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Abstract

This paper develops a model of multi-market contact and collusion where product quality is cho-
sen by firms in different markets. We show how multi-market contact and collusion can affect
the quality choices adversely in the markets such that the availability of high-quality product
reduces and the availability of low-quality product increases. There are two markets with iden-
tical demand which are geographically separated but served by both firms. Firms produce goods
which are horizontally and vertically differentiated. It is shown that the firms can coordinate
and collude during the quality choice stage, and as a result of this collusion in quality choice,
the firms will under-invest in product quality improvement (and thereby save the fixed cost),
leading to the availability of more low-quality products and the availability of less high-quality
products in the market. We also show that when the fixed cost is low so that producing only the
high-quality product is the unique Nash equilibrium, then welfare may increase if the firms form
the cartel and either of the firms switch to the lower quality product (instead of producing, the
higher quality product). Otherwise, after collusion, welfare always reduces.
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1 Introduction

Belleflamme and Peitz (2015) argues that although most competition laws forbid price-fixing
agreements, explicit cartels continue to form and operate in a vast array of industries. In most
of the cartel cases reported (detected), the firms involved had tried to reduce their joint output
or had tried to increase the prices of the products or were involved in market-sharing agree-
ments or bid rigging. There are very few cartel cases reported and thereby analyzed in the
literature where the firms had colluded and fixed the quality of the product to be supplied by
each firm in different markets. However firms may choose to form cartels that has bearing on
the quality. OECD (2013) states “At the level of competition enforcement, the role of qual-
ity as a factor in assessing the legality of horizontal and vertical restraints is well established.
Co-ordinated efforts between competitors to limit quality improvements or to degrade existing
quality are generally most appropriately treated as equivalent to a cartel. ..... Typically, hor-
izontal agreements to restrict innovation, limit product choice or degrade existing quality are
treated as hard-core cartel offenses equivalent to price-fixing or market sharing.” Although the
majority of detected cartels have eliminated price competition, firms can occasionally decide to
degrade the quality of the product and thereby reduce competition.1 OECD (2013) reports two
cases relevant in this context: i) Ordre des Pharmaciens of the Belgian Pharmacists Association
(BPA)2 and ii) Adanim Mortgage Bank, Ltd.3 Moreover, OECD (2013) reports about Aus-
tralia’s express freight cartel, where three of Australia’s transport companies and their senior
executives colluded for approximately 20 years to fix prices and share the Australian express
freight market. Interestingly, three of Australia’s transport companies involved deliberately
tried to lose or damage freight to encourage the customers to return to their original carrier.
Therefore, the objective of the present paper is to model this behaviour and analyze the incen-
tives of the firms in degrading the product quality and thereby forming a quality-fixing cartel
when the firms have multi-market contacts. We show that even if the firms avoid price-fixing
or quantity controls and/or market sharing, they can still collude and choose the quality of
the products to be supplied by each firm in multiple markets.4 This helps the firms to acquire
more profits, though, it will hurt the consumers. On the policy front, we suggest that anti-trust
authorities, should not only consider traditional forms of collusion but also should be vigilant
about collusion in terms of “quality choice”.

We explain this phenomenon using a model of multi-market contact and collusion, when
only at the time of determining the product quality the firms collude. Thus, the objective of

1OECD (2013) also mentions that “Cartelists might agree not to introduce new products, for example, or
they could agree not to offer certain services to their customers. Another possibility is that they could agree to
restrict the hours during which their businesses are open.”

2BPA maintained a set of rules with which its members were expected to comply regarding the schedule
showing which pharmacies were to remain open (and therefore which ones were to be closed, as well) on any
given weekend in various areas within Belgium.

3In Israel some banks tried to collude and close their branches on Fridays and undertake not to compete
with each other in serving the public by opening the branches on that day.

4Mishra and Rao (2015) finds that anti-competitive practices are prevalent in the Indian telecom industry,
with the leading operators engaging in practices such as predatory pricing, cartelization, and abuse of dominance.
The study notes that these practices have negative effects on consumers, including higher prices, reduced choice,
and poor quality of service.
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the paper is to highlight collusion only via the choice of the quality of the product of each
firm in different markets, even if the firms don’t collude at the time of setting the quantities
or the prices. It is shown in the paper, that due to multi-market contacts and collusion, the
availability of high-quality products will reduce and the availability of low-quality products will
increase. Thus, the firms may deliberately produce low-quality products (instead of producing
high-quality products) to soften the competition in the market or the firms will under-invest in
product quality improvement (and thereby save the fixed cost), which ultimately fetches more
profits for the firms.

Our paper is related to the literature on multi-market contacts. Multi-market contacts
arise when the same set of rival firms compete in multiple markets and these contacts are very
common in the current business environment. Edwards (1955) observed that firms having multi-
market contact will compete less aggressively as they will fear retaliation by rivals in all other
markets. There have been various studies on multi-market contracts in different industries.5

Many of these studies find evidence of multi-market contact leading to collusion and higher
prices. In a seminal contribution, Bernheim and Whinston (1990) showed that multi-market
contact might help firms sustain collusive outcomes in the context of a repeated game. This
is possible as the firms can pool the incentive compatibility constraints for sustaining collusion
across markets. Following Bernheim and Whinston (1990), the role of multi-market contact has
been analyzed to understand the behaviour of international cartels.6 Bhattacharjea and Sinha
(2015) provide a general structure to analyze the international cartel involving the sphere of
influence. Byford and Gans (2014) further extends the model of Bernheim and Whinston (1990)
to include costly entry decisions of firms in different markets. Choi and Gerlach (2012) analyzes
international cartel formation with multi-market contact in the presence of multinational firms.
Sinha (2018) analyses how foreign direct investment may also facilitate collusion in an inter-
national context. All the above papers on multi-market contact and collusion have focused on
price or quantity as the strategic variable, and their main finding is that multi-market contact
could be anti-competitive and can raise prices.

An important question that arises in this context is: if multi-market contact and, thereby,
collusion raises prices in different markets, should it not also affect the quality of products
supplied by the firms in different markets? Some empirical works support the hypothesis that
multi-market contact harms the quality of the products in the markets. Prince and Simon (2009)
measures the on-time performance of airline as service quality and finds that multi-market con-
tact increases delays. Lin and McCarthy (2023) examines the effects of multi-market contact
on health insurance prices and quality using comprehensive data on the Medicare Advantage
(MA) market from 2008 through 2015.7 They show that the prices are significantly higher and

5Some well-known empirical studies on multi-market contacts are related to airlines (Evans and Kessides
(1994) and Ciliberto and Williams (2010)); cement (Jans and Rosenbaum (1997)); mobile telephone (Parker
and Röller (1997), Busse (2000)); radio advertisement (Waldfogel and Wulf (2006)); hotels (Fernandez and
Marin, 1998); movie (Feinberg (2014)) and automobile market (Leheyda (2008)).

6See Lommerud and Sørgard (2001), Bond and Syropoulos (2008, 2012), Ashournia et al. (2013), Akinbosoye
et al. (2012) and Colombo and Labrecciosa (2007). Before Bernheim and Whinston (1990), Pinto (1986)
considered an infinite horizon model to show the possibility of collusion within the “sphere of influence” in the
context of the international market.

