0
and Ny =1 +n <2 <= 1> 3, which holds. Therefore, the first bracket in the above

1+6
Ncg +(1- N612)1+9

expression is strictly negative. The second bracket is also strictly positive, and hence the entire
expression is strictly negative. This implies that as » — 1, the pre-merger utility is strictly higher
than the post-merger utility.

Next, suppose r — 0o, then (EC.16) simplifies to

_06
(et gL MRy (L) L
_0 _ _0 _ :
NI+ (=N’ M0 NI o, e M0 3 28

€12

Applying the implicit function theorem to (EC.15), it can be verified that 8];% > 0 given the

facts that O,, is strictly decreasing in r and the left-hand side of (EC.15) is a negative value. This
implies that as r — oo, N, = % (hence, no difference in mismatch cost compared to pre-merger).

Therefore, the above expression simplifies to

_06

< (1—N012)_ﬁ )1—9( 1 NE? ) ( 1 _2)

_0 o L _
NIP 4 (1-Ny)te’ M0 oy, e/ M3

0
1 N0 1 2 2 1
>(1—e_ i 8 L)_(1—9_§>:§_1+77>07
N012 +(1_NC12)1+9 )
1 — _0

where we use the fact that (1 — N,,)" ™8 > N.2% + (1 — N,

€12

)7+0, and for any sign of 1 — 6, the
first inequality holds.

Now, given the continuity of (EC.16) in r, there exists a value r* € (1,00) where the pre-merger
utility is equal to the post-merger utility. We now claim that this 7* is unique where for all r < r*,
pre-merger utility is higher and for all » > r*, post-merger utility is higher. To see this, recall that
when r — 1, pre-merger utility is higher. Let r* be the smallest r at which pre-merger utility is
equal to the post-merger utility. Then, we prove that if (EC.16) is positive at some 7’ > 7*, it

remains strictly positive at r” > r’. To see this, first notice that as N.,, increases, the mismatch

€12

cost term in (EC.16) decreases. In addition, the first expression in (EC.16) which is F'(1 — N,

e12)
also increases in N,,,. Therefore, (EC.16) increases in N, ,. Owing to the fact that 31;% >0, we

c12°

conclude that the indirect derivative of (EC.16) with respect to r (through N.,,) is positive. Next,

we investigate the direct derivative of (EC.16) with respect to r. (EC.16) can be re-written as

i([l —ivm] %) oy {1%9 - 1in} -0 {ﬁ B g]
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) gt

where we substitute for the mismatch cost term using (EC.15). After factoring out the common

1—-6
term S (ﬁSiQil(S — 9)) e , the direct derivative of the above expression with respect to r is

_6
3(1—0)0 [ (1= N,,) ™0 }“%1”[ NI }iegl
_ 2 _0 6
o= o L (1-w,,,)th NI+ (1= N,,,) T
£ 1
X[ I Noiy’ ]log[ (1= Nep,) ™ ]
_ _0 _0
=0 N1 (1-N, ) NI + (1- N, )T
1 (1=6)(r—1) fﬁ 1-6
3(1_9) |: 1_NC12) 140 W N012 :|m
_ 2 _0 0
4(T+9 1) NCIIJ£9+(1_N612)% N61172L€+(1 Nclg)%
_0 _0
X[ 1 N’ ]1og[ Neit' ]
_ _0
=0 Niw . (1-N,, )™ NIT 4 (1-N,,)T
(1-6)0 [ (N,,,) T rﬁg‘) (1—N,,,)T ]+90
_ 2 _0 6
4(7“+0 1) Ncllge_i_(l_Ncm)ﬁ Ncllge-i- 1—N012)1%
_0 __1_
X[ Lo (= Neyy)™ ]log[ (Ney) ™ ]
_ _0 _0
1=0 Niw i (1-nN, )™ NI +(1-N,,,)T%
(1-0) [ (N,,,) T+ ]H);‘) (1—N,,, )7 }w‘)
_ 2 _0 0
4<T+9 1) Ncllge _i_(l_NClz)% Nclnge _’_(1_N012)%
X[ 1 _ (1_Nc12)1$;9 ]log[ (1 Nclz)lj%e ]
_ _0 _0
=0 N 1-N,, )™ NI 4 (1-N,,)™7
1—0 217 1 2 2
s [ - 23] >0,
(r+6—1)213 1-60 3 3

given the facts that (EC.16) is positive at r and 3log[;] + log[;,] < 4log[5]. Putting these
observations together, if (EC.16) is positive at some ' > r*, it remains strictly positive at r” > 7’