7Lin and McCarthy (2023) measure quality based on the plan’s overall star rating introduced by CMS in
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high-quality plans less pervasive as multi-market contact increases. Moreover, it is shown by
Lin and McCarthy (2023) that increasing multi-market contact reduces the prevalence of high-
quality contracts, where a one standard deviation increase in multi-market contact leads to as
much as a 10 per cent reduction in the percentage of high-rated contracts in a market (where
high-rated is defined as receiving a star rating of 4 or more). Therefore, it is important to
study theoretically how multi-market contacts facilitate collusion and thereby adversely affect
the quality of the products available in all the markets where the firms meet.

Thus, in this article we try to understand how in the presence of product differentiation
and multi-market contacts firms may under supply the high-quality products in the markets.
In this paper, we develop a model of multi-market contact and collusion where product quality
is chosen by firms in different markets. It is assumed that the firms will neither form any cartel
in the quantity competition stage nor get involved in any market-sharing agreements. This is
because the probability of detecting a cartel (quantity/price cartel) by the antitrust authority
is extremely high or very high penalty to be imposed after detection (most restrictive regimes)8.
In contrast, the firms can form cartels while deciding the quality of the products, as it is of-
ten less likely to be detected.9 We show that multi-market contact and collusion can affect
the quality choices adversely in the markets such that the availability of high-quality products
reduces and the availability of low-quality products increases. To the best of our knowledge,
this is the first paper to show that the product quality supplied by firms may be affected due
to multi-market contact as it opens up the possibility of coordination and collusion between
firms. In this model, there are two identical markets which are geographically separated. Each
firm operates in both markets. Demand is identical in all markets, and goods are horizontally
and vertically differentiated.

We consider the two-stage game, wherein in the first stage, the firms decide on the quality
of goods that they want to supply in each market. Firms have the option of choosing either
a low or a high-quality product based on the available technologies. The firm producing the
high-quality product incurs a higher fixed cost than the other firm that produces the low-quality
product (which is assumed to be zero in the model for simplicity). This may be due to the
more advanced technology the high-quality product demands as well as for marketing/brand
promotion of the high-quality product. In the second stage, they compete in quantities in both
markets. In this simple setting, multi-market contact may play a crucial role in the quality
choice stage. Firms might collude in the quality choice game even though they compete in quan-
tity in the second stage. Thus, the firms can coordinate and collude during the quality choice
in the first stage, and as a result of this collusion in quality choice, the firms will under-invest
in product quality improvement (and thereby save the fixed cost), leading to the availability of
more low-quality products and the availability of less high-quality products in the market.

In case the firms decide not to collude in the first stage, then: i) both the firms will produce
the higher quality product in both markets if the fixed cost is relatively low or the quality

2009.
8See Hylton and Deng (2007).
9See OECD (2013) on the role and measurement of quality in competition analysis.
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difference (net of cost) between the products is very high, ii) both the firms will produce the
lower quality product in both the markets if the fixed cost is relatively high or the quality
difference (net of cost) is very low and iii) the firms will produce different types of products in
each market if the fixed cost is neither very high nor very low or the quality difference (net of
cost) is neither very high nor very low.

It is shown that when the fixed cost is low so that producing only the high-quality product is
the unique Nash equilibrium, if the horizontal product differentiation is low, then irrespective
of the quality difference (net of cost), the firms will form the cartel and either of the firms
should switch to the lower quality product (instead of producing, the higher quality product).
Interestingly, it is also shown that there also exist cases where the firms will collude and produce
only the low-quality product in both markets, when producing only the high-quality product is
the unique Nash equilibrium under independent (strategic) quality choice. On the other hand,
if the fixed cost is neither very high nor very low so that one firm produces the high-quality
product and the other firm produces the low-quality product when the product quality is chosen
independently (vice-verse in the other market), the firms can also collude and change the out-
come. In such a situation if the quality difference (net of cost) is low, then the firms will form
the cartel and produce only the low-quality product. Thus, due to multi-market contact, if the
firms collude and choose the quality of the product jointly, the production of the lower-quality
product will increase, and the production of the high-quality product will decrease. It is also
observed that when the fixed cost is low so that producing only the high-quality product is the
unique Nash equilibrium; then welfare will increase when the firms form the cartel and either of
the firms switches to the lower quality product (instead of producing, the higher quality prod-
uct) if the horizontal product differentiation is very low. Otherwise, after collusion, welfare
always reduces.

The structure of the paper is as follows. Section 2 discusses the basic setup and the market
structure to be used throughout this paper. Section 3 incorporates the Cournot-Nash equilib-
rium outcomes (when the firms compete in quantities). Section 4 discusses the strategic quality
choice of the firms, followed by the choice of the quality of the products under collusion in the
next Section 5. In Section 6, we summarize the final outcomes and thereby discuss when the
firms will collude. We discuss the impact of the collusion on welfare in Section 7, and finally,
we conclude.

2 Basic set-up

There are two markets, market A and market B. A and B can also be called two distinct geo-
graphical locations. In these markets, there are two Cournot competitive firms (firm i, i=1,2):
firm 1 and firm 2, selling good 1 and good 2, respectively, in both markets. The goods are both
horizontally and vertically differentiated. Moreover, we assume that the goods are non-tradable
from one region to the other region.10 This means that each firm should have two plants, one in
region A and another in region B if it wants to operate in both markets. Thus, output produced

10It may be due to the nature of the good (service or perishable goods) or some regional barriers.
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by firm i in region j is denoted as qji, where j = A,B, and the firms have multi-market contact.

The utility function of the representative consumers (consumer A for market A and consumer
B for market B) in both markets is given by equation (1) following Hackner (2000) and Sen et
al. (2021).

Uj(qj1, qj2, Ij) = αj1qj1 + αj2qj2 −
1

2
[q2j1 + q2j2 + 2γqj1qj2] + Ij, j = A,B. (1)

The consumer j buys two goods, 1 and 2 (qji, i = 1, 2) at price pji and a composite good marked
as Ij. As in Symeonidis (1999), each firm’s variety is described by a ‘quality’ index αji, which
can represent either some physical characteristic or brand image. Hence, αj1 ̸= αj2 represents
that there exists vertical product differentiation (or quality difference). The parameter γ ∈ [0, 1]
measures the substitutability between the products horizontally in each market (the lower the
γ, the higher the degree of differentiation). If γ = 0, each firm has monopolistic market power,
while if γ = 1, the products are perfect substitutes (provided αj1 = αj2 also holds).