Finally, to see why r* is decreasing in ¢, consider an arbitrary ¢' >0 and let 7}, be the value of r
at which post-merger utility is equal to pre-merger utility given ¢'. Now, holding r =r}, fixed, let ¢/
increases to t”. Then, N/ that solves (EC.15) increases. Accordingly, since (EC.16) is increasing in

N,

Cc129

(EC.16) is strictly positive. This means post-merger utility is higher than pre-merger utility
under t” at r =r},. Therefore, r;, must be smaller than r},. This completes the proof of part (ii). l
Proof of Theorem 4. Part (i). The existence of equilibrium and the derivation of the procure-
ment budgets for the merged and non-merged cooperatives, as well as the suppliers’ production
quantities, follow from the proof of Theorem 3 and are hence omitted. Without loss of generality,
assume that consumers decide to switch post-merger one at a time. Notice that immediately after

2

the merger of cooperatives 1 and 2, the merged cooperative contains N, = 3 measure of con-
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sumers and the non-merged cooperative c3, the remaning % measure. Therefore, the utilities that

consumers receive in the merged and non-merged cooperatives upon merger are, respectively,

1 1 1 ~ \1-¢ 1 1 ~
UC12:7+1_9[( Om) _1]+I_ ﬁBm—i_vMy

N, 1417 N, 1+
and
1 1 n o~ \' 1 n 5
Uy =7+ =5 ( On) —1]+1- B, +v,
=TT g l\L-N.J1+9 1-N.,]1+
with N, = 2. Define
AU =U,, —U,,, >0, (EC.18)

where the inequality follows from Proposition 2(ii). Then, if Av=v,; —v < AU, consumers want
to switch from the merged cooperative to the non-merged one c3. Here, if Av < AU < Av+ «, no
switching occurs; otherwise, if Av 4+ a < AU, consumers switch. Thus, we can derive the value of

N.,, € (3,2) in equilibrium by setting ﬁclz = ﬁc3 — « as follows

1 1 1 ~ \1¢ 1 1 =~
(0 g

N0121+n N0121+77
1 1 n A\ 1 N 5
= v+ {( Om> —1}4—[—7737714- —
7 1-6 [1_N012]1+T7 [1_N012]1+77 v
1 1 1-6 1 n 1 N N\~ o7 1 1
= (y-1m) %l ( ) 0l
Ny, 141 1-60 1+n 1—N.,]1+n 1-— 147
=v—vy—a=—-Av—a<0. (EC.19)

Next, if Av > AU, consumers want to switch from the non-merged cooperative to cy,. Here, if
Av > AU > Av — a, no switching occurs. Otherwise, if Av —a > AU, consumers switch. Thus, we

can derive the value of V., € (%, 1) in equilibrium by setting (//\'Cu —a= Uc3 as follows

1 11 A 10 11
fy+1_9[( om) —1}+I— =~ B.tum—a

Ny, 141 N, 1+n
1 1 n A\ 1 N 5
S 6.) " A r-—L 1 5,
TP\ =N, T+ 1N, 147
o ) Oy ] () ol
N, 147 ™ 1l1-0 140 [1—N.,]1+n ™ l1-60 147
=v—vy+a=—Av+a<0. (EC.20)

Because Av < v, N,,, < 1. The uniqueness of N, , in the above cases follows from the same argu-

12 12

ments used in the proof of Theorem 3. Next, if we bring all the terms in (EC.19) or (EC.20) to
the left-hand side, it can be seen that the partial derivative with respect to Av is 1. The partial

derivative with respect to N,

¢y 18 strictly negative, as shown in the proof of Theorem 3. Therefore,

by applying the implicit function theorem to (EC.19) or (EC.20), it can be verified that ?ﬁ > 0.
Using the same argument, it can be verified that az(\;% >0 in (EC.19) and m;% <0 in (EC.20).
Part (ii). To compare post-merger utility with pre-merger utility in equilibrium, we consider

the utility received by members under the non-merged cooperative ¢ (given that 1?03 = (A]m +a
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post-merger). The difference between post-merger and pre-merger utility can then be expressed as
1 n \1fA 1 1 1 2
S SN o PH) [ S [T NS BC.21
<[1—N012]1+77> " l1-60 14n 1-6 3 ( )
where we use the fact that consumers derive vertical value v from cooperative c; before and after
the merger. Now, let v* be the unique value such that if Av —a =v*, the value of N, determined

€12

by (EC.20) makes n= 1 (according to (EC.12)). Then all the steps in the proof of Theorem 3, part
(ii), can be applied to this case to prove the results.

Part (iii). When Av — a > AU, in equilibrium we have (7012 —a= (763. Now suppose r* (and
ry) are the unique thresholds above which post-merger utility is higher than pre-merger utility for
the members of the merged (non-merged) cooperative. Since (7012 —a= (703, there exists a region
(r*,r3) where a merger benefits its members but harm other consumers. B
Proof of Proposition 5. Fxistence and Characterization of Unique Equilibrium. Each cooperative

¢’s action is its procurement budget b, € R, to maximize utility function U.. The necessary first-

order optimality condition with respect to b. is

1 b -~ B, =
u’(— _ O) < _O-1=0. (EC.22)
Nb.+B_. 7/ (b.+B_,)?
Utility function u(.) is concave, so ¢/(.) is a decreasing function. Moreover, + e B, O is increasing
in b, and (bfT)ZO is decreasing in b.. Thus, 6&{5) is decreasing in b., and hence U, is concave in b,

(so it is also quasi-concave in b.) and the above necessary condition is also sufficient for optimality.
Also note that as b, — 0, the left-hand side of the above condition converges to a strictly positive
value and as b, — NI, the left-hand side converges to a strictly negative value for a sufficiently
large I, which we assume. Hence, the optimal b, admits an interior solution.

Symmetry of equilibrium procurement budgets. We will prove that no asymmetric procurement
budgets can exist in equilibrium. Suppose to the contrary that there exists an equilibrium with
asymmetric procurement budgets. Then, there must be at least two cooperatives (cooperatives

1 and 2 without loss of generality) such that b1 > bz Then, we obtain u <1 blo)m —-1<

B B2
u ibgo (B bz)o
N B B2

—1, where v’ is a decreasing function. Thus, either by or by cannot satisfy (EC.22),
and hence cannot be an equilibrium procurement budget, which is a contradiction.

Let b denote each cooperative’s equilibrium procurement budget. From (EC.22) we obtain

B—Ch— Cc—lu@a. (EC.23)

Moving backward to the first stage, the action of each supplier s is its production quantity o, € R,
which is constrained by the capacity constraint . Thus, its action set is [0, k], which is a non-
empty, compact, and convex subset of Euclidean space. Each supplier s aims to maximize its profit
function 7, = po, — ¥ (0s) = W — (o) = Lo,/ (0, + O_,) —1(0,) which is continuous in o,.

The first derivative of the profit function with respect to o, is gz;’ = %u’ (0s+ 6_3) + %osu’ "(0s+
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O_,) —1'(0,). Notice that a sufficiently convex cost function ¥ (0,) > ¥, > 0 makes 7(0,) concave
in o, (which we assume), and hence it is also quasi-concave in o,. Because all conditions of Theorem
1.2 in Fudenberg and Tirole (1991) are satisfied, there exists a pure-strategy Nash equilibrium.
Moreover, because each supplier has a concave profit function, the Kuhn-Tucker conditions of each
supplier’s optimization problem are sufficient for equilibrium. The Lagrangian function of each
supplier s’ (€ {1,2,...,S}) profit-maximization problem is
£lon o \) = 0 (0, 0) = 6(0) 1. (5 = 0,) + Ao,