Consumer j maximizes utility subject to the budget constraint Σpjiqji + Ij ≤ Mj, where
Mj denotes income and the price of the composite good is normalized to one. The first-order
condition determining the optimal consumption of good i in market j is,

∂Uj

∂qji
= αji − qji − γqjk − pji = 0, k ̸= i, k = 1, 2. (2)

There are two technologies available to the firms irrespective of the regions. They can ei-
ther produce a higher quality product (good H) or a lower quality product (good L). Cost
function of firm i is given by CH(qji) = cHqji + F if the higher quality product is produced
and CL(qji) = cLqji if the lower quality product is produced, where i = 1, 2 and cH > cL > 0
(as well as αji > cH). This means that the marginal cost incurred for producing the higher
(lower) quality product is more (less). The firm producing the higher quality product incurs
a fixed-cost F . Without any loss of generality, we assume that the fixed cost is zero for the
lower-quality product. Moreover, for simplicity, it is considered that the firms produce only
one product in a single market, i.e. either the higher or the lower quality product in a spe-
cific market. This may be due to the quality check by some agency (e.g. Mobile connectivity
and thereby the quality of voice calls, Safety ratings for cars) so that the firm can maintain
a specific brand value, as selling products of different quality in the same market may create
confusion among the consumers. The firms disclose the quality of the product publicly before
deciding how much output to produce in each market via some acknowledged rating agency.
Further, after announcing the quality of the product the firm wants to supply to the consumers,
it can’t deviate from the quality it has set as it violates the laws of the land and may face legal
sanctions, which is too costly. Thus, quality announcement is publicly verifiable.11

The quality (αji) associated with the higher quality product is measured as αH and the
quality (αji) associated with the lower quality product is measured as αL in the utility function

(irrespective of the firms and the regions). It is also assumed that 0 < θ = (αL−cL)
(αH−cH)

< 1, where

11There is no information asymmetry regarding product qualities in our model.
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the ratio “θ” expresses the disadvantage of the firm that produces the low quality-product (as
in Sen at al. (2021)), such that more is θ less is the disadvantage (ignoring the fixed-cost). A
higher value of θ implies that the quality difference (net of cost) between the products is low
(See Sen et al. (2021) for details).

2.1 Sequence of the game

The sequence of the game is as follows. In stage one, the firms decide which quality of product
to produce in different markets, i.e. what quality in market A and market B separately. We
call this stage as the “Quality selection stage”. The firms may form a cartel in the quality
selection stage. This we call as “Collusive quality choice”. Otherwise, they may not collude
and independently decide the quality of the products, which is called as “Strategic Quality
choice”. In the second stage, the firms compete, i.e. the Cournot game is played, and the
profits are then realized. We call this stage the “Quantity competition stage”. The game is
solved using backward induction. Specifically, it is assumed that the firms will neither form any
cartel in the quantity competition stage nor get involved in any market-sharing agreements, as
in the present model the firms chose that quantities non-cooperatively in the second stage and
determine the Nash-equilibrium quantities. We thus assume that the probability of detecting a
cartel by the antitrust authority is extremely high, such that the firms do not form a cartel at
the time of determining the output in each market as well as not forming any market-sharing
agreements. The possibility of the cartel in the quantity competition stage can be considered
in the future as an extension of this paper, and that may strengthen our results. However, in
this paper, it is shown that even if firms can not collude at the time of determining the output,
they may still collude at the time of determining the product quality in the first stage. We
show that due to the presence of multi-market contact, collusive quality choice may occur and
thus the supply of high-quality products will decrease, and the supply of low-quality products
will increase after collusion. This is similar to the findings of Prince and Simon (2009) and Lin
and McCarthy (2023) in the context of airline services and health insurance, respectively.

3 Quantity competition

Let us begin the analysis with the quantity competition game that is played in the second
stage. In a single market (in market A as well as in market B), we can have either of the four
outcomes specified as follows: i) both the firms produce the better quality product, ii) firm 1
produces the better quality product and firm 2 produces the lower quality product, iii) firm 2
produces the better quality product and firm 1 produces the lower quality product and iv) both
the firms produce the lower quality products. We discuss each of these cases in the following
sections.

The profit of firm i earned in market j, j = A,B, i = 1, 2, is defined as follows:

a) Πj
iHH : if firm 1 produces good H and firm 2 produces good H,
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b) Πj
iHL: if firm 1 produces good H and firm 2 produces good L,

c) Πj
iLH : if firm 1 produces good L and firm 2 produces good H and

d) Πj
iLL: if firm 1 produces good L and firm 2 produces good L.

3.1 Only higher quality products are produced in a single market

Assume that only the better quality products are produced by both the firms in market A.
Then the inverse demand function for good i can directly be determined from the equation (2)
as

pAi(qAi, qAk) = αH − qAi − γqAk; k ̸= i, k = 1, 2. (3)

Therefore, the profit function of firm 1 is ΠA
1 = [αH − qA1 − γqA2 − cH ]qA1 − F and the profit

function of firm 2 is ΠA
2 = [αH − qA2 − γqA1 − cH ]qA2 − F .

From the profit functions, we get the reaction functions of firm 1 and firm 2 as

qA1 =
αH − γqA2 − cH

2
and qA2 =

αH − γqA1 − cH
2

respectively. Solving the reaction functions, we find that the equilibrium quantities are

q∗A1 = q∗A2 =
(2− γ)(αH − cH)

(4− γ2)
. (4)

Thus, the firms’ equilibrium profits in market A are

ΠA
1HH = ΠA

2HH =

[
(2− γ)(αH − cH)

(4− γ2)

]2
− F. (5)

A similar result is observed in market B if the better quality products are produced by both
the firms, i.e. ΠB

1HH = ΠB
2HH = ΠA

1HH = ΠA
2HH and q∗B1 = q∗B2 = q∗A1 = q∗A2 as shown in equation

(4). We also assume that ΠA
1HH = ΠA

2HH > 0, thus throughout the paper we assume that[
(2− γ)(αH − cH)

(4− γ2)

]2
> F. (6)

3.2 Both higher and lower quality products are produced in a single
market

Let us assume that in region A, firm 1 sells the higher quality product and firm 2 sells the lower
quality product. The inverse demand function for good 1 and good 2 in market A can directly
be determined from the equation (2) as

pA1 = αH − qA1 − γqA2 and pA2 = αL − qA2 − γqA1 (7)

respectively. The profit function of the firm 1 is ΠA
1 = [αH − qA1 − γqA2 − cH ]qA1 − F and the

profit function of the firm 2 is ΠA
2 = [αL − qA2 − γqA1 − cL]qA2 .
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The reaction functions of firm 1 and firm 2 are

qA1 =
αH − γqA2 − cH

2
and qA2 =

αL − γqA1 − cL
2

respectively. Solving the reaction functions, we find that the equilibrium quantities are

q∗A1 =
2(αH − cH)− γ(αL − cL)

(4− γ2)
and q∗A2 =

2(αL − cL)− γ(αH − cH)

(4− γ2)
. (8)

We also assume, as in Sen et al. (2021) that

2(αL − cL)− γ(αH − cH) > 0 or 2θ > γ (9)

such that q∗A2 > 0. Thus, here q∗A1 > q∗A2 and the firms’ equilibrium profits in market A are12

ΠA
1HL =

[
2(αH − cH)− γ(αL − cL)

(4− γ2)

]2
− F and ΠA

2HL =

[
2(αL − cL)− γ(αH − cH)

(4− γ2)

]2
. (10)

Moreover, in market B, if firm 1 produces the higher quality product and firm 2 produces
the lower quality product, then the profits are as follows: ΠB

1HL = ΠA
1HL and ΠB

2HL = ΠA
2HL and

the quantities are q∗B1 = q∗A1 and q∗B2 = q∗A2 as shown in equation (8).