where pgs > 0 is the Lagrange multiplier of the capacity constraint and A; > 0 is the Lagrange

multiplier of the non-negativity constraint o, > 0. The Kuhn-Tucker conditions are

o C—-1 ,~ C

/ -1 ,5 Ay T Y
90, =—Gu (O)—i-?osu (0) =9’ (05) — s + As =0,Vs € {1,..., S} (EC.24)
88,5 =rk—0,>0,Vse€{1,2,...,5} (EC.25)
gf =5,>0,¥s€{1,2,...,S} (EC.26)
fs(k—0,)=0,Vs€{1,2,...,5} (EC.27)
0, =0,Vs € {1,2,...,5}. (EC.28)

Symmetry of equilibrium production quantities. We will prove that no asymmetric production quan-
tities can exist in equilibrium. Suppose to the contrary that suppliers’ equilibrium production
quantities are asymmetric. Then, there must be at least two suppliers (suppliers 1 and 2 without
loss of generality) such that 0; > 0,. In this case, (EC.25) implies that 0, < k, so we have iy = 0 from
(EC.27). Because X2 >0, we have Cclu’(O) + SAou” (0) — ' (0,) < 0. Similarly, because 0; > 0,
we have 0; > 0 from (EC.26), which implies that )\1 = 0. Because [1; > 0, we have %u’(@) +

150" (0) — ' (61) > 0. Moreover, S/ (0) + Lo ( 0) —1'(3,) is strictly decreasing in oy, so

c c
01 > 0, implies that <=+ u(0) + % Lo (0)—'(61) < S2/(0) + E16,u" (O D) — /() < 0. How-
ever, S=tu/ (0) + 0015 w’(0) — /(1) < 0 contradicts Wlth el u'(0) + + €16, u(0) — ' (07) > 0.

Therefore, the equilibrium should be symmetric.
Let 0 denote each supplier’s equilibrium production quantity. Evaluating (EC.24)-(EC.28) at the

symmetric equilibrium yields the following equations for the equilibrium production quantity o

-1 ~
¢ - [u'(sa) +ou"(50)| — ' (0) — i+ A=0, (EC.29)
k—0>0, (EC.30)
0>0, fi(k—0) =0, A\o=0. (EC.31)

Now, if the capacity constraint is binding, we have 0 = x which uniquely pins down b by (EC.23).
Otherwise, suppose the capacity constraint is not binding, i.e., 0 <0 < k. Then, = A=0. Using

a similar argument as in the proof of symmetry of production quantities, one can verify that
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0= k cannot be an equilibrium production quantity in this case, so the equilibrium production
quantity, 0, is unique which also uniquely pins down b by (EC.23). Observe that o in this case solves

~L 14/ (80) +ou”(S0)| =1'(0) > 0 which implies that u’(.50) +ou”(50) = v/(S0)[1 — R(SO)] >0 <~
R(S0) < S, where R(z) = —m,/zg) captures each consumer’s coefficient of relative risk aversion.
Moreover, we assume that <51u/(0) > 1'(0) to ensure that 0> 0 by (EC.29). Finally, the price can

be obtained as p= % This completes the proof. B

Proof of Proposition 6. When the capacity constraint is not binding, we have

C—1 g, C-1_, L
o U (S0) c (So) —1'(0) =0, (EC.32)
B=ch=""Lv6)0. (EC.33)

Using (EC.32) and by the implicit function theorem, we have

6 & [0/(85) +5u(80) 0
- _ 0.
oC %SU/I(S/O\) + %UH(S/O\) + %S/O\UW(S/O\) - w,,(/o\)

for a sufficiently convex cost function ¢ (0) which we assume. This implies that 0 <  is increasing in

C. Moreover, when 0 = k, it is non-decreasing in C'. Next, when 0 < k&, Bis given by (EC.33). Thus,
p= g = C1y/(0) = _UOWS0)_ after substituting for €21 from (EC.32). Because u(50)