Similarly, if instead of firm 1, firm 2 produces the higher quality product in market A and
firm 1 produces the lower quality product, we will have the equilibrium quantities as

q∗A2 =
2(αH − cH)− γ(αL − cL)

(4− γ2)
and q∗A1 =

2(αL − cL)− γ(αH − cH)

(4− γ2)
. (11)

Thus, the firms’ equilibrium profits in market A are

ΠA
2LH =

[
2(αH − cH)− γ(αL − cL)

(4− γ2)

]2
− F and ΠA

1LH =

[
2(αL − cL)− γ(αH − cH)

(4− γ2)

]2
(12)

where ΠA
2LH = ΠA

1HL and ΠA
1LH = ΠA

2HL. Moreover, in market B, if firm 2 produces the higher
quality product and firm 1 produces the lower quality product, then the profits are as follows:
ΠB

2LH = ΠA
2LH and ΠB

1LH = ΠA
1LH and the quantities are q∗B2 = q∗A2 and q∗B1 = q∗A1 as shown in

equation (11).

3.3 Only lower quality products are produced in a single market

Assume that only the lower quality products are produced by both firms in market A. The
inverse demand function for good i can directly be determined from the equation (2) as

pAi(qAi, qAk) = αL − qAi − γqAk; k ̸= i, k = 1, 2. (13)

The profit function of firm 1 is ΠA
1 = [αL − qA1 − γqA2 − cL]qA1 and the profit function of firm

2 is ΠA
2 = [αL − qA2 − γqA1 − cL]qA2.

12Assumption (6) also guarantees that ΠA
1HL > 0.
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The reaction functions of firm 1 and firm 2 are

qA1 =
αL − γqA2 − cL

2
and qA2 =

αL − γqA1 − cL
2

respectively. Solving the reaction functions, we find that the equilibrium quantities are

q∗A1 = q∗A2 =
(2− γ)(αL − cL)

(4− γ2)
. (14)

Thus, the firms’ equilibrium profits in market A are

ΠA
1LL = ΠA

2LL =

[
(2− γ)(αL − cL)

(4− γ2)

]2
. (15)

A similar result is observed in market B if the lower quality products are produced by both the
firms, i.e. ΠB

1LL = ΠB
2LL = ΠA

1LL = ΠA
2LL and the quantities are q∗B1 = q∗B2 = q∗A1 = q∗A2 as shown

in equation (14).

This ends the discussion of the quantity-competition game played in stage 2. The profits
derived in this section, is now used in the following two sections to determine the final outcomes
for the “Strategic Quality choice” as well as for the “Collusive quality choice”. In the following
section (Section 4) we first discuss about the “Strategic Quality choice” and later in section 5,
the “Collusive quality choice” is discussed.

4 Strategic Quality choice

In the first stage of game firms can either collude or not collude. In this section, we discuss the
selection of the quality of the products by the firms in the first stage of the game independently.
Thus, they do not collude and strategically decide the quality of the products. In the following
tables, the outcomes and the payoffs of the firms are depicted for market A and market B,
respectively. Note that in each market, the firms can choose the better quality product (good H)
or the lower quality product (good L) either non-cooperatively or by forming a cartel. Thus, the
firms can form a cartel and decide the type of goods to be produced by both firms in each market
jointly. Now in the present section, we determine the Nash equilibrium under independent
(strategic) quality choice, and later in the following section (Section 5), we determine the
outcome under collusive quality choice separately.

Profits

Market A Firm 2
H L

Firm 1 H ΠA
1HH ,Π

A
2HH ΠA

1HL,Π
A
2HL

L ΠA
1LH ,Π

A
2LH ΠA

1LL,Π
A
2LL

Market B Firm 2
H L

Firm 1 H ΠB
1HH ,Π

B
2HH ΠB

1HL,Π
B
2HL

L ΠB
1LH ,Π

B
2LH ΠB

1LL,Π
B
2LL
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4.1 HH as the Nash equilibrium in both markets

We observe that in this stage, HH is the Nash equilibrium if

i) Πj
1HH > Πj

1LH for j = A,B and

ii) Πj
2HH > Πj

2HL for j = A,B.

This is true if [
(2− γ)(αH − cH)

(4− γ2)

]2
− F >

[
2(αL − cL)− γ(αH − cH)

(4− γ2)

]2
. (16)

This means that for HH to be the Nash equilibrium, we should have

f = (2− γ)2 − (2θ − γ)2 > f (17)

where f = F (4− γ2)2/(αH − cH)
2.

In this paper, our objective is to explain everything in terms of the horizontal product
differentiation and quality difference (net of cost), where γ and θ are the inverse measures
of horizontal product differentiation and quality difference (net of cost) respectively. Thus,
without any loss of generality, we have assumed αH − cH = 1 and F = 0.1 for drawing the
diagrams, where we measure θ in the x-axis and γ in the y-axis, but all the results are proved
using the equations as shown in equation (17). The above condition (17) holds only in zone
HH of Figure 1, such that θ is very low or the quality difference (net of cost) is very high.
Thus, HH is the equilibrium if the relative inefficiency in terms of producing the lower quality
product is very high (θ is very low) and that gives more incentives to the firms to produce
the better quality product, even if the production of the higher quality product involves fixed-
cost (F ). From condition (17), this also means that for any F , if θ increases or the quality
difference (net of cost) between the two products is reduced, then f will fall. Thus, for higher
θ so that we are either in zone HL or in zone LL of Figure 1, where f ≤ f , HH will not
be the Nash equilibrium. This happens as then the relative inefficiency in terms of producing
the lower quality product reduces, and that gives more incentives to the firms to produce the
lower quality product. We thus argue that HH is the Nash equilibrium so that both the firms
produce the higher quality product in market A and market B if the fixed cost is relatively low
(f > f using equation (17)) or the quality difference (net of cost) is very high.

4.2 LL as the Nash equilibrium in both markets

We observe that in this stage, LL is the Nash equilibrium if

i) Πj
1HL < Πj

1LL for j = A,B

ii) Πj
2LH < Πj

2LL for j = A,B.

11



Figure 1: Nash Equilibrium: Strategic Quality choice

This is true if [
2(αH − cH)− γ(αL − cL)

(4− γ2)

]2
− F <

[
(2− γ)(αL − cL)

(4− γ2)

]2
. (18)

This means that for LL to be the Nash equilibrium, we should have

f = (2− γθ)2 − (2− γ)2θ2 < f (19)

as f < f and f = F (4− γ2)2/(αH − cH)
2. The above condition (19) holds only in zone LL of

Figure 1. This is true for any F if θ is very high or the quality difference (net of cost) between
the two products is very low, as f falls in θ. This happens as then the relative inefficiency in
terms of producing the lower quality product becomes relatively very insignificant, and that
gives more incentives to the firms to produce the lower quality product, as the firms can save
the fixed cost of producing the better quality product. We therefore argue that LL is the Nash
equilibrium so that both the firms produce the lower quality product in market A and market
B if the fixed cost is relatively high (f < f using equation (19)) or the quality difference (net
of cost) is very low.

4.3 HL and LH as Nash equilibria in both markets

We observe that in this stage, there is also the possibility of multiple equilibria of the form HL
and LH if

i) Πj
1HL > Πj

1LL and Πj
2HL > Πj

2HH , j = A,B and

12



ii) Πj
1LH > Πj

1HH and Πj
2LH > Πj

2LL, j = A,B.

This is true if [
2(αH − cH)− γ(αL − cL)

(4− γ2)

]2
− F >

[
(2− γ)(αL − cL)

(4− γ2)

]2
(20)

and [
2(αL − cL)− γ(αH − cH)

(4− γ2)

]2
>

[
(2− γ)(αH − cH)

(4− γ2)

]2
− F. (21)

After simplifying, we observe that it is true if

f = (2− γ)2 − (2θ − γ)2 < f and f = (2− γθ)2 − (2− γ)2θ2 > f. (22)

This means that HL and LH are the Nash equilibria in both markets if

f ∈ [f, f ] as f < f. (23)

The above condition (23) holds only in zone HL of Figure 1. This is true for any F if θ is
moderate or the quality difference (net of cost) between the two products is neither very low
nor very high. This happens as then the relative inefficiency in terms of producing the lower
quality product is neither very low nor very high, and that gives more incentives to the firms
to produce the lower quality product, corroborated by the fact that then one of the firms can
save the fixed-cost of producing the better quality product. On the other hand, it also gives
higher incentives to the other firm in the market to produce better quality product. Thus, if
the fixed-cost (F ) is neither very high nor very low, i.e. f ∈ [f, f ], then in one market say
market A firm 1 will produce the high-quality good and firm 2 will produce the low-quality
good. Thus, in these circumstances, both firms will neither produce the high-quality product
nor will they produce the low-quality good.

However, as Πj
1HL > Πj

1LH and Πj
2HL < Πj

2LH , j = A,B, each firm will get more profit if it
produces the better quality product and the other firm produces the lower quality product in
a single market if f ∈ [f, f ]. Thus using the idea of focal equilibrium, we can argue that the

firms in this stage will assign the products in the following way if f ∈ [f, f ]:

i) Firm 1 will produce good H and firm 2 will produce good L in market A and firm 1 will
produce good L, and firm 2 will produce good H in market B or

ii) Firm 2 will produce good H and firm 1 will produce good L in market A and firm 2 will
produce good L, and firm 1 will produce good H in market B.

4.4 Results

From the above discussion, we come to the following lemma.

13



Lemma 1
i) HH is the Nash equilibrium so that both the firms produce the higher quality product in mar-
ket A and market B if the fixed cost is relatively low ( f > f) or the quality difference (net of
cost) is very high.

ii) LL is the Nash equilibrium so that both the firms produce the lower quality product in market
A and market B if the fixed cost is relatively high (f < f) or the quality difference (net of cost)
is very low.

iii) HL and LH are the Nash equilibria in both markets so that the firms produce different
types of product in each market if the fixed cost is neither very high nor very low (f ∈ [f, f ])
or the quality difference (net of cost) is neither very high nor very low.

5 Collusive quality choice

In the first stage firms may or may not form the cartel. In this section it is shown that rather if
the firms collude and decide the type of goods to be produced by both of them in each market
jointly, then they can change the outcome as determined in the previous section (Section 4)
where they determine the product qualities strategically. In the following sub-sections the role
of horizontal product differentiation or γ and quality difference (net of cost) or θ in determining
the possibility of collusive quality choice is discussed.

5.1 Explicit Cartel: HL/LH chosen instead of HH

In this section, we show that if f > f so that HH is the unique Nash equilibrium, i.e. we are
in zone HH of Figure 1, firms can form a cartel and not produce the better quality product
(good H) in both the market. Thus for the firms, it is sometimes optimal to decide the product
jointly (thus forming a cartel) in the following way if f > f : i) Firm 1 will produce good H and
firm 2 will produce good L in market A and firm 1 will produce good L and firm 2 will produce
good H in market B or ii) Firm 2 will produce good H and firm 1 will produce good L in market
A and firm 2 will produce good L and firm 1 will produce good H in market B. Throughout
the paper, we also assume that if either of the firms deviates from this specific strategy at the
time of announcing the product quality, then in that period itself, they immediately come back
to the Nash-equilibrium strategy.

For this to hold, we should have the following respectively:
i) ΠA

1HH +ΠB
1HH < ΠA

1HL +ΠB
1LH and ΠA

2HH +ΠB
2HH < ΠA

2HL +ΠB
2LH or

ii) ΠA
1HH +ΠB

1HH < ΠA
1LH +ΠB

1HL and ΠA
2HH +ΠB

2HH < ΠA
2LH +ΠB

2HL.

We argue, using equation (5) and equation (10), that it is possible if

2

[
(2− γ)(αH − cH)

(4− γ2)

]2
−2F <

[
2(αH − cH)− γ(αL − cL)

(4− γ2)

]2
+

[
2(αL − cL)− γ(αH − cH)

(4− γ2)

]2
−F.

(24)
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Figure 2: Quality Cartel HL or LH

or
2(2− γ)2 − (2− γθ)2 − (2θ − γ)2 < f. (25)

given f = (2− γ)2 − (2θ − γ)2 > f = F (4− γ2)2/(αH − cH)
2.

Let us discuss how the possibility of the cartel depends on the level of horizontal and vertical
product differentiation, i.e. on γ and θ, respectively. Thus, we concentrate on condition (25),
and without any loss of generality, assume αH − cH = 1 as stated before. Therefore, condition
(25) can be written as

Z =
2(2− γ)2 − (2− γθ)2 − (2θ − γ)2

(4− γ2)2
< F. (26)

The above condition (26) holds only in zone Z1 of Figure 2, which is a subset of zone HH of
Figure 1 for F = 0.1 as stated before. However, it is not possible in zone Z2 of Figure 2, which is

also a subset of zoneHH of Figure 1. The L.H.S. of condition (26) i.e. Z = (1−θ)(4+4θ−8γ+γ2+γ2θ)
(4−γ2)2

,

falls in γ.13 This means that when γ is high or the horizontal product differentiation is less,
then producing the high-quality product by both the firms in the same market is less profitable.
This is because when the horizontal product differentiation is less, the high-quality products
produced by the two firms face more competition, and the firms have to incur the fixed cost
(F ) separately. Thus, when γ is high or the horizontal product differentiation is less, either of
the firms should switch to the lower quality product (instead of producing the higher quality
product) which also allows the firm to save fixed costs. It also allows the other firm that
produces the higher quality product to have more profit in comparison to the situation when

13We observe that dZ
dγ = 2(12γ+12γθ−16+γ3−γ2θ−12γ2+3γ3θ)

(4−γ2)3 < 0.
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both the firms produce the higher quality products. Thus, if γ is relatively high or the horizontal
product differentiation is low (in zone Z1), then irrespective of θ or the quality difference (net
of cost) the firms will form the cartel and choose HL or LH as the collusive strategy. Since
there are two markets they coordinate on HL and LH outcomes in two markets and hence
their overall payoff are greater than producing the high-quality product (HH) in both markets.
Two firms earn the same total profit by this coordination.

Proposition 1 For f > f so that HH is the unique Nash equilibrium, if γ is relatively high
or the horizontal product differentiation is low, then irrespective of θ or the quality difference
(net of cost) the firms will form the cartel and chose HL or LH as the collusive strategy.