C u’ (s0)+ou’’ (S0) u’(s0)+ou'’ (S0) —
0, one can verify that for a sufficiently convex cost function ¢(0) (i.e., " (0) > ¥, ), j—g ‘;’; gg >0,
implying that p is increasing in C. Finally, when 0 = x, from (EC.23), p= 2 5 = Ccl u/'(Sk). Since

u'(Sk) >0 is constant in C' and ! is increasing in C, we have p increasing in C. B
Proof of Theorem 5. (i) In equilibrium, consumer utility U.= u(So)+1— B. We first show that

U, is unimodal in C, i.e., there exists C* such that d—ﬁc > ( for all C < C* and d—ﬁc <Oforall C>C".

c—-1,1

“5u'(Sk)Sk is increasing in C, so U, decreases with C. If 0=k

When 0= & is constant in C, B=
even for C'=2, then because 0 is non-decreasing in C', C* = 2. Next, suppose that 0 < k for C' = 2.
Then because 0 is increasing in C, there exists Cy € (2, 400] such that for all C' < Cy, we have 0 < K
and for all C > Cj, we have 0= r. For C' < Cy, 0< K, 0 b is given by (EC.33). Thus, U, = u(S0) +

I— 524/ (80)So=u(So)+1— M after substituting for <+ from (EC.32). The derivative

u’(s0)+ou’ (S

of U, with respect to C is dU° = ¢(0)22, where $(0) = Su'(50) —1//’( 0)G(0) — ¢'(0)G'(0) where

aCc”?

G(0) = L5251 Noting that 9900) = §24/"(S0) — " (0)G(3) — 24" (6)G"(0) — ¢'(8)G" (0)

— u/(so)+ou’’ (So)

and u(S50) is concave, a sufficiently convex function ¢’(0) (which we assume by ¢"(0) > ¢, ) implies
that ¢(0) is decreasing in 0 and hence C. Following this observation, we have three cases. First,
if (0) <0 even under C' = 2, then because ¢(0) is decreasing in C, ¢(0) <0 for all C' > 2. Thus,
C* =2. Second, if ¢(0) > 0 under C' = Cj, because ¢(0) is decreasing in C, ¢(0) > 0 for all C' < C,.
Thus, C* = Cy. Finally, if ¢(0) >0 even under C'=2 and ¢(0) < 0 under C' = Cj, because ¢(0) is
continuous and decreasing in C, there should exist C* € (2 Cy) such that ¢(0) >0 for all C < C*

and ¢(0) <0 for all C' > C*. Because ‘fiﬁcc =¢(0)22 and 22 > 0, we have dUC >0 for all C < C*
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d

and dﬁcc <0 for all C > C*. (ii) Note that when x increases, it is more likely that 0 < x so Cj is

non-decreasing in k. In the first and third cases discussed above, C* is less than Cj so it does not
change with x. In the second case discussed above, C* = C,, which is non-decreasing in . Thus,
C* is non-decreasing in «. Finally, when & is sufficiently small, 0 = k, even under C = 2. Thus, as

discussed above C* =2 in that case. B

EC.1.1. Decreasing Marginal Cost of Production

Proof of Theorem 6. We first extend the proof of Proposition 1 to characterize the pre-merger
equilibrium under decreasing marginal cost of production (i.e., » € (0,1)). The equilibrium analy-
sis for characterizing cooperatives’ procurement budgets is unaffected in this case, and hence we
focus on characterizing suppliers’ production quantities. The action of each supplier s is its produc-
tion quantity oy € R, to maximize its profit function 7, = pos — a0 = ﬁ —aol = %03(05 +
O_,)~% —ao" (after substituing B from (14)) which is continuous in o,. Towards the goal of charac-
terizing a symmetric pure-strategy equilibrium in which all suppliers produce positive production

quantities, the necessary first-order optimality condition with respect to o, can be expressed as

gzs = C; ! (0.4+0_)" — C; ! 00,(0,4+O_,) "' —aro. ™t =0. (EC.34)

Observe that since 8 > 1 —r, m, <0 as o, — +00. In addition, 7, =0 and g—’;j <0 as o, — 0. There-

fore, the optimal production quantity should admit an interior solution. By invoking symmetry,
(EC.34) admits a unique solution as given in (7).
To verify that (7) forms an equilibrium and that the second-order optimality condition is met,

we can examine the second derivative of the supplier’s optimization problem as follows:
Cc-1
C

We now claim that the above expression is strictly negative (implying that the sufficiency condition

—6

S

(0 +0_,)~"2 [z(os +O_)—(1+ 9)03} —ar(r—1)o’ 2. (EC.35)

is met) for any candidate production quantity o, that satisfies the necessary condition in (EC.34)

and generates a positive profit for supplier s. To see this, we can rewrite (EC.35) as follows:

Cc-1 ~ 0 o
—0 0s+0_) % t1—90 C—+1- - —ar(r—1)o. 2
C ( ) [ 05‘1‘075 05"1'075 ( )
1 N
X —HC (OS+0_S)_9_105 1—907‘;/\4‘1—07‘;/\
C 05"'_0—5 Os+075
Cc-1 ~ o
— (r—1)"—=(0s+0_) " |1 -—"r
(r-1) ) [ e
o —0078,\ 1-6 OS,\ +1-— OS,\ —(r=1)|1-¢6 OS,\
0s+0_, 0s+0_, 0 +0_, 0s+0_,
= 10— | lr—140—2 | 0—2  |1-—2%_ | <0, (EC.S36)
os+0O_, 05+ 0O_, os+0O_, 0s+0O_,
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where the second and third lines are obtained by multiplying the first line by o, and substituting
aro’~! from (EC.34), and the fourth line is obtained by dropping some common positive terms.
To see why the last expression is strictly negative, it is enough to show that the first two brackets
are positive. The first bracket must be positive to hold (EC.34) equal to zero, as shown below

Cc-1

AN Os _
(0s+0_) " |1—0—"—]| —aro, ' =0.
C 0, +0O_;
In addition, given that the supplier must earn a positive profit at any candidate o,, we can write
Cc-1 ~
Ty = 05(0s +O_,) " —ao" >0
c-1 - C-1 - q
= ——o0,(0,+0_,)""— 0s(0,+0_,)7"° 1—907} >0
C Cr 0,4+ O_;

— r—1+0—2__ >0,
0s+0_,
where the second line is obtained by substituting ao’ from (EC.34). Therefore, we prove our claim.

Next, we show that there is only one candidate production quantity o, that satisfies the necessary
condition in (EC.34) and generates a positive profit for supplier s. To see this, we can multiply
(EC.34) by o!™" and rearrange terms to obtain

C-1 ~ 04
—0 (0, +0_) " |1 - ——

C 0s+0_,

for any candidate production quantity that satisfies the necessary optimality condition. As shown

=ar, (EC.37)

above, the term in the brackets above cannot be negative for any candidate optimum, so we can

restrict our attention to such production quantities. In this case, the term in the brackets strictly

decreases with such o,. In addition, o!~" (o, + 5,5)*‘9 also decreases in o, if r — 1+ HosfSG,S >0
which holds given that the supplier must earn a positive profit at any candidate o, (as shown
above). Therefore, the left-hand side of (EC.37) strictly decreases in o, values of focus, whereas
its right-hand side remains constant. As a result, (EC.34) admits a unique solution as long as the
profit function is positive, and that solution is the global maximum.

Lastly, we verify that each supplier earns a strictly positive profit by producing the candidate
symmetric production quantity than by producing nothing (in which case the supplier’s profit

would be zero). Plugging in the value of the candidate solution from (7) in the supplier’s profit

function, it can be verified that this condition holds given that 6 > S(1—7).

The price can also be obtained as p = %. Therefore, our equilibrium in Proposition 1 is the

unique symmetric equilibrium under decreasing marginal cost of production.