5.2 Explicit Cartel: HL/LH chosen instead of LL

In this section, we discuss that if f < f so that LL is the unique Nash equilibrium, i.e. we
are in zone LL of Figure 1, whether the firms will form a cartel and not produce the lower
quality product (good L) in both the market. Thus for the firms, it may be sometimes optimal
to decide the product jointly (thus forming a cartel) in the following way even if f < f :
i) Firm 1 will produce good L and firm 2 will produce good H in market A and firm 1 will
produce good H and firm 2 will produce good L in market B or
ii) Firm 2 will produce good L and firm 1 will produce good H in market A and firm 2 will
produce good H and firm 1 will produce good L in market B.

For this to hold, we should have the following respectively:
i) ΠA

1LL +ΠB
1LL < ΠA

1LH +ΠB
1HL and ΠA

2LL +ΠB
2LL < ΠA

2LH +ΠB
2HL or

ii) ΠA
1LL +ΠB

1LL < ΠA
1HL +ΠB

1LH and ΠA
2LL +ΠB

2LL < ΠA
2HL +ΠB

2LH .

We argue, using equation (10) and equation (15), that it is possible if

2

[
(2− γ)(αL − cL)

(4− γ2)

]2
<

[
2(αH − cH)− γ(αL − cL)

(4− γ2)

]2
+

[
2(αL − cL)− γ(αH − cH)

(4− γ2)

]2
− F.

(27)
or

F <
(2θ − γ)2 + (2− γθ)2 − 2(2− γ)2θ2

(4− γ2)2
. (28)

given f = (2− γθ)2 − (2− γ)2θ2 < f = F (4− γ2)2/(αH − cH)
2 or

(2− γθ)2 − (2− γ)2θ2

(4− γ2)2
< F (29)

Thus combining the above two conditions for the cartel to be possible, we should have

(2− γθ)2 − (2− γ)2θ2

(4− γ2)2
< F <

(2θ − γ)2 + (2− γθ)2 − 2(2− γ)2θ2

(4− γ2)2
. (30)

However, this is not possible.

Proposition 2 Given f < f so that LL is the unique Nash equilibrium, then the firms will
not collude and choose HL or LH as the strategy.
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Figure 3: Quality Cartel LL

5.3 Explicit Cartel: LL chosen instead of HL/LH

In this section, we discuss that if f ∈ [f, f ] so that HL or LH are the equilibrium, i.e. we
are in zone HL of Figure 1, whether the firms will form a cartel and only produce the lower
quality product (good L) in both the market. For this to hold, we should have the following
respectively:
i) ΠA

1LL +ΠB
1LL > ΠA

1LH +ΠB
1HL and ΠA

2LL +ΠB
2LL > ΠA

2LH +ΠB
2HL or

ii) ΠA
1LL +ΠB

1LL > ΠA
1HL +ΠB

1LH and ΠA
2LL +ΠB

2LL > ΠA
2HL +ΠB

2LH .

We argue, using equation (15) and equation (10), that it is possible if

2

[
(2− γ)(αL − cL)

(4− γ2)

]2
>

[
2(αH − cH)− γ(αL − cL)

(4− γ2)

]2
+

[
2(αL − cL)− γ(αH − cH)

(4− γ2)

]2
− F.

(31)
or

F >
(2θ − γ)2 + (2− γθ)2 − 2(2− γ)2θ2

(4− γ2)2
= Y. (32)

given f ∈ [f, f ] where f = F (4− γ2)2/(αH − cH)
2 or

(2− γθ)2 − (2− γ)2θ2

(4− γ2)2
> F >

(2− γ)2 − (2θ − γ)2

(4− γ2)2
. (33)

We observe that the condition (32) holds only in zone Y 1 of Figure 3, which is a subset of
zone HL of Figure 1 for F = 0.1 as stated before. However, it is not possible in zone Y 2
of Figure 3, which is also a subset of zone HL of Figure 1. The R.H.S. of condition (32) i.e.
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Y = (2θ−γ)2+(2−γθ)2−2(2−γ)2θ2

(4−γ2)2
, falls in θ.14 If θ is relatively high or the quality difference (net of

cost) is low between the high-quality product and the low-quality product, then for the firms
that produce the high-quality product it is better to produce only the low-quality products in
both markets. As then the loss of profit from switching to the low-quality product is less, and
this also helps the firms to save the fixed costs. Thus, if θ is relatively high or the quality
difference (net of cost) is low, then the firms will form the cartel and choose LL as the collusive
strategy.

Proposition 3 For f ∈ [f, f ] so that HL or LH are the Nash-equilibria, if θ is relatively high
or the quality difference (net of cost) is low, then the firms will form the cartel and choose LL
as the collusive strategy.

5.4 Explicit Cartel: LL chosen instead of HH

Moreover, let us once more focus on zone Z1 of Figure 2, where the firms prefer to form a cartel
so that HL or LH is the collusive outcome instead of choosing HH as the Nash-equilibrium
outcome (See Section 5.1). In this section, we discuss whether the firms will form a cartel and
only produce the lower quality product (good L) in both markets or prefer to form a cartel
of the form HL or LH where both the qualities are produced by different firms in the same
market. As discussed in the previous section (Section 5.3), only producing the lower quality
product is better if the following conditions hold:
i) ΠA

1LL +ΠB
1LL > ΠA

1LH +ΠB
1HL and ΠA

2LL +ΠB
2LL > ΠA

2LH +ΠB
2HL; or

ii) ΠA
1LL +ΠB

1LL > ΠA
1HL +ΠB

1LH and ΠA
2LL +ΠB

2LL > ΠA
2HL +ΠB

2LH .

Thus, this is true if condition (32), as stated in the previous section (Section 5.3), holds
in zone Z1 of Figure 2. We observe that it is only possible in zone X of Figure 4, which is a
subset of zone Z1 of Figure 2. However, it is not possible in zone W of Figure 4, which is also
a subset of zone Z1 of Figure 2. If θ is relatively high or the quality difference (net of cost)
is low between the high-quality product and the low-quality product, then w.r.t. the cartel of
the form HL or LH, it is better to produce only the low-quality products in both markets. As
then the loss of profit from switching to the low-quality product is less and this also helps the
firms to save the fixed costs. Thus, instead of adopting the collusive strategy HL or LH, it is
sometimes optimal for the firms to form the cartel and choose LL as the collusive strategy if θ
is relatively high or the quality difference (net of cost) is low.

Proposition 4 For f < f , instead of adopting the collusive strategy HL or LH, it is sometimes
optimal for the firms to form the cartel and choose LL as the collusive strategy, if θ is relatively
high or the quality difference (net of cost) is low.

6 Summary

Thus, as discussed before from the previous proposition, we can conclude that using Figure 4
that the firms will collude in the following way.

14We observe that dY
dθ = 2(8γθ−4θ−4γ−γ2θ)

(4−γ2)2 < 0.
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Figure 4: Quality choice

Results:

i) In zone Y 1 and zone X, the firms will collude and produce only the lower quality product,
whereas in zone LL the firms will produce the lower quality products only and not have the
incentive to collude and thereby produce the higher quality product.

ii) In zone W the firms will collude and produce a combination of high-quality and low-quality
products in one market and reciprocally the opposite qualities in the other market, rather than
producing only the high quality product in both markets. It is also to be noted that zone Y 2 is
the region where the firms do not collude and strategically produce different quality products as
stated for zone W .

iii) However, in zone Z2 the firms will not collude and produce the high quality product in
both markets.