Subsequent results in §4 follow similarly and still hold with an exception in Proposition 3 where
we can show that the price is decreasing in C' under decreasing marginal cost of production
Ch [C - 1] G

S Cb ¢t
p So

C
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which is decreasing in C' if r < 1. Finally, the proof of Theorem 2 can be extended to this case by
verifying that when r € (1—6,1), we have r+0 —1>0and 1 —r (%) > 0. Thus, C* = oco. R

EC.1.2. Downstream Competition with a For-profit Retailer

Pre-merger Equilibrium. The existence of equilibrium and symmetry of suppliers’ production
quantities follow from previous proofs and are hence omitted. As in our base model, strategic
consumers first choose whether to join one of the two cooperatives or buy from the retailer. To
keep the focus on the retailer’s presence and its impact on consumers’ gain or loss from the mergers
of cooperatives, we focus on equilibria where N. >0 (to be determined endogenously) measure of
consumers joins each cooperative and the remaining 1 — 2N, > 0 measure opts to buy from the
retailer. Specifically, the marginal consumer who is indifferent between joining a cooperative or
buying from the retailer will be determined endogenously by anticipating the corresponding utility

under each strategy in equilibrium. Given N,, cooperative c¢ solves

max -+ — ( L_ b 6)1_9 141 be (EC.38)
X — = — - —. .

be i 1-0L\N.p,+B_. N,

The necessary (and sufficient) optimality condition solves

(&

1 b ~\° B. -

(— _ 0) < _O-1=0. (EC.39)
Neb.+B_, (b.+ B_.)?

In addition, each consumer who buys from the retailer solves (not considering the mismatch cost

as it won’t change the consumption):

[2'7 — 1]+ 1 —pa. (EC.40)

max 'y—i—l_e

The necessary and sufficient optimality condition with respect to x is x=% — p; = 0. Notice that as
x — 0, the left-hand side of this condition converges to a strictly positive value and as = — (I/py),
the left-hand side converges to a strictly negative value for a sufficiently large I which we assume
as in the base model (I > I). Hence, the optimal x admits an interior solution in the form of

1

_1 _
T =p;’. Therefore, the aggregate demand of the retailer g = (1 — 2N.)p,;?. This implies that

q;g =(1—2N.)"%p;. Moreover, q; = %f = %O = bfffg_fO. Then, given N, the retailer solves
max (pr—play = max (pray —by), (EC.41)

where prqp =q;*(1-2N,)" = (bff}f_:;,f 0)'7%(1 —2N,)?. The first-order optimality condition with

respect to by must satisfy
1 by A% B A
L—0) : I H-1<0. (EC.42)

(1- 9)( 0 =
[1—2N]b;+B_; by + B_;)?
Observe that if 1 —60 <0, the above condition holds with strict inequality and hence by = 0. This is

because when 0 > 1, consumers are extremely risk averse and prefer to join a non-profit cooperative
rather than buy from a for-profit retailer. In this case, the retailer would be better off not spending

any procurement budget and serving no consumers, as the net profit would be negative. This
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implies that when 6 > 1, the results are similar to our base model where the retailer does not exist
in the market. Therefore, suppose, 1 — 6 > 0 and hence b; > 0 satisfies the above necessary and

sufficient condition with equality. (EC.39) and (EC.42) together imply that n= solves

2(1— 6)n'+* N, \’
= . EC.43
1+n 1—-2N, ( )
R ing the t btain N, = —2— wh  (20-00Y Y e B 9b, 45, = (1
earranging the terms, we obtain N, = =5- where w = ( =—7—) . Since B =2b. + =01+
Qn)gf, we have Ef ﬁ and bc = 115,- Using (EC.39) and (EC.42), we obtain
s_(L1 _m 91+n_ 1 1 N\ 29 ~_
B:( ) 0" =(1-0)( ) 0. EC.44
Nel+2n/ 142 (1-6) [1—2N.]1+2n/ 1+2n ( )
In addition, each supplier s chooses its production quantity o, to maximize its profit m, = po, —
_ -0
ao’ = ﬁ —aol = (N%ﬁ) fj;; 0s(0s + O_,)~? — ao”. Taking the necessary (and sufficient)

first-order optimality condition with respect to o,, the production quantity by each supplier solves:

[t et o]
B [(1_9)<[1 —12Nc]1:2n>01in2n;«5_9 {5 -0)] e (EC.45)

Now, we can derive the value of N, in equilibrium. For a consumer who is indifferent between
joining a cooperative or buying from the retailer, we must have
~ 1 ~ 1
O.~t(Ne— ) =Tp—t(5 - N.)
6 72
~ 1

Uf (chg)

ﬂ

II

1-0 1 N~

el )
—0L\N.1+2p —|— 2n N.142n

1 N 1

3 9[ - —1]+pfx:2t(Nc—§), (EC.46)

where [/J\C and U ¢ indicate the utility a consumer receives in equilibrium from joining a cooperative

or visiting the retailer, respectively.
Post-merger Equilibrium. As in §5, consider a post-merger setting where cooperatives 1 and
2 merge to form cooperative c;5 and compete with the retailer downstream in the supply chain.