Thus, when θ is high or the quality difference (net of cost) between the products is low,
i.e. in zone X, zone Y 1 and zone LL then it is optimal for the firms to produce only the lower
quality product. Therefore, in these zones the higher-quality product is never produced. This
also means that the higher-quality product is produced only if θ is low or the quality difference
(net of cost) between the products is high, i.e. in zone Z2, zone W and zone Y 2. Specifically,
in zone Z2 only the high-quality product is produced by both the firms in both the markets as
given low θ, γ is also low or the horizontal product differentiation between the products is high.
On the other hand, in zone W and zone Y 2 the low-quality product is also produced along
with the high-quality product as γ is high or the horizontal product differentiation is low as
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producing only the high-quality product by both the firms in the same market is less profitable.
This is because when the horizontal product differentiation is less the high-quality products
produced by the two firms face more competition and the firms have to incur the fixed-cost
(F ) separately. Thus, either of the firms should switch to the lower quality product (instead of
producing the higher quality product) which also allows the firm to save fixed costs.

7 Welfare analysis

In this section, we discuss the impact of collusion on the welfare of one region, i.e. market
A or market B. As the markets are identical, the outcomes are identical both in terms of the
outputs and profits (as discussed in Section 4 and Section 5). Thus, we discuss the effect
of the collusion for a single market, say market A. Welfare (W ) is the sum of the consumer
surplus (CS) and industry profits (IP ). From the utility function (see equation 1), we get
CS = 1

2
[qA1

2 + 2γqA1qA2 + qA2
2] (See Sen et al. (2021)) and the profits of the firms are defined

before in Section 3. We first derive the consumer surplus and welfare for all the outcomes in
the following sections and finally examine the effect of the collusion on the welfare.

7.1 Only good H is produced

When only good H is produced in market A, then as defined in Section 3.1, the amount of good
H produced by both the firms separately are

q∗A1 = q∗A2 =
(2− γ)(αH − cH)

(4− γ2)
(34)

and the firms’ profits in market A are

ΠA
1HH = ΠA

2HH =

[
(2− γ)(αH − cH)

(4− γ2)

]2
− F. (35)

Therefore, the consumer surplus is CSHH = 1
2
[q∗A1

2 + q∗A2
2 + 2γq∗A1q

∗
A2] or

CSHH = (1 + γ)

[
(2− γ)(αH − cH)

(4− γ2)

]2
(36)

and the industry profit is IPHH = ΠA
1HH +ΠA

2HH or

IPHH = 2

[
(2− γ)(αH − cH)

(4− γ2)

]2
− 2F. (37)

Thus, the welfare is WHH = CSHH + IPHH or

WHH = (3 + γ)

[
(2− γ)(αH − cH)

(4− γ2)

]2
− 2F. (38)
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7.2 Only good L is produced

When only good L is produced in market A, then as defined in Section 3.2, the amount of good
L produced by both firms separately are

q∗A1 = q∗A2 =
(2− γ)(αL − cL)

(4− γ2)
(39)

and the firms’ profits in market A are

ΠA
1LL = ΠA

2LL =

[
(2− γ)(αL − cL)

(4− γ2)

]2
. (40)

Therefore, the consumer surplus is CSLL = 1
2
[q∗A1

2 + q∗A2
2 + 2γq∗A1q

∗
A2] or

CSLL = (1 + γ)

[
(2− γ)(αL − cL)

(4− γ2)

]2
(41)

and the industry profit is IPLL = ΠA
1LL +ΠA

2LL or

IPLL = 2

[
(2− γ)(αL − cL)

(4− γ2)

]2
. (42)

Thus, the welfare is WLL = CSLL + IPLL or

WLL = (3 + γ)

[
(2− γ)(αL − cL)

(4− γ2)

]2
. (43)

7.3 Both good H and good L are produced

Let us assume that both good H and good L are produced in market A, then as defined in
Section 3.3, the amount of good H and good L produced by the firms are respectively

q∗A1 =
2(αH − cH)− γ(αL − cL)

(4− γ2)
and q∗A2 =

2(αL − cL)− γ(αH − cH)

(4− γ2)
(44)

and the firms’ profits in market A are

ΠA
1HL =

[
2(αH − cH)− γ(αL − cL)

(4− γ2)

]2
− F and ΠA

2HL =

[
2(αL − cL)− γ(αH − cH)

(4− γ2)

]2
. (45)

Therefore, the consumer surplus is CSHL = 1
2
[q∗A1

2 + q∗A2
2 + 2γq∗A1q

∗
A2] or

CSHL =
(4− 3γ2)(αH − cH)

2 + (4− 3γ2)(αL − cL)
2 + 2γ3(αH − cH)(αL − cL)

2(4− γ2)2
(46)

and the industry profit is IPHL = ΠA
1HL +ΠA

2HL or

IPHL =
(4 + γ2)(αH − cH)

2 + (4 + γ2)(αL − cL)
2 − 8γ(αH − cH)(αL − cL)

(4− γ2)2
− F. (47)
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Thus, the welfare is WHL = CSHL + IPHL or

WHL =
(12− γ2)(αH − cH)

2 + (12− γ2)(αL − cL)
2 − 2γ(8− γ2)(αH − cH)(αL − cL)

2(4− γ2)2
− F.

(48)

7.4 Effect of collusion on welfare

Finally, we examine here the effect of the collusion on the welfare.

7.4.1 Shift from HH to HL

Let us first consider zone W of Figure 4. In this zone, instead of producing only the high quality
product independently, the firms collude and produce both the high and low quality product
(HL) separately as discussed in Section 5.1. On the other hand, if the firms do not collude,
then they produce only the high quality product (HH) as discussed in Section 4.1. First, after
comparing the outputs we observe that if the firms collude, then the total production of the
high quality product falls and the production of the low quality product increases.

After comparing the consumer surplus of the two scenarios (HH and HL), using equation
(36) and equation (46), we observe that after collusion the consumer surplus will increase or
CSHL > CSHH in zone W of Figure 4 if

(4− 3γ2) + (4− 3γ2)θ2 + 2γ3θ > 2(1 + γ)(2− γ)2. (49)

However, it is never possible, thus consumer surplus falls in zone W of Figure 4 if the firms
collude as the total production of the high quality product falls and the production of the low
quality product increases.

Moreover as ΠA
1HH + ΠB

1HH = ΠA
1HH + ΠA

2HH < ΠA
1HL + ΠB

1LH = ΠA
1HL + ΠA

1HL, the industry
profit increases.

Now after comparing the welfare of the two scenarios, using equation (38) and equation
(48), we observe that after collusion the welfare will increase or WHL > WHH in zone W of
Figure 4 if

(12− γ2) + (12− γ2)θ2 − 2γθ(8− γ2) + 2F (4− γ2)2 > 2(3 + γ)(2− γ)2. (50)

This is possible in zone W1 of Figure 5, but the welfare reduces in zone W0, where zone W1

and zone W0 are the subsets of zone W of Figure 4 where F = 0.1 as stated before. In zone
W1 as γ is very high or the horizontal product differentiation is very low, producing only the
high-quality product by both the firms in the same market is less profitable. This is because
when the horizontal product differentiation is less the high-quality products produced by the
two firms face more competition and the firms have to incur the fixed-cost (F ) separately. Thus,
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Figure 5: Welfare

when either of the firms switches to the lower quality product (instead of producing the higher
quality product) which also allows the firm to save fixed costs, the increase in the industry
profit can compensate for the fall in the consumer surplus and thus welfare increases in zone
W1. Therefore, for f > f so that HH is the unique Nash equilibrium (as discussed in Section
4.1), if γ is very high or the horizontal product differentiation is very low (as in zone W1), then
welfare will increase if the firms form the cartel and choose HL or LH as the collusive strategy
but consumer surplus falls.

7.4.2 Shift from HH to LL

Let us first consider zone X of Figure 4. In this zone instead of producing only the high quality
product strategically (non-cooperatively) in the equilibrium, the firms collude and produce only
the low quality product (LL) separately as discussed in Section 5.4. On the other hand, if the
firms do not collude, then they produce only the high quality product (HH) as discussed in
Section 4.1. Comparing the outputs we observe that if the firms collude, then the production
of the high quality product falls (which ultimately is not produced) and the production of the
low quality product increases.

After comparing the consumer surplus of the two scenarios (HH and LL), using equa-
tion (36) and equation (41), we observe that after collusion the consumer surplus will fall
as CSLL < CSHH in zone X of Figure 4. Moreover, as ΠA

1HH + ΠB
1HH = ΠA

1HH + ΠA
2HH <

ΠA
1LL +ΠB

1LL = ΠA
1LL +ΠA

1LL, the industry profit will increase.

Now after comparing the welfare of the two scenarios, using equation (38) and equation
(48), we observe that after collusion the welfare will increase or WLL > WHH in zone X of
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Figure 4 if
(3 + γ)(2− γ)2θ2 + 2F (4− γ2)2 > (3 + γ)(2− γ)2. (51)

However, this is not possible. Thus, after collusion the welfare will fall as WLL < WHH in zone
X of Figure 4.

7.4.3 Shift from HL to LL

Let us first consider zone Y 1 of Figure 4. In this zone instead of producing both the high
quality product and the low quality product independently, the firms collude and produce only
the low quality product (LL) as discussed in Section 5.3. On the other hand, if the firms do
not collude, then they both produce the high quality product and the low quality product (HL)
independently for different markets as discussed in Section 4.2. First, after comparing the out-
puts we observe that if the firms collude, then the production of the high quality product stops
and the production of the low quality product occurs (which is higher than in situation HL).

After comparing the consumer surplus of the two scenarios (HL and LL), using equation
(46) and equation (41), we observe that after collusion the consumer surplus will increase or
CSLL > CSHL in zone Y 1 of Figure 4 if

(4− 3γ2) + (4− 3γ2)θ2 + 2γ3θ < 2(1 + γ)(2− γ)2θ2. (52)

However, it is never possible, thus consumer surplus falls in zone Y 1 of Figure 4 if the firms
collude as the total production of the high quality product falls and the production of the low
quality product increases.

Moreover, as ΠA
1LL + ΠB

1LL = ΠA
1LL + ΠA

2LL > ΠA
1HL + ΠB

1LH = ΠA
1HL + ΠA

2HL, the industry
profit will increase.

Now after comparing the welfare of the two scenarios, using equation (43) and equation
(48), we observe that after collusion the welfare will increase or WLL > WHL in zone Y 1 of
Figure 4 if

(12− γ2) + (12− γ2)θ2 − 2γθ(8− γ2)− 2F (4− γ2)2 < 2(3 + γ)(2− γ)2θ2. (53)

However, this is not possible. Thus, after collusion the welfare will fall as WLL < WHL in zone
Y 1 of Figure 4.

7.4.4 Results

The main finding of this section is summarized in the following proposition.

Proposition 5 i) If the firms collude, then the total production of the high quality product falls
and the production of the low quality product increases.

ii) For f > f so that HH is the unique Nash equilibrium, if γ is very high or the horizontal
product differentiation is very low, then welfare will increase if the firms form the cartel and
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choose HL or LH (i.e. one firm produces the high-quality product and the other firm produces
the low-quality product) as the collusive strategy. Otherwise, after collusion welfare always
reduces.

8 Conclusion

There exists a large literature on multimarket contact facilitating collusion and sustaining higher
market prices. Though there is also evidence of under-provision of the quality of products in
multimarket contact settings, there does not exist any theory analysing this aspect of multi-
market contact. Ours is the first theoretical model to analyse the effect of multimarket contact
on product qualities chosen by firms. In this paper, we have developed a model of multi-market
contact and collusion with both horizontally and vertically differentiated products.

We have considered two identical markets which are geographically separated having iden-
tical demands. Two firms are serving both markets. A two-stage game is considered, where
firms choose the product qualities in the first stage for both markets and in the second stage,
they compete in quantities in both markets. Firms have the option of choosing either a low or
a high-quality product and the production of higher quality product requires a fixed cost. In
this simple setting, we have demonstrated that multi-market contact may play a crucial role in
the quality choice stage. Thus, firms might collude in the quality choice game even though they
compete in quantities in the second stage. As a result of this collusion in quality choice, the
firms will under-invest in product quality improvement (and thereby save the fixed cost). This
will lead to the availability of more low-quality products and the availability of less high-quality
products in the market. Thus, our paper provides a theoretical foundation for the empirically
observed phenomena.

In the paper, we have first characterized the outcomes when the firms don’t collude but
select the quality of the product strategically in a non-cooperative setting. First, both firms
will produce the higher quality product in both markets if the fixed cost is relatively low or the
quality difference (net of cost) between the products is very high. In the opposite case, both
firms will produce the lower quality product in both markets if the fixed cost is relatively high
or the quality difference (net of cost) is very low. The third possibility is that in both markets,
the firms will produce different types of products in each market if the fixed cost is neither very
high nor very low or the quality difference (net of cost) is neither very high nor very low.

When we allow the possibility of collusion between firms regarding the choice of product
quality in both markets, we find that when the fixed cost is low so that producing only the
high-quality product is the unique Nash equilibrium along with low horizontal product differ-
entiation, then irrespective of the quality difference (net of cost), the firms will form the cartel
and either of the firms would switch to the lower quality product (instead of producing, the
higher quality product). On the other hand, if the fixed cost is neither very high nor very low
so that one firm produces the high-quality product and the other firm produces the low-quality
product non-cooperatively (vice-verse in the other market), if the quality difference (net of cost)
is low, then the firms will form the cartel and produce only the low-quality product. Interest-
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ingly, it is shown that there also exist cases where the firms will collude and produce only the
low-quality product in both markets instead of producing only the high-quality product, which
is the outcome of a non-cooperative equilibrium. Thus, in essence, due to multi-market contact,
if the firms collude and choose the quality of the product jointly, in general the production of
the lower-quality product will increase, and the production of the higher-quality product will
decrease. Thus, we have shown that the product quality supplied by firms may be affected due
to multi-market contact as it opens up the possibility of coordination and collusion between
firms.

We also show that when the fixed cost is low, so that producing only the high-quality product
is the unique Nash equilibrium, if the horizontal product differentiation is very low then welfare
will increase if the firms form the cartel and either of the firms switches to the lower quality
product (instead of producing, the higher quality product). Otherwise, after collusion which
dampens the supply of high quality product, welfare always decreases.
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