Let N! be the size of merged cooperative ¢, in equilibrium. Then, cooperative c¢;5 solves

T ( L_ % 6’)1 ' 141 b (EC.47)
m — ,\ — - = .
w10 L\Ny 1B, NI

The necessary (and sufficient) optimality condition solves

1 b ~N"¢ B'_.

(—,7&0’) — 0" —-1=0. (EC.48)
Nib.+ B, (b, + B’,)?

In addition, those consumers who buy from the retailer solve:

max y+-—j [0 = 1]+ 1 —pla. (EC.49)

1-46
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The necessary first-order optimality condition with respect to 2’ is 2'~% — p; = 0 which is also

S

sufficient. Thus, 7= p; 7. Thus the aggregate demand of the retailer ¢} = (1-— Né)p’f_%. This

implies that q}_e =(1- Nc’)_(’p}. Moreover, ¢} = I;—’f = %O’ =y f;, O'’. Then, the retailer solves
R
max (py—p)a; = max (Pray —b%), (EC.50)
where p/q} = ¢, (1 - N!)? = (b/fifB/O’)l_e(l — N!)?. The first-order optimality condition with
sB-g
respect to b must satisfy
1 W, N B,
(1- 9)( . 0') SO -1<0. (EC.51)
1-Nlv, + B, (), + B ;)

As in the pre-merger case, we assume that 1 —¢ >0 and hence 0, > 0 satisfies the above condition

(which is also sufficient) with equality. (EC.48) and (EC.51) together imply that ' = % solves
!

0
(—oyt = (e ) o= (EC.52)
1—- N/ ¢ 14w’
1 ~ N~ ~ 7, 7 /
where w' = ((1—6)n"*?)?. Since B’ =0, + b = (1+ 1)V, we have % = 1J:n, and % = 14,7~ Using
(EC.48) and (EC.51), we obtain
~ 1 ,r]/ —0 1 ~ 1 1 -0 77/ ~
B =(v1r) 0" =(1-0)( ) 0. EC.53
N/ 1+7 1+7 ( ) [1—N]1+7n I+7 ( )

In addition, solving each supplier’s maximization problem as before, the production quantity by

each supplier solves:

= () o)™

ﬁ;l—i—n’ 1+n"ar
_ 1 L N 0 1 ey T
N [(1_0)<[1—Né]1+77’) 1+n’ars (5_9)} ’ (EC.54)

Now, we can derive the value of N/ in equilibrium. To satisfy the indifference condition for the

marginal consumer, N/ must solve

ﬁc’t(]\;é):ﬁ}t(;]\;) — ﬁ;fﬁ}:t(zv;%). (EC.55)
Finally, we are interested in comparing the difference between post-merger and pre-merger member-
consumer utility which is given by (7; U, - 1t(2N. — N!). Here, the term for the mismatch
cost captures the difference between the expected mismatch costs incurred by the members of
cooperatives under these two settings. To answer this question, we conduct a rigorous numerical
analysis with 10,000 random instances of (6,t¢,5,a). In particular, at each instance, we randomly
select the number of suppliers S from U|[2,10], the supplier cost function coefficient a from UJ0.5, 1],
consumer utility coefficient  from U(0,1), and the mismatch cost ¢ from U[0,10]. In all of these
10,000 random instances, we verify that mergers of cooperatives harm member consumers if and
only if the production scale-up cost 7 is lower than a threshold. Figure 8 in the main body illustrates

the results for one such instance and shows that our results in Theorem 3 are robust in this case.
